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PREFACE

After the world-embracing COVID-19 pandemic people are more
aware of healthy life, nature and environmental protection. With the
increase in their respect for scientists, their believe and expectations
from scientists have also increased. Thanks to research, many
innovative ideas and products along with medicine or vaccine have
been developed. The world of science is finding solutions to many
problems through research. All countries and economies today are
placing more emphasis on research in order to improve quality and
provide a competitive advantage in every field. Academic studies
from different disciplines in the fields of engineering and
architecture are presented in this book. I believe that these studies
shared with the scientific world will constitute an important resource
for students, researchers, academics and people from the related
sectors. I hope they will be useful for future researches as well. I
would like to thank all the authors who gave support with their
studies, shared their valuable knowledge and contributed with their
research in the relevant discipline. I also wish to thank IVPE
Publishing House, who created this international book for the
dissemination of new information.
Editor
Assoc. Prof. Dr. Meruyert Kaygusuz
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CHAPTER I
THERMO-HYGRO-MECHANICALLY (THM)-DENSIFIED
WOOD
Assoc. Prof. Dr. Abdurrahman KARAMAN
Uşak University, Banaz Vocational School Forestry Department, Türkiye
abdurrahman.karaman@usak.edu.tr, Orcid: 0000-0002-5925-7519
1.

Introduction

Wood is a natural and renewable material which is commonly used for
a variety of applications. However, wood is structurally anisotropic with
great hygroscopicity, biodegradability and dimensionality (Dogu et al.
2016). Wood is a natural material, and as such it exhibits great variability
in its properties. Variations exist between species, between trees and within
the tree itself. This can cause difficulties for any study of the material,
making it difficult to compare results. These unfavourable characteristics
lead to application limitations and a short service life under unfavourable
conditions which can lead to a decrease in applications and benefits (Moore
and Cown 2015).
The density of wood is one of the most important factors that are
effective on strength properties. Along with there being deviations
stemming from structural properties, generally, as the density increases, an
increase is also observed in the strength properties of wood. Wood density
is an indication of mechanical feature values of wood free from flaws; the
higher the density, the higher the suitable feature value (Navi and Girardet
2000).
Wood modification is an all-encompassing term to describe the
application of chemical, mechanical, physical, or biological methods to
alter the properties of the material. Such a definition of wood modification
includes almost everything that happens within the wood material after it
has left the forest (Hill 2006). To modify wood, four main types of
processes can be implemented: (1) chemical treatments; (2) thermo-hydro
(TH) and thermo-hydro-mechanical (THM) treatments; (3) treatments
based on biological processes; and (4) physical treatment with the use of
electromagnetic irradiation or plasma (Sandberg et al. 2017).
As the increase in wood density improves its mechanical properties,
numerous attempts have been made to develop an appropriate process for
wood densification One of the emerging methods in wood densification is
the application of combined heat, moisture, and mechanical action the socalled thermo-hydro-mechanical (THM) treatments (Navi and Girardet
2000). Thermo-Hydro-Mechanical densification is reported to increase the
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density, hardness, and strength properties of wood (Sandberg et al. 2017).
It is defined as compression of wood at high temperature in order to
decrease porosity (void volume of lumens), and consequently, increase
density with the objective of improving properties such as hardness and
abrasion resistance.
2.

Thermo-Hygro-Mechanical (THM) Modification of Wood

Wood modification has recently become a topic of great interest, largely
as a response to increasing legislative pressure driven by environmental
considerations. As environmental concerns have featured more
prominently, there has been a response from industry to both examine and
demonstrate the environmental worthiness of products. Such claims are
used as powerful marketing tools. The term ‘environmentally friendly’ is
used far too frequently and inappropriately. All industrial processes have
an associated environmental impact and it is not possible to describe any
as environmentally friendly. The aim of a modification may be to bring
about an improvement in decay resistance or dimensional stability, to
reduce water sorption, to improve weathering performance and so on. The
term ‘wood modification’ applies to the application of a process that alters
the properties of the material such that during the lifetime of a product no
loss of the enhanced performance of the wood should ocur. In the heat
treatment process, wood is generally heated to temperatures ranging from
180 to 260°C, where lower temperatures cause minor changes in wood
constituents, while higher temperatures cause severe changes (Hill 2006).
The fundemantal tools and equipment used in the THM wood
modification, the rich experience gained during a few millennia of wood
THM process and particularly the role of wood science, physics,
mechanics and chemistry on the last techniques of wood. Navi and Girardet
(2000) developed a THM densification equipment with a hydrothermal
chamber. The specimen placed in the mold was compressed by more than
65% in this hydro-thermal chamber. Heger et al. (2004) used similar closed
apparatus to densify wood. Specimens were plasticized at 140°C for 10
minutes and compressed by 66% under the condition of saturated steam in
the reactor. After post-treatment at 140°C-200°C, the steam was vented out
of the treating chamber to purge the reactor, and specimens were
immediately cooled below 100°C and removed from the reactor. One
advantage of above equipment is that they combine softening, compression
and fixation process, which improves wood mechanical properties and
dimension stability obviously. And the specimens can be heated and
softened rapidly by steam without addition press heating.
Hydrothermal modification reduces the equilibrium moisture content
(EMC) of treated wood samples, which subsequently leads to the
enhancement of the dimensional stability. The reduction in the EMC is
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caused by heat-induced factors, namely, reducing hydroxyl groups (Jamsa
et al. 2001), and it is considered to be an eco-friendly and cost-effective
method because no chemicals are used (Borrega and Kärenlampi 2010). In
hydrothermal modification in buffered media, treated wood is more
hydrophobic in nature, as the absorption of water into wood is limited and
may prevent fungal growth. It also has improved decay resistance (Saliman
et al. 2017), and minimal decrements of strength properties (Ebadi et al.
2019). A diagram of the thermo-hydro-mechanical modification of wood
is given in Figure 1 (Navi and Sandberg 2012).

Figure 1: A diagram of the THM modification of wood (Navi and
Sandberg 2012).
3.

Thermo-Hygro-Mechanical (THM) Treatment

In the last decades, thermo-hygro-mechanical (THM) treatments were
frequently the focus of research and industrial application for improving
its properties. THM is an eco-friendly method, which relies on the
combination of temperature (T), moisture content (MC) and mechanical
action (Hill 2006). The THM treatment improves the dimensional stability,
resistance to degradation and mechanical behavior (Sandberg et al. 2013;
Navi and Pizzi 2015). To decrease the impact of hydro-thermal treatment
on the mechanical properties of wood, THM treatment can be used to
modify wood (Fang et al. 2012). It is based on a combination of high
temperatures, moisture and mechanic loading, which leads to modified
wood (Zhan et al. 2016). It has been demonstrated that THM treatment can
better improve the mechanical strength of wood compared to dry-heating
conditions (Willems and Altgen 2019). THM treatments, on the other hand,
are employed in molding, shaping, bending, profiling, welding (by
friction), and densification of wood (Navi and Pizzi 2015). During THM
treatment, densification under compressive conditions and the degradation
and rearrangement of hemicelluloses, lignin and cellulose are the main
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parameters for the improvement of wood properties (Yin et al. 2016).
THM-treatment including densification and post-treatment under saturated
steam conditions at different temperatures (Skyba et al. 2008).
The THM treatments have an important advantage over the chemical
treatments because the products of the THM wood are particularly
environment friendly. Indeed, during THM processing the chemical nature
of the various components of wood is not basically changed. The THM
treatments include many types of process:
• Wood bending, i.e. solid wood bending and laminated bending.
• Densification: thermo-mechanical (TM) in an open system, and
thermo-hydro-mechanical (THM) in a closed system.
• Wood shaping, surface
crosssectional transformation.

densification,

embossment,

wood

• Wood welding and wood surface fusion.
• Heat treatment for increased dimensional stabilization and improved
resistance to decay.
• Thermal-hydro processing of wood, i.e. wood plasticizing, known
under wet heating to release the internal stresses and to soften of wood.
• Reconstituted wood products refer to any number of composites that
contain wood, e.g. paper, different types of fibre boards, plywood and
wood plastic composites (Sandberg and Navi 2007).
There is a renewed interest in producing sustainable wood-based
materials by subjecting solid wood to the effects of temperature, moisture,
and mechanical action, also called thermo-hydro-mechanical (THM)
process. THM process is one of the processes for manufacturing woodbased panels and an efficient way to improve the natural properties and
produce stable materials (Sandberg et al. 2013). In the THM process,
atmospheric temperature and humidity are well controlled and
compression forces are exposed to the wood in either radial or tangential
directions (Sandberg and Kutnar 2016). The THM process, which involves
the use of steam and compression, has shown interesting practical
applications in eliminating the shape memory effect in compressed wood,
improving its mechanical and physical properties as well as its resistance
to decay. Classification of the THM processes are given Figure 2 (Navi
and Sandberg 2012).
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Figure 2: Classification of the Thermo-Hydro Mechanical processes
(Navi and Sandberg 2012).
4.

Wood Densification

Wood densification is another process that was developed to
significantly improve the mechanical properties of wood. One of the main
problems associated with most types of densified wood (except those with
high resin content) is the lack of dimensional stability. When soaked in
water or exposed to high relative humidity, compressed wood has the
tendency of irreversible swelling or spring back (Inoue et al. 1998).
The main purpose of densification is to enhance wood density, which
improves its mechanical performance and commercial value (Song et al.
2018). Thermo-hygro-mechanical (THM) densification, which combines
high temperature, moisture and mechanical compression. Compressed
densified wood has not become a common wood product due to its
instability in the presence of moisture (Heger et al. 2004). This section
presents the various THM processes (open or closed systems), after which
the fixation of the compression-set by THM treatment is discussed (Navi
and Sandberg 2012).
4.1. Densification inside an open system
This process consists in applying a compressive force in the radial
direction of the wood under high temperature and at a sufficiently high
moisture content so that plasticization of the wood occurs. Densification
leads to a reduction in the porosity of wood and to an improvement of its
mechanical characteristics, but this process cannot adequately eliminate
the shape memory.
The process of densification can be implemented in an open or a closed
system. It is not possible to adequately control the moisture content of the
elements during densification in an open system. The process of
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densification in an open system is thus can be named Thermo-Mechanical
(TM). On the other hand, it is possible to control the moisture content as
well as the temperature in a closed system, and the process is called
Thermo-Hydro-Mechanical (THM). Staypack or TM-densified wood is
produced by a simple process using a hot press (open system). The
different stages in this open system process are shown in Figure 3 consist
of ;
1. preparing the elements of wood in the longitudinal direction;
2. conditioning the wood to a moisture content of 13-15%; and
3. compressing the wood in the radial direction after softening. A press
can densify about 20 wood elements

Figure 3: Diagram showing the different stages of wood densification in
an open system by heating and pressing in a flat press; (a) the hot press
with three rows of wood pieces, (b) the press during wood densification,
(c) a piece of wood to be heated, (d) a wood piece densified by 33%.
(Navi and Sandberg 2012).
A press can densify about 20 wood elements 60 × 60 × 1600 mm3 in
size. The parameters of densification are a pressure of 25 MPa, a
temperature of 130 °C and a duration of at least 2.5 hours. During this
treatment, the elements undergo a large displacement from 30% to 40%.
Figure 4 shows the temperature variation within the press during the
process (Navi and Sandberg 2012).
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Figure 4: The variation of temperature in a heating press (by company
Stahel Köng AG, Hinwil, Zürich) (Navi and Sandberg 2012).
The densification of wood in an open system makes it possible to
increase the mechanical strength of wood to a significant degree.
Dimensional instability is the principal weakness of this type of densified
wood, particularly at a high relative humidity and elevated temperatures
for long exposure times of several days. At a relative humidity of 97%, the
swelling in the radial direction (direction of densification) of densified
beech is about 20%, whereas it is only 5% for the non-densified beech
under equivalent conditions. Wood densified in an open system can swell
in water by more than 50% depending on the porosity of wood.
Consequently, wood densified by this process cannot be used under
conditions of high moisture, and this greatly reduces its field of application
in construction work. To fix the compression-set of the densified wood and
to reduce its recovery and dimensional instability, impregnation with a
synthetic resin, mechanical fixing or a thermo-hydro-mechanical treatment
at high temperature and moisture is usually necessary (Navi and Sandberg
2012).
4.2. Densification in a closed system
The densification of wood in an open system under wet conditions and
at a high temperature (about 130 °C) improves the mechanical and
moisture-resistant properties of wood, but the compression deformation is
not stable. Post-processing by a THM treatment has however been shown
to constitute an effective means of eliminating the set-recovery. Advanced
investigations of wood densification and its treatment by THM in a closed
system have been reported by Tanahashi (1990), Inoue et al. (1993),
Norimoto et al. (1993), Ito et al. (1998), Navi et al. (2000), Navi and Heger
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(2005), Kutnar et al. (2009) and many others. The purpose of recent
research on the densification of wood and the development of new
techniques based on THM posttreatment is to mold wood elements with
larger dimensions with no set-recovery. This section presents different
techniques have been recently developed mainly for research at the
laboratory level (Navi and Sandberg 2012).
The physical and mechanical properties of the wood densified inside
this chamber depend mainly on the type of wood and on the THMtreatment process. It seems that each wood species needs particular
conditions to eliminate or reduce the shape memory (set-recovery). The
THM treament process (with this apparatus) is divided into several stages
summarized in Figure 5. The various stages of densification and postprocessing (heating in steam) of the specimen are marked separately (Navi
and Sandberg 2012).
Figure 5. illustrates a diagram of the load as a function of time during a
THM process. The process consists of five stages. Stage one, curve 0-a-b,
represents the plasticization or softening of the specimen in saturated steam
at about 150°C. This stage takes about 10 minutes for small elements. The
second densification stage, curve b-c, represents the application of a
controlled displacement under constant temperature up to a prescribed
pressure. During the third stage, curve c-d, the load and the temperature is
kept constant. During the fourth stage, curve d-e, the steam flow is stopped
and the specimen starts to dry. Lastly, during the fifth stage, curve e-f, the
specimen is completely unloaded. The total process time is about 3 hours.
Postprocessing includes the third and fourth stages (Navi and Sandberg
2012).

Figure 5: Schematic diagram of the load as a function of time during a
THM densification process (Navi and Sandberg 2012).
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Wood densification and post treatment in a closed chamber with a
double Wall
To densify small wood elements in the transverse direction under
saturated vapor and at various temperatures, a small thermo-hydrous
chamber, a steam generator and a press are required. A photograph of a
chamber (a sealed cell) with a simple wall for densifying small specimens
approximately 40 × 40 × 30 mm3 in size is shown in Figure 6. The steam
generator and the press are outside of the chamber (Navi and Sandberg
2012).

Figure 6: Apparatus for densifying small wood elements at temperatures
up to 150 °C in saturated steam: (a) photograph of the apparatus under
open conditions, 1) chamber, 2) piston, 3) mold, 4) cover, 5) densified
wood, (b) photograph of the apparatus under closed conditions, (Navi et
al. 2000)
In a chamber with a simple wall, the samples are directly heated by
saturated steam, so that their temperature and moisture content are
interdependent and remain unchanged during the process. On the other
hand, in a reactor (composed of several chambers) with a double wall, it is
possible to control these two parameters independently and the sample can
be treated under various humidity conditions, not always a saturated one.
In this system, the generation of high temperature steam and the press are
external to the reactor, and the temperature can be raised up to 200 °C. The
advantage of this system is that the moisture content of the sample can vary
from the dry to the saturated condition during the treatment. In Figure 7(c),
area 6 representsthe treatment chamber in which the mold and the specimen are placed during the treatment. Chamber 1 and cylinder 5
(Figure 7c) are connected to a heating circuit and both are completely
watertight. During THM-processing, chambers 1 and 5 are heated by
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saturated steam to reach the required temperature and the specimen placed
in chamber 6 (treatment space) is heated by conduction (Navi and
Sandberg 2012).

Figure 7: Photographs showing the THM reactor; (a) – THM reactor with
piston, (b) – THM reactor without piston (c) – THM reactor after
removing the cover. Chamber 1 and cylinder 5 (cylindrical chamber) are
connected to a heating circuit and are completely watertight. Chamber 4
is connected to chamber 6 (treatment chamber and mold) by the cover,
(Navi and Heger, 2005).
Loading during THM-densification and the post-treatment process
A diagram of the loading variation during the densification and the posttreatment is given in Figure 8. The densification consisted of two steps: the
sample was first heated to 140 °C under saturated conditions for up to 10
minutes (plasticization-step) and then densified under a controlled
displacement mode. After densification, the sample was post-treated at
various temperatures and moisture contents. In this example, the
temperature was 160 °C and the relative humidity was saturated. After
densification, the specimen was maintained in the same position
throughout the post-treatment. At the end of the post-treatment, the reactor
was purged by letting the steam leave the cylindrical chamber. The sample
was then immediately cooled with water at 60 °C and removed from the
reactor (Navi and Sandberg 2012). A cylindrical spruce specimen with a
diameter of 40 mm and a length of 150 mm in the radial direction was
densified and post treated in the reactor shown in Figure 8 (Navi and Heger,
2005).
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Figure 8: Diagram of loading as a function of time during THM
densification and post-treatment and steam pressure variations: The
pressure is given for saturated steam (Navi and Heger, 2005).
5. The Physical and Mechanical Properties of THM-Densified
Wood
Most of the studies investigated the efects of compression ratio (CR),
temperature, pressing time, moisture content (MC), and other parameters
to contribute to both the improvement of the qualities of densifed wood.
The properties of densifed wood are afected by diferent internal and
external factors, such as the species of the wood, initial density,
compression ratio, pressing temperature, and use of pre-treatment
chemicals. General improvements on densifed wood include the increase
in MOE, MOR, hardness and abrasion resistance, as well as bending and
shear strengths. Manufacturing parameters, such as pressing temperature
and CR tend to have a larger efect on MOE and MOR, requiring a
minimum of 15% CR at 100 °C pressing temperature to achieve positive
results. In addition, thermal pre-treatments are heavily reliant on the
temperature due to the risk of thermal degradation and cell wall fracturing
at higher temperatures (Cabral et al. 2022).
Several studies have shown that densification is an efective way to
improve the mechanical properties of wood (Kutnar et al. 2008; Anshari
et al. 2011; Fang et al. 2012; Möttönen et al. 2015; Gao et al. 2016).
Increasing temperature up to 150 °C during compression also has a positive
efect on MOE value of wood as it reduces the spring-back efect of
compressed wood, although the increase in MOE caused by high
temperature is not as obvious as that caused by high compression ratio
(Lamason and Gong 2007).
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In the last few years the impact of thermo-hygro-mechanical (THM)
treatment of wood on its mechanical and physical properties has been
investigated. Navi and Girardet (2000) stated that as a result of THM
densification for three hours in vapour environment at 150 °C and 13 MPa
in radial direction, Fagus (Fagus silvatica), Norway spruce (Picea abies)
and maritime pine (Pinus pinaster) with the initial densities 0,67 g/cm3,
0,42 g/cm3 ve 0,50 g/cm3 repectively had ile 1,27 g/cm3, 1,30 g/cm3 ve 1,32
g/cm3 densities after densification
THM densification reduces wood hygroscopicity, and improves
dimensional stability (Skyba et al. 2009; Fang et al. 2011; Fang et al. 2012;
Navi and Sandberg 2012; Ülker et al. 2012; Rautkari et al. 2013; Chávez
2015; Bao et al. 2017; Chen et al. 2018; Balasso et al. 2020; Cao et al.
2020). Some wood densification studies have shown increases in density
and Brinell hardness of 100% or more (Fang et al. 2011; Avilla et al. 2012).
The modulus of elasticity (MOE) and modulus of rupture (MOR) in static
bending of THM densified wood increase by 50% and 100%, respectively
(Mariotti 2010; Fang et al. 2011; Chávez 2015; Pertuzzatii et al. 2018).
In the heat treatment of wood above 150°C, the strength is reduced and
the mode of failure of heat-treated wood in mechanical tests is in most
cases brittle. The density of wood is decreased by 5-15% during heat
treatment, and this of course affects the strength, but it does not explain the
entire reduction in strength (Welzbacher et al. 2007, Esteves et al. 2008).
Skyba et al. (2009) reported that THM-treatment reduced the
hygroscopicity of beech and Norway spruce wood. Brinell hardness,
Compressive strength and MOE increased with increasing temperatures
applied during the post-treatment phase. Some wood densification studies
have shown increases in density and Brinell hardness of 100% or more
(Avila et al. 2012). High temperature and long processing time may
decrease the MOE due to the deterioration of wood components,
particularly hemicellulose (Yan and Morrell 2014). An increase in
densification temperature can decrease strength properties as stated by
Ulker et al. (2012), who explained the decrease by the increasing chemical
degradation. In accordance to these authors the most suitable temperature
is 120ºC in order to achieve a higher bending (42%), shear (20%), and
compression strength (47%), and 140ºC for a higher radial (242%) and
tangential hardness (268%) in densified Scots pine (Pinus sylvestris L.).
The modulus of elasticity MOE) and modulus of rupture (MOR) in
static bending of THM densified wood increase by 50% and 100%,
respectively. General guidelines for the reduction in strength are: hardness
5-10%, bending strength 10-20%, modulus of elasticity 5-20% and impact
bending 30-80%.(Chávez 2015).
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Laine et al. (2016), after having densified Scots pine sapwood at 40%,
50% and 60%, obtained increase in wood hardness from 15.5 N/mm 2 to
19.0 N/mm2 (by 23%), 29.3 N/mm2 (by 89%), and 23.9 N/mm2 (by 54%).
Thermo-hygro-mechanical modification followed by thermal treatment
increased the MOE of green European aspen (Populus tremula) by 18%
and that of Silver birch (Betula pendula) by 6% with densifcation degrees
of 30% and 10%, respectively (Marttila et al. 2016).
Marttila et al. (2016) observed that subsequent thermal treatment at 190
°C after thermo-hygro-mechanical modifcation of green timber reduced
MOR values of European aspen and Silver birch by 10% and 16%,
respectively. THM densifcation also produce improvements on density,
shear strength, and MOE over the earlier forms of densifcation processes.
A large contributing factor to this is the increased plasticisation that occurs
in THM processes due to the moisture that is present in the pores, vessels
and lumen of the timber (Chen et al. 2018).
Pelit and Yorulmaz (2019) investigated the efects of densifcation on the
mechanical properties of thermally pre-treated spruce and poplar timber
and found that thermal pretreatments generally had a positive efect on the
MOE (up to 200 °C treatment temperature) and a negative efect on the
density, Brinell hardness and MOR of timber. Song et al. (2018) managed
to achieve a tensile strength of the densified wood of up to ~ 600 MPa,
which was 11 times that of untreated wood. The hardness was also found
to be 30 times higher than that of the native undeformed wood. Zhou et al.
(2019) reported that At 160°C, increasing the densification period from 5
to 10 min improved the hardness. Compared to the reference material,
THM and THM with subsequent thermal treatment resulted in an increase
in the MOE of rubberwood of 39.5% and 35.9%, respectively (Cao et al.
2020). Baghy and Avramidis (2021) reported that THMd at 160°C showed
a maximum increase in hardness by 386% in 15-min compression.
6.

Conclusions

One of the important challenges for expanding the commercialization
of THM technology is scaling up the laboratory processes to industrial
levels. The time required for densification and posttreatment of a specimen
is approximately proportional to the second power of the principal length
of the densification. For large elements, the consequence of this time on
the chemical degradation of wood would be dramatic, i.e., would be
prohibitive for the industrial production. In order to reduce the processing
time, investigations with interdisciplinary approach are required under
participation of researchers from academia and industry.
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1.

Introduction

Immensely affecting the individual’s and the society’s welfare, cities
are complicated systems in which thousands of economic, social, cultural,
institutional and natural structures and varied risks are integrated. These
systems constitute more than 80% of the Global Gross Domestic Product
(GGDP). Nevertheless, among cities, there exist inequalities with respect
to their developmental bases and other inequalities stemming from them.
In other words, depending on their own strengths, cities can be resilient to
disasters, hazards, shocks, and stresses that may be dangerous and
destructive. On the other hand, in cities which accommodate the majority
of the world’s population (56% of the 8 billion world population in 2022,
75% in 2030, 90% in 2050), meeting the needs of the population is subject
to the world’s limited resources (UN-DESA, 2019). While the continuous
increase in the urban population (3,9 billion in 2021, 6,3 billion in 2050)
brings with it many vital problems such as the deterioration of the
ecological balance and environmental pollution, it also increases the scale
and impact of dangerous and destructive events due to the demand for
energy and greenhouse gas emission. At the present, cities are responsible
for the consumption of natural resources at the rate of 75%, for energy
consumption at the rate of 60-80%, and, therefore, for Greenhouse Gas
(GHG) emission at the rate of at least 70% (URL1, IRENA, 2021-a). As
the current climate change1 resulting from the increase in GHG density in
the atmosphere, initiated by the Industrial Revolution, is the outcome of
human activities, it is a human-induced (anthropogenic) concept (IPCC,
2018); in other words, it provides the acute or chronic stresses related to
1

The increase in the amount of GHG in the atmosphere causes the heat that should
return to space to be held in the atmosphere and, therefore, the temperature of
the world’s surface also increases. As a result, the usual natural balance and
climate changes. While carbon density in the atmosphere was below 250
particles in one million in the period before the Industrial Revolution, it has
surpassed 380 particles in the last 250 years (Yalçın, 2010).
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climate change (Tyler and Moench, 2012; Leichenko, 2011). From a
different perspective, cities are innovation centers and laboratories for
dealing with these problems or for providing resilience. For these reasons,
it is anticipated that by means of 21st century’s global key agreements,
such as the New Urban Agenda (UN, 2016), the Agenda 2030 for
Sustainable Development (UNDP, 2015), the Paris Agreement on Climate
Change (UN-FCCC, 2015), and the Kyoto Protocol (UNFCCC, 2020),
“resilient cities” can be formed for sustainable and inclusive development.
Concurrently, strategic approaches, such as Green Growth (OECD, 2011),
Green Economy (UNEP, 2011), Sustainable Development (EU-EC, 2010)
Carbon Economy, are considered alternative solutions that would support
sustainability and/or resilience based on local conditions. Energy
management (its sources, production technologies, productivity, security,
flow, supply and demand, investments, effective and widespread use, and
recycling) constitutes the urgent agenda due to reasons such as that energy
consumption will triple in cities from 2005 to 2050, based on projections,
that 80% of energy consumption relies on carbon-based fossil fuels
(Creutziga, et al, 2010), and that, as such, cities are responsible for three
fourths of GHG emissions (IRENA, 2021-b).
Under these circumstances, energy and finance sectors’ investments in
renewable energy and clean energy (Low Carbon Emission Energy)
technologies and global energy and work organizations’ goals (such as
International Energy Agency’s -IEA’s- Net Zero Emissions - NZE by
20502 (URL-1) and Carbon Capture Utilization and Storage-CCUS3,
2

NZE, normative IEA scenario that shows achievable pathway for the global
energy sector to achieve net zero CO2 emissions by 2050, with advanced
economies reaching net zero emissions in advance of others. This scenario also
meets key energy-related SDGs, in particular by achieving universal energy
access by 2030 and major improvements in air quality. This consistent with
limiting the global temperature rise to 1.5°C without a temperature overshoot
(with a 50% probability) in the IPCC in its Special Report on Global Warming
of 1.5°C (URL-1).
3
The technologies used to capture, use or permanently store carbon dioxide (CO 2)
resulting from human activities are collectively known as carbon capture,
utilisation and storage, or CCUS. For a number of important industrial processes,
CCUS is currently the most effective and efficient technology for achieving
significant CO2 emission reductions. The CO2 captured at an industrial facility
is compressed and transported by ship or pipeline to a geological formation deep
below ground for permanent storage. Alternatively, CO2 can be used to make
useful products, such as building materials or consumer goods. This is known as
valorisation, where the CO2 becomes a raw material rather than a waste byproduct (URL-2).

20

United Nations Sustainable Development Goals - SDGs) (URL-2) and
scenarios (such as International Labor Organization’s -ILO’sSustainability Scenario to 2030, International Renewable Energy Agency’s
-IRENA’s- The Planned Energy and 1.5°C Scenarios) are being made more
prevalent via nation states and local administrations (URL-3). At the center
of these efforts is the widespread and efficient use of Renewable Energy
(RE), as an influential tool against climate change, and the support it
receives through investment and urban spatial strategies. In this
framework, this study addresses the urban resilience context of RE and the
effectiveness of urban spatial structure in reducing GHG.
2.

Energy for Sustainability

Suggesting living the present without obstructing the future,
“sustainability” has been evolving with its scope and parameters being
constantly widened due to various factors (intensifying and increasing
global risks, development level, and the like). At present, sustainability
encompasses all activities that utilize energy, water, material and
effectively use the current circumstances, that protect human health and
comfort, and that prioritize the use of environment-friendly energy. As of
the years of 2000, this scope has been questioned along with the
renewability of energy sources. As such, sustainable development is a
universal call to action to eradicate poverty, to preserve the planet, and to
provide all people to live in peace and prosperity. Sustainable city and/or
urbanization, on the other hand, is a wholistic system that impacts or is
impacted by development, with its intertwined environmental (built
environment/natural environment), social, and economic components.
There is work towards designing defense mechanisms against the
irreversible damages on human societies and ecosystems caused by climate
change, the utmost barrier to sustainability, and towards minimizing GHG
oscillations. In line with this approach, energy management (its sources,
production technologies, productivity, security, flow, supply and demand,
investments, effective and widespread use, and recycling) is the common
strategy of sustainable settlement models developed in the 1990s, such as
New Urbanism, Sustainable Cities, Green Cities, Compact City,
Ecological Cities, Smart Growth and Smart Cities, Slow Cities, Low
Carbon Cities, Livable Cities, Digital Cities, Self-sufficient Cities and
Resilient Cities. To put it differently, energy, as the skill to perform, is
regarded as the guarantee to sustainability for being the basic need of all
functions or sectors in the city. Hence, energy management is the vital goal
of sustainability, and, therefore, of Urban Resilience (UR).
2.1. Energy sources, energy supply and consumption
The fundamental policy of UR constitutes strategies of “current
preparation resistance” and “performance.” The first provides the city to
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be prepared for the risks of the present and of the future by means of
observing the existing conditions. The performance stage includes the
strategies towards continuing and protecting the city’s basic functions, and
managing and re-developing sources, as well as issues of intervention and
rescue (Figueiredo, et al, 2018). In the framework of energy, the success
of these policies is limited to the energy sources. These sources may be
described as RE and Non-RESs – according to usability, and as primary, if
they have not undergone any form of change or transformation, and as
secondary, if obtained through transformation – according to convertibility
(Table 1).
Table 1. The Categorization of Energy Resources (Gültekin, 2021).

80% of the world’s need for energy is supplied by fossil fuels (oil, natural
gas, and coal). The damages on the atmosphere caused by the Carbon
Dioxide (CO2), Sulphur (S), Nitrous Oxide (N2O), and Methane (CH4)
gasses and particles that appear when these fuels are burnt are among the
reasons for global warming, and therefore, for climate change. Energybased global greenhouse gas emissions remained relatively stable in 2019
at 37 GtCO2eq, but the 2020 data reflected a decrease of 6% due to the
reduced demand for global energy brought about by the COVID-19
pandemic. In 2019, more than 80% of the total demand for energy was
based on fossil fuels (31% oil, 27% natural gas, and 23% coal). On the
contrary, coal caused 42%, oil 34%, and natural gas 22% of GHG
emissions. Economic activity and demand for energy in 2021 surpassed the
2019 levels (+%1,3 and +%0,4 respectively). In the same year, burningand methane-based GHG emissions resulting from energy use and
industrial processes increased by 5,7% to 39,0 GtCO2eq4, thereby coming
close to 2019 levels (URL 4). On the other hand, following a 4,5% decrease
during the period of the global pandemic in 2020, global energy
4

GtCO2eq: Carbon dioxide equivalent (expressed in kg or tone CO2 equivalent,
kgCO2eq or tCO2eq) is a quantity that describes the amount of CO2 for a given
greenhouse gas mixture and amount.
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consumption increased by 5% in 2021 (3 points above the 2%/year average
of the 2000-2019 period). It has increased in many countries, +5,2% in
China (after 2,2% in 2020), 4,7% in India (after -5,6% in 2020), 4,7% in
the United States of America (after -8,6% in 2020), +9% in Russia (after 4% in 2020), +4,5 in the European Union (after -6,8% in 2020), and in
many regions, +5% in Latin America, +7% in Africa, except the Middle
East (-0,4%) and the Pacific (-2,5%) (URL 5). As a result of this increase
in consumption; the CO2 emissions rebound in 2021 (+5.9%) more than
offsets the 2020 drop (-4.9%). Since 2021, Non-RE capacity has continued
to expand in Asia, the Middle East and Africa (but with a much lower
expansion in Middle East and Africa), while net decommissioning
continued in Europe and Eurasia. In this process, the energy inflation is
reaching unprecedented levels in 2022 in Europe, with the Ukrainian war
adding pressure to already tight markets. But, in the short-term, oil price is
expected to decrease, while European gas prices are not (URL-4).
The increase in CO2 emissions since 2021 has driven by the rebouning
economic growth after COVID-19 pandemic, and this is accompanied by
energy investments (URL-6). Considering the fact that G20 countries
consume 80% of the global energy supply, it becomes evident that
economic development is directly related to Anthropogenic GHGs. Should
this upward tendency in Anthropogenic GHGs continue (Figure 1),
atmospheric carbon accumulation may reach the Paleocene Ecocene5
Thermal Maximum – PETM level in as short a period as 140 to 259 years
(approximately 5-10 human generations). However awful a scenario this
may seem to be, as the highest level of global greenhouse warming event
since the extinction of the dinosaurs, it is of high probability (Gingerich,
2019). However, it is known that future energy demand is likely to increase
due to climate change, but its magnitude depends on many interacting
sources of uncertainty such as population expansion, economic growth,
shifts in the sectoral composition of economies, behavior of individuals
and organizations, the pace of technological development. Despite the fact
that projections change according to different variables, it is anticipated
that, though not economical yet, RE and/or RE Technologies should be
used instead of fossil fuels in all sectors, since energy consumption,
therefore GHGs, will increase in line with the increase in population and
in socio-economic development level (Levesque, et al, 2018; van Ruijven,
et al.2019; Yang, Cui, 2019; Tebaldi, O’Neill, 2020; Leichenko, 2011;
Gültekin, 2021).

5

Palaeocene Epoch, first major worldwide division of rocks and time of the
Paleogene Period, spanning the interval between 66- 56 million years ago which
was after the Cretaceous Period and was followed by the Eocene Epoch.
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Figure 1. Annual change MTCO2e6 (BP, 2022).
2.1. The future of energy: Renewable Energy (RE)
RE is an energy source that can mostly be obtained without a production
process within nature’s own evolution and that may be readily present the
next day as it is. In comparison with conventional energy, RE, such as
hydraulic, wind, solar, geothermal, biomass, biogas, wave, current, tide,
and hydrogen energy, is less hazardous on the environment, especially in
GHGs, abundant, inexhaustible, and environment-friendly. RESs are of
utmost significance for being local sources of countries, for contributing to
energy supply security and to the elimination of environmental risks and
anxieties, and for their economic value according to the Kyoto Protocol.
From another perspective, an unsustainable situation arises out of many
problems such as (i) the depletion of fossil fuel reserves, (ii) global
warming and other environmental concerns, (iii) geopolitical and military
conflicts, and (iv) constant price increase, all owing to fossil fuels
(conventional energy sources) remaining in use. Thus, RES is the sole
solution to the multiplying energy problems (Tiwari, Mishra, 2012). At the
center of clean and secure energy transitions receive robust energy sector
investment. Hence, the increase in Renewable Generation (RG) capacity
should be globally supported. Currently, the majority of RE utilized
6

MTCO2e is metric tons of carbon dioxide equivalent, namely is the unit of
measurement. The unit "CO2e" represents an amount of a GHG whose
atmospheric impact has been standardized to that of one-unit mass of carbon
dioxide (CO2), based on the global warming potential (GWP) of the gas.
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throughout the world (Figure 2) is hydraulic, solar, wind, geothermal, and
biomass energy (Figure 3).

Figure 2. Renewable
Generation Capacity
by energy source
(IRENA, 2022-a; URL-5).

Figure 3. Renewable power
capacity growth (IRENA, 2022-b).

Globally RG capacity by energy source (Figure 3);
At the end of 2021, global RG generation capacity amounted to 3 064
GW and increased 60% Hydropower accounted for the largest share of the
global total, with a capacity of 1 360 GW. Solar and wind energy accounted
for equal shares of the remainder, with capacities of 849 GW and 825 GW
respectively. Other renewables included 143 GW of bioenergy and 16 GW
of geothermal, plus 524 MW of marine energy. RG capacity increased by
257 GW (+9.1%) in 2021. Solar energy continued to lead capacity
expansion, with an increase of 133 GW (+19%), followed by wind energy
with 93 GW (+13%). Hydropower capacity increased by 19 GW (+2%)
and bioenergy by 10 GW (+8%). Geothermal energy increased by 1.6 GW.
Solar and wind energy continued to dominate RG capacity expansion,
jointly accounting for 88% of all net renewable additions in 2021. Along
with the higher growth of geothermal, this growth in wind and solar led to
a high annual increase in RG capacity (IRENA, 2022-b; BP, 2022).
Globally renewable power capacity growth by region: By means of the
financial support provided by the Kyoto Protocol and the awareness of
local administrations, investments in renewable and clean technologies
have been increasing, and, as such, an increase in globally renewable
power capacity has been observed. This process and achievements vary
according to the development level of regions (Figure 4). Asia accounted
for 60% of new capacity in 2021, increasing its renewable capacity by
154.7 GW to reach 1.46 TW (48% of the global total. A huge part of this
increase occurred in China (+121 GW). Capacity in Europe and North
America expanded by 39 GW (+6.4%) and 38 GW (+9.0%) respectively,
with a notably large expansion in the USA (+32 GW). Africa continued to
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expand steadily with an increase of 2.1 GW (+3.9%), slightly less than in
2020. Oceania is no longer the fastest growing region (+5.2%), although
its share of global capacity is small and almost all of this expansion
occurred in Australia (IRENA, 2022-b).
Considering that RE consumption is dependent on production, the EU
is promising for the 2000s. On an EU-wide level, the The 2018 RE
Directive aimed to increase the share of energy consumption generated
from RES to 20%, while in transport, this consumption was to be at least
10% by the end of 2020. The Directive, on the other hand, set a 2030 target
for the share of RE in the EU's energy mix of at least 32% (Tutak, 2022).
The success of efforts in the energy dimension of the fight against
climate change is possible with investments. When investment is measured
as the ongoing capital spending in energy supply capacity (fuel production,
power generation and energy Infrastructure) and energy end-use and
efficiency sectors (building, transport and industry), it appears to be behind
the scenarios and specifically NZE for 2050 of RE.

Figure 4. Global renewable generation capacity by region in 2021
(IRENA, 2022-b).
Global clean energy investments, which had remained stable in 2020,
increased at the rate of 5-10% in 2021, reaching the highest level thus far
(more than 1,9 million US$) (Figure 5). Although RE investments within
this total were expected to reach 70% (IEA, 2022), this level was not
accomplished, and RE investments remained at the lowest level in rising
markets and developing economies.
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Figure 5. Global annual investment in the power sector by category,
2011-2022 (IEA, 2022).
Nevertheless, after remaining flat for several years, global clean energy
spending is finally ramping up. Energy investment is set to pick up by 8%
in 2022 against the backdrop of the global energy crisis, but almost half of
the increase in capital spending is linked to higher costs (IEA, 2022).
3.

Renewable Energy in Turkey

For the purpose of reducing reliance on foreign countries and of
becoming self-reliant in energy, one of the most significant inputs for
economy, Turkey has been working towards increasing its RE production.
Nevertheless, despite the RES potential, RE investments still fall short, in
a country where a large proportion of the energy need is met through fossil
fuels and where the majority of that, in turn, is imported. In this
consumption pattern, imported natural gas and oil take the first place, and
though electricity, that takes the second place, consists also partially of
hydroelectric energy, natural gas remains the basic source.
In Turkey, the rising trend in established RES-based power generation
still falls inadequate in reducing the effects of climate change and from the
perspective of the sustainability of the ecosystem. The RE capacity of the
established power generation, which was 25,6 GW in 2013, increased in
September 2019 to 69,04 GW (28,503 GW hydropower, 19,949 GW wind
energy, 7,803 GW solar energy, 2,650 GW bioenergy, 7,431 GW
geothermal energy, 2,159 GW biogas, and 1,04 GW others). In 2020, while
the COVID-19 pandemic was ongoing, this capacity slightly increased,
reaching 74,06 GW (30,984 GW hydropower, 8,832 GW wind energy,
6,667 GW solar energy, 0,983 GW bioenergy, 10,078 GW geothermal
energy, 3,349 GW biogas, 7,067 GW others (1,357 GW solid biofuels and
renewable waste, 1,342 GW other solid biofuels, 0,23 GW liquid biofuels,
0,349 GW municipal waste, and the like) (IRENA, 2020). An increase was
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achieved in 2021, reaching 84,053 GW (31,493 GW hydropower, 24,828
GW wind energy, 7,817 GW solar energy, 1,637 GW bioenergy, 10,028
GW geothermal energy, 3,047 GW biogas, 5,203 GW others (1,357 GW
solid biofuels and renewable waste, 1,342 GW other solid biofuels, 0,23
GW liquid biofuels, 0,349 GW municipal waste, and the like) (IRENA,
2022-b) (Figure 6).
In Turkey, by means of the investments increasing through government
support, it is aimed that the share of RE in energy consumption be raised
at least to 20% in 2023. Specifically, there are ongoing investments aiming
to meet at least 30% of the demand for electric energy and 10% of the
transportation sector through RE. The share of RE in the production of
electric energy, which was 32,5% in 2019, is planned to be at 38,8% in
2023 (TR, 11th Development Plan, 2019-2023). On the other hand, while
the search for especially Hydrocarbon in the Mediterranean and Natural
Gas in the Black Sea is continued, investments and research and
development studies on atomic energy and hybrid technology (electricity
production facility with more than one source) are also being pursued.

Figure 6. RE generation capacity in Turkey, 2019-2021 (IRENA, 2022-b)
4. The Impact of Energy-Active Built Environment on Energy
Consumption and GHGs Emission
The impact of cities – and urban planning and design – on the global
climate change and/or GHG is becoming increasingly important. Being
densely-populated, political, economic, and cultural centers, cities have
specific vulnerabilities, and their – and that of urban planning and design
–impact on global climate change and/or greenhouse gas is becoming more
vital. The estimation that anthropogenic GHG will triple from 2005 to 2050
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and in which ways energy-active urban built environment will develop
renders important how the current situation will be intervened (Creutziga,
et al, 2010).
Hence, in line with RE’s significance and the components of UR in the
context of energy, explained in the previous sections, universal principles
are being designed on urban macroform and architectural structure in
planning energy-active cities for the purpose of anthropogenic GHG
reduction.
4.1. Urban Macroform Options
Spatial configuration (land use, macroform, and the like) and/or
planning making cities and their infrastructure more resilient to risks and
shocks is an effective tool in both adapting to climate change and reducing
GHG emissions. To put it differently, the sustainability of the urban
macroform, which varies according to cities’ own geographical, historical,
economic, and social circumstances, is to be planned within the context of
energy so as to offer options towards increasing UR (Gültekin, 2021). This
context is directly related to strategies on “current preparation resistance”
and “performance,” also integrated with UR. In the preparation stage of
urban planning, it is of utmost importance for UR to choose renewable
energy sources based on potentials in the structuring of the urban
macroform and to designate appropriate areas and limits in the setting up
of RE projects. At this stage, an organizational framework or guidelines
categorized according to RE source and production (wind farms, small
hydroelectric projects, photovoltaic parks) should be prepared, based on
present national-local data. Regarding the spatial planning of RE, the
planning area is divided into major categories based on the exploitable RE
potential and particular spatial and environmental characteristics also the
criteria set of their integration into the landscape in such a way that the
visual effect has the least possible.
This separation and on-grid and off-grid implementation types and
technologies in RE are also an important threshold in the formation of the
macroform. To illustrate, while on-grid implementations are those directly
connected to electricity plants, such as wind farms and solar panels, offgrid implementations usually serve only one single load, such as a small
house or farm house. That is to say, the transmission and distribution
system that provides consumers energy influences the choice of macroform
being related to the population density of the planning area, therefore to
sprawl or compact structuring in land use (Shahzad, 2012). In this choice,
strategies towards reducing GHG, providing RES, and increasing energy
efficiency may be explained as follows:
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 Optimum mobility in the city (settlement form and urban function
distribution that would increase modes of pedestrian and public
transportation),
 Climate- and environment-sensitive structuring (urban development
and expansion appropriate to the climate and natural makeup,
settlement pattern in construction sensitive to heat, lighting, air flow
and RE achievements, energy-sensitive building and space design)
 Integration of energy management and technologies to the city
(renewable energy plants of different scales mentioned above,
intelligent grid infrastructure, regional heating) and the development
and implementation of systems that can produce their own energy
through RESs)
 Less carbon oscillation for development (rendering RE widespread,
goals of the Post-carbon city and low-carbon economy)
 Energy-productive service and behavior tendency (reducing energy
consumption through efficient use, motivation and awareness of local
administrations and communities)
These strategies are evaluated according to the urban sprawl and
compact city models, which are widely used in urban planning.
Urban sprawl; This model usually varies according to the urban
dwellers’ socio-economic level (the choice for spatial and social
segregation, vehicle ownership, and the like) and life style, to regional
production (such as economic and industrial activities) types and large
service areas (such as harbors, airports, and hospitals). In such cities where
individual motor vehicle transportation and detached housing are common,
more energy is demanded for heating and for cooling, as well as for
transportation. Many studies relating the urban form to daily travel, too,
indicate that, in the urban sprawl, globally primary energy consumption
per year and increase raw material extraction and CO2 emissions 7
(Gültekin, 2021; Marshall, 2008). The statistical analyzes show that
wherever sprawl occurs in the EU, it results in a strong increase of
transport-related CO2 emissions. Sprawl, measured in the increase of the
areas covered by buildings and roads, is a stronger cause of increased
transport emissions than other possible causes, such as the growth of per
capita GDP or population growth (Tutak, Brodny, 2022). According to the
analyzes, made the period spanning 1960-2018, on 206 countries on the
effect of urban sprawl on CO2 emissions; population dynamics play a
7

According to 2010 data, globally 500 Exa-Joules of primary energy consumption
per year and 60 billion tons increased raw material extraction by 30-40% and
CO2 emissions by 14% (Weisz, Steinberger,2010).
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critical role in mitigating climate change, especially in terms of lifestyle
and behavioral patterns (Sarkodie, et al 2020). Nevertheless, such urban
settlement areas are preferred during COVID-19 pandemic, as a
consequence of dispersed urban development, open landscapes, large unfragmented wildlife habitats, and areas for recreation and ecological
compensation are lost, become fragmented or downsized, and their
ecological functions degenerate (Jaeger, et.al. 2010). However, today the
area of cities is growing twice as fast as population growth. But, aligning
sprawl reduction with other goals (e.g., public health and economic
development) will increase public acceptance. If done well, reducing
sprawl can improve quality of life while reducing emissions. Successful
approaches likely differ among cities, especially between developing
versus developed countries (Marshall, 2008; Shim, et al, 2006).
Compact city; this model, instead of the urban sprawl macro-form, is
based on the belief that while aiming to provide energy and resource
efficiency in relation to multi-purpose land use and density increase, lively
and active urban spaces may be created at the same time. At present, this
urban model is evaluated according to the interest areas of different
organizations. OECD has addressed the compact city approach
environmentally and defined criteria on dense and close settlementdevelopment pattern, public transportation systems and accessibility. All
of these criteria have been related to energy, and decrease in energy
consumption and local RE production have been proposed (OECD, 2012).
According to many experimental studies (Yang and Cui, 2019), the
compact city approach has both negative and positive effects in the context
of energy consumption and GHG. In this urban model, while population and
building density is being regarded as the basic reason for environmental
problems, it is, at the same time, claimed to increase productivity and to offer
environmental advantages by providing the common use of land,
infrastructure, water, energy, roads, and public transportation systems.
Namely, in brief, (Wang,et.al., 2021).
 Reducing energy consumption in urban transportation depending on the
near proximity of urban functions,
 Reducing energy consumption in densely-built areas and residential and
business spaces,
 Reducing energy infrastructure costs by means of the single- or
multiple-focused urban settlement model,
 Increasing the mobility of individuals either as pedestrians or as users
of motor vehicles through integrating “living-working-leisure spaces,”
thereby reducing GHG.
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4.2. Energy Efficient Buildings
As of the 1990s with reference to sustainability, and global crisis since
2000s, the energy efficient building approach has been the issue of priority
in all disciplines related to building production. This approach introduces
novelties to the field of material and technology, as well as to architectural
design (Ionescu et al, 2015; Shin, 2009). New design parameters that aim
at using energy efficiently, preserving resources, decreasing the damage
done to the environment by the construction sector, and producing of RE
by the building are being redefined. These are, in short, the shaping of the
building shell and form according to physical environment data, the
possibilities of benefiting from solar power at the maximum, the forming
of padding between the inside and outside of the building, the choosing of
environment-friendly ecological construction material and components
that use and protect energy efficient siding systems and RES and that
require minimal upkeeping. In this framework, design principles
comprising flexible solutions, through the modular system, which provide
function-appropriate sizes, are simple and of geometrical form, and which
enable reuse are regarded significant. As such, not only newly-constructed
buildings but also old buildings that go through interventions appropriate
to the criteria can be made more economical and more comfortable
(Coaffee, 2013; Gültekin, 2021).
High-rises, parallel to the compact city model, are taking their place in
the city for the purpose of increasing energy performance and decreasing
the carbon footprint after the energy crisis of the 1970s. As of the 1990s,
many highly ecological and energy efficient strategies have been applied
in high-rises, such as central atrium, rooftop garden and skygarden , green
roof , smart shell or double shell , smart siding set up and apparatuses , and
natural ventilation. The required energy load in high-rises in 2000s has
been provided by RESs at the building site. Through this approach, as wind
turbines of different scales (Pearl River Tower-Guanghzou, 2010), PV
batteries/panels (Swiss Re Tower-London, 2004), sun collectors or
dynamic solar façade (Varyap Meridian Shopping Center-İstanbul, 2011),
integrated heat and power (cogeneration) systems (One Bryant Park
Tower-New York, 2009) and fuel cells (Conde Nast Building-New York,
2000) were integrated into the building. In high-rises, known in the past as
consumers of energy, significant developments are on the agenda at present
towards becoming “net-zero energy building” through technological
support. As a result, energy management in all of the buildings especially
high-rises have become an increasing trend in the use and the production
of RES, as they become smart and efficient (Sciuto, and Nacci, 2014;
Gültekin, 2021).

32

5. Conclusion
Activities, such as excessive population increase, industrial activities,
global increase in energy consumption, especially of fossil fuels,
increasing urbanization, extermination of natural green spaces, and
uncontrolled oscillation of gasses into the atmosphere producing GHG
effect, constitute the primary reason for global GHG density increase,
especially of CO2, and therefore, for dangers and threats brought about by
climate change. Choosing to use RES will not only protect the environment
from fossil fuel emissions and/or from anthropogenic GHG risks, but also
provide cost reduction in the longer run. Yet, the use of low-carbon RE is
not an adequate or single choice in adaptating to climate change and/or UR.
There are many similar policy options (e.g. public transport access
obligation, mandatory sustainable transport plans, emissions trading for
parking). Energy-efficient urban spatial structure is an important tool in
dealing with this problem. Shifting to RES (including production and
distribution systems) will help the process of designing universal spatial
strategies on reducing GHG and increasing energy efficiency, as well as
rendering applications more effective. Indicating the low-carbon city and
UR city model, these strategies anticipate energy-effective building design
and mostly overlap with the compact city model.
On the other hand, in the application of anticipated strategies, many
significant zoning and other land use decisions take place at the local level,
and this offers both a difficulty (for instance, the lack of local governmental
authority in global matters) and many opportunities (for instance, RE
investment support, new employment opportunities), thereby making the
local community and administration significant actors. At this point, RE
investments and common local and global efforts constitute the other
significant factor. In the most general sense, the implementation success of
all these anticipated models and conditions can only be made possible by
urgently shifting to the Low-Carbon Economy model which relies on
obtaining the necessary energy for all economic activities taking place in
the production-consumption chain in the economy in a way that would
result in the lowest level of or no carbon emission.
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Abstract
This study focuses on the issue of electronic door lock access control
using the behavioral biometric feature of electromyography signals.
This study consists of two stages. In the first stage, bioelectrical signals
were collected from volunteers during seven different finger/wrist
movements with the bioelectric armband sensor. Statistical properties
were calculated from the bioelectric signals and the most effective
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features were selected by the Neighborhood Component Analysis
(NCA) method. By applying 10-cross validation to the created dataset,
Decision Tree (DT), k-Nearest Neighbor (KNN), Support Vector
Machine (SVM), and RF Classifier were given as input data. In the
train/validation tests performed in the computer environment, the
person identification success of the classifiers was determined as
99.047%, 99.523%, 99.047%, and 99.842%, respectively. In the second
stage, the classifier with the highest validation success, SVM, and
electronic door control software was embedded in the access control
card. In the real-time authorization and door access control tests, an
average of 95% success was achieved.
Keywords: EMG signals, biometrics, human identification,
behavioral biometric characteristics, door lock access control.
1. Introduction
1.1. Background
As a matter of fact, in the developing world, protecting people's
property and their personal information is vitally crucial. In order to
protect the privacy and property rights of persons, numerous systems
and procedures have been implemented over time. The essential
concepts of these systems can be divided into three categories:
information-based systems (password protected, etc.), belonging-based
systems (custom-defined magnetic card, wristband, etc.), and biometric
(fingerprint, retina, etc.) systems. To authenticate or identify an
individual, biometric systems use physiological and behavioral features
unique to each person. As sensor technology and artificial intelligencebased applications have evolved in recent years, the use of biometric
technologies in the security industry has grown. The risk of human error
has been reduced, and the level of protection has increased, eradicating
theft and oblivion. Many applications, including border control, law
enforcement, financial security, and access control for consumer
electronics, have begun to utilize biometric technology in the recent
decade or so (Xiao, 2007).
Two forms of biometric data are employed in security systems:
physiological and behavioral. Fingerprint, retina, vein, and retinal
biometric data are only included in the category of physiological
biometric data (Xiao et. al., 2007). Data (picture, signal, etc.) is related
to the person's voluntary motions (walking, keypad use, etc.) and
exhibit behavioral biometric characteristics. It is still possible to copy
and imitate physiological data, even if physiological biometric
recognition technologies are much more secure than older approaches.
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3D printing technology, fingerprints, voice data, and iris features can
all be easily replicated with latex, while contact lenses can be printed
with contact lens printing technology (Kaur et al., 2014). As a result,
scientists have recently focused their attention on developing biometric
systems based on bioelectrical signals (EMG, EEG, EOG) that take into
account both an individual's physiological qualities and their behavioral
traits (gesture, movement). Bioelectrical impulses are challenging to
synthesize and replicate because of their randomness. In comparison to
physiological biometric data, behavioral biometric data is much more
reliable.
EMG signals are one of the bioelectrical signals. The brain sends
activation impulses to the muscles, which in turn cause the person to
move voluntarily (de Luca, 1979; Reaz et al., 2006). Electromyography
(EMG) signals are linked to a person's physical attributes (Reaz et al.,
2006; Roberts et al., 2008). Additionally, a person's muscle fiber pattern
(lattice), their ability to produce force and heat, brain activity, motor
unit discharge pattern (age and gender), bone density, and conductivity
all have an impact on how the signal is transmitted. EMG signals also
provide information about an individual's behavioral features
(movement type (gesture), movement speed, rhythm, etc.). In this
sense, both physiological and behavioral data can be derived from EMG
signals (Keen-1 et al., 2004; Keen-2 et al., 2004; Gazzoni et al., 2014).
An EMG-based biometric security system that blends the principles of
belonging, information, and biometrics to provide the maximum level
of safety. The wristband sensor equipment utilized in an EMG-based
behavioral biometric security system makes it extremely personal.
EMG relies on a user's prior knowledge because each transaction
requires a unique password. Due to EMG signals' physiological and
behavioral specificity, they are biometric.
1.2. Related Works
Biometric systems are employed in a wide range of everyday
activities. To secure money and property accounts, persons must be
identified and access to a personal account or location must be
restricted. Access authorization in these systems is expensive and
necessitates a high level of sensitivity at the same time. Many publicfacing applications make use of biometrics. A good example of where
biometric authentication is used is in the process of procuring medical
services. Using gait analysis in forensics, it is possible to make a
person's identity known. Because physiological biometrics (fingerprint,
retina, etc.) are susceptible to duplication or destruction, researchers
have opted to use bioelectrical signal-based data instead. Research into
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sEMG signals' behavioral biometric features has increased in the
previous five years. Studies using surface electromyography (sEMG)
from the forearm muscles while executing finger and wrist movements
are scarce in the literature (Kin et. al., 2017; Suresh et al., 2011; Hu et
al., 2021; Fan et al., 2021; Shin et al., 2021; Jiang et al., 2021; Lu et al.,
2020; He et al., 2020; Raurale et al., 2020; Li et al., 2020; Shin et al.,
2017; Venugopalan et al., 2015; Cannan et al., 2013; Raurale et al.,
2021; Lu et al., 2019; Shioji et al., 2018; Morikawa et al., 2019; Lee et
al., 2017; Kim et al., 2021; Khan et al., 2020; Yamaba et al., 2018; Fan
et al., 2020; Jiang et al., 2021; Shioji et al., 2017; Yamaba et al., 2020;
Yaman et al., 2021).
Hu et al., 2021 used Class Activation Mapping (Grad-CAM)
analysis, a two-dimensional (2D) spectrotemporal mask method for
feature selection. Designed a CNN architecture. They used 40 different
patterns to EMG-based human identification. They achieved an
81.866% accuracy rate in their study. Fan et al., 2021 also used CNN
architecture as the classification method and reached an accuracy rate
of 87.23%. They used the HD-sEMG Topographical Image
Representation method as an introductory et al., 2021y feature set to the
CNN architecture. The datasets contain 8 different patterns. Shin et al.,
2021 in their work Root mean square (RMS), waveform length (WL),
integral EMG (IEMG), simple square integral (SSI), and variance
(VAR) values of the signal were calculated as features. They preferred
the SVM method, which is known to produce high classification
accuracy in bioelectrical signal-based systems, and reached an accuracy
of 87.1%. In their study, they tested the performance of the system for
five different patterns. Jiang et al., 2021 were extracted signal
Waveform Length: Frequency Median, Spatial Synchronization
properties and person classification was made with the Concatenating
Features With an Energy Constraint method with an accuracy of 85.8%.
The data set they use contains signals related to 8 different patterns. Lu
et al., 2020 used two different methodological approaches in their study
and compared their results for a pattern. They reported that they
achieved 99.206% accuracy with DWT as feature selection method and
DT approach as a classification method, while they achieved 99.203%
accuracy when they used CWT as feature selection and CNN as
classification method. He et al., 2020 tested their method for 16 patterns
using Discrete Foruire Transform as the feature extraction method and
Mahalanobis Distance Method as the classification method. They
showed that their proposed methodical approach was 90.3% accurate in
EMG signal-based person classification. Raurale et al., 2020 used three
different classification methods (MLP, SVM, KNN) using Integrated
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EMG, Mean Squared Value, Variance, Root Mean Square, Kurtosis,
Skewness, and Auto-regressive Model features. Their human
identification success was 99.3% accuracy for nine different pattern
datasets. Li et al., 2020, using basic feature extraction methods (MAV,
VAR, RMS, etc.) achieved 98.2% classification success with OCSVM
and LOF methods. They validated their method for only one pattern.
Shin et al., 2017 used ANN, KNN, and SVM methods and reached
81.6% identification accuracy rate. Their behavioral dataset consists of
two patterns. Kim (Kim et al., 2017) calculated special signal features
using WL, PCA, and LDA methods. And they gave these features as
input data to three ML methods (ED, SVM, KNN). They obtained 88%,
74% and 88% accuracy rate respectively. Their dataset contains EMG
signals for five different pattern data. Suresh et al., 2011 was reported
73.33% human identification accuracy rate. Venugopalan et al., 2015
used PCA, UDP, and CFA methods for feature extraction. And then
they used ED, KNN, and SVM classification methods. They achieved
99.7% maximum accuracy for one pattern. Cannan et al., 2013 used
RMS and FFT feature extraction methods and achieved 55.32%-person
classification accuracy with this feature set. Although this success rate
is relatively low, the authors achieved this success rate on a dataset with
19 different patterns. Raurale et al., 2021 extract KPCA features for
eight patterns. DT, MLP, SVM, and RBFN methods were applied to the
used dataset to classify personal identification. The methods
classification accuracy was 92.28%, 91.16%, 92.05% and 91.26% for
eight patterns, respectively.
Lu et al., 2019, used CWT and CNN methods and achieved 99.2%
human identification accuracy. Shioji et al., 2018, Morikawa et al.,
2019 and Shioji et al.,2017, used the CNN model for both feature
extraction and classification step. They obtained 94.6%, 47.66%, and
94.9% accuracy, respectively. Shioji et al., 2018, tested your model for
only one pattern and Morikawa et al., 2019, have got dataset for five
pattern., Shioji et al.,2017, have got dataset for thee patterns. Lee et al.,
2017 calculated RMS, MAV, etc. signal features and LDA
classification model for EMG-based human identification. They
reached 97.62% identification accuracy. Kim et al., 2021 calculated
MAV, VAR, IEMG, MAVSLP, and WL features and classify with
CNN-LSTM model. They reported 99.17% human identification
accuracy testing on 17 patterns. Khan et al., 2020, calculated ZC, MF,
etc. features and used the SVM model for identification. they reached
98.2% human identification accuracy. Fan et al., 2020 developed
Siamese Network, and this model’s accuracy was 91.81%. They tested
their model on four patterns
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1.3. Contributions and Novelty
Traditional machine learning algorithms based on the extraction of
temporal and spectral information from sEMG are frequently
employed. (Roberts et al., 2008; Raurale et al., 2020; Li et al., 2020;
Shin et al., 2017). An important shortcoming of these studies stems
from their reliance on simplistic features and models in their analysis.
It was decided on the basis of expert advice. It results in a lack of
information about the signal, which might lead to a loss of information.
In this study, 240 features were calculated for each signal, 30 for each
channel, and the most effective features were picked using the NCA
approach and the signal characteristic was defined to the highest degree
without data loss.
It is critical to examine EMG's ability to recognize unique features
with a wider variety of motion types because of its unpredictability,
non-linearity, and complexity. A human movement's EMG signals are
used in all of this research because they are so variable. However, it is
also necessary to examine the signal similarities among the various
types of gestures used by individuals. In other words, does the signal to
close one's hand provide the same feature set as the contact between a
person's thumb and forefinger? It should be cross-tested to ensure its
validity. While some of the research concentrated on the movement of
the wrist and fingers, others focused on the movement of the keypad.
The wrist and lower arm areas, such as a watch, are typically where
EMG sensors are mounted in systems that use finger and wrist
movements rather than a keyboard. EMG signals can be used to
determine a person's behavioral biometric data features, although these
two types of studies are used for different purposes. The purpose of
keypad motion dataset investigations is to secure systems (computers,
phones, etc.) that are controlled by telephone, computer, or keyboard
input. The goal of this research is to use wrist and hand movements in
a three-dimensional (3D) space, independent of a keypad or other
hardware, to identify people using bioelectric signals. It is therefore
possible to use these biometric data for safe crossing locations such as
the house or automobiles or businesses or ATMs. EMG data variance
by day was ignored except for Jiang et al (Roberts et al., 2008), and the
data collecting duration was kept short. For an appropriate comparison,
Jiang et al. (Roberts et al., 2008) accounted for day-to-day variations in
signal strength.
According to Section1.2, behavioral biometric data can be used to
identify persons 73 percent to 99.7 percent of the time. EMG signals
can be reliably used in security systems in the same way that other
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physiological biometric data may be used. There is, however, no study
in the literature that implements behavioral biometric data-based
electronic door lock access control applications and presents its results.
There is a lot of value in this study because it is more accurate (99.842
percent) than previous studies in the field of machine learning on the
behavioral biometric-based person identification method and includes
the results of the person identification method developed on the
designed electronic door mechanism.
Contributions and innovations of the proposed behavioral biometric
access control system;
 The application of EMG signals as behavioral biometric data in
the access control system was made for the first time within the scope
of this study and the results were presented.
 The proposed method also incorporates the structure of three
currently used security systems (belonging-based like key protected,
knowledge-based as password protected and biometric data like the
retina, fingerprint protected). Since the system includes a sensor
armband, it is based on belonging, since the signals are associated with
the movement pattern, it is information based. And since the
bioelectrical signal changes according to the physiological/anatomical
characteristics of the person, it is biometric.
 Because the hand has a high degree of freedom or a lot of
different patterns, it was chosen to define behavioral biometric data.
With this feature, you can set up a lot of different personal behavioral
IDs. In this way, the proposed method is better than ECG, retina,
fingerprint, and other biometric data. A person can set up and use
different behavioral biometric data for each access control point (home,
office, etc.). With the participation of four volunteers, a new and large
behavioral biometric signal dataset associated with seven different
finger/wrist movement patterns was created.
 Bioelectrical signals recorded simultaneously from eight
channels were divided into 256 ms segments and statistical properties
of each segmented signal group were extracted. NCA feature selection
method was applied to the feature matrix and an effective feature vector
was created. Person classification achievements were tested using four
of the most basic and simple machine learning algorithms. The SVM
method, which has the highest accuracy, was used in the sliding door
test setup.
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 The proposed system has high accuracy and meets the usage
conditions in real-time applications. Data processing and transit time
were very short.
The paper is divided into three primary sections for organizing. The
electronic design of the sliding gate, data collecting, signal
preprocessing steps, feature extraction-selection methods, and
classification techniques are all covered in detail in Section 2. The
experimental findings and discussion are presented in Section 3. The
confusion matrix and performance table for both scenarios are also
shown in Section 3. The results of earlier investigations in the literature
were contrasted with the categorization accuracy rates found in this
study. Additionally, the success percentage was explained and pictures
of the system's online test results were provided. In Section 4, all of the
study's major results were compiled.
2.

Material and Method

This study was carried out on the identification of individuals using
the behavioral biometric feature of Electromyography signals and the
use of this behavioral biometric identity (ID) in electronic door access
control systems. A graphical summary of the proposed method is given
in Figure 1. The study basically consists of two phases. The first phase
includes the registration steps. At this stage, the behavioral biometric
trait vectors (ID) of the persons to be authorized for access were
calculated. And a behavioral biometric data set was created. The second
phase includes verification and access control steps. At this stage,
bioelectrical signals (EMG) were received from the person wearing the
bio-armband with the Bluetooth protocol, and their properties were
extracted. Then, these EMG signals were compared with the data of the
authorized persons in the dataset. If the comparison result is positive,
access is granted and the electronic door is opened. Access is restricted
if the person's calculated bioelectrical property vector is not registered
in the dataset.
The registration phase consists of five basic steps. In the first stage,
the volunteers wore an eight-channel electromyography sensor
armband to measure the activation potential of the right lower arm
muscles. Then the volunteers sequentially performed finger/wrist
movements that would be associated with the bioelectrical signals to be
used for authorization. Meanwhile, the bioelectrical signals were
transferred to the computer. In the second stage, the bioelectrical signals
transferred to the computer were subjected to preprocessing steps and
segmentation.
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Figure 1. Graphical summarization of the proposed system and
method
In the third step, thirty statistical features of the bioelectrical signals
for each channel were extracted and a feature vector was created. The
40 most significant features from 240 features calculated in the fourth
stage were selected by NCA method. In the fifth and last stage, the
selected features were given as input to four machine learning
algorithms, and their success was tested. All of the processes in the
registration phase were carried out in the computer environment. The
most important features determined during the registration phase and
the SVM method, which was determined to have the highest
classification success, were coded on the embedded system board
(Raspberry pi 3) in the identification / Access phase, and the software
design of the system was made and the electronic access control
experimental setup was created. In Chapter 2, the steps of the study are
explained in detail.
2.1. Electronic Design of Door Lock Mechanism
The electronic sliding door system consists of five basic pieces of
equipment. These were a single leaf sliding door frame, embedded
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system board, power supply, relay, and bioelectrical sensor armband
(Figure 2). The electronic sliding door was powered by a 12V DC
voltage source and the embedded system board (Raspberry Pi 3) is
powered by a 5V voltage regulator. The bioelectrical sensor armband is
produced by Thalmic Electronics. It has Bluetooth wireless
communication protocol. The bio-armband contains eight
Electromyography sensors. Wireless data reception was provided by
the receiver installed on the Raspberry Pi 3 embedded system board.
The Bluetooth communication distance of the bioelectric armband is
30m. This distance is long enough to provide signal transmission to the
door while the person is walking towards the door and to open the door
before reaching the door. The signal processing, segmentation, feature
extraction, and classification algorithm proposed and developed during
the recording phase was embedded in the Raspberry Pi 3. The
developed algorithm was coded in python language. The working
principle of the system was that the person wearing the bio armband
realizes the movement pattern and the bioelectrical signal is transmitted
to the door control unit. The feature vector of the signal transmitted
from the armband was calculated on the Raspberry pi control card. The
calculated feature vector was compared with the authorized signals in
the data set. If the comparison result is positive, a trigger signal is sent
to the relay module connected to the output ports of Raspberry pi 3. The
normally open switch position of the relay module changed to the
closed position and the door lock was energized. The door open time
was approximately 3 s. This time was equal to the time of sending the
bioelectrical signal to the door control panel and calculating the feature
and comparing it. At the end of this time, a closing signal was
transmitted to the relay and the relay switches return to their open
position.
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Figure 2. Bioelectrical controlled Sliding Door Mechanism
2.2. Collecting and Pre-processing of Forearm EMG signals
For this study, the focus is on biometric systems for access control
points. As a result, data was gathered for the scenario of persons
walking regularly to the safe crossing point and then standing in front
of the door for experimentation. There will be a total of four participants
in this experiment. Volunteers ranged in age from 28 to 36 years, were
healthy neurologically and anatomically, and participated in this study
as men and women. Over the course of two years, the experimental
subjects underwent a series of data collection cycles. A total of seven
different finger and wrist movement patterns were chosen to be used as
behavioral biometric data. Volunteers wore lower-arm wristbands with
eight EMG sensors made by Thalmic Company. (Graphic 3 a)
Wristband to elbow crease distance was almost one-third of forearm
length. The Myo armband sensor was sampled at a rate of 200 Hz for
each of its channels. The Myo armband's Bluetooth communication unit
transferred data from eight channels to a computer via Bluetooth. This
type of movement was demonstrated to the volunteers verbally, and
then they had to repeat it five times in a row. It was necessary to repeat
this process for each unique design on the hands.
These seven hand and wrist movements (Figure 3) are among the
ones examined in this research: In sign language, gestures other than
the hand closing gesture were employed to represent one, two, three,
four, five, yes, and no.
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(b)
Figure 3. a) placement of the myo armband electrodes b) images of
several hand pattern
These patterns are simple and unobtrusive, making it ideal for
everyday use. A fixed pattern was used in each recording during the
experiment. The order in which the movements were recorded was
chosen at random.
Band-pass filters (10 Hz-200 Hz) were used to filter inputs from
eight sensors simultaneously in this study. In total, 8840000 raw
datasets were normalized, and then the segmentation process was
carried out. Use of the sliding window approach with packet size
R=256ms and the overlap amount, r=32, for segmentation was
employed (Figure 4). Segmented data from eight channels (60x14000)
was added progressively and turned into a row vector. Input data for the
constructed network was supplied in the form of this segmented dataset.
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Figure 4. Segmentation of EMG signals
2.3. Feature extraction and selection
The split signal was used to generate statistical features for feature
extraction. Table 1 lists the statistical features that were calculated. For
each channel, a total of 30 features were tallied. 240 was the total
number of feature vectors.

Table 1. Calculated statistical features
No
1
2
3
4
5
6
7
8
9
10
11

Features
max(signal)
mean(signal)
median(signal)
var(signal)
std(signal)
min(signal)
max(signal)- min(signal)
rms(signal)
sum(signal.^2)
wentropy(signal,'shannon')
wentropy(signal,'sure',1)

No
16
17
18
19
20
21
22
23
24
25
26
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Features
max(abs(signal))
mean(abs(signal))
median(abs(signal))
var(abs(signal))
std(abs(signal))
min(abs(signal))
max(abs(signal))- min(abs(signal))

rms(abs(signal))
sum(abs(signal).^2)
wentropy(abs(signal),'shannon')
wentropy(abs(signal),'sure',1)

12
13
14
15

wentropy(signal,'log
energy')
kurtosis(signal)
skewness(signal)
mad((signal))

27
28
29
30

wentropy(abs(signal),'log
energy')
kurtosis(abs(signal))
skewness(abs(signal))
mad(abs(signal))

For discriminative feature selection in the feature extraction phase,
NCA was used on the extracted features When it comes to feature
selection, NCA has long been a go-to option. NCA calculates weights
for each feature and these weights indicate the significance of the
features. It uses an exponential kernel function along with a Manhattan
distance-based fitness function. All feature weights are initially
allocated a constant positive integer number of one. The weights of this
selection are constantly being updated by stochastic gradient descent
(SGD). NCA generates characteristics with a positive weight. Most
importantly, the NCA algorithm generates positive weights for all
features. Algorithm formulae for the NCA (Yaman et al., 2021).
𝑆 = {(𝑥1 , 𝑦1 ), … , (𝑥𝑖 , 𝑦𝑖 ), … , (𝑥𝑁 , 𝑦𝑁 )}

(1)

Using a training set of N observations, it uses several classes to
categorize the data. where, 𝑦𝑖 ∈ {1,2,3, … , 𝑐} is the class labels and c is
the number of classes, and 𝑥𝑗 is the feature vectors. Every element in
the S set has a chance of being chosen as the reference point because
the NCA algorithm selects it at random. The probability 𝑃(𝑅𝑒𝑓(𝑥) =
𝑥𝑗 | 𝑆) of selecting point, 𝑥𝑗 . from S as the reference point for x
increases if 𝑥𝑗 is closer to x as determined by the distance function, 𝑑𝑤
in Eq. (2).
𝑝
𝑑𝑤 (𝑥𝑖 , 𝑥𝑗 ) = ∑𝑟=1 𝑤𝑟2 |𝑥𝑖𝑟 − 𝑥𝑗𝑟 |

(2)

In Eq. (2) 𝑤𝑟 are feature weights. 𝑃(𝑅𝑒𝑓(𝑥) is explained in
Equation 3. The value k given in Equation 3 is a kernel or a similarity
function that takes large values when 𝑑𝑤 (𝑥𝑖 , 𝑥𝑗 ) is small.
𝑃(𝑅𝑒𝑓(𝑥) = 𝑥𝑗 | 𝑆) =

𝑘(𝑑𝑤(𝑥,𝑥𝑗 ))
∑𝑛
𝑗=1 𝑘(𝑑𝑤 (𝑥,𝑥𝑗 ))

(3)

Features were selected for this study using the NCA feature-selector.
Experiment results guided the decision on how many features to
include. To get the most accurate results, we used 40 characteristics.
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2.4. Classification
Classification is the last stage in the proposed strategy. Four
classifiers were employed in this study: Tree, K-Nearest Neighbor
(kNN), SVM Support Vector Machine (SVM) and RF (Ertam, 2019;
Aydemir et al., 2019; Tuncer et al., 2020). Table 2 lists the
hyperparameters that were employed in the classification algorithms.
To develop and validate these classifiers we used 10-fold ccrossvalidation
Table 2. Parameters of used classification algorithms
Maximum number of splits
Split criterion
Surrogate decision splits
Kernel function
Box constraint level
Kernel scale mode
Manual kernel scale
Multiclass method
RF Classifier
Ensemble method
Learner type
Maximum number of splits
Number of learners
Learning rate
KNN Classifier
Number of Neighbors
Distance metric
Distance weight

3.

Decision Tree Classifier
100
Gini’s diversity index
Off
SVM Classifier
Quadratic
1
Auto
1
One-vs-one
Adaboost
Desicion tree
20
20
0.1
3
Euclidean
Equal

Experimental results and discussion

3.1. Stage 1: Results of Biometric Identification (Train/
Validation) Phase
In this case, the success of person classification/identification was
tried to be evaluated independently of the movement pattern type. The
data collected during different movements for the same person in the
dataset was handled collectively. In other words, the problem was
reduced to a 4-class person identification problem. It was requested to
be able to determine the identity of the person, no matter which moves
they make out of the seven determined gestures. The data set
distribution used for each case and the number of classes in the
classification problem is summarized in Table 3.
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Table 3. Dataset Features
Pattern

Number of Class /
Subject
4

1-7

Number of samples
1680

An Intel Core i5-4300M processor, 2.60 GHz, 8GB of RAM, and
64-bit Windows 10 operating system was used to test the proposed
method. The error-detection approach offered does not use any GPU
cores or parallel programming. A basic setting was all that was needed
to implement this approach. We compared the performance of the
classifier using typical evaluation parameters such as specificity,
sensitivity, accuracy, and F-measure. The parameters Accuracy,
Precision, Recall, Geometric Mean, and F-score were calculated using
Equations 4-8. False negatives (FN) represent the number of samples
that were mistakenly predicted in the equation, whereas true positives
(TP) represent the number of samples that were successfully predicted.
[25].
𝐶𝐴𝐶𝐶 =

𝑇𝑃𝑐 +𝑇𝑁𝑐
,𝑐
𝑇𝑃𝑐 +𝑇𝑁𝑐 +𝐹𝑃𝑐 +𝐹𝑁𝑐

= {1,2, … 𝑁𝐶}

(4)

𝑈𝐴𝑅 =

1
𝑇𝑃𝐶
∑𝑁𝐶
𝑁𝐶 𝑐=1 𝑇𝑃𝑐 +𝐹𝑁𝑐

(5)

𝑈𝐴𝑃 =

1
𝑇𝑃𝐶
∑𝑁𝐶
𝑁𝐶 𝑐=1 𝑇𝑃𝑐 +𝐹𝑃𝑐

(6)

𝑇𝑃

𝑁𝐶

𝑐
𝐺𝑀 = √∏𝑁𝐶
𝑐=1 𝑇𝑃 +𝐹𝑁
𝑐

𝐹1=

(7)

𝑐

2∗(𝑈𝐴𝑃∗𝑈𝐴𝑅)
𝑈𝐴𝑃+𝑈𝐴𝑅

(8)

In Eq (4-8), 𝑇𝑃𝑐 (True Positive Count), 𝑇𝑁𝑐 (True Negative Count),
𝐹𝑃𝑐 (False Positive Count), 𝐹𝑁𝑐 (False Negative Count), 𝑁𝐶 (Class
Count).
Table 4. Human Identification Performance Results for Combined
Seven Different Hand Motion
Method

Best
DT
Min

Precision

99.047

99.047

99.047

99.045

99.047

98.571

98.570

98.571

98.566

98.570
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Recall

Geo
mean

Accuracy

F Score

Mean
Std
Best
Min
RF
Mean
Std
Best
Min
KNN
Mean
Std
Best
Min
SVM
Mean
Std

98.827

98.827

98.827

98.823

98.827

0.140

0.140

0.140

0.141

0.140

99.523

99.524

99.523

99.523

99.524

99.166

99.169

99.166

99.166

99.168

99.333

99.335

99.333

99.332

99.334

0.111

0.110

0.111

0.111

0.111

99.047

99.052

99.047

99.044

99.049

98.750

98.749

98.750

98.744

98.749

98.928

98.929

98.928

98.924

98.929

0.0887

0.089

0.088

0.089

0.089

99.842

99.843

99.842

99.842

99.843

99.723

99.724

99.723

99.723

99.724

99.813

99.813

99.813

99.812

99.813

0.042420

0.04260

0.0420

0.042

0.042

The best results of the four classifiers utilized were shown in these
confusion matrices. As shown in Table 4 the best results of the DT, RF,
KNN, and SVM were the same, with values of 99.047%, 99.523%,
99.047%, and, 99.842% respectively. The confusion matrices (in Figure
5) depict the best results of the four classifiers employed for human
identification without regard to Motion Pattern Type.

DT
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RF

KNN

SVM

Figure 5. Confusion matrices of the proposed human identification
model
Person classification/identification was achieved with high
classification accuracy by using the proposed Statistical and NCAbased approaches. According to the findings, the use of SVM classifiers
provided the highest classification accuracy of 99.842%. The proposed
model is completely automated and precise. Table 5 shows the
comparison of the proposed method with studies in the literature.
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Table 5. Comparison of the proposed method with other EMG-based
biometric identification systems
References and Years
Hu et al.(2021)
Fan et al.(2021)
Shin, S.H. et al. (2021)
Jiang et al. (2021)
Lu J. et al. (2020)
He J. et al. (2020)
Raurale et al. (2020)
Li, Q. et al. (2020)
Siho Shin et al. (2017)
Kim S J. et al. (2017)
Suresh M. et al. (2011)
Venugopalan et al. (2015)
Cannan J. et al. (2013)
Raurale R. et al. (2021)
Lu, L. et al. (2019)
Shioji, R. et al. (2018)
Morikawa, S. et al. (2019)
Lee, M. et al. (2017)
Kim J. et al (2021)
Khan, M.U. et al. (2020)
Fan et al(2021)
Shioji et al.(2017)
This study (for SVM)

Accuracy
(%)
81.866
87.23
87.1
85.8
99.206
90.3
99.3
98.2
81.6
88
73.33
99.7
55.32
92.28
99.2
94.6
47.66
97.62
99.17
98.2
91.81
94.9
99.842

3.2. Stage 2: Results of Biometric Identification Online Testing
Phase on Sliding Door Access
A behavioral biometric signal-controlled sliding door has been
installed in the department office in Fırat University, Faculty of
Engineering, Department of Mechatronics Engineering (Figure 6).
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Figure 6. Images from the online access testing phase of the system
The second-stage online access control tests of the study were
carried out on this mechanism. It has been proven by the tests that the
success of the SVM classifier person identification and access control
software running on the embedded system board was in the range of
95%-98%. With this success rate, it remained below 99.842%, which
was the offline test success of the system. The reason for that is the
person performs the movement pattern while walking toward the door.
However, the data set was collected from individuals in a stationary
position. In this case, it reduces the success somewhat. If data is
collected during the walking movement of people, it is thought that the
offline test performed during the recording of the data to the computer
will be successful.
The test process was repeated at intervals and lasted for two years.
It has been observed that the bioelectrical signal characteristic does not
change over time and the person’s recognition success of the system
remains constant. This is an indication that the proposed method is
reproducible and invariant like other physiological biometric data. In
our proposed system, the data transmission distance of the bioelectrical
sensor is 15 m maximum. After the signal was transmitted, the opening
time of the door was 3 s. In addition, it has been demonstrated by the
test that the system was not affected by magnetic disturbances such as
telephone, etc. Videos of the study can be watched from the
https://youtu.be/_sqMSgZIyeA link.
4. Conclusions
In this study, a door lock access control method was developed using
behavioral biometric properties of electromyography signals associated

57

with finger/wrist movement. Person classification was made with EMG
signals associated with wrist and finger movements and a behavioral
biometric ID database was created. The electronic access control
software was developed to control the entrance of authorized persons to
the venue.
With the statistical methods proposed within the scope of the study,
a feature vector of size 240 was produced. The 40 most valuable
features were selected using Neighborhood Component Analysis
(NCA). The selected feature vector was given as the input to the
decision Tree (DT), k-Nearest Neighbor (KNN), and Support Vector
Machine (SVM), and RF classifiers. Person identification success of the
method with DT, RF, KNN, and SVM classifiers in offline tests was
99.047%, 99.523%, 99.047%, and 99.842% respectively (see Table). In
the online tests performed in the created experimental environment, the
accuracy of providing personal identification and access control was
determined in the range of 95-98%. These results clearly confirmed the
success of the strategy of identifying and classifying people using
bioelectric behavioral signals.
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1.

Introduction

“The terrain of the inner city is valuable again, perversely profitable”
(Smith, 1996, p. 6)
As Neil Smith put forward several years ago, urban space became the
important nodes of economic growth and commodification as a result of
the “wide ranging, transformative impacts” (Brenner & Theodore, 2002, p.
363) of neoliberalism, and gentrification is accepted as one of the major
manifestation of both this process and neoliberalism (Atkinson & Bridge,
2004; Glass, 1964; Smith, 2002). To understand this “consummate
expression of an emerging neoliberal urbanism” (Smith, 2002, p.440),
there is a huge amount of literature that offers casual explanations, which
sometimes in battle, ranging from social capital preferences and changing
occupations to global capital and the profitability potential of urban land
(see among many others: Hackworth & Smith, 2001; Hamnett, 1991; Ley,
1996; Smith, 1996, 2002; Zukin, 1987). Although all these explanations
had utility and relevance for gentrification research, the aforementioned
explanations became outdated and fell short in explaining the current phase
due to the perpetual shift in actors, causes and conditions (Lees, 2000,
2012). Hence, the phenomena mutated from “piecemeal process in inner
cities into a large scale urban strategy” (Uitermark et al., 2007, p. 126),
which is induced and regulated by the state towards a process that can be
described as state-led gentrification. Thus, keeping in mind that the
gentrification phenomenon is subject to change both temporally and
spatially, this paper subscribes to a broader, more recent, and deterritorialized definition of gentrification:
“Gentrification is a process involving a change in the population
of land-users such that the new users are of a higher socio-economic
status than the previous users, together with an associated change
in the built environment through a reinvestment in fixed capital. The
greater the difference in socio-economic status, the more noticeable
the process, not least because the more powerful the new users are,
the more marked will be the concomitant change in the built
environment. It does not matter where, it does not matter when. Any
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process of change fitting this description is, to my understanding,
gentrification” (Clark, 2005, p. 258)
Apart from conceptual controversies of gentrification, the geographies
of gentrification, which gentrification scholars focused on and the
literature is rooted in, are also contentious. Until recently, instead of
adopting a comprehensive and comparative approach not framed by
dictation (dominance, elitism) of Western notions, the emergence of
gentrification in other geographies is attempted to be explained, in through
a way of colonization, by asserting the process of moving beyond wellknown world cities of global north to small urban centers and large cities
of developing countries. This kind of attempt to explore and “grips with
persistently diverse but increasingly interconnected trajectories of sociospatial change (Hart, 2004)” (Lees et al,, 2016, p. 13) of the nonAnglophone world by the “fragmentary analytic tool” (Lefebvre, 2003, p.
29) of Anglophone cities not only ignored the peculiarities of gentrification
processes in the “other” geographies of gentrification but also necessitated
a shift to a focus on those cities which have a limited presence in
gentrification literature.
Istanbul is one of those geographies. The city, which is the largest city
in Turkey in terms of population, economic activities, and extent of
hinterland, entered into a process of urban transformation and
gentrification in the early 1980s. However, the inquiries and studies about
the restructuring process within the framework of the concept of
gentrification has begun quite recently (Ergun, 2004; Islam, 2005, 2010;
Islam & Enlil, 2006; Potuoğlu‐Cook, 2006; Sakızlıoğlu & Uitermark,
2014; Şen, 2005, 2011; Soytemel & Şen, 2014; Uzun, 2003; Uzun, 2001;
Uzun, 2013). Although the content of gentrification concept and the
adaptation of this phenomenon has been opened for discussion along with
those researches, there are still many to question and discover to “grip on
the contextual peculiarities, not only to do justice to the context, but also
to potentially amend the existing theories of global gentrification” (Islam
& Sakızlıoğlu, 2015, p. 248)
Within this context, the purpose of this study is to critically review the
studies and conceptualization of gentrification as a way of understanding
the particularities and contextual causalities that are “influenced by a set of
ongoing and historical contingencies of economic processes, sociopolitical relations, cultural norms and regulatory systems” (Lees et al.,
2016, p. 28). In order to accomplish this goal, the paper focuses on Istanbul
and particularly varied examples in Beyoğlu neighborhood (Figure 1), as a
“symbolic asset in the cause of global positioning, solicitation, and
marketing” (Aksoy, 2011, p. 4).
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The exploration is based on two mainstream classifications -classical
and state-led gentrification- with the beginning of the 2000s taken as the
breaking point, to reflect different state involvement, urban policy and
gentrification dynamics in the context of neoliberal urban transformation.
Following the introduction, the second chapter focuses on macro
socioeconomic transformations and the classical gentrification processes
of Istanbul in which “(individual) pioneer gentrifiers risked their capital
(for renovating old assets) and tamed the frontier for corporate capital (and
state)” (Lees et al., 2016, p. 14). The second chapter will explore the
process of state-led gentrification of Istanbul in a period that can be labeled
as the new era, with rapid transformations because of the huge economic
growth at a global scale and strong urban policy change with a one-party
ruling regime. Finally, the paper summarizes key findings and draws
conclusions about the gentrification process in Istanbul and its spatial and
socioeconomic effects in the city.

Fig. 1 Location and gentrified neighborhoods in Beyoğlu. Source: drawn by author
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2.

Classical gentrification in Istanbul up to the 2000s

In this section, the conditions that have led to the emergence of classical
gentrification in until the beginning of 2000s, the formation of the spaces,
which can be gentrified, the emergence of the new gentrifier class, and the
gentrification processes in Istanbul will be examined.
2.1 Formation of the gentrifiable spaces
Bearguard (1986) points out that gentrifiable spaces are needed in order
to realize gentrification as well as the necessity of the emergence of
gentrifiable houses and the existence of the inhabitants of those houses who
can be easily displaced or relocated in order for those spaces to emerge.
Istanbul with its historical housing stock, which was occupied by easily
displaceable lower income population, fitted this definition. Apart from the
existence of historical housing stock, the factors that enabled the formation
of gentrifiable spaces are twofold: 1) the departure of the wealthy nonMuslim owners of the housing stock in the 50’s and 60’s 2) the invasion of
this housing stock by low-income immigrant groups after the 60’s.
Istanbul’s housing stock that have been built towards the end of the 19th
and the beginning of the 20th century in neighborhoods such as
Arnavutkoy, Kuzguncuk, Cihangir, and Galata is the source of the initial
stage of gentrification. As both Çelik (1993) and Keyder (1999) state, these
neighborhoods were mostly housed by minorities, especially Greeks, Jews,
Armenians, and European foreigners, who have formed not only the
upper/middle social class, but also the cosmopolitan identity of the city. At
the second half of the 20th century, the minorities and foreigners have
begun to leave the country and their homes as a result of the disappearance
of economic opportunities from which they could benefit and the rising
political pressures aiming to expel the non-Muslim population from the
country1 (Islam, 2010; Uzun, 2001).
As Uzun (2013) explains, Istanbul, which has lost the power that it
previously had, entered into a period of economic and demographical
stagnation as a result of the foundation of the Republic of Turkey and the
transference of the capital to Ankara in 1923. Istanbul began exiting this
state of stagnation with the help of rapid urbanization. This period also
coincided with the period of departure of the non-Muslims and minorities,

1

Among the political pressures that had driven the middle- and upper-middle-class minorities out were
the imposition of an enormous wealth levy on non-Muslim businessmen of the city in 1942, the riot
which destroyed Greek property in 1955–related to the Cyprus conflict between Turkey and Greece,
and the legislation requiring the departure of those with Greek citizenship in 1964. This political
environment mostly affected Greek citizens. Jews, on the other hand, had generally left their habitats
following the establishment of the state of Israel in 1948 and its offering of citizenship to Jews across
the world (Dökmeci & Çıracı, 1990).
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and intensive wave of immigration to Istanbul from the rural regions
because of the employment opportunities that arose as a result of rapid
industrialization and urbanization. The abandoned neighborhoods of nonMuslim population occupied by these immigrants (Islam, 2005).
In her studies, Şen (2005, 2011) states that the vacated houses were
occupied by the new immigrant groups who had come to the city as a result
of the growing need of cheap labor for industrial jobs in the ‘60s and ‘70s.
Furthermore, the new owners of the residential properties could not afford
the maintenance and reparation expenses, and this process has led to
deterioration of these neighborhoods. In short, the demographic and social
transformation that these neighborhoods have undergone have led to the
devaluation of these neighborhoods. These neighborhoods have
transformed into areas that are suitable for gentrification, with their
shattered, cheap housing stock and inhabitants who could easily be
displaced.
2.2 The formation of the new gentrifier class
Hamnett (1991) has attributed two reasons to the formation of the new
gentrifiers: 1) the emergence of the new professionals, administrative jobs;
and 2) different cultural characteristics and consumption habits of that
class. This definition is important in respect to understanding the new
gentrifiers in Istanbul. Radical socio-economic transformations have taken
place in Turkey, especially in Istanbul, after the 1980s as a result of the
articulation of the national market to the global market and the domination
of the economy by free market conditions (Karaman, 2008; Keyder, 2005).
The first leg of Turkey's transformation after 1980 is the decisions of
October 24, 1980, and the three-year standby agreement made with the
IMF and World Bank in June. Economic policies of national development,
domestic production of imported goods, and industrialization were
abandoned, and the country was introduced to free market economics with
the October 24 Stability Package, which was suitable for the capitalist
system and competitive market economy and prepared with IMF
prescriptions that mapped an economic transformation relying on exports
and private investment (Boratav, 2008).
In addition to the economic directives that came into effect, ‘80s also
marked the strongest change of political currents in Turkey. With the
military coup d’état of September 12, 1980, and the new constitution, the
authority of syndicates and left-wing politics were limited, which
eliminated obstacles to the adoption of the package IMF prepared in June
1980. During the 3.5-year military rule, rigid precautions were taken to
keep the new economic policies, adopted by the military rule, stable. With
the new constitution prepared by the military regime in 1982, the
possibilities of political participation and political democracy narrowed

67

dramatically. While trying to create a ‘sacred’ and ‘untouchable’ state with
legal terms such as: ‘the national security’, ‘public order’, ‘public
morality’, and ‘survival of state’, all societal powers and class identities
are attempted to be depoliticized by imposing the idea of ‘virtuous virtues
of individuals’ (Akça, 2014; Yalman, 2002). Sönmez (2009, p. 27)
summarizes the politics of the period as follows:
“The Stability Package and the structural compliance program
matches the opinions and recommendations of IMF, the World
Bank, and OECD. The program aimed to eliminate instability in
markets, breaking the inflationary pressure as well as removing the
imbalance in the country's debt balance, and targeted privatizing
the economy by constraining the size of the public sector over
medium and long term, providing freedom in foreign trade and
capital movements in line with the strategy to open-up to the
outside.”
The radical economic transformation directed by institutions such as
IMF and the World Bank did not slow down during the Motherland Party
(ANAP) rule between 1983 and 1989. With the importance it placed on
neoliberalism and conservatism, the government tried to transform the
society into a disciplined market society. Trying to construct an
‘authoritarian static’ neoliberal state, first Prime Minister Ozal centralized
all economic power and decision-making processes by bypassing the
traditional bureaucracy and realizing ad-hoc mechanisms using tools like
governmental decrees, extra-budgetary funds and creating new institutions
like Undersecretariat of Foreign Trade and Treasury. With these changes,
the prime ministry started to control 75% of total funds without any legal
and bureaucratic control (Bekmen, 2015). While trying to practice
construct populist ‘free economy and strong state’ politics, an ‘export
oriented accumulation strategy’ was adopted. Several incentive policies
like tax rebates, preferential loans, and credits were used to support exportoriented capital (Akca, 2015). ANAP also used a Turkish-Islamic synthesis
to gain the consent for the neoliberal project. To overcome the class
debates and new low industrial wages, the importance of nation, religion,
and family are imposed. Additionally, with the economic liberalization,
new sectors like banking, media, and advertising flourished and created
new job opportunities for white-collar workers. This new high-standard
professional and managerial workforce not only created a new patterns of
consumption but also added a new segment to the middle class. Turkey’s
exports rose from $2.9 billion to $12.9 billion in this time period (Sönmez,
2010). The volume of imports increased from $7.9 billion USD to $11.4
billion USD, while the volume of exports increased from $2.9 billion USD
to $31.3 billion USD from 1980-2001 in Turkey. On the other hand, the
amount of foreign investments in the country has increased from $97
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million USD to $2.7 billion USD. This growth of the economy manifests
itself in the number of foreign capital companies which are active in the
country. The number of foreign companies, which were 78 in 1980,
reached 5841 in the year 2001. What is more important than the indicators,
that point out economic growth are, the changes in the composition of the
investments that had an influence on the socio-economic structure. Out of
the investments that have been realized during this period, the share of the
industrial sector has dropped to 91.5% from 45.2%, while the share of the
service sector has increased from 8.5% to 48.3% (SIS, 2001, 2002).
Istanbul, which has a share of 9.3% and 46.6% in the imports and
exports of the country, respectively, has been the city which has been most
affected by the economic changes that have taken place in Turkey. As of
1997, 58.1% of the foreign capital companies and 98% of the banking and
financial services based on foreign capital are located in Istanbul (SIS,
2002). The composition of the economy and the structure of employment
have also changed as a result of the investments that have been realized.
While the share of the industrial labor force has dropped from 34.4% to
32.2% between the years 1980-2000, the service sector, in which 800.930
people were working in the year 1980, has begun growing rapidly and
reached 1.289.447 people in 1990 and 1.851.030 in 2000. In addition, the
number of scientific and technical professionals rose from 128.000 in 1980
to 237.000 in 1990 and 394.000 in 2000 (SIS 1983, 1993, 2002).
Behar (2006), Soytemel and Şen (2014) highlight that the changing
structure of employment, the growth in the service, media and
advertisement sectors, and the free circulation of Western values and
consumer products has caused a significant change in the cultural habits in
Istanbul. This change projected itself on courses of action of the abovementioned new middle class. This new middle class, who is described as
‘foreigners’ and ‘well educated locals’ by Behar and Perouse (2006), is
formed by people “who have different lifestyles and who are able to
appraise opportunities in the housing market” (Behar and Perouse, 2006,
p.32). Additionally, Ilkucan delineates these frontier gentrifiers as artists,
students and academicians that are “considered to be members of
consumption communities who would like to distinguish themselves from
the traditional middle classes” (Soytemel and Şen, 2014, p. 78). The
frontier gentrifiers later followed by ‘investor gentrifiers’ who value
cultural capital and are “more risk averse in their residential choices”
(Ilkucan, 2004, p.74). The demands, consumption ideologies and new
lifestyle of gentrifiers also manifested itself spatially. The number of
shopping malls, department stores in which global brands are sold,
hypermarkets, fast-food chains, bars, restaurants, nightclubs, theaters, and
music, jazz, and film festivals has increased. The data given above reflects
the transformations in the economic and sociocultural structure of the city
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up to the beginning of 2000s and helps us to understand the dynamics that
led to the emergence of the gentrification.
2.3 Classical gentrification in Istanbul in the context of Beyoğlu
Istanbul became acquainted with gentrification from the beginning of
the 1980s, with the gentrification Arnavutkoy, Kuzguncuk, and Ortakoy
neighborhoods, which are located on the Bosphorus coast and have
historical and architectural value. All these neighborhoods had a
cosmopolitan socioeconomic structure in which the Muslims and nonMuslims had lived together since the beginning of the 20th century.
However, following the immigration of the non-Muslim population–
notably Greeks, Armenians, and Jews–from Istanbul in the first half of the
20th century, these quarters had incurred an intensive migration from the
Black Sea region and Eastern Turkey, beginning in the 1960s. These
abandoned houses of non-Muslims, which were filled with low income
immigrated families, failed to meet the expectations of the new users, as
they had a small architectural structure and limited usage space. In
addition, the poor owners could not cover the maintenance expenses of
these houses, which resulted in physical decay and devaluation. In the end,
it was inevitable for these neighborhoods, which are close to central
business districts, to be gentrified in the form of housing renovation by the
members of the newly emerged middle class that is formed by the
professionals from the information, media, and service sectors. However,
the challenging aspects of the “Bosphorus Development Law”, which was
enacted in 1983 and “outlawed any new construction”, has slowed the
process of gentrification in these neighborhoods and restricted the process
of the displacement of the previous inhabitants. To summarize, the
gentrification observed in these three neighborhoods first began with
individual initiatives and remained limited and gentle (Behar, 2006; Ergun,
2004; Şen, 2005).
Following the first signs of gentrification in Bosphorus, gentrification
processes started to be observed in Beyoğlu, which hosts a large number
of entertainment and cultural activities, in the ‘90s. According to Islam and
Sakizligolu (2014), the impetus behind this gentrification process was the
change in Istiklal Street, which slowly regained its popularity as the
cultural and entertainment hub of Istanbul with the help of
pedestrianization in 1990. In particular, the Cihangir, Asmalimescit, and
Galata neighborhoods, which are located around Istiklal Street were
greatly affected by this change. As Behar (2006) explains, Asmalimescit
went through a similar process as Ortaköy; because of the abandonment of
the area by non-Muslims and displacement of the immigrating low-income
groups. The district had to undergo another process called housing
gentrification; then, hosted commercial activities and night clubs also
experienced commercial gentrification because of its close proximity to
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Istiklal Avenue. The negative results such as traffic, parking, and noise
problems caused by the commercial gentrification made the housing
gentrifiers leave the neighborhood.
On the other hand, according to Ergun (2004) and Şen (2005), what was
dominant in the Galata and Cihangir neighborhoods was the housing
gentrification. However, the gentrification patterns and speeds in those two
areas were quite different. As identified in Şen’s (2005) and Behar’s (2006)
researches, the buildings constructed with a European style in the 19th
century in Cihangir formed a quite advantageous district compared to the
other parts of the neighborhood in terms of urban outlook. It was mostly
occupied by the bourgeoisie minority, Levantines, and foreign merchants
as well as consulate staff. Cihangir was a very populated residential area,
with its numerous stone buildings constructed in the early 20th century.
After hosting so called marginal groups such as gays and transvestites in
the ‘80s, thanks the increasing rent and housing prices, the neighborhood
started to be inhabited by the upper middle class from the beginning of
‘90s. Besides, the students studying and academicians teaching in the
colleges surrounding this location, and artists working nearby started to
prefer this district to settle. The ‘neighborhood spirit’ resulted from the
activities of the Cihangir Beautification Association, which was founded
in 1995, also increased the attractiveness of the area. Cihangir became an
elite district, where it was quite possible to run into a famous actor, movie
maker, painter, or man of letters any time on the streets, and also became
a symbol of the ‘bohemian lifestyle’ in Istanbul; furthermore, because of
this distinction, it was named as the ‘Republic of Cihangir’ back then.
Islam (2005) claims that, the speed and level of gentrification in Galata
were slower than the one in Cihangir as a result of the waste and pollution
caused by small-scale manufacturing plants, warehouses, and commercial
units that started to operate at the houses in this district which were
abandoned by the non-Muslims. Both Şen (2005) and Islam (2005) explain
the other factor of the slow gentrification as the forced immigrant
population, who moved to Istanbul after 1990 as a result of terrorism acts
in the east part of Turkey and settled in Galata. Despite all these negative
elements, the stock of high-ceiling houses in Galata, which have great
historical and architectural value, attracted the attention of the architects
and artists in particular. The gentrifiers, who started to purchase and rent
houses in the area, used the houses both as an atelier and residence.
Following the first traces of the gentrification, the media staff, lawyers, and
academics became the other gentrifiers in the neighborhood. The realestate prices and the gentrification rate in Galata increased rapidly during
this period. The increasing demand caused an increase in the number of
businesses, such as cafés, bars, and restaurants addressing the new middle
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class right at and around the Galata Tower, in addition to the gentrified
houses (Islam & Enlil, 2006; Şen, 2005).
3. State-led gentrification in Istanbul in the 2000s
Following the politic and economic fractures after 1980s, Istanbul
underwent a new round of gentrification in the 2000s. While the period
before the 2000s may be thought of as a preparation period for a neoliberal
urbanization phase, the period after the 2000s is the neoliberal urbanization
phase, where different actors emerged and the profit and entrepreneurial
power of capital and state were maximized. After the 2000s, the state put
its priority on urban restructuring not only because of its emphasis on the
integration of the EU and global economies but also because of the local
economic conditions that make the construction sector the main engine of
that growth. For this purpose, several projects have been lunched in the
name of ‘Urban Transformation/Regeneration’ to create a "World City."
Istanbul was strongly affected by such changes.
3.1 The conditions forming the state-led gentrification in the
2000s
After the 2001 economic and political crises, the Justice and
Development Party (AKP) came to power as a non-coalition government
with 65% of the seats in parliament. AKP’s rare and exceptional
performance continued until now. Behind AKPs success, there is the
synthesis of neoliberalism, conservatism, and authoritarian populism. This
synthesis not only unifies the fragmented power blocs of Turkey but also
manufactures the consent of different classes. To achieve this, AKP
implemented both economic and sociopolitical reforms. AKP, which
claimed to isolate itself from its religious roots, verified this assertion
starting from the new neoliberal economic policy (Çavuşoğlu, 2014).
AKP continued the transition to a ‘Strong Economy’ program that had
been implemented with guidance from the IMF, and the three-year standby
agreement with the IMF in 2003 signaled that the neoliberal structural
compliance program would continue in a more rigid and comprehensive
manner. The agreement focused on directives that would facilitate
privatization and the flow of foreign capital into the country (Buğra &
Savaşkan, 2014).
Acting as a bridge for Turkey, which has been trying to open up to the
global world since the ‘80s, Istanbul’s ongoing growth and development
rate accelerated even more in the 2000s. The annual growth of the Turkish
economy averaged 7% between 2002 and 2007, and the gross national
product increased from $350 billion to $850 billion in the same period.
Especially in 2003, along with the Foreign Direct Investment Law no.
4785, that was set to facilitate the investment process for foreigners in the
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country, the economic volume of the country started to grow even more.
While the number of the international companies operating in Turkey was
5438 in 2002, with this new law, it increased to 18.308 in 2007 and reached
30.507 in 2012. Istanbul hosts 56.7% of such investments or, in other
words, 17.305 of the foreign companies in 2012. These companies are
mostly grouped into three sectors. These are wholesale and retail trade
(6.319), the manufacturing industry (2.808), and real-estate renting and
business operations (2.673). Another indicator for economic
transformation in Istanbul is the changes in the distribution rates
concerning operating companies. The rate of the service sector which was
13.6% with 119.993 companies in 1992 increased to 23.8% with 423.284
companies in 2002 and reached 27.1% with 802.683 companies in 2007.
The effect of changing numbers in the service sector can also be observed
in employment numbers in this sector; the 1.851.030 people working in the
year 2000 has grown rapidly and reached 3.750.000 in 2010. What needs
to be highlighted in this distribution is the province’s involvement in the
global flows and real estate sector’s significant share in the sectoral
distributions, which can also be considered as an indicator of gentrification
(Under secretariat of Treasury, 2005, 2006, 2007, 2008, 2010, 2012).
In this period, there were important spatial changes in addition to
economic developments. As Aksoy (2010, 2012) found out, investments
made on transport infrastructure became especially prominent. The
Istanbul Metropolitan Municipality spent half of its budget on the transport
investments between the years of 2004 and 2009. These projects are the
MARMARAY project, which is a tube tunnel project along Bosphorus
Strait, new metro lines, and underground tunnels built in the old city center.
In addition, Kurtulus (2011) reveals the fact that the vacant areas in the city
started to be filled up one by one via development of the transportation
networks. Growth in number of the shopping malls is a result of this sprawl
in this transportation network. Number of shopping malls reached to 150
from 41 by 2010. In the residential zones, there has been an important
increase in gated housing as a status and consumption model. While the
number of gated housing was 49 in 2000, it was increased to 180 in 2003
and to 1000 in 2010. During this period, apart from the increased number
of gated housing, gentrification was affected considerably from the
increased number of public lands, which are permitted for construction, in
addition to intense transformation and renewal of the existing environment.
3.2 Contemporary gentrifiers
One of the most important reasons that differentiate the gentrification
processes occurred in Istanbul from the beginning of the 2000s, is new
actors that are taking part in the process. Especially after 2005, the
participation and leading of different levels of the state became more
convenient and easy via legal regulations, institutional reforms, and new

73

legislations; big capital groups have taken on a crucial role in the practice
of gentrification and increased their activity through partnerships that they
established among each other (Aksoy, 2010; Islam, 2010, 2009; Karaman,
2008; Keyder, 2005; Uzun, 2013).
The first legislation that was highly influential on gentrification
consisted of the changes in institutional reforms regulating the relationship
between central and local governments. As Karaman and Islam (2012)
note, municipalities, one of the new gentrifiers, generally adopted progentrification policies via the logic of increasing boom in the city and
decreasing demands for social services offered by the public, and thus,
their own responsibilities. Before 2005, the municipalities in Istanbul did
not directly intervene in the gentrification process, in other words, they
were the passive actors of the process via providing bureaucratic
conveniences to actors of gentrification in the ‘80s and ‘90s. As a result of
the changes in municipal laws (which numbered 5216 and 5393 in 2004
and 2005, respectively), municipalities were given more resources and
authority, and representatives of private enterprises were placed in
governance units of municipalities. This process may also be called AKPstyle municipalization, and is described as follows by Şengül (2009,
p.150):
"Municipalities under AKP's governance have participated in
the urbanization of capital in a much more decisive manner in
several ways compared to previous municipal governments. AKP
municipalities follow these policies decisively by using external
loans, privatization, and applications that do not consider the
inhabitants of cities.”
Following the change in municipal law, as can be traced through
examples like Sulukule and Tarlabaşı, the municipalities gained the
authority to intervene into the gentrification processes directly by adopting
“urbanization and development projects in order to reconstruct and restore
the ruined parts of the city” (Islam, 2010; Sakizlioğlu, 2014).
While decentralization tendencies of urban planning and gentrification
actors was put in practice via municipal laws, the tutelage power of the
central government over the local government and urban issues were
increased concomitantly with the institutional arrangements either by
establishment or reconfiguration. For example, with the establishment of
ministries, such as the Ministry of Environment and Urbanization, and the
reconfiguration of central institutions, such as the Mass Housing
Development Administration (TOKI), different governmental bodies
gained authorities to encourage and even implement gentrification through
urban transformation projects.
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In this period, TOKI, which was established in 1984 for producing
social housing, became the main actor of the gentrification. After the legal
arrangements in 2004, it started to work as the main revenue creator
without any financial or any judicial control. With the new legal
arrangements, TOKI was authorized (i) to establish a company carrying
out activity in the housing or to be partners with existing companies, (ii) to
develop projects directly or via participation inside and outside Turkey,
(iii) to give credit directly for the transformation of slums and renovation
of historical buildings, (iv) and when necessary, to subsidize in interest of
these credits and to has the right to buy public lands without any charge by
approval of the Prime Minister. After 2004, TOKI not only participated in
the housing projects, but also became the constructor of office spaces,
shopping malls, mosques, hospitals, and infrastructure projects. Apart from
being the main actor of reproducing and redistributing space, TOKI also
has another important task, which is to support the firms that are a part of
new Islamic capital such as Kuzu, Tasyapi, Albayrak, and Calik by
subcontracting. As a result of its monolithic hegemony, TOKI also became
the main actor of unfair and biased competition, which is against the nature
of neo-liberalism (Cavuşoğlu & Strutz, 2014; Islam & Sakızlıoğlu, 2015).
As Ozdemir’s study (2011) shows, TOKI, which implemented 250 projects
and constructed 120,000 housing units in Istanbul, started to serve as a
private and large company in time thanks to authorities it gained. It is
considered as an important contemporary gentrifier, especially in the city
with economic opportunities that it provided alone or through partnerships
with 206 partnership agreements with the private sector.
Apart from institutional arrangements, the commodification of urban
space through empowerment of state is enabled by a body of law. The first
legislation permitting the gentrification and transformation of urban areas
is Law 5366 (Conservation of Deteriorating Historic and Cultural Property
through Renewal and Re-use). With this law, local authorities were
enabled to designate deteriorated and protected historical areas as “renewal
areas” with the approval and final decision of the Council of Ministers.
Additionally, thanks to this law, conservation boards, which were
identified as the main obstacles of possible future transformation projects,
were bypassed with the establishment of conservation boards for renewal
areas. Law 5366 not only gave authority to municipalities for urgent
expropriation but also encouraged the revaluation of central areas of
Istanbul by total demolishing and reconstructing. Another law permitting
the next phase of gentrification is Law 6306 (Law on Transformation of
Disaster-Risk Areas), passed in 2012. According to this law, the central
government has authority to declare any building at risk, and according to
the governmental decision, the risky buildings are going to be demolished
and rebuilt again. The importance and danger of this law is it that it avoids
any right of owners and dispels any legal rights to protect their property
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against demolition. The owners can only sue for higher compensation,
which they will receive from the government as expropriation price of their
property. Apart from the changing laws directly related to urban
transformation, laws related to tenant and property owner rights also
played a crucial role during this process. According to Law 6098 (Turkish
Law of Obligations), enacted in 2012, there is neither a maximum nor a
minimum limit for the rent prices nor the direct rent control; additionally,
the new legal arrangement gives the right to the landlords to ask for the
eviction of tenants, who have been using the property for more than ten
years, without providing any reason. With this new regulation, the
sustainability of old, small businesses is substantially imperiled
(Cavuşoğlu & Strutz, 2014; Türkün, 2011).
With the changing institutional and legal framework; institutional, legal
and economic barriers that formerly brought to a halt the gentrification of
urban space was eliminated, but also different levels of state with its
widening authority became the main actor of gentrification.
3.3 State-led gentrification in the context of Beyoğlu
In the 2000s, with the help of gentrification centered alterations in urban
policy and the institutional framework, the state’s role in the gentrification
process and the pace and form of gentrification evolved significantly.
Despite the fact that the state is heavily involved within the process of
gentrification from the beginning of the 2000s as the supporter of private
sector, as well as a facilitator and initiator of the private-led urban projects,
after the introduction of a series of laws, especially Law 5366, its
involvement in gentrification has gone a step further. The state became the
main actor of gentrification in Istanbul, which became more aggressive and
effective as a neoliberal transformative power. This necessitates dividing
the discussion of the gentrification processes of the 2000s into two subsections: the state as the facilitator and the state as the main actor.
3.3.1 State as the initiator of gentrification
The gentrification, which was automatically realized via spontaneous
initiatives before the 2000s, started to evolve into a process in which the
state played an initiator role by creating the best conditions to enable
gentrification and the private sector to operate effectively. In this period,
gentrification, which formed through formal or informal, public- private
partnerships, rose to street scale. This new gentrification process was
observed effectively in Beyoğlu. Especially in Galata, where gentrification
started slowly in the scale of housing, evolved with the emergence of
opportunist large real estate investors. As Uzun (2013, p. 251) explains:
“The driving force behind the gentrification-led property sales became a
materialistic one that was motivated by the desire to earn profit instead of
the desire to live in a historical area close to cultural activities. According
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to Şen’s study (2005), the large investors, who systematically bought
properties from the neighborhood, restored, and then marketed them to
high-income groups, caused the change in the speed and expanded scale of
the gentrification in Galata.
Another example from Beyoğlu, ‘French Street’ Project can be termed
within this context. By being the first street-scale gentrification example in
Istanbul, the project was initiated in 2004 along Cezayir (Algeria) Street of
Beyoğlu. The street was previously inhabited by a Greek population, was
then later occupied by lower income immigrant Romans and Kurds. The
street’s housing stock housed these groups until a private developer, the
owner of Afitas Real Estate Agency, bought all properties on the street to
create a ‘French Street’ consisting of restaurants and bars. Istanbul
Metropolitan Municipality and Beyoğlu Municipality provided legal and
bureaucratic conveniences to carry out the project by including it within
the scope of the project entitled “Beautiful Beyoğlu.” The original name of
the street, Cezayir Street, which was not compatible with the anticipated
elite image of the street, was gentrified as well because a bohemian aura
demanded to be created, and was changed to “French Street.” (Erek, 2007;
Koksal,
3.3.2 State as the main actor of gentrification
As stated before, gentrification in Istanbul mutated in terms of scale,
actors, and locations as a result of a series of legal and institutional reforms.
Among all of them, "Law on Conservation of Deteriorating Historic and
Cultural Property through Renewal and Re-use", numbered 5366, which
was implemented in 2005 by the Council of Ministers, gave great
authorities to the municipalities on urban transformation and caused an
uncommon increase in the speed and scale of the gentrification. Thanks to
newly gained authorities and liberty, the state triggered the gentrification
processes in the areas where the transformation had not yet started or that
did not have any potential for initiating said gentrification process.
After the law entered into force, the Municipality announced a range of
areas in Beyoğlu, which has a significant part of the urban protected areas
in Istanbul, as urban renewal/regeneration areas. The most remarkable one
among these projects is the transformation project in Tarlabaşı that was
planned in partnership with the Municipality, TOKI and Çalık Holding.
Tarlabaşı, which is an old non-Muslim neighborhood, is located in the
northern part of Beyoğlu on the European side of Istanbul. After the flight
of the non-Muslim population, the neighborhood housed rural immigrants
and, concomitantly, with the disinvestment of the state; entered the
stagnation period. Especially after the opening of Tarlabaşı Boulevard in
the late 1980s, Tarlabaşı lost the connection with Beyoğlu, particularly
with Istiklal Street which is the main cultural and entertainment axis of
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Istanbul. Consequently, with the increasing disparity with adjacent
neighborhoods (such as Cihangir, Galata, Asmalimescit) that were
experiencing gentrification in ‘90s, Tarlabaşı marginalized and decayed
progressively (Enlil, 2000; Sakızlıoğlu, 2014). Tarlabaşı, which generally
consists of buildings built on small parcels, partially registered and
corroded, hosted the population composed of poor, uneducated
immigrants, refugees, and marginalized people.
After the enactment of Law 5366, Tarlabaşı designated as one the six
renewal areas in Beyoğlu (Decision no: 10172, 20.02.2006). After the
designation, in 2006, Beyoğlu Municipality initiated the project titled
“Tarlabaşı 360” to transform the area, that was associated with a scary,
excluded, and crime-related life, into a more secure, better and livable
neighborhood, and to integrate it with the city. Çalık Holding, which has
an annual return of $2 billion, won the project by tender. Covering an area
of approximately 20.000 square meters with 278 buildings, the project,
which is based on a model of public–private partnership, aimed to create
“Champs- Elysees of Istanbul” (GAP, n.d.) and bring the cultural heritage
back through construction of luxurious residential and commercial
buildings and hotels (Sakızlıoğlu, 2014; Islam and Sakızlıoğlu, 2015).
A period of two years was given to 444 title owners to evacuate their
houses and working places, and two alternatives were offered to the
property owners to be liquidated from the area. The first one of these
alternatives was to settle into houses built by TOKI at the boundaries of
Istanbul with paying so-called low advance payments, and the second
alternative was to accept expropriated price. Research by Sakızlıoğlu and
Uitermark (2014) found out that 210 buildings, claimed for restoration,
were nearly evacuated in 2012. A major part of proprietors sold their
houses because of government pressure, and 144 property owners were
engaged in a lawsuit with project partners after getting the expropriation
notices. In Tarlabaşı, where sales transactions were initiated before
completing the project, the square meter price of new houses is reached to
7.500 dollars (Sakızlıoğlu, 2014). Given the fact that a five-story registered
building was expropriated for 30.000 dollars according to rules defined by
the state, it is definite that the purpose of the transformation and
gentrification is not to miss the opportunity of “widening rent gap” rather
than “regeneration”. In the end, the majority of residents were subjected to
forced eviction without adequate notice or providing any legal remedies.
The ones that accepted to buy TOKI houses in the peripheries of Istanbul,
could not manage to pay the instalments and moved back to Tarlabaşı or
adjacent neighborhoods (Islam & Sakızlıoğlu, 2015).
Furthermore, anti-gentrification strategies and movements in this round
of gentrification caused unexpected reactions in Istanbul, where before the
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2000s; there was not any serious social organization or urban movement
culture.
As Sakızlıoğlu and Uitermark (2014) indicate, in Tarlabaşı, which is
one of the first places that experienced state-led gentrification, following
the notice of the transformation project, the local community gathered and
established the “Association for Reconstruction of Proprietors and Tenants
of Tarlabaşı” as a reaction. Afterward, many voluntary lawyers,
academicians, Human Rights Associations, chambers, and NGOs carried
out legal actions, different activities and organizations to block the project.
Although the project could not be brought to a halt, a significant delay and
ground for a new struggle or social movement tradition were established.
4. Conclusions
Recently expanding gentrification literature shed light on the
complexity of gentrification by exploring the contextual speculative
urbanization, power structures, different cultures, and penetration of global
forces into the different geographies. This fruitful expansion of critical
elements and different manifestations of gentrification not only helps us to
understand the importance of local context but also facilitate the
proclamation of the theoretical freedom of ‘other’ geographies of
gentrification. In this vein, this literature review can be regarded as the first
step in exploring the place specificity of Istanbul’s gentrification.
This paper shows that since the 1980s, neoliberalism unfolded in many
ways in Turkey, especially in Istanbul, which has been trying to articulate
world market. As a result of changing socioeconomic policies and
capitalist relation of production, new consumption patterns and new
economic classes have emerged. These changes could be noted as the
initiator of one of the most effective transformative power of urban space:
gentrification. The first sign of gentrification in the ‘80s, which was
motivated by high environmental amenities such as historical value and
pleasant landscape, was in the form of housing gentrification.
Gentrification in the ‘90s, similarly to in the ‘80s, was directed by new
consumption habits of the new middle class and intense cultural and leisure
activities in the historical center. Gentrification in the ‘80s and ‘90s was
limited and gentle due to the legal and institutional barriers such as
conservation boards. However, the gentrification process in Istanbul
evolved in the 2000s. Gentrification in this time period was initiated and
characterized by different levels of state with the help of new legal
arrangements and institutional reforms. Gentrification in the 2000s became
very aggressive with the changing scale of the process from street to
neighborhood level. Concomitantly, certain level of resistance against
social policies and city movements, which cannot be reckoned in the ‘80s
and ‘90s, were raised in this period. The process of gentrification in
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Istanbul could not have been consolidated without the presence of coherent
and perpetual harmony of different levels of governance and bureaucracy.
This also proves the importance of investigating and identifying contingent
and contextual dynamics in any given locality.
As mentioned before, gentrification research in Turkey has become
popular in the last two decades but is still very limited. This is partly
because of the inadequacy of available data and compelling bureaucratic
procedures for accessing the data, but above all, this problem is related to
using incompetent Western analytical tools and methodologies to explore
gentrification in Istanbul. As this literature review shows, there is an urgent
need for a more grounded approach, both for gentrification studies in
Istanbul and for constantly redefined gentrification theory. Gentrification
researchers in Istanbul need to disentangle themselves from narratives and
have to offer a relational perspective that manifests conjectural and
contingent path of the commodification of space, unequal power relations,
and critical role of the state. In doing so, we do not fall into the trap of
simple assumptions that “over- generalize distinctive urban processes
under the label of gentrification.” (Shin et al., 2016, p. 456).
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1. Introductıon
Looking at the historical process, on the one hand, there is the rapid
development of the world; however, in terms of pollution as a result of
consumption, it is seen that progress brings with it a destruction. The
understanding of fast life has led to consequences such as the world being
filled with more and more buildings and waste in the 2000s, environmental
problems, the depletion of world resources, the change or disappearance of
elements related to nature. Air pollution, depletion of the ozone layer,
global warming, climate change, deterioration of ecological balance are the
consequences of pollution in recent years and this threatens life on earth
(Sevim and Tan, 2020). Plastic, paper, glass, metal etc. Although wastes
are also recyclable, they have become one of these threats because the said
recycling is not done enough.
During the technological development, more materials have been
included in human life and become indispensable in order to increase the
comfort of life (Atıl et al., 2005). The shortening of the life of these
materials and the limited raw material cycles; It has brought problems such
as environmental pollution and depletion of raw material resources due to
the self-renewal rate of natural resources (Dal and Gökçe, 2019). Concerns
about the unsustainability of raw material resources, insufficient energy
resources, environmental pollution and the effects of human-induced
climate change are on the agenda. Integrating the concepts of sustainable
use of resources into daily life can be used as a tool to overcome these
concerns. Sustainability comes to the fore by emphasizing the necessity of
protecting natural resources and transferring them to future generations.
Short product lives and disposable packaging lead to premature waste
of resources. Packaging etc. wastes constitute one of the largest solid waste
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areas in the world. Reducing waste is an important goal shared by anyone
who wants to help protect the environment. Design for reuse in the context
of upcycling can be integrated into the environmental design process as
one of the ways to reduce increased resource waste and environmental
waste. Upcycling also plays an important role in environmentally friendly
design, as it draws attention to the redesign and use of waste and unused
materials (Ersan, 2021). “Upcycling” comes to the fore as a tool in
reducing the amount of waste generated by the increase in consumption
due to advancing technology and rapid population growth, and replacing
the linear economy, which proceeds as disposable, with a circular economy
that uses resources for a longer period of time and is based on recycling.
Within the scope of the study, the concept of upcycling and the design of
outdoor furnitures are discussed.
2. Concept of “Upcycling”
Current resource use, production and consumption processes are not
sustainable as they consist of many stages that harm the environment. In
addition to this, problems about increasing economic growth, shortage of
raw materials and energy caused by resource consumption, environmental
degradation and climate change draw attention. Reducing waste is a top
priority for anyone who cares about environmental protection. When glass
jars, plastics, cardboard boxes, furniture or clothing used on a daily basis
become unusable or undesirable, they are usually discarded. These are
substances that fill landfills and harm the environment.
The concept of sustainability is discussed in many areas and its meaning
varies according to the field in which it is used. In the context of nature and
ecology, sustainability is “to oppose life-threatening elements with the goal
of a self-renewing economy whose future generations can be green, lowcarbon and more resilient” (Enes, 2019). In terms of design, sustainability
also includes the features of being used for a long time, being able to take
a place in the natural cycle after the end of its useful life, and even being a
source for other productions (Oduncu, 2020).
The way to make the finished design reusable is through methods such
as reuse and upcycling. In order to better understand the concept of
upcycling, it is important to clarify the similarities and differences between
recycling and reuse. Recycling is defined as "recycling of wastes that can
be reused and converted into raw materials or by-products through various
processes and re-incorporated into production" (Çimen and Yılmaz, 2012).
Most of the waste such as plastic, glass, aluminum, paper and tin can be
recycled. Recycling reduces the amount of waste and the need to collect
new raw materials, preventing pollution, reducing the amount of carbon
dioxide in nature, helping to conserve natural resources and saving energy.
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Recycling means the reuse of these components after a product has been
reduced to raw material by methods such as liquefaction and crushing.
Upcycling, on the other hand, creatively reuses an object as it is, in
whole or in part, to create a new product. The resulting product may be
functionally similar or different from the old one. In upcycling, the raw
material does not need to re-enter the production line for processing. That
is, in upcycling, no energy is used to transform the material into another
product. In this way, the consumption of raw materials and energy
resources is reduced and the concept of garbage is eliminated. Braungart
and McDonough (2002); states that upcycling is an improved form of
recycling, changing the linear process "from cradle to grave", thus
eliminating the concept of waste and reducing toxic substances in the
biosphere (Sung, 2017). In its simplest definition, “upcycling” is
transforming old or unwanted products into new and useful items that serve
a different purpose. Upcycling is an environmental solution that can be
implemented by anyone. There are many different ways of upcycling,
depending on the material in question. This is an alternative and
sustainable solution that can be used for landscape designs. In this way,
creative, functional and sustainable outdoor equipment can be designed.
The concept of upcycling, which emerged in the 1990s, is defined as
the "reuse of discarded objects or materials to create a product of higher
quality or value than the original" (Wegener, 2016; Ersan, 2021).
Upcycling has always been a part of human life. It can be regarded as a
kind of upcycling that early humans turned flint or bone into useful tools
and vegetation into shelters. Upcycling has basically two different
motivations. The first is upcycling, resulting from the obligation to meet
basic human needs; The use of waste materials to build shelters in informal
settlements is an example. The second approach, as an art or craft, is to
transform various products or materials that would otherwise be discarded
into beautiful and useful objects (Bridgens et al., 2018). This second
approach is a very important option for landscape architects and should be
used.
The most important advantage of upcycling is that it reduces the impact
on the environment compared to recycling. Because converting an object
into raw materials, which is an essential part of the recycling process,
requires a significant amount of energy. Although upcycling is not possible
for every packaging or material, it is an efficient process with less
environmental impact than recycling where possible. Because upcycling
prevents materials from going to waste, it saves landfill space and also
reduces the risk of toxic gases and similar pollutants being released into
the atmosphere and contaminating the soil. Upcycling requires little energy
, resource input and can eliminate the need for a new product (Sung, 2017;
Herman et al., 2019). In upcycling, there is no production-related pollution,
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waste of energy or consumption of new materials, which is very valuable
for environmental designers and landscape architects. The stages of
recycling and upcycling processes revealed by Ersan (2021) is given in
Figure 1.
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Fig 1. Stages of recycle and upcycle
Creative application of upcycling enables people to communicate
creatively with materials. The use of waste materials adds a renewed sense
of identity to the design, resulting in different creative objects. This is
especially important for landscape architecture, which is a profession
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based on design and creativity, both in terms of design practice and
environmental awareness.
3. Creating Outdoor Furnitures With “Upcycling” Approach
Furnitures are objects that facilitate the individual and social life of
people, provide communication between individuals, give a specific
meaning to the space in terms of functionality and aesthetics, have different
qualities and quantities, define and complete the space (Mumcu et al.,
2017). For this reason, they are of great importance not only for functional
purposes, but also for their refreshing effects on spaces (Güney et al.,
1996).
While arranging the space, the equipment elements designed and
customized within the space should also form a systematic for the
reinforcement areas in the spaces. The design process, which starts with
the concept of equipping the space, must be completed by ensuring the
integrity of the space-activity-equipment (Kurdoglu et al., 2020). In manmade spaces, the environment consists of products created by people and
giving meaning to the space. The character of such an environment consists
of the objects, shapes, textures and colors found in that place. Every object
participating in the space has a great role in supporting or wearing down
the existing identity of that space (Düzenli et al., 2017; Alpak et al., 2018).
In this study, it is exemplified how the open space furnitures, which has an
important place in the professional discipline of landscape architecture, can
be designed by upcycling.
Vehicle parts (tires, rims, steering wheels, wheels, etc.; bottles (glass,
plastic beverage, detergent bottles, etc.); kitchen utensils (jar, teapot, fork,
spoon, etc.); bathroom accessories (sink, toilet bowl, etc.); metal wastes
(pipe, coin, sign, plate, faucet, etc.) can be transformed into sustainable,
creative, aesthetic and useful outdoor landscaping equipment by upcycling.
Some examples of outdoor equipment designed by upcycling are given in
Table 1,2,3,4,5.
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Table 1. Some upcycling outdoor furniture designed with vehicle parts
Vehicle parts

url 2.

url 1.

url 2.

url 3.

url 4.

Table 2. Some upcycling outdoor furniture designed with bottless
Bottless

url 5.

url 5.
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url 6.

url 5.

url 7.

Table 3. Some upcycling outdoor furniture designed with kitchen utensils
Kitchen utensils

url 8.

url 8.

url 9.

url 10.

url 7.
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Table 4. Some upcycling outdoor furniture designed with bathroom
accessories
Bathroom accessories

url 11.

url 13.

url 12.

url 14.

url 15.

Table 5. Some upcycling outdoor furniture designed with metal wastes
Metal wastes

url 16.

url 17.

url 6.

url 18.

url 19.
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Waste materials sometimes become an art object, a sculpture; a flower
pot, pool, bird's nest; the seating equipment, the coffee table; or it can turn
into a weather vane. In this way, sustainable new equipments are created
that add color to the landscape, become creative and aesthetically
advanced. Upcycling, which is one of the methods applied with the
awareness of sustainability, ensures that the materials that would otherwise
be thrown away can be used as a functional landscape reinforcement in a
new context.
4. Conclusion And Recommendations
The unsustainability of the current resource use, the scarcity of raw
materials and energy caused by consumption, increasing concerns about
issues such as global warming and climate change, and the emergence of
global movements criticizing consumption have caused the issues of
environmentally friendly design and sustainability to gain more
importance. For this reason, reinforcement design with upcycling has a
special importance in the field of landscape architecture.
With the development of environmental protection awareness, the
importance of the concept of sustainability has increased. It depends on
this recycling of raw material resources and use by changing their functions
With the extension of the deadlines, the issues of leaving minimum waste
to the environment / nature will be discussed has been started. In the
context of sustainability of environmental resources; raw materials and
energy the practices that take care of the conservation should be integrated
into life activities. Thus, it contributes to the continuity of livable healthy
environments and landscapes. Practices to be applied to reinforce
sustainability, resource conservation and environmental issues; upcycling,
recycling etc. a tool for the transfer and dissemination of concepts is
happening. Reinforcement design through upcycling proposed in this study
is an issue that needs to be addressed. In the context of outdoor equipment
design, upcycling can be foreseen by the landscape designer and applied to
the design, or by the end user of the product can also be implemented by
developing various ideas. Such examples give ideas to both designers and
consumers about upcycling with their own means.
Even though there has been a sensitivity among designers on the issues
of environmentally friendly and sustainable design, this awareness needs
to be brought to life with more practices. In this respect, this study offers
landscape architects environmentally friendly and creative reinforcement
solutions.
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1.

Introduction

The separation and purification technique known as crystallization is
widely employed in delicate sectors including chemical, food, and
pharmaceuticals. (Blagden, de Matas, Gavan, & York, 2007; Childs et al.,
2004; Vishweshwar, McMahon, Bis, & Zaworotko, 2006). In particular,
approximately 90% of the active pharmaceutical ingredients (APIs) used
in the pharmaceutical industry are crystalline compounds (Alvarez &
Myerson, 2010). Today, many crystallization processes in the
pharmaceutical industry are carried out using the batch process (Sen et al.,
2013). Although the batch process is used extensively in the crystallization
process, the products obtained may differ in each charge, and at the same
time, efficiency problems are encountered (Chen, Sarma, Evans, &
Myerson, 2011). In order to eliminate these problems seen in the batch
process, there has been a tendency towards the continuous process due to
its stable conditions and high yield characteristics (Anderson, 2012;
Leuenberger, 2001; Li, Trout, & Myerson, 2016). Continuous
crystallization is a system in which the mother liquor is fed into the system
and the product is taken out continuously. Schaber et al. (Schaber et al.,
2011) stated that the continuous process has a positive effect on product
costs ranging from 9% to 40%.
Continuous tube crystallizers and mixed suspension mixed product
removal crystallizers (MSMPR) are the two different kinds of continuous
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crystallizer procedures. Schematic designs for two popular types of
continuous crystallizers are shown in Figure 1.

Figure 1. Representation of the MSMPR crystallizer.
2.

Necessary conditions for obtaining crystal products

Many studies have been carried out on the conversion of batch reactors,
which are frequently used in crystallization processes, into continuous
reactors (Byrn et al., 2015; Chen et al., 2011; Su, Nagy, & Rielly, 2015).
However, in order for continuous processes to be preferred in
crystallization, it must meet the quality that can be obtained from batch
processes (Ferguson et al., 2014).
For pharmaceutical crystallization, the quality of the products is in the
first place as human health is in question, and there is no second quality
product. However, it should not be forgotten that pharmaceutical
companies are also businesses, so yield and purity values are very
important for products (Su et al., 2015). Therefore, continuous
crystallization processes must be carefully designed with process variables
in mind (Myerson, Krumme, Nasr, Thomas, & Braatz, 2015). In order to
adapt the continuous process to pharmaceutical crystallization, it is
necessary to meet certain conditions. First, it should be determined whether
the process produces crystals, and then it should be ensured that the
produced crystals are produced stably.
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3.

Use of continuous MSMPR crystallizers

It can be said that the most commonly used type of continuous
crystallizer is the MSMPR crystallizer. MSMPR crystallizers are
considered to have a good mixing system. In these crystallizers, nucleation
and growth for crystal structures can be accelerated by process variables
such as temperature change. The crystals' nucleation and growth rates will
be accelerated by the continuous process's supersaturation, increasing the
crystals' surface area as a result. Inorganic salts are often created via
MSMPR crystallizer procedures. However, due to their comparatively
simple structure, inorganic salts are either not affected by polymorphism
and chirality or their crystallization may not need it. Additionally, the
quality, yield, and crystal size distribution of inorganic crystals may vary,
all of which are essential for the pharmaceutical crystallization process. As
a result, compared to continuous crystallization of inorganic salts, the
design and control techniques are often different.
The most fundamental requirements for a crystallization process are
purity and yield since these are the factors that have the most impact on the
operation's economics. The continuous crystallization method does,
however, have the need that it operates at a specific level of
supersaturation; otherwise, the yield of a single pass will be lower than that
of a batch process (Myerson et al., 2015). To overcome this problem,
MSMPR crystallizers have been used in different ways. Many researchers
have proposed different approaches to increase product yield from
MSMPR (Alvarez, Singh, & Myerson, 2011; Ferguson et al., 2014; Li et
al., 2016; Quon et al., 2012; Wong, Tatusko, Trout, & Myerson, 2012;
Zhang et al., 2012).
The greatest influence on the amount of supersaturation in the process
can be obtained with the residence time. For this, the residence time has
been extended as much as possible. However, this resulted in low yield and
low purity. Therefore, the optimum residence time was applied. Thus, the
yield and purity rate increased (Quon et al., 2012).
Another method applied to increase the crystal yield obtained from the
process is re-feeding the mother liquid to the process. In this process, the
liquid portion is returned to the system after the crystal cake is separated
from the filtrate. Alvarez et al. (Alvarez et al., 2011; Quon et al., 2012) fed
the mother liquor back to the continuous crystallization system to increase
the crystallization yield in their studies. As expected, the crystallization
efficiency increased significantly from 74% to 87%. However, this had the
unfavorable effect of causing the purity to drop from 95% to 94%. In
relation to the study, they also developed an empirical pollutant dispersion
model.
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Zhang et al. (Zhang et al., 2012) developed a two-stage antisolvent/cooling crystallization method using MSMPR. He compared the
addition of anti-solvent at each phase to evaluate the effects of the solvents
he used. It was discovered that adding anti-solvent to the second step made
it more effective. Wong et al. (Wong et al., 2012) converted the multi-stage
MSMPR crystallizer into a single-stage MSMPR crystallizer by
continuously concentrating the mother liquid. He thereby generated a
better yield and purity.
Feeding the mother liquid back into the crystallization system has a
significant effect on the yield (Ferguson et al., 2014). In addition, solvents
used at high temperatures can damage APIs, mother liquor recycling can
alter the solution composition during crystallization, and the recycling rate
can accumulate impurities. Ferguson et al. (Ferguson et al., 2014)
employed an organic solvent nanofiltration membrane to concentrate the
API and purge the mother liquor in the recycling stream in order to get
around these issues. By using this technique, crystallization yield was
dramatically increased while maintaining purity; energy usage was also
decreased. Another approach suggested by Li et al. (Li et al., 2016)
employed solid recycling to boost the yield of two-step continuous
crystallization of cyclosporine. After filtering, the crystals were put back
into the process by Li et al. (Li et al., 2016) this technique was mostly
applied in systems where crystal growth rates were modest.
Unless a novel technology is applied, simultaneous improvement in
yield and purity are often related ideas. The total crystal surface area
increases with a narrower size distribution, which facilitates impurities'
adhesion to the surface (Mersmann, 2001). However, although it is
commonly accepted that crystal size distribution has an impact on crystal
purity, as far as academics are aware, this aspect has not been considered.
Additionally, it is always preferable to discover a fresh technique that can
raise production and purity at the same time.
3.1. Effect
crystallization

of

MSMPR

crystallizers

in

pharmaceutical

Another important feature that affects the physicochemical properties
of active pharmaceutical substances is the size of the crystals (Variankaval,
Cote, & Doherty, 2008; Wu & Xie, 2009; H. G. Yang et al., 2008). The
size of the crystals; crystal dispersion, residence time and impurities.
Using MSMPR crystallizers, one may obtain the desired crystal size
distribution. This allows for the achievement of tiny crystal size dispersion,
which accelerates the pace at which the medication is distributed (Griffin,
Mellichamp, & Doherty, 2010; Y. Yang, Song, Gao, & Nagy, 2015; Y.
Yang, Song, Zhang, & Nagy, 2016). The efficiency of downstream
operations can be increased by achieving large crystal size dispersion
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(Powell, Saleemi, Rielly, & Nagy, 2015; Su, Rielly, Powell, & Nagy,
2017).
The process variables in MSMPR crystallization can be expressed as
temperature, residence time and amount of solvent. In their investigation
using paracetamol, Vetter et al. (Vetter, Burcham, & Doherty, 2014)
showed a region of average particle sizes vs total residence duration
utilizing three distinct MSMPR phases. When considering the uncertainties
in the kinetic parameters in their subsequent investigation, Vetter et al.
(Vetter, Burcham, & Doherty, 2015a) found that paracetamol cooling
produced a more favorable site for MSMPR slow crystallization. Power et
al. created a distinct site for MSMPR crystallization considering the energy
balance and volume (Power et al., 2015).
The average crystal size obtained with the MSMPR crystallization
process is quite large compared to other processes. Therefore, Griffin et al.
[24] attempted to obtain a smaller average crystal size (Griffin et al., 2010).
Accordingly, the aspirin used in the system allowed to obtain smaller sized
crystals. Again, Yang et al. crystal size reduction was achieved by adding
wet grinding to the continuous crystallization process (Y. Yang et al.,
2015; Y. Yang et al., 2016). Narducci et al. combined MSMPR crystallizer
with ultrasound (Narducci, Jones, & Kougoulos, 2011). Ultrasound was
used to achieve significantly smaller adipic acid crystals than MSMPR
could have produced. It was found that the influence of residence time on
crystal size was not very noteworthy when compared to ultrasonography.
Powell et al. looked at how the addition of hydroxypropyl methylcellulose
affected the shape of the paracetamol continuous crystallization products
(HPMC) (Powell, Saleemi, Rielly, & Nagy, 2016). The product crystals
were determined to have different morphology and larger crystals when
HPMC was added.
By lowering the raw material yield and creating issues with the
manufacturing of the end product, the impurity products created have an
impact on the subsequent purification and separation operations(A. Ergin
& Ergin, 2021; A. ERGİN & ERGİN, 2018). It is crucial that these
contaminants can be found and eliminated quickly and affordably(Hasniye
YAŞA, ERGİN, ERGİN, & ALKAN, 2016). For this, impurities were tried
to be removed by using a washing process (M. Ergin, 2021; M. ERGİN) or
by using different chemicals (Onar & Vardar, 2018; Hasniye Yaşa, 2020).
3.2. Morphology with MSMPR crystallizer
In the MSMPR crystallization process, problems such as crystal
morphology, shape development and mass balance are more difficult to
solve than producing the desired size. In contrast to batch processing,
crystal morphology simulation in MSMPR is simpler. Because the
continuous process's supersaturation is always present and steady.
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Among the crystal morphologies, the spherical structure is highly
preferred. The good fluidity feature of the spherical structure also increases
the efficiency of the process. The quality of spherical crystals, however,
can also be impacted by a variety of operational parameters (Kovacic,
Vrecer, & Planinsek, 2012). The evolutionary course of the single crystal
form was simulated by Borchert et al. (Borchert, Nere, Ramkrishna, Voigt,
& Sundmacher, 2009). Tahara et al. claim that they created spherical
albuterol sulfate crystals using a single-stage MSMPR crystallizer (Tahara,
O’Mahony, & Myerson, 2015). Peña and Nagy were able to create
spherical crystals with a diameter of around 1 mm after two stages of
continuous spherical crystallization of benzoic acid (Peña & Nagy, 2015).
3.3. Morphology with MSMPR crystallizer
The physical and chemical characteristics of a substance are
significantly influenced by different polymorphs. Therefore, one of the
main goals in the crystallization process is to keep the polymorphism
characterization of crystallization under control (A. Y. Lee, Erdemir, &
Myerson, 2011). Numerous investigations have been conducted in the
batch crystallization method to regulate the polymorphism nature of the
crystallized result (Hermanto, Chiu, & Braatz, 2009; X. Yang, Sarma, &
Myerson, 2012). However, because the continuous crystallization process
settings are quite different from batch crystallizer conditions, the control
of polymorph character will also change as predicted. Unfortunately, the
study on polymorphism in the continuous crystallization process is limited
(Lai, Ferguson, Palmer, Trout, & Myerson, 2014).
According to Lai et al. succeeded in producing L-glutamic acid
polymorphs by varying the temperature of the process and the residence
time of the crystals using a continuous crystallizer (Lai et al., 2014). In this
study, they determined that the residence time required to obtain the
appropriate polymorph at 25 °C with a one-step MSMPR was 15 minutes.
Additionally, they said that getting both the required polymorph and the
desired yield at the same time would be challenging. Lai et al. stepped up
MSMPR in another study they conducted (Lai et al., 2015). They created
a model using the data they obtained and simulated the values according to
this model. According to these results, they obtained polymorphs.
Farmer et al. conducted a study that analyzed the polymorphism
(Farmer, Carpenter, & Doherty, 2016). This study is quite remarkable in
that it transforms the equilibrium model into a dimensionless form (Farmer
et al., 2016; Lai et al., 2014; X. Yang et al., 2012). The steady-state
polymorph was unaffected by solving the unstable polymorph, according
to Farmer et al. (Farmer et al., 2016) The impact of operation parameters
on the polymorph during continuous crystallization was thoroughly
investigated by Lai et al. (Lai et al., 2015).
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One of the most important methods used to improve the quality of drugs
is co-crystallization. A common molecule in the API forms hydrogen
bonds with other molecules to generate pharmaceutical co-crystals, which
are multicomponent molecular systems. Powell et al. produced ureabarbituric acid co-crystal using MSMPR crystallizer in their study (Powell,
Bartolini, et al., 2015). The outcomes demonstrated that under ideal
crystallization circumstances, pure crystal form I could be formed. Vanillin
was separated using the continuous crystallization method by Lee et al. in
this investigation, he created crystals of phenazine-vanillin by combining
vanillin and phenazine (T. Lee, Chen, Lin, & Lee, 2012). The co-crystals
were subsequently recrystallized in acetone to produce crystals of form I
vanillin. According to certain reports, the system will be highly
supersaturated if the continuous process is employed in this procedure and
the residence duration is short. Therefore, it has been demonstrated that it
promotes co-crystalline nucleation and growth.
The pharmaceutical industry's batch and continuous crystallization
procedures differ in the ways listed below: Although relative nucleation
and growth kinetics techniques between two polymorphs can be used to
regulate polymorphism in continuous crystallization, resolution of the
unstable polymorph has no effect on the steady state polymorph. Currently,
continuous crystallization is being used more and more for API
crystallization.
3.4. Chirality with MSMPR crystallizer
The study on the first use of the continuous process instead of the batch
process in the crystallization process was carried out by Qamar et al. here,
a continuous MSMPR was used to produce an enantiomer (Qamar, Elsner,
Hussain, & Seidel-Morgenstern, 2012). This MSMPR is a continuous
process with seeding and fine dissolution capabilities. Through exchange
pipes, the two perfectly mixed crystallizers were linked to one another and
were continuously exchanging fluid. Both crystallizers were
simultaneously planted individually. The yield and purity numbers are
dramatically raised by employing this new operating mode. Using
combination crystallizers, Chaaban et al. investigated the impact of initial
seed quality on the crystallization of DL-asparagine monohydrate
(Chaaban, Dam-Johansen, Skovby, & Kiil, 2013). Utilizing seed crystals
with a smaller average particle size and a smoother surface structure has
been found to increase output, yield, and purity. Using the combination
crystallizers, Galan et al. produced D-/L-threonine with a >99% purity rate
(Galan, Eicke, Elsner, Lorenz, & Seidel-Morgenstern, 2015). Vetter et al.
used suspension mills in addition to continuous preferred crystallization
since continuous insemination is too complicated for industrial application
(Vetter, Burcham, & Doherty, 2015b). To ensure that there was enough
surface area for crystal formation, the crystals were continually ground.
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Temmel et al. presented an equilibrium model for the ongoing separation
of materials in solid-solution forming systems (Temmel et al., 2012). They
started a countercurrent technique to separate solid solution chemicals in
further experiments. In order to achieve the necessary chirality, the primary
concept is to prevent homogenous nucleation.
Conclusions
The continuous crystallization process stands out today, especially for
the pharmaceutical sector, due to its easier control of products, reduction
of control costs and efficiency advantages compared to batch processes.
Especially due to the increasing number of academic and industrial
researches in this field, the industry is gradually using the continuous
process. It is obvious that the advanced process control technology offered
by the continuous crystallization process to the sector, especially in the
pharmaceutical field, will be an indispensable working method in terms of
adapting different processes to the system easily and developing different
models.
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1.

Introduction

A system in which organisms interact with each other in physical
environment is called ecosystem. Environment is the subset of
ecosystem; the other members are organisms and processes. Water
management, plantation and the importance of water and conscious use
of water are important for all organisms (Kılıç & Kılıç, 2019; Kılıç,
2020). Overtime organisms have evolved in synergism with their
envious and developed due to process that is different cycles like biochemical cycle, different flows, and different cold effects.
Environmental concerns and ecological concerns are two different
things. The ability to reproduce one's own life is a worry for the
environment. The sustainability of life is a concern for the environment.
As a result, it is self-evident that every environmental occurrence has an
ecological impact. Pakistan, as an Islamic Republic, must establish
goals and solutions for issues such as global warming which has had an
impact on the land and water in the area, by evaluating impact on
quinary factors at present or future weather change, and by determining
the influence of environmental issues on farmers, its social behaviour
(Pointner, 2009). There are three basic roles of life; production,
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consumption, and decomposition. The production is synthesis, the
consumption is conversion and decomposition are breaking. The
agriculture sector is threating productive loss, environment pollution
and especially water pollution (Chandio et al., 2020; Jehangir et al.,
2022).
It moves unidirectionally through the ecosystem being consumed at
each step of the food and fibre. The process of appraising resources
using old methods and techniques is made difficult in some areas by a
unique and permanently declining number of stages, quick alterations in
hydrometeorological terms geometry about portions of the state, as well
as the absence of microclimatic conditions methods. In efficient
resource utilisation, ageing framework, lack of application in practise of
necessary standards and norms, in addition to the bad state of the
environment along with excessive pollution levels, irritate exposed
region even more (Manisalidis et al., 2020). Quality of agriculture in
different countries wealth varies greatly, but as GDP per capita rises and
the economy's infrastructure changes, agriculture's share of the
economy shrinks, as is to be expected. Agriculture generates more than
30% of total wealth activity. In a few of the globe's poorest nations, and
it is responsible for 27% of GDP in Least Developed Countries Group.
Pakistan has a modest agriculture sector compared to India and in
comparison, low energy output to neighbouring (Nodari, 2011).
Pakistan's "common richness" is its advantageous geostrategic location,
which has made it (Khetran, 2016) the unifying connection spanning the
Middle East, Europe, and Asia. Although, the construction of a
developed infrastructure is essential to turn this into a vital prerequisite
for transforming Pakistan into a significant power regional centre of
collaboration and growth. A large-scale problem like this necessitates a
lot of time and effort to solve. Agriculture is one of Pakistan's most
important industries. Wheat is the country's principal crop (Finance
Division, 2019).
The network of ecosystems through which energy flows is known as
a food web. Most of the food web has a lot of inherent stability. Unless
the damage is very severe, they can easily repair themselves. Pakistan's
agricultural delivery facilities are in significant jeopardy. Around 70%
of the irrigated land is scattered. Irrigation from wells, dams, canals,
and rivers is used to irrigate a large area of agriculture. Numerous
irrigation projects are still being built that will benefit Pakistan's future
agricultural sector (Kahlown, 2002). Agriculture sector expansion is
critical in every region of a country, particularly in Pakistan, where it
plays a critical role in the country's economy. Though climate change is
critical, dangerous, and diplomatic for the agricultural (Ali et al., 2021).
Changes in climate, on the other hand, has a severe impact on cotton
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plant growth, development, and yield, as well as farmer livelihoods.
Agriculture is Pakistan's economic backbone and the primary source of
renewables. Approximately 68% of the population in rural areas relies
on agriculture for food and a living. Agriculture is divided into
numerous sub-sectors like forestry, fisheries etc. The crop sub-sector
accounts for 8.27% of agricultural GDP. The livestock sector accounts
for 11.77% of agricultural GDP. The sub-sector of fishing accounts for
0.43% of agricultural GDP. 0.41% of agricultural GDP is contributed
by the forestry sub-sector (Aslam, 2016).
Agriculture could play a significant role in future economic
development, food security, improved livelihoods, and poverty
alleviation via increasing production. Despite this, Pakistani agriculture
faces the most serious water, land, environmental, agronomic,
institutional, and socio-economic difficulties, all of which have a
negative impact on agricultural productivity. For increased agricultural
productivity in Pakistan, comprehensive strategies, and policies for the
management of water and non-water elements of agricultural
productivity must be created and implemented. The development of
economic research and appraisal of the usage of climatic information is
required to ransom the production system and the increase of possible
damage from natural disasters. Indemnity in crop production was
categorised as mandatory because to the importance of the agricultural
sector in the country's economy and its reliance on natural and climatic
conditions. Furthermore, agricultural production is vulnerable to natural
disasters and climaxes. Drought, hail, heat waves, and floods are all
common problems that can result in significant production losses. The
issue of persistent unfavourable climate incidents is impacted by their
systemic nature, as droughts affect vast areas of the country's
agricultural land, due to massive losses for agricultural producers. As a
result, Pakistan is a high-risk agricultural area, with an average annual
drought rate of 40%, attaining 60% in some regions of the country.
Agricultural producers' financial stability and solvency are also
impacted by unfavourable weather conditions. According to (Ali et al.,
2017) in her publications on stabilising the financial situation of
agricultural enterprises, climatic conditions influenced the indicators of
declining productivity. There is a weather risk that is layered on
economic risk at the same time, making it harder to identify and
analyse. In their articles, stated that effective ways to reduce agricultural
risks must be identified, which must be done based on the expansion of
empirically based suggestions and knowledge of the structure and
sources of financial assistance provided by equipment, crop protection
products, and financial guarantees of insurance covergae (Ali et al.,
2017). As a result of the effect of insurance on risk, other approaches
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cannot adequately compensate for the potential harm and losses caused
by diverse risks. Misuse of resources, scientific issues, limited
investment, infrastructure, agricultural trade issues, and delicate
electricity and energy shortages are all problems that Pakistan faces in
the agricultural industry (Ahmed & Usman, 2017). Climate change,
droughts, and floods have added to the severity of these issues.
Important weather forecasting of various extreme weather events can
cause fatalities and can become more common and catastrophic in
Pakistan as the climate changes. Extreme weather events produced by
climate change, in contrast to typical climate regimes, can produce
sudden, unexpected events, such as rainfall regimes. Water scarcity
occurs when the rainfall regime changes, and a significant number of
impermeable surfaces disrupts the normal water flow system.
Underground and above-ground water sources are not being fed due to
changes in the water cycle. Because of the ongoing rise in temperature
and change in precipitation patterns, the amount of water required by
farmers would decrease, and a scarcity situation will emerge,
threatening food security and farmers' lives in the Indus Basin, as well
as in Pakistan (Asif, 2019).
The environmental and hydrological impacts of agricultural
activities in Pakistan were explained and discussed in this study.
2. Organisms and Environment
The cultivated agriculture started nearly 10,000 years when human
being began settling near the banks of natural streams and
domesticating the wild species of plants and animals to produce food
for their consumption. The agricultural impact activities on biodiversity
like plants and animals has a vast tale, that started when human being
first began the control process over 7000 years ago (Von Wandruszka,
2006). These ancient agriculturists initiated the selection process that
continues today as farmers, researchers, and companies strive for more
prolific plants and animals by picking a few supposedly more useful or
edible species. At both the species and genetic levels, this process
necessitates a reduction and simplicity of nature's vast biological
diversity. However, because the early farmers chose their favoured
plants and cultivated their land with the few rudimentary equipment and
primarily organic inputs available on a local scale, their actions had a
minor impact or were confined geographically. There are still cultures
that practise small-scale, low-impact agriculture today (Wishnie, 2016).
As energy flows through the food chain, it’s temporarily stored at
various stages called Trophic levels, the producers represent such as
green plants at first trophic level, at second trophic level herbivores, and
the third are carnivores, and at the fourth number are eaters of
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carnivores. As a general estimate, only 10% of the energy available at
one trophic level passes onto the next. In cultivated agriculture, it takes
10,000 kcal of maize to produce 1000 kcal of beef and 100 kcal by
human effort. The rise in population and urbanisation necessitated the
production of larger quantities of food that could be carried over longer
distances.
To commit bigger tracts of land to agricultural activities, animal
traction, irrigation canals, and other intensification techniques were
deployed. Ground utilization adjustments, like emptying forested for
cultivation, and agricultural practises like crop rotation and mixes,
grazing practises, residue management, irrigation, and drainage, all have
an impact on the soil environment and alter the range of habitats and
foods available to soil organisms. Water and water resources are also
harmed by improper and unconscious agricultural practises. Tillage
techniques, eutrophication, pesticide application, unconscious practices
have an impact on the physical and chemical environment, specifically
the qualities of water and soil. As the population became more
urbanised, a lower percentage of the population was involved in food
production. As a result, agricultural methods have evolved, including
the creation of modern farming techniques that include technology.
Cultivated agriculture depends on the flux of solar energy. The first
trophic level autotrophs are designed to capture and convert solar
energy into high energy chemical by carbohydrates, proteins, and fats.
The agriculture has had a huge impact on humanity, especially in terms
of population. This is because the supply of human digestible calories
per square kilometre has expanded dramatically because of plant and
animal breeding. One way to look at it is that we replaced non-human
consumable items with human consumable items. In the last 2000 years,
the world's population has increased by a factor of 28 to reach seven
billion people. Agriculture has advanced in around 10,000 to 15,000
years, allowing the human population to become nearly to 1000 times
larger.
2.1. Temperature Response
Autotrophs are more distinct and well-studied. All plants and coldblooded organisms exhibit increased growth with increasing
temperature above low temperature tolerance and decreases sharply at
higher temperature. The warm-blooded animals have regulated body
temperature within narrow limits excepting some species which go into
hibernation by switch from warm blooded to cold blooded state. To
convert CO2 into organic carbon molecules, autotrophs use either light
or chemical energy. Photoautotrophs are photosynthesizing creatures
that use light to do so, such as algae and higher plants. Heterotrophs, on
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the other hand, rely on pre-existing organic molecules for their chemical
energy. Every plant has perfect temperature requirements, and they
develop more efficiently at certain temperatures. Bacteria, which absorb
organic material from their surroundings, and a variety of animals,
which ingest and digest other species, are examples of heterotrophs. The
stoichiometric flexibility of these two fundamental dietary methods,
autotrophy, and heterotrophy, is also different. Many heterotrophs get
all their carbon, energy, and nutrients from the same food packages,
whereas autotrophs get them from multiple, somewhat independent
sources. Growth rate is related to autotroph nutrition content.
2.2. Light Response
Photosynthesis is the mechanism by which autotrophs transform
carbon dioxide and water into carbohydra. Most plants respond to
increasing light intensity with increasing photo synthetic rate. However,
some plants require shade to grow well and must avoid direct exposure
to sun. The aquatic plants respond to light like land plants excepting
light inhibition of photo synthesis in marine phytoplankton at light
intensities approaching full sunlight. The UV light in general limits the
development of plants. The animals respond to light in different way.
Most have biological clock determining time of exposure. The timing
regulates endocrine glands, gonads and colour, the intensity and
duration of light carry significant influence over the biological clock.
The organisms' reliance on carbon dioxide and light, or inorganic
respiratory substrates, may be due to a need for other energy sources if
they are unable to receive adequate energy for growth through organic
compound respiration. The effect of organic chemicals on autotrophs
and the enzymes contained in them is investigated, as well as alternative
possibilities of specific aspects of autotrophic metabolic regulation or
enzyme shortages as possible causes of obligate autotrophy.
Autotrophic nutrition in plants can be divided into two types; photoautotrophic nutrition and chemo-autotrophic nutrition.
2.3. Carbon Dioxide Response
Plants assimilate carbon dioxide in the process of photosynthesis.
Plants generally respond well to increased concentration of CO 2, up-to
double the normal atmosphere (0.03%). Based on the process of
assimilation of CO2, the plants are classified as C.C and CAM. The Cs
plants fix carbon as three carbon acid as first stage and C. plants as four
carbon acid. Thus C, plants are more efficient and are well adapted to
warmer and drier climate compared to C: CAM plants open their
stomata at night and take on CO2 or store for processing during day and
thus are well adapted to desert like conditions, Cs plants exhibit the
greatest photo synthetic action by at higher concentrations of CO 2
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compared to C and CAM. The direct response of animals to increasing
CO2, levels are undetectable until the concentration exceed 1000 ppm.
The increased level of CO2; adds to the ambient temperature which in
turn make the animals shift from areas of CO2 rich. When carbon
dioxide levels in the atmosphere rise, most plants thicken their leaves in
an unexpected way, according to researchers.
Thick-leaved plants appear to be in our future as carbon dioxide
levels in the atmosphere grow owing to human activities. Scientists
have acquired a lot of data on how leaves thicken in reaction to high
carbon dioxide levels, as well as the levels of carbon dioxide in the
atmosphere that will be seen by the turn of the era. We settled to
consolidate the known corporal effects of leaf thickening into climate
models to see what, if any, effect this would have on a global scale
(Shindell, 2012). Even though the effect of carbon dioxide on
carbohydrates perception is unknown at this time, several studies have
employed exogenous carbohydrates to treat plant roots, resulting in
increased root sugar content, which could reflect higher root sugar
content coming from greater photosynthesis under carbon dioxide. Most
study on the role of carbohydrates in plant roots has focused entirely on
sucrose. Other studies revealed the impacts of other carbs such as
glucose and fructose, non-sucrose carbohydrates may have many
additional functions to play. Although much of this research has
focused on A. thaliana, sugars are expected to perform a wide range of
roles in root function in other plant species. The probable results for
roots of plants cultivated under carbon dioxide, where surplus sugar is
transferred to the roots of leaves, with in upcoming sections, we'll talk
about them.
3. Properties of Water
Water is necessary for life and accounts for roughly 70% of the
body's weight. Water is the only substance found as gas, liquid and
solid on planet earth. It is colourless, odourless transparent to visible
light and opaque to infra-red radiation. Water is absorbed by plants
through mots and released from leaves because of solar heating. The
water stream flowing front root lo leaves carry the nutrients needed by
plants. The nutrient load is the function of water quality. Pure water
increases the improved supply of nutrients to the plants. The animals
also consume water to assimilate and transport nutrients in their body.
The excess water is discharged taking away the body wastes. There are
weak interactions between the hydrogen ends of other water molecules
and the oxygen ends of both a unit due to the structure of the water
molecule. Even though these "polar" interactions are rather weak and
frequently break and rebuild, their presence gives water several unique
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features in comparison to other substances on Earth. Water's
characteristics are significantly responsible for the existence of life on
Earth. Dissolved salts, micronutrients, certain metals, and gases are
constantly present in natural waterways.
Water named as "universal solvent" since it dissolves so many
different things. Whereas many of these substances are required for
thriving aquatic environments, their quantities can have detrimental
repercussions as they rise, which is why we refer to them as pollutants.
Photosynthetic species adapted to living in water are known as aquatic
plants. Many land plants are "vascular" plants, which means that their
roots absorb and transport water and nutrients to the leaves. Because
they live in water, these "macrophytes" don't need to transfer it, and
they can usually require nutrients from it.
The type and form of aquatic plants are determined by the level of
water or that it is moving or still. We are primarily concerned about the
function bacteria play in virus transmission from the perspective of
waterbodies. Bacteria and other single-celled creatures are increasingly
being recognized for their role in decomposing organic matter, digesting
minerals and nutrients, and, in certain situations, turning carbon dioxide
into new plants. Water transports the flow of soil water, into the bases,
through the plant, and on to the atmosphere is viewed as a series of
interconnected actions, which makes a significant contribution to plant
water relations. When investigating plant water balance, this idea,
known as the soil–plant–atmosphere continuum, is beneficial in
underlining the need of examining all elements of water relations. As a
result of this approach, the water movement in the SPAC system is
considered as if it were the current flowing in a conducting system.
In coming days, relationship of water with plants will be promising,
and it will generate new ideas for the development and growth of plants,
listed below:



SEM electron microscopy with EDAX, e.g., is a nanoscale
observational technique.

Optical microscopy

Atomic force microscopy has the potential to be useful in
analyzing the luminal surface chemistry of conducting elements.

Magnetic resonance imaging (MRI) could be used to map
hydrological linkages in wood in three dimensions.

New multispectral techniques that allow for more accurate
surface warming mapping can reveal information about water
distribution, evaporation, ice formation, and even sap flow.
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Ample computing power involves investigation of more reliable
estimates of sap mobility.
3.1. Geo-Chemical Cycle
Environment in fact focuses the bio-geochemical cycles. The
identification and rectification of imbalances in the bio-geochemical
processes describe the environment protection and or conversation
activities. The nutrient elements such as nitrogen, oxygen, carbon,
phosphorus, and sulphur occur in different forms within organism and
environment. Because nutrients cycle within and through the biotic and
a biotic compound of environments, the process is called Bio geo
chemical cycles. When human interrupt these cycles or modify through
addition of certain compounds to the environment, there is impact on
the ecosystem. Human facilities, poor design, and land usage have all
had a negative impact on the ecosystem. Changes in the water, carbon,
and nitrogen cycles have also been caused by climate change, resulting
in land degradation and desertification. The bio-geo-chemical
perturbations be local or global depending upon the scale of interruption
and or addition the example is the me fossil fuel energy which is
changing the carbon, nitrogen and sulphur cycles, the use of fertiliser is
changing. Nitrogen and phosphorus cycle and use of biomass for food,
fibre and fuel is modifying the hydrologic, nitrogen and phosphorus
cycles. Biogeochemical cycles in earth is seen in Figure 1.
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Figure 1 Biogeochemical cycles in earth
(https://scied.ucar.edu/learning-zone)
Many interrelated processes in an estuarine system's biogeochemical
cycles are subject to a variety of external factors. Understanding the
variables that influence the organic nitrogen and carbon cycles in this
system, as well as their overall fate, is crucial and difficult due to the
extreme dynamism of estuaries, both mechanically and
biogeochemically. The interactions between the nonlinearity of state
variables and parameters are extreme. According to this research, the
principal source of nitrogen and carbon in this system is litterfall from
neighbouring mangrove areas, which helps to maintain a healthy
detritus food chain. Seasons and tidal flush play a significant influence
in the transportation of insoluble and resistant organic materials from
land to sea via this river. The flow of energy and matter in biochemical
processes is intimately associated to daily existence and the Earth's
environment. Foreign matter, such as chemicals and contaminants, has
an impact on marine biology's development. Marine biodiversity is
influenced by circulation patterns and regional distribution. The
presence of nutrients also has an impact on the life cycle and life span
of marine science. Pollutant transmission inside the marine body is
caused by higher nutrient and lower organic carbon concentrations,
variable microbial community components among habitats, and
assemblages of organisms that demonstrate migration behavior on
aquatic species. The increased retention of organic stuff within the body
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is due to physical and biological processes, aquatic species, which has a
negative impact on marine ecosystem. As previously stated,
biogeochemical cycles seem to be converting energy and materials into
useable forms to enable the operation of ecosystems, it is crucial to the
existence of life. The transfer of materials between the Earth's principal
reservoirs, which include the atmosphere, terrestrial biosphere, seas, and
geosphere, is determined by these cycles. The six most frequent
elements present in organic molecules, which serve as the foundation of
lifeforms, are carbon, nitrogen, hydrogen, oxygen, phosphorus, and
sulfur dioxide. These elements exist in various reservoirs to varying
degrees and take on a few chemical forms, both organic and inorganic.
3.2. Hydrological Cycle
In the form of reservoirs, the earth retains tremendous volumes of
water. The atmosphere, lithosphere, hydrosphere, and biosphere all
contain water. These parts are all constantly flooded with water masses.
The hydrologic cycle is what it's known as in general. Water is
evaporated by solar energy from lakes rivers, ocean, soil, and
vegetation. It rises into the atmosphere where it cools and condenses.
Under appropriate conditions falls back to earth as rain, snow, and dew.
The hydrologic cycle is the simplest of the bio-geo-chemical cycles and
is well understood Only 5% of the water is in circulation through the
hydrosphere and 95% is bound-up in lithosphere. On the average a
water molecule travels through the atmosphere for 10 days before
falling back. Cultivated agriculture has increased requirements of good
water which speeds up the hydrological cycle of evaporation,
transpiration, and precipitation. The concentration of animals near the
cultivated agriculture adds on to the speed of hydrologic cycles along
with loading it with nutrients and other chemicals which may or may
not be easily degradable. The hydrological cycle of the earth is the sum
of all mechanisms that move water from land and ocean surfaces to the
best possible extent in the form as rainfall. Oceans and land surfaces,
among other things, have an impact on the hydrological cycle. The
preservation of the hydrologic budget on the land surface is dependent
on vegetation (Pielke & Dev, 2010). The ability of the ground surface to
hold water is improved by vegetation development. Plants intercept
precipitation, which is then evaporated instantly when it is gathered by
the glass roof. Through evaporation processes, the plants themselves
materialise and contribute significantly to the production of water
vapour. Surface runoff is substantially higher on bare ground than it is
on vegetated regions. Plants are essential to the hydrological cycle's
operation because they dominate the processes of energy, water vapour,
and carbon exchange. The hydrological cycle is the driving force behind
all of the globe's freshwater resources. Cyclic circulation paths of water
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in the earth must be identified. Hydrological cycle process in ecosystem
is seen in Figure 2.

Figure 2 Hydrological cycle process in ecosystem (https://theconstructor.)
Evaporation, condensation, precipitation, infiltration, and surface
runoff are examples of physical processes that carry water from one
reservoir to another. Water covers 70% of the Earth's surface equating
to 1.41018 m3. The oceans contain 97% saline water, whereas rivers,
lakes, glaciers, permanent snow, and groundwater aquifers contain the
remaining 3% fresh water. Evaporation is caused by solar intensity,
which removes roughly 5771012 m3 of water from the Earth's
atmosphere, with oceans accounting for 86% and land accounting for
14% (Pimentel et al., 2004). Water evaporates from the Earth's mantle
enters the environment, where that compresses to form raindrops, and
finally falls to the land as precipitation. As a result, solar energy moves
a considerable amount of water from the oceans to the land each year
through the atmosphere, making the hydrologic cycle essential not only
for human existence and natural ecosystems, but also for industrial and
agricultural productivity. Precipitation, surface runoff, evaporation,
transpiration,
infiltration,
condensation,
evapotranspiration,
sublimation, groundwater base flow, and interception are the key
components of the hydrological cycle. Solar input, earth rotation,
distance from the ocean, geography, and general air circulation are all
elements that can influence the hydrological cycle. Water courses in the
forest uplands vary widely in terrain and distance from the ocean. The
west and north, in general, receive the most yearly precipitation, with
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amounts reaching 4000 mm. In the east and inland portions of vast
coastlines, the average annual precipitation is 1000 mm. The maximum
and minimum mean annual precipitation over the period 1961–1990
was 6944 and 128 mm, respectively. Runoff is not spread equally
throughout the year and can be divided into distinct runoff zones
(Fowler et al., 2018). The lowest runoff occurs in coastal locations with
an Atlantic regime from may to august, and the rest of the year is
similar. Low winter runoff (january–march), a considerable increase
due to melting snow in april and may, and low summer morals that
grow from August till winter begins distinguishing the inland regime,
which is located between the Atlantic and mountain regimes. The river
flow regime reflects the variance in precipitation across the country.
Some rivers have recording period spans several years before and after
the production of many projects in hydropower. Hydropower
development has resulted in a dramatic reduction in the flood-tominimum discharge ratio.
3.3. Carbon Cycle
Approximately 49% of the dry weight of the organism is carbon the
only source of carbon to producer organisms is atmospheric carbon
dioxide. The respiration of carbon dioxide by all organisms return
carbon to the atmosphere. Carbon is deposited in the soil and
sequestered in sediments of lakes and streams. The atmospheric
reservoir of carbon in 718 GT compared to deep sea sediments of 32000
GT, fossil fuel 12000 GT and organise 1760 GT. One GT is 10 kg. The
cultivated agriculture consuming fossil fuel and releasing carbon
through respiration and purification is releasing more carbon into
atmosphere which is increasing the C, concentration by about one ppm
per year The concentration of carbon in the atmosphere before industrial
revolution was 268 ppm. Carbon cycles in earth is seen in Figure 3.
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Figure 3 Carbon cycles in Earth (https://www.sciencefacts.net)
The carbon cycle is one of several important biogeochemical cycles
that connect the biosphere, atmosphere, geosphere, and hydrosphere. It
is no longer in equilibration because of the use of fossil fuels and the
conversion of forested land to low-carbon alternative solutions. As a
result of these interferences, greenhouse gases accumulate in the
atmosphere, causing warming. We examine the current rates of change
in carbon flow rates and discuss the cycle's critical processes. Finally,
we look at how the carbon cycle can be managed by reducing
deforestation, developing alternative energy sources, and using geo
engineering. Organic C mineralization results in major changes at
degradation loci, particularly with respect to oxidant consumption. Due
to its prevalence in the atmosphere and the high energy yield associated
with aerobic respiration, oxygen is the primary oxidant for organic C.
At sites where access to oxygen is limited, usually by diffusion through
water, it disappears first and usually rapidly. When they are available,
other electron acceptors are then consumed in the order NO 3−, Mn4+,
Fe3+, and SO42−. When all these oxidants have been consumed or are
otherwise unavailable, detrital carbon is converted to a mixture of
CO2 and CH4. Once particulate detritus has been hydrolysed, the soluble
hydrolytic products are almost inevitably and rapidly catabolized to
CO2 only or to CO2+, CH4 in the absence of electron acceptors.
Approximately 38.000 – 40.000 Pg of carbon is stored in the ocean
depths, 5000 Pg on land and in soil, 750-850 Pg in the atmosphere, and
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900 Pg in the ocean surface layer. The atmosphere, biodiversity, soil,
and ocean surface layer are all inextricably linked, with continuous,
relatively rapid carbon exchanges taking place between them. Carbon
exchange between this fast-response system and the ocean depths takes
a lot longer. In other words, exchange with the deepest part of the ocean
limits CO2 absorption, resulting in CO2 accumulation in the atmosphere.
As a result, the ocean depths cannot help to reduce CO 2 build-up.
Human activities contribute to CO2 accumulation in two ways: fossil
fuel combustion and deforestation, particularly of tropical rain forests.
To meet humanity's growing energy needs, biomass and fossil fuels are
damaged, releasing CO2 into the atmosphere. Furthermore, livestock
breeding, as well as solid waste and wastewater management, emit
significant quantities of CH4 and N2O into the atmosphere, further
altering climate change. All these inputs cause significant abnormality
in the biosphere's delicate equilibrium conditions, particularly fossil
fuels, which are burned in an infinitesimal time compared to the
centuries required by slow depositional processes to form this resource
(Government of Pakistan, 2014).
3.4. Nitrogen Cycle
Nitrogen is the building block of protein. It is present in the air in
abundance. Unlike CO2, it cannot be used by the organisms directly
from the air. Nitrogen is absorbed by the plants through its roots as
Nitrate, Nitrite, and ammonia (NH) or ammonium. Animals obtain their
nitrogenous compounds by eating plants. The nitrogen cycle is
complex. It follows several pathways. Most of the nitrogen is
incorporated into the times of the organisms after fixation is through the
reduction process. Denitrification is the process by which molecular
nitrogen is released lo the atmosphere This process also release energy
to be used by the sod organisms for metabolism. NO3 is reduced to
NO2. The oxygen released in the presence of glucose or phosphate
provide both energy compounds for life. Denitrification occurs
generally under anaerobic conditions created by poor aeration of soil or
heightened organic decay. Nitrogen compounds are highly soluble in
water and do not readily bind to soil particles. Therefore, are easily
carried by water into the aquifer, lakes, and streams. Nitrogen from
fertiliser used in cultivated agriculture dissolves in irrigation water and
the runoff enriches the streams resulting in vigorous growth of aquatic
plants. When these plants die, much of the available oxygen is
consumed and the lake become anaerobic depriving the aquatic animal
from the needed oxygen. The result is stinking situation. The largest
reservoir of nitrogen are rocks, sediments and the atmosphere with 1.9x
10"Kg. 4 x 10^12 and 3.9 x 10^18 kgs N respectively. Dissolved
Nitrogen in the ocean is estimated to be 2.2x10^16 kg. The plant
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biomass has about 1.4x10^14 kgs N. Denitrification is another
important step in the nitrogen cycle that has a significant environmental
impact by producing nitrous oxide (N2O), a powerful greenhouse gas,
and reactive nitric oxide (NO), both of which have the potential to drive
climate change (Bueno et al., 2022). Nitrogen cycle in earth is seen in
Figure 4.

Figure 4 Nitrogen cycle in earth (https://www.cimmyt.org)
Nitrogen is the fourth much abundant component in cellular
biomass, accounting for a large portion of the Earth's atmosphere.
Microbial activities regulate the trade of static dinitrogen gas (N2) with
‘reactive nitrogen' in the living environment. This was not the case in
the original atmosphere, where abiotic processes were most likely
important in nitrogen oxide inter-transformation. Although abiotic
reactions such as this are still necessary, the current nitrogen cycle is
driven by reductive dinitrogen fixation and an enzyme inventory that
facilitates dinitrogen-producing reactions. Prior to the Haber-Bosch
process in 1909, microorganisms created and recycled nearly all the
reactive nitrogen in the biosphere. Chemical fertilisers and other
anthropogenic factors have more than doubled the yield of agricultural
crops, notwithstanding the Haber-Bosch process. The importance
nitrogen contribution to the ecosystem and cellular life cannot be
overstated; nonetheless, our understanding the bacteria and enzymatic
processes that transform nitrogen into its oxidised form many is still
limited (Table 1). The nitrogen cycle's major microbial processes, the
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pathogen this one performs nitrogen alterations, the extensible and
emergent antiquity of the nitrogen cycle (Bresh et al., 2008).
Table 1 Oxidation states of nitrogen

3.5. Sulphur Cycle
All organisms require sulphur. Inorganic sulphate (SO) is the major
source of sulphur for organisms. Sulphur is used in the folding of amino
acids to form protein molecules in the protoplasm. Plants and microbes
can reduce sulphate for proteins synthesis, but animals obtain sulphur
containing in the form of amino acid in their food. Sulphate is abundant
in nature. It is leached and from soil taken by plants and replenished by
rain. Consequently, vegetation can usually meet it needs. Over cropping
of vegetation deplete sulphate availability to such an extent that it must
be replenished using fertiliser. The action of several sulphur-containing
proteins is degraded by soil organisms into their constituent amino
acids. Another type of soil bacteria converts amino acid sulphur to
hydrogen sulphide (H2S). In the presence of oxygen, sulphur bacteria
convert H2S to sulphur and then to sulphate. Eventually, the sulphate
decomposes into H2S. Every year, the sulphur cycle transports massive
amounts of this physiologically significant element through the
atmosphere. Human activities have had a significant impact on the
sulphur cycle, probably most notably in the creation of acid rain,
notwithstanding the extent of natural reservoirs. Windblown dusts are
produced on the Earth's surface; however, this is influenced by grazing
and desertification. Mineral extraction and fuel consumption mobilise
large amounts of sulphur. Human emissions to the atmosphere are
mostly derived from the refining and combustion of fossil fuels, which
much outnumber natural sources. The decline in anthropogenic
emissions in North America and Europe is being offset by rising
emissions in Asia, which could pose a unique problem in the twentyfirst century. Sulphate is much more soluble than phosphates and move
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readily between land and sea were these accumulate. Sulphur is 240
times more abundant in sea water than in fresh water. Sulphur is
absorbed as sulphate through the roots and to some extent through their
leaves. It is passed to the animals and comeback to the ground by
excretion, demise, and decompose. Sulphur occurs in living cells as
sulfhydryl molecule within amino acids. Microbes decompose organic
matter by converting sulfhydryl molecule into H2S. Under aerobic
conditions bacteria oxidise H, S into SO4 and use the energy liberated in
the oxidation to obtain carbon from CO2 by reduction The sulphate
produced is then useable by plants. Under anaerobic conditions such as
bottom of lakes, it is impossible to oxidise H, S but certain photo
synthetic bacteria use H2S to manufacture carbohydrates and in the
process oxidise H2S to elemental sulphur or to sulphate. The presence of
H, S eliminates animals in the bed of deep lakes and sea (Van den &
Pim, 2008). Sulphur cycle in earth is seen in Figure 5.

Figure 5 Sulphur cycle in earth (https://www.sciencedirect.com/topics)
Due to the amount of sulphate, cycling in sulphur is more significant
in coastal and marine ecosystems are more diverse than terrestrial and
freshwater ecosystems. Because of high concentration of sulphate in
sediment pore water, sulphur decline is a primary TEA activity when
OM mineralization occurs in coastal sediments. Sulphate reduction
becomes main mechanism when sulphate intake is increased, affecting
the other elements cycling including Iron, Carbon and Nitrogen
(Holmer & Storkholm, 2001). The linkage for the anaerobic methane
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oxidation pathway to the pore-water sulphate reduction pathway
accounts for a major amount of the pore-water sulphate reduction
(Jørgensen & Parkes, 2010).
Human activities have had a significant impact on the Sulphur cycle,
probably most notably in the creation of acid rain, notwithstanding the
extent of natural reservoirs. Windblown dusts are produced on the
Earth's surface; however, this is influenced by grazing and
desertification. Mineral extraction and fuel consumption mobilize large
amounts of Sulphur. Human emissions to the atmosphere are mostly
derived from the refining and combustion of fossil fuels, which much
outnumber natural sources. The decline in anthropogenic emissions in
North America and Europe is being offset by rising emissions in Asia,
which could pose a unique problem in the twenty-first century.
3.6. Phosphorus Cycle
Phosphorus has major importance to organisms for mutating DNA,
RNA and ATP called phosphorylated compounds. Phosphorous is also
formed in vertebrates as phosphate salts in bones and teeth. Plants
assimilate phosphorous from inorganic phosphate as orthophosphate
ionic. The other organisms get their phosphorus needs from plants.
Phosphorus does not occur naturally in the atmosphere except in small
quantities clinging to the dust. In water, where there is abundant
oxygen, phosphorus is oxidised and form insoluble compound which
precipitate and are not available to aquatic plants. Eventually the
precipitated phosphorus from rocks which upon erosion in returned to
the soil. In the soil phosphorus comes from decaying organic matter
which can be readily taken by the plants. The phosphorus from the
sedimentation takes a complicated route. The plants can only absorb
phosphorus an inorganic phosphate made available as DAP fertiliser
under natural conditions. The loss of phosphorus from the soil is
through conversion into insoluble compounds by reacting with Ca, Fe
etc. (Von Wandruszka, 2006). Phosphorus cycles is seen in Figure 6.
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Figure 6 Phosphorus cycles (https://serc.carleton.edu)
Phosphorus entering streams as phosphate from fertilisers, detergents,
excrements etc produce undesirable enrichment resulting in rapid growth
of algae and higher plants and reduced concentration of oxygen, and
consequently aquatic life such as fish etc. Phosphorus is an important
component related as growth of a plant, and its application has been
around for a long time. recognised as necessary to keep crop production
at economically feasible levels. P is required in agricultural systems for
cellular metabolism, seed and root formation, crop maturation, crop
quality, and cereal straw strength. P is recycled into the soil through litter,
plant residues, and animal waste in natural systems. However, in
agricultural systems, P could be removed from crop or animal output. To
boost and maintain production, agricultural systems import chemical P
fertilisers, crops, and feed additives.
Consider the relatively small pool of native soil P is incapable of
supplying and maintaining enough soluble orthophosphate (H 2PO4) to
soil solution for satisfactory crop growth, soils must be supplemented
with water-soluble P fertilisers. Even though surrounding P levels
launching into streams and lakes along groundwater flow clearly reflect
the collision of land use, soil P is largely transported across surface flow.
Water can dissolve and transport soluble P or erode and move particulate
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P when it flows through the soil surface. Soluble P can be inorganic or
organic, whereas particulate P is made up of smaller soil particles, such
as clay, and lighter organic matter. Regardless of how much P is applied,
the amount of soluble P is critical. Diffuse leakage of P from soils is
widely accepted as a possibility that contributes to water quality
degradation. Individuals have had an eminent impact on the phosphorus
cycle, primarily to produce fertiliser to support an expanding human
population, with much of the increased phosphorus mining and
application occurring after the mid-twentieth century.
Human phosphorus mining is now estimated to be 23.5 Tg per year,
more than doubling the amount of phosphorus flowing through the
environment in comparison to the holocene baseline. Preindustrial
weathering processes produced 15-20 Tg of mobilised phosphorus per
year, but human mining of phosphorus is now estimated to produce 15-20
Tg of mobilised phosphorus per year. This extra phosphorus has a
considerable impact on the Earth System's functioning, largely through
and it may contribute to the eutrophication of freshwater lakes, but it may
also contribute to the formation of anoxic zones in the ocean. Because
phosphorus is locked up in bedrock, soils, and sediments, it is not directly
available to organisms.
Geological and biological events in the global phosphorus cycle
convert inaccessible forms to bioavailable ones, which can be digested
directly. Wastewater treatment plants and industrial outlets are examples
of point sources and on the other side, the most significant contributors to
phosphorus pollution. Detergents are the most common source of
phosphorus in municipal wastewater, while the phosphorus content of
detergents has been reduced in many countries by substituting alternative
compounds. Fertilizer manufacturing industries may produce amounts of
P comparable to the total emissions of small countries, while these
emissions have fallen dramatically due to advances in technology and
wastewater treatment. Phosphate minerals are the principal source of
phosphorus, whether they are found in phosphate ores, rocks, or soils.
Their quantity, availability, and reactivity are thus critical to the Earth's
entire phosphorus cycle, as well as the carbon cycle, which is influenced
by biological activity regulation (Brogan & Troland, 2001).
A comparison of phosphorus recovery methods from sewage sludge
ash is seen in Table 2.
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Table 2 A comparison of phosphorus recovery methods from sewage
sludge ash

4. Environmental Impacts
Cultivated agriculture is all about biomass production. The
increasing intensity of biomass production carries potential
environmental impacts on the form of introducing of bio geochemical
cycles in balance. Policymakers have been prompted by the urgent need
of alleviate attempts in reply to change in weather are required to
accelerate the spread of bioenergy, resulting in significant land-use
changes on short timescales. Despite the potential negative effects on
biodiversity and the environment, large-scale bioenergy production has
hardly become a reality. received appropriate scientific consideration.
Environmental rules or regulatory constraints in most nations are still
lagging the exponential rise of energy crops. Most of the research finds
beneficial effects on biodiversity at the field scale, but the results are
highly dependent on biomass plantation management, age, size, and
variability. Significant uncertainties exist at the regional level, and there
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is also a strong fear that large commercial production will have a
negative impact on biodiversity in areas of high sustentation
consequence. Although, incorporating biomass crops into agricultural
landscapes has the potential to boost rural economies while mitigating
the harmful effects of farm demission. and assisting in the rehabilitation
of damaged land, resulting in higher biodiversity values. The
dimensional structure and dispensation of biomass plantations will
decide the intimation, given the degree of land conversion required to
meet bioenergy targets. To ensure sustainable biomass crop production,
biodiversity would have to become an integral component of risk
assessment measures in all countries that have not yet committed to
making it a requirement of strategic landscape planning. To aid in the
long-term economic and ecological sustainability of biomass
production, as well as to avoid costly mistakes in our efforts to alleviate
change in weather, we need to do integrate environmental and economic
research. A considerable amount of dust is put into the air by tillage
operations. The dust costs the leaves of the plants and diminishes the
photosynthetic activity. Tillage favours topsoil inhabitants over subsoil
dwellers by burying crop leftovers and manure. Night crawlers are
infrequent in long-term clean-tilled fields. Tillage also promotes topsoil
dryness and large day/night temperature swings. As a result, the number
of earthworms is lower in clean-tilled fields than in no-tilled fields.
Tillage brings earthworms to the surface, where they are preyed upon
by predators such as birds. Long-term no-tilled fields frequently have at
least twice as many earthworms as clean-tilled fields (Bertrand et al.,
2015). The water, fertilisers and pesticides used in the cultivated fields
invariably get into ground water affect area downstream disturbing N, S
and P cycles. Non-point source pollution by agricultural inputs is the
major concern arising out of the cultivated agriculture. The agricultural
waste decomposition adds to the environmental degradation by
releasing CH4 and disease organisms. Agricultural operations can also
have a direct impact on aquatic species' habitats by causing physical
disturbances caused by cattle or equipment. Although agricultural NPS
pollution remains a severe concern across the country, much has been
accomplished in terms of sediment and nutrient reduction from
privately owned agricultural areas during the last several decades. Much
has been learnt about more effective techniques to prevent and mitigate
NPS pollution from agricultural activities in recent years. Excess
nitrogen creates other water quality issues in addition to eutrophication.
Fish, particularly trout, may be poisoned by dissolved ammonia at
quantities more than 0.2 mg/L. In addition, nitrates in drinking water
might be harmful to newborn babies. In the digestive tract, nitrate is
converted to nitrite, which lowers the blood's oxygen-carrying capacity,
leading in brain damage or death. The United States Environmental
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Protection Agency has set a maximum a nitrate-nitrogen concentration
of 10 mg/L in swilling water (Federation, 2012). The intensively
managed ecosystem completely changes the community of organisms.
The natural areas surrounded by the cultivated fields exhibit changes in
the form of population of various species of organisms. Monocultures
tend to attract exotic species more susceptible to disease and require
large chemical applications. The noise generated from agricultural
operations disturbs the natural habitats of the animals in the vicinity
forcing them to migrate or die off. The increased use of land for
biomass production heightens soil erosion. The erosion rates in the
cultivated soil averages 20 metric ton per hectare annually. The
maintenance of adequate vegetative cover and reduced run off velocities
processing solutions to the soil erosion and nutrients loss in variety do
not provide with intense agricultural practices. The ecosystem stability
remains the prime concern. The concept is that perturbation is reduced
to the level it can repair itself. The preservation of ecosystem stability is
difficult. The long-term perturbation such as extended period of
drought, insect infestation, fire etc introduces ecological succession.
The ecological session is a well-ordered community development
process that involves changes in species organisation. At each stage of
succession, the prescient microclimate is modified by the organisms.
Wherever there is perturbation, there is opportunity for succession.
Whether it is cutting of forest, stripping of land surface, damming of
valley, drilling for oil, the succession will follow, and environment will
change. Because of the relatively brief era of cultivated agricultural
history during which technologies have played a dominating role,
people have rated them differently at different times. Some represent
the removal of the wear and tear of regular living, while others
represent a necessary evil to produce biomass. The goal is to optimise
farming methods that are both productive and resource efficient while
also contributing to a more homogenous landscape at the micro and
macro levels. This implies principally a genuine balance between the
aim of cultivated agriculture and values by the bio geo chemical cycles.
Most people in Pakistan have relatively close contact and relationship
with cultivated agriculture. A vast number of free and independent
farmers and a limited number of major estate owners used to make up
the agriculture sector. As a result, changes in agriculture are likely to
affect a larger number of individuals. The only thing that is being
modified is their own cultural inheritance.
4.1. Deforestation Impacts
Assessing an environment is challenging enough, but policymakers
also need to understand how different habitats collaborate. As in China
and Pakistan, degradation in highlands can exacerbate floods in
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grasslands and agricultural fields below. To limit the effects of various
water-related natural disasters, such as floods, effective disaster
management plans are required. According to a document prepared by
the United Nations Environmental Program, out of 30 million species on
the earth, 11.5 million have ever been described. The remainder are
invertebrates, fungi, and micro-organisms. The document further states
that about one quarter of the earth's 30 million species risk extinction
within the next 30 years because they are being destroyed in a systematic
manner. The tropical forests, for instance, contain more than half of the
world species and one single activity namely "Tropical Deforestation"
can eliminate 5-15% of the species by the year 2020. This would multiply
the sediments loads manifold as being witnessed presently. Deforestation
has aggravated the soil erosion to the extent that has exceeded all the
previous estimates e.g., about 550,000 tons of sediments are pouring daily
into a single Tarbela water reservoir. Pakistan government has been
forced to build a new reservoir instead with cost estimates of about 800
billion rupees. However, rivers transmit the effluents and by-products of
agriculture, industry, and urban areas to the beaches, causing indirect
damage to these ecosystems. And if that isn't bad enough, man-made
climate change poses a threat to all coastal places, because melting
glaciers push more water seaward and the oceans warm and expand,
causing sea levels to increase. Coastal cities might be flooded, and entire
islands could be submerged under the seas (Sheil, 2018).
4.1.1. Environmental Direct Impact
Table 3 indicates the various percentages of direct environmental
consequences on the agriculture sector.
Table 3 Pakistan's agriculture sector's direct environmental affects and
sectoral ties to Pakistan's overall ecological consequences
Item
Land
Water
Blue water
Grey water
Nitrogen
impact
N2O
NH3
NOx
N
CO2

Downstream
Environmental
Linkage (%)
16.7
58.3
61.9
48.7
57.3

Internal
Environmental
Linkage (%)
10.0
35.0
37.2
29.2
34.4

Total Indirect
Environmental
Linkage (%)
26.7
93.3
99.0
77.9
91.7

56.5
61.9
9.2
62.1
0.9

33.9
37.2
5.5
37.3
0.5

90.4
99.0
14.7
99.4
1.4
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4.1.2. Indirect Environmental Impact
Table 4 shows the various percentages of indirect environmental
consequences on the agriculture sector.
Table 4 The indirect environmental implications and sectoral linkages of
Pakistan's agriculture sector on the country's overall environmental
impact.
Item

Upstream
Environmental
Linkage (%)

Mixed
Environmental
Linkage (%)

Total Indirect
Environmental
Linkage (%)

0.24
0.01
0.00
0.03

1.24
0.30
0.32
0.25

1.48
0.31
0.32
0.28

0.04

0.29

0.35

0.03
0.00
0.48
0.002
0.37

0.26
0.32
0.03
0.32
0.005

0.28
0.32
0.51
0.32
0.38

Land
Water
Blue water
Grey water
Nitrogen
impact
N2O
NH3
NOx
N
CO2 (Gg)

4.1.3. Environmental Total Impact
Table 5 indicates total environmental impact on agriculture sector in
Pakistan. A comparison of Pakistan’s agriculture sector’s total direct and
indirect environmental impacts is seen in Figure 7.
Table 5 Total environmental impact on agriculture sector in Pakistan
Total Environmental Impact
(Direct + Indirect)
28
94
99
78
92
91
99
15
100
2

Item
Land
Water
Blue water
Grey water
Nitrogen impact
N2O
NH3
NOx
N
CO2
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Figure 7 Comparison of Pakistan’s agriculture sector’s total direct and
indirect environmental impacts
4.2. Impact of Fertilizers
Excessive use of fertilizers has adverse effects on environment which
is causing major concerns. Fertilizer use on arable land of some countries
is seen in Table 6. Fertilizer trends application of Pakistan and fertilizer
use amount of Pakistan is seen in Figure 8 and Figure 9.
Table 6 Fertilizer Use on Arable Land
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Figure 8 Fertilizer Trends Application in Pakistan
(http://data.worldbank.org)

Figure 9 Fertilizer use Pakistan (2015-16) (http://data.worldbank.org)
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5. Upsetting the System
Anybody that has attended a basic subject understands that the
World's most vital components circulate in cycles, moving from the sky
to the land, sea, and back. Habitat has become so powerful that it has
affected even the planet's most basic systems. The most well-known
example is what we've done to the carbon cycle. Because we're pouring
carbon dioxide into the atmosphere much faster than land and water can
absorb it, the accumulating gas traps heat and causes climate disruption.
The outcome is not simply higher sea levels and more powerful storms,
but also a likely repositioning of the world's ecosystems as forest and
grassland boundaries moves. Several organisms are unable to adapt to
abrupt habitat changes. The destruction wreaked on the nitrogen cycle is
less well-known. Humans have increased the amount of nitrogen
compounds that can be utilized by living things by using fertilizers,
burning fossil fuels, and clearing land. However, those levels are higher
than what plants and animals can efficiently absorb and recycle into the
atmosphere. These extra nitrogen compounds wash into fresh and
saltwater systems, where they stimulate suffocating algal growth,
resulting in dead zones. Because the global food system relies heavily on
fertilizer, restoring the nitrogen cycle's balance is a difficult task. What
we've done to the water cycle is far more disastrous. Human demand for
freshwater is so tremendous that many huge rivers, such as the Yellow in
China and the Nile in Egypt, dry up before reaching the sea. When
diverted water is returned to rivers, it is frequently contaminated with
unpleasant chemicals and sewage. Furthermore, the construction of
40,000 huge dams and numerous smaller barriers has transformed the
majority of the world's rivers into a network of interconnected lakes.
Thousands of species evolved to free-flowing water face severe
repercussions because of such a water system, unlike anything seen since
the end of the last ice age. The impact of humans on the water cycle can
also be found underwater. Sometimes irretrievably damaging these
reservoirs of groundwater (Sheil, 2018).
Although industrialization assures economic development of a
country, it does so at the expense of raised environmental temperature.
Rising emissions of greenhouse gases such as carbon dioxide and
methane, which trap heat in the atmosphere, are causing global warming.
Improved energy efficiency and the use of newer, cleaner energy sources
can help minimize these emissions. Food, particularly animal protein, is
strongly reliant on the oceans. The oceanic fish capture increased from 19
million tons to more than 90 million tons between 1950 and 1997. Since
mid-century, the capture of most maritime fisheries has increased
fivefold, pushing them to their boundaries or even beyond. The three
concurrent trends of declining water tables, declining farmland land per
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person, with balancing of marine fish capture all signal that keeping up
with global food demand over the next half-century will be significantly
more challenging if the world stays on the UN medium development path
and if incomes continue to rise.
6. Results and Conclusion
Input intensification and area expansion are the primary drivers of
increased agriculture production, although total factor productivity
(TFP) is dropping over time. Chemical pesticides and fertilisers have
had a negative impact on natural resources such as quality and safety of
soil, water, air, and food. Immense manufacturing costs, low average
yields, and low-quality products are all allowing foreign goods to enter
our local marketplaces. These worries have rendered Pakistan
uncompetitive at international markets, furthermore this have made a
negative effect on the welfare of domestic customers. Scarcity of water
is a major concern which is a critical agricultural input, but Pakistan's
crop production system's water use efficiency is extremely low.
Evidence suggests that agriculture has taken over some of the world's
richest and most productive regions while food consumption is
continuously rising as total world’s population and per capita income
rise. Due to rise in widening imbalance between supply and demand is
putting severe damage to future food security and reduction in poverty.
It is justified that if the government does not overcome the following
problems and challenges faced by the agriculture sector, not only will
future generations' food security be compromised, but also the
manufacturing sector's development will be slowed, and the trade
deficit and balance of payments will increase.
The agriculture sector's poor performance is attributed to the absence
of capacity for creating and implementing revolution at each apex of the
utility chain. Stakeholders at various points along the value chain are
either unable to implement current manufacturing, grading, and
processing procedures or are uninformed of the benefits of doing so.
Structure modifications at the macro and local levels may aid in the
rehabilitation of the agriculture industry. The widening imbalance
between social and economic returns on agriculture transformation
explains low private investment in the region. Contract farming and the
creation of agro-industrial clusters (AIC) could be feasible options;
however, contract farming will not be sustainable if diverse players in
the value region lack the ability to monitor new automations or
advances. Agriculture's transition from highly productive to marginal
areas could be slowed by rectifying strategy, encouraging perpendicular
development in household and commercial raising. Investing in issue
research, developing agricultural technology, rural infrastructure,
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stakeholder capacity building, forming farm-based vocational
academies and innovators, and bolstering public-private partnerships
could assist the agriculture industry recover. The spotting of feasible
groups for every crop must aid in the promotion of corporate farming to
overthrow the ineffective manufacturing and marketing structure
currently in place. Despite significant irrigation infrastructure, gaps in
water management infrastructure, such as dams, result in surplus water
being discharged into the sea, leaving the country water-stressed for
much of the year. Changes in monsoon patterns and rising temperatures
are projected to provide significant problems to agriculture, particularly
in northern Pakistan, which is already vulnerable to climate change.
Temperature rises will most certainly accelerate agricultural growth
cycles and reduce the time between sowing and harvesting, lowering
crop yields. Climate change threats and shocks to Pakistan's agricultural
sector are becoming more frequent. Smallholder farmers who rely on
rain-fed agriculture and have limited capacity to cope with climatic
uncertainties are significantly affected by rising temperatures and
variations in monsoon systems.
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1.

Introduction

The cotton (Gossypium spp.) genus is cultivated in almost all arid and
semi-arid lands worldwide primarily for fiber used in the textile industry
and secondary for its oil. Climate change and global warming make the
abiotic stress conditions more strong to adversely affect cotton growing
areas and production (Mahmood et al., 2020). Abiotic stress factors have a
major effect on agricultural activities decreasing the cultivation rate and
decreasing 73% of cotton production (Saranga et al., 2009). Among all the
abiotic stress factors drought has the most negative impact on agricultural
production (Riaz et al., 2013; Fang and Xiong, 2015), and drought
tolerance is a complex, quantitative trait controlled by multiple genes on
chromosomes (Ullah et al., 2017; Rizza et al., 2004, Saranga et al., 2001).
Drought means the long-term lock of water (Abdelraheem et al., 2018).
As a result of human activity that caused the change in precipitation
regime, during agricultural irrigation using excessive water, increasing the
environmental temperature and the global warming that causes the high
rate of evaporation and transpiration, in short-terms it causes the cotton
plants to be short, root multiplication, weak root system, and lightweight
root biomass, low yield, reduced quality, low adaptation, small bolls, low
photosynthesis rate, yet in long-term, drought is the main reason for
shortage and this may effects by hundreds of millions people’s life and
restrict production related with the cotton source by hundreds industry
branch directly. Parida et al. (2008) reported that drought is one of the
extreme environmental conditions and affects the growth, productivity,
and fiber quality of cotton. Increasing the field temperature 1°C causes a
yield loss of 110 kg/ha (Saleem et al., 2021). Xu et al. (2020) also claimed
that the extraordinary temperature reduces the cotton boll weight and
finally decreases the yield. High weather temperatures reduce the cotton
ball retention ability (Sabagh et al., 2020). High temperatures have other
harmful effects on reproductive such as lower pollen viability and
fertilization, shedding of squares, and flowers (Iqbal et al., 2017), low
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respiration and photosynthesis rate (Loka et al., 2020), and a negative
effect of high temperature on plant cell membrane limits the activity of the
photosynthetic enzymes (Zhang et al., 2017).
The cotton plant is accepted as middle-drought tolerance, but under
long water deficit conditions it needs to do many regulates to survive and
repeat its life cycle. The optimum cotton seed germination soil temperature
is 12-15 °C, required the optimum seedling growth period temperature is
28-30 °C, for the best root system development the temperature should be
about 30 °C. Above the optimum threshold temperature levels accepts as
high temperature and caused irreversible damages. For cotton high
temperature is accepted between 32-40 °C and it effects negatively root
development (Reddy et al., 1997), canopy and leaf growth, and finally
plant development (Reddy et al., 2017, Li et al., 2020). Drought not only
adversely affects cotton production but also directly has a negative impact
on almost the entire world economy. To combat drought stress in
agricultural production there are ways, to breed new tolerant cotton
varieties in a nature-friendly way. Under field conditions, cotton genotypes
should be evaluated for morphological, physiological, and molecular
characterization aspects (Anwar et al., 2022).
Cotton plants under water scarcity conditions physiologically do some
regulations such as maturity of the bolls to ensure the continuation of
reproduction, curling the leaf to minimize the sunshine effects, reducing
transpiration rate, minimizing the photosynthesis speed by closing stoma
to reduce water intake from the soil, decreasing the carbon fixation
efficiency (Kozlowski and Pallardy, 1997), transferring photosynthesis
product (C6H12O6) with xylem and phloem transmission bundles to root
system to develop root and shoot. Under water deficiency conditions,
cotton tries to survive and root the side of soil moisture. To reach the soil
moisture far from the root area, a strong root system and long shoot, roots
required and lateral root numbers also play a crucial role to survive under
drought stress.
2. Marker-Assısted Selectıon (Mas) In Cotton Breedıng For
Drought Tolerance
Genetic engineering techniques produced molecular markers that help
researchers to identify the genetic polymorphism of large plant or animal
populations (Schumm et al., 1988; Smith and Simpson, 1986). Markerassisted selection (MAS) is one of the application areas of genetic
engineering studies and helps to select individuals with desired traits.
Having information on marker loci that are tightly linked to Quantitative
trait loci (QTL) with phenotyping information can be very useful to make
genetic progress by increasing the accuracy of selection and decreasing the
generation interval (Simith and Simpson, 1986; Soller, 1978). Some
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studies were conducted to select the most efficient Markers in MAS.
Gelderman (1975) recommended a least-square technique to calculate the
marker alleles’ effects on a quantitative trait. Soller (1978) claims that
phenotypic information and marker information should be combined for
efficient selection. Before talking about Marker-assisted selection,
explaining the development of the marker is crucial (Figure 1).

Population development
Hybridization and parentel selection

QTL mapping
Construction the linkage map using phenotyping
and genotyping data (QTL analsysis)

QTL validation
Certify the QTLs loci and effects, verification of
QTLS in different populations and testing in
different genetic bases, fine mapping

Marker validation
Testing of markers in different breeding
population, identificaiton of polymorphic
toolbox

Marker-assisted selection

Figure 1. The molecular marker development process
There are five main criteria to select DNA-based markers to use in
MAS: 1. Reliability, 2. Quantity and Quality of DNA samples, 3. Marker
polymorphism level, 4. Cost, and 5. The technical procedure for marker
analysis (Mohler and Singrun, 2004).
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1. Reliability; An ideal marker that uses in MAS should be tightly linked
to the Quantitative trait loci (QTL) and preferentially should be less than 5
cM far from the loci. Such markers are called flanking markers or
intragenic markers and they are ideal for predicting phenotyping (Figure
1). Additionally, should easily recognize mostly phenotypes from all
different alleles and abundant in the plant genome. Indicate the measurable
differences between the desired trait or gene alleles in the early stage of the
plant development process.

Figure 2. Marker-locus relationship (Adapted from Tanksley, 1983, and
obtained from the formula of Liu, 1998, P.310)
2. Quantity and Quality of DNA samples; Some marker’s techniques
required a large amount and high quality of DNA, so such markers
sometimes are not practicable to use in MAS due to the cost of analysis.
3. Marker polymorphism level: An ideal marker should be highly
polymorphic and discriminate the differences among the breeding
materials.
4. Cost: Marker analysis should be cost-effective for MAS to be
feasible.
5. Technical procedure: The criteria to select the Marker procedure are
simplicity, rapidity, and not time-consuming.
Numerous molecular markers are tightly linked to genes or QTLs
(Financia et al., 2005). Previously, markers related to the QTL obtained
from preliminary mapping directly were used in MAS, but in recent years
for an efficient selection, QTL confirmation, QTL validation, and fine
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mapping (high resolution) are strongly recommended (Langridge et al.,
2001).
Commonly the MAS technique uses PCR-based markers such as
Randomly amplified polymorphic DNA (RAPD) (Williams et al., 1990),
Amplified fragment length polymorphism (AFLP) (Vos et al., 1995)
Cleaved amplified polymorphic sequences (Weiland and Yu, 2003),
Sequence characterized amplified region (SCAR)(Yang et al., 2013), Inter
simple sequence repeat (ISSR) (Semagn et al., 2006), Sequence-sequence
related amplified polymorphism (SRAP) (Uzun et al., 2009), Sequence
characterize amplified region (SCAR) (Yang et al., 2013), Microsatellites
(SSRs) (Zane et al., 2002), rarely MAS uses hybridization-based markers
as The restriction fragment length polymorphism (RFLP) (Nadeem et al.,
2018), but in recent years sequence-based molecular markers such as
Single nucleotide polymorphism (SNPs) (Davey et al., 2011) which
obtains from high-throughput Next generation sequencing (NGS) and
Genotyping-by Sequencing (GBS) platforms become used markers in
Marker-assisted breeding to select the individual with the desired trait.
MAS technology is whereby molecular markers are used to select the
desired trait in crops in F2 hybridization process. With another hand, MAS
technology uses DNA-based markers that are tightly linked to traits in
phenotype to develop new plant varieties for any objectives (Abdullah and
Jaradat, 2016). This procedure can be performed easily at the seedling
stage of cotton/plants, compared to the phenotypic screening
(Conventional plant breeding), the high-reliability level, repeatability of
results, co-dominance, low cost, and not affected by environmental factors.
It is also required a small DNA sample, to identify the recessive alleles,
and detect the trait early, rapid, and more efficient resources use. MAS
helps to escape from the difficulties and challenges of conventional crop
breeding (Tabor et al., 2002) which required high professionalism, timeconsuming, laborious, and expensive. This technique uses molecular
markers during the plant breeding process is one of the molecular breeding
titles and takes the disadvantages of conventional plant breeding (Figure
3).
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Figure 3. Conventional plant breeding ver. Marker-assisted selection
(MAS) (URL 1; URL 2)
Molecular breeding has some other breeding techniques such as
Genome-wide selection (GWS) or genomic selection, marker-assisted
recurrent selection (MARS), and marker-assisted backcrossing (MABC)
(Kaur et al., 2022). It’s an extremely effective method that applying in
plant breeding to speed up the obtaining of new cotton varieties with high
yield, quality, and tolerance to the biotic and abiotic stress factors (He et
al., 2014). Plant breeding aims to describe methods for selection, and
creation to obtain superior developed cotton variety according to the
demand of the farmers and consumers’ needs such as high yield, high
quality, and improved other economic parameters (Moose and Mumm,
2008).
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Figure 4. General procedure for Marker-assisted selection in cotton
development (Draw by Hasan et al., 2021).
The main purpose of plant breeding application is to combine many
desired traits responsible gene/genes to a specific plant variety. This
required at least two genetically far and different parents (Heterozygous)
to carry the desired traits (e.g. resistance/tolerance to abiotic and biotic
stress factors, high yield, wide adaption, root length, agronomic traits). As
it is shown in figure 4, The paternal (P) and maternal (M) plants will be
determined by genetic diversity analysis using molecular markers and
crossed as the first step of the hybridization plant development technique.
The crossed seeds will be sown and selfing will be made in (F1). Then the
selfed seeds will be sown and F2 segregation population will be obtained.
At the F2 and F3 segregation stage of population, the MAS technique can
be successfully applied. The highest rate of segregation starts in F2 stage
with the segregation of alleles with a 1:2:1 ratio. This technology
procedure is consists of these stages such as taking a tissue sample for
DNA isolation, DNA extraction, Polymerase chain reaction (PCR), Gel
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electrophoresis, Visualisation under ultraviolet (UV), Scoring the data, and
bioinformatic analysis.
3.

Conclusion

Extremely increasing the atmosphere temperature is caused a high rate
of evapotranspiration (Evaporation and transpiration) and as a result of this
event drought is the unavoidable end. Due to drought is the common very
serious problem of the world, for sustainable agricultural production, It is
at the top of the list of the most important and urgent issues that need to be
emphasized. Besides using the irrigation water efficiently, harvesting
water, and using the most efficient water irrigation systems such as Drop
irrigation, sweeting pipe, rain irrigation, center pivot, etc., breeding
drought resistance/tolerance cotton plant cultivar is one of the most
acceptable combating ways. With hybridization-based plant breeding
strategies, it is possible to bring together the interested traits genes into one
plant. For a long period, for this aim, Conventional plant breeding was
applied, but recently, the improvements in genetic engineering, give the
opportunity to develop molecular markers and use this marker to select the
desired trait in the early stage of segregation (MAS), and by this way,
MAS, with acceptable minor disadvantages, it’s extremely useful tools to
achieve the purpose of developing superior plant.
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1. Introduction
Genetic transformation refers to the insertion, deletion or modifying of
gene of interest in the genome of living organism using genetic engineering
techniques. The first plant genetic transformation approach which
performed straightforwardly in apical meristem of seedlings using
genomic DNA carried out by Coe and Sarkar (1966) in maize (Zea mays)
(Coe & Sarkar, 1966). Recombinant DNA revolution with restriction
enzymes isolated from E.coli allowed cutting and rejoining selected DNA
fragments; consistently transformed into various plants species were
acquired (Meselson & Yuan, 1968; H. O. Smith & Welcox, 1970). The
first commercialize genetically modified (GM) plant was tomato (Solanum
lycopersicum L.) which named Flavr Savr manufactured by Calgene
company in 1992 (Herrera-Estrella, Simpson, & Martínez-Trujillo, 2005).
This GM plant was approved and allowed to put on the market for human
consumption by United States Food and Drug Administration in 1994
(Herrera-Estrella et al., 2005). Genetic transformation methods have been
performed various plant species since 1966 and up to present several
methods investigated. Although first generations of transgenic plants
generally involved to improve plant growth and development under bioticstress conditions, including Bt-resistant crops, current transformation
technology mostly related to have abiotic stress tolerant plants such as
drought and salt along with plants which have stacked genes inserted, gene
pyramiding. There are several important steps to consider for having a
successful genetic transformation.
Determination of an appropriate transformation method based on the
genotype and availability of tissue culture application is the last but one of
the most important part in this process (Rivera, Gómez-Lim, Fernández, &
Loske, 2012).
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Gene transformation methods divided into three sections; physical,
chemical and biological transformation means. In this chapter, we tried to
give core and basic knowledge about these techniques.
2. Physical Transformation Techniques
2.1 Microinjection
One of the well-known physical transformation techniques is
microinjection which started to use for a scientific experiment with other
transformation techniques in the beginning of twentieth century (Korzh &
Strähle, 2002). This technique is applying for modifying of the genetic
material, or identification of the gene function to explore selected gene
targets by knock-out which commonly used for not only in the animal cells
but also in the plant cells (Banks & Evans, 1976; Davey, Rech, & Mulligan,
1989). The procedure is that insertion of selected genetic material (DNA,
RNA) to inject into target cells of animal or plant cells using various size
of needles and glass microcapillary-injection micropipettes under the
specialized microscope system (Figure 1) (Crossway et al., 1986;
Morikawa & Yamada, 1985). Although this transformation has some
disadvantages requirement of expensive specialized microscope system,
experimental protocols take a long time and the procedure is difficult to
transfer selected gene into target cell using by pipette, its’ impactful, and
able to transfer which from bacterial DNA to chromosomes into target
cells. Microinjection transformation technique has applied in various
plants such as Tobacco, barley, Soybean, petunia, oilseed rape, and barley
(Chee, Fober, & Slightom, 1989; Crossway et al., 1986; Griesbach, 1987;
Jones-Villeneuve et al., 1995; Neuhaus, Spangenberg, Scheid, &
Schweiger, 1987) .

Figure 1. Schematic illustration of Microinjection transformation.
The method requires the pipet which sucks the individual cell and glass
microcapillary-injection micropipettes which delivers the gene of interest
into nucleus under the specialized microscope system. Figure modified
from (Gupta & Singh, 2017).
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2.2 Biolistics (Particle Bombardment)
Biolistics, which commonly named gene gun or particle bombardment
were initially designed for the transformation of flowering plants
particularly monocotyledons (cereals) at Cornell University in 1987 (J C
Sanford, Smith, & Russell, 1993; John C Sanford, Klein, Wolf, & Allen,
1987). This technique could also be used for nuclear and chloroplast
transformation in plants (Boynton, Gillham, Harris, Hosler, & Johnson,
1988). Particle bombardment method is one of the most commonly used
methods for plant genetic transformation; the only method used more
frequently is Agrobacterium tumefaciens-mediated transformation
(Rakoczy-Trojanowska, 2002; J C Sanford et al., 1993). This process
involves the high-speed projection of tungsten or gold particles that are
covered with genetically engineered DNA into plant tissue. The particles
of tungsten and gold covered with DNA are known as micro-carriers
(Kikkert, 1993). These are transported by macro-carriers, which are put
into the device and projected into a high speed descent (Kikkert, 1993).
There is a pierced shield that protects the plant cells from the incoming
projectiles (figure 2). The macro-projectile is obstructed by this shield, but
the micro-projectiles are able to pass through its punctures at a high speed
and penetrate the plant cells (Oard, 1993). As this process occurs, the
transgenes are liberated from the exterior of the particles and can thus be
put into the chromosomal DNA of plant cells (Randolph-Anderson et al.,
2015). The cells that are transformed by this process can be partially
detected using selectable markers (Altpeter et al., 2005). Here, the target
can include embryos, callus (disorganized-growing vegetable tissue),
meristems (non-differentiated sets of cells with active mitosis) and other
organized tissues, protoplasts, and cells (J C Sanford et al., 1993). Since
biolistics can be utilized across various different species, animal cells,
fungi, bacteria, and subcellular organelles, it is the most commonlyrecognized direct method for genetic plant transformation. Along with
offering inexpensive transgenic plant production, the biolistic method also
facilitates the straightforward introduction of numerous genes or DNA
from two species (chimeric DNA) as well as a minimal processing time
(Rakoczy-Trojanowska, 2002). Additionally, biolistics do not require a
vector of particular sequence and is centered on the cell’s
electrophysiological characteristics (e.g. the cellular membrane’s
structural components and electrical potential (J C Sanford et al., 1993).
The efficiency of transformation achieved through biolistics is influenced
by various factors, including the DNA covering each individual particle,
the quantity of particles covered with DNA, cells’ regeneration capacity,
cell quantity, and temperature. It should also be pointed out that higher
vacuum conditions result in lower particle friction (Altpeter et al., 2005;
Randolph-Anderson et al., 2015; J C Sanford et al., 1993).
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Figure 2. Schematic illustration of Biolistic genetic transformation
system
The biolistic machine consists of the bombardment chamber, pipes for
connecting to vacuum source, and other components which allow transfer
of high-pressure helium to the bombardment chamber. Biolistic genetic
transformation starts when Microcarrier is loaded by tungsten or gold
microcarriers which are covered with selected DNA. Microcarriers are
fired with pressured helium gas by way of wire mesh stopping screen
which permits covered microcarriers directly penetrate and selected DNA
pass into the target plant tissues in the petri dish. Plant cells has become
genetically manipulated if desired DNA is inserted successfully in the plant
genome. Figure adapted and modified from (http://passel-test.unl.edu).
2.3 Electroporation
One frequently-used physical approach to direct protoplast gene
introduction is electroporation, which depends greatly on the electric field,
which enables DNA to permeate protoplast for a limited period of time
(Gehl, 2003; Rivera et al., 2012). Many acknowledge that cells experience
a dipolar moment when a pulsed or alternate electrical field is used in
cellular suspension. This also causes potential difference through the
plasma membrane (Kubiniec, Liang, & Hui, 1990). When the potential
difference is above 0.5V in standard temperature and pressure conditions
(with a membrane voltage range of 0.5-1V), this can result in an electrical
imbalance within the plasma membrane that results in cell
permeabilization (figure 3) (Joersbo & Brunstedt, 1990; Weaver &
Chizmadzhev, 1996). Electroporation involves the use of an ionic solution
that contains plant cell protoplasts and vector DNA with one electrode at
each end(Abdul-Baki, Saunders, Matthews, & Pittarelli, 1990).
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DNA diffuses into the cell as a result of high voltage pulses being
administered through the electrode. This causes transient pores (ca. 30 nm)
inside the plasma membrane(Abdul-Baki et al., 1990). The membrane then
instantly closes up again. The cell wall can be regenerated under the right
circumstances, before splitting to create callus and eventually causing total
plant regeneration. Some of the benefits of electroporation include its
speed, efficiency and ease when applied to a large number of different
vegetable tissues. Electroporation is often utilised to move DNA, RNA,
proteins, lipids and biochemical substances to the inside of the cell. Due to
the change in membrane polarity that the electrical field stimulates, this
approach effectively maximises the number of pores on the surface of the
cell, which can be seen using an appropriate microscope (Weaver &
Chizmadzhev, 1996). Electroporation has been used to transform a number
of plant species which including rice, maize, tobacco and soybean etc
(Chand, Ochatt, Rech, Power, & Davey, 1988; De la Pena, Lörz, & Schell,
1987; Luciano, Rhoads, & Shaw, 1987; Tada, Sakamoto, & Fujimura,
1990; Zimmermann & Vienken, 1982). Researchers have also found that
the efficiency of the transformation is significantly influenced by the
duration, type and length of the electrical pulse. However, it has been found
that electroporation efficiency is at a low level in comparison with
ultrasound transformation (Darbani et al., 2008; Okada, Nagata, & Takebe,
1988).

Figure 3. Schematic illustration of Electroporation genetic
transformation system.
Electroporation transformation system is accomplished to
transformation of the selected gene using with electroporators that make
an electrostatic field using special fabrication appliances in cell suspension
solution. This solution is transferred into the cuvette that made by glass or
plastic includes electrodes with lid. Selected gene penetrates into the plant
cell as a result of high voltage pulses that give rise to transient pores inside
the plasma membrane being administered through the electrodes in an
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electroporation cuvette. Figure adapted and modified from (http://passeltest.unl.edu).
2.4 Silicon Carbide-Fibre Mediated Transformation (SCMT)
Amongst the most straightforward types of plant transformation method
is SCMT. Here, a vortex is used to mix silicon carbide fibres that are
introduced to a suspension with plasmid DNA and plant tissue, which
contains callus, cell clusters and immature embryos (Heidi F. Kaeppler,
Gu, Somers, Rines, & Cockburn, 1990). When plant cells and fibres
collide, tiny holes emerge and allow for the penetration of DNA-coated
fibres. In most cases, these fibres are single silica organic mineral crystals
(e.g. silicon carbide) (H. F. Kaeppler, Somers, Rines, & Cockburn, 1992).
These can be expanded greatly and measure 0.6mm in diameter and 1080mm in length (Rivera, Magaña-Ortíz, Gómez-Lim, Fernández, & Loske,
2014). SCMT efficiency is determined by a number of factors, including
cell wall thickness, plant material, plant cell features, vessel shape, vortex
parameters and the size of the fibres. SCMT is considered as an appealing
option for achieving plant transformation in certain circumstances since it
can be carried out quickly, easily and cheap comparing to other wellknown transformation methods such as microinjection, biolistics and
electroporation (H. F. Kaeppler et al., 1992). SCMT is associated with a
number of drawbacks. For instance, cells’ ability to regenerate can be
hindered because the efficiency of transformation is low in this method and
cell damage can occur. Additionally, researchers must take extreme care
when handling silicon fibres, which can cause life-threatening illness if
inhaled (much like asbestos). Moreover, silicon carbide is a known to
contain carcinogens (Rivera et al., 2014).
2.5 Laser Microbeams
Another method used by researchers is laser microbeams, which have
been applied to inject genetic materials into cells by creating cell wall holes
that close up on their own micro pores (Badr, Kereim, Yehia, Fouad, &
Bahieldin, 2005; Rivera et al., 2014; Weber, Monajembashi, Greulich, &
Wolfrum, 1988b). DNA molecules, subcellular structures and cells are all
deal with carefully and accurately using laser light. This calls for the use
of titanium-sapphire, excimer pumped dye, nitrogen or other sufficient
laser types (Skovbølling, Illes, Paasch, & Hædersdal, 2011). These lasers
must be used with a good quality microscope, and can be thought of as
optical tweezers (Greulich et al., 2000).
Although, some of the most disadvantages of this techniques have such
as expensive equipment required and tedious procedures, it has
successfully applied to various plant species which include tobacco
(Nicotiana tabacum), wheat (Triticum spp.), rice (Oryza sativa), rapeseed
(Brassica napus) and algae (Chara vulgaris Vail.) (Badr et al., 2005;
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Greulich et al., 2000; Guo, Liang, & Berns, 1995; Weber, Monajembashi,
Greulich, & Wolfrum, 1987, 1988a)
2.6 Ultrasound (Sonication)
Plant life is impacted by various physical signals, including sound.
However, it is not yet understood exactly how plants react to sound. It has
been found that sound has a physical function: sonication (Teixeira da
Silva & Dobránszki, 2014). It is understood with increase in frequency, the
impact of sound energy on biological processes rises. Researchers have
explored plant growth and development using sonication and ultrasonication (with acoustic sound and ultrasound, respectively), at 15-100
kHz and 10-60 kHz ultrasound (Rokhina, Lens, & Virkutyte, 2009). Trick
and Finer (1997) were the first to explore ultrasound in Agrobacteriummediated transformation, proposing the term ‘Sonication Assisted
Agrobacterium-mediated transformation’ (SAAT) (Trick & Finer, 1997).
Sonication works as a result of the tears that acoustic waves cause to
cellular membranes, and is also referred to as ultrasonic wave-mediated
transformation. Sonication allows DNA molecules to be gently transferred
into cells using acoustic cavitation, which alters membrane permeability
for a short period (Bommannan, Menon, Okuyama, Elias, & Guy, 1992;
Miller, Pislaru, & Greenleaf, 2002; Rivera et al., 2012). Ultrasound has
been found to improve the transfection efficiency in vitro tissues and
animal cells. The studies showed that membrane damage can occur as a
result of extreme ultrasound (Newman, Lawrie, Brisken, & Cumberland,
2001; Tachibana, Uchida, Ogawa, Yamashita, & Tamura, 1999). The main
factors involved in transformation efficiency include the duty cycle,
frequency of pulse repetition, application type (continuous or pulsed),
centre frequency, and length of time that each intensity is applied (Liu,
Yang, & Sakanishi, 2006).
2.7 Vacuum Infiltration
The use of a vacuum for a restricted time is another method that can be
used to achieve genetic transformation in Agrobacterium (Rivera et al.,
2012, 2014). The first transformation was applied for plant species are
Arabidopsis thaliana (Bechtold, Ellis, & Pelletier, 1993) and Apple (Malus
domestica) (Norelli, Mills, & Aldwinckle, 1996) . The vacuum enables
Agrobacterium penetration into cell interiors through the creation of
negative atmospheric pressure, which decreases the gaps of air in between
the membrane cells. Thus, air space decreases in line with decreased
pressure and increased duration. Transformation frequency is greatly
impacted by virulence gene induction time, pH and temperature
(Michielse, Hooykaas, van den Hondel, & Ram, 2005). The main benefit
of this method is that it does not require to use of tissue culture whilst
soma-clonal variation is minimal.
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The method can also be performed in a short time. However, the key
disadvantage of the method is that a number of types of cells cannot be
infected with certain Agrobacterium strains (Rivera et al., 2014).
3. Chemical Transformation Techniques
3.1
Polyethylene
Transformation

Glycol

(PEG)

Mediated

Protoplast

Polyethylene glycol (PEG) transformation is that disorganize the
protoplast membrane using Ca+2 as a bivalent cation and making it
permeable for selected DNA. Thereby protoplast nucleus suitable for DNA
to goes in and DNA easily tie up with the host genome (Brown, 2020). In
PEG-mediated gene transformation, protoplasts are separated and a
specific protoplast suspension concentration is placed into a tube before
introducing donor or carrier plasmid DNA (Brown, 2020). Stable and
transient transformation studies have been carried out, depending on the
needs of each project. PEG-mediated gene transfer efficiency depends
largely upon factors such as carrier DNA presence and the level of
magnesium and calcium ions present in the mixture during the incubation.
Compared to the supercoiled DNA, greater efficiency in expression and
integration is seen in linearized DNA. The benefit of this approach is that
the researcher (not the intermediate biological vector) has full control over
the type of DNA used with the protoplast (Nicholl, 2008). Benefits of the
PEG-mediated transformation approach include its ability to process
numerous samples at the same time, its straightforward and efficient
nature, and its production of cells that have high levels of division and
survival (Potrykus, 1991). Conversely, this approach also contradicts some
of the challenges involved in Agrobacterium-mediated transformation,
whilst also incurring low costs due to the equipment used. This method is
also flexible and can be applied to a high number of different plant tissue
types and species (Mathur & Koncz, 1998). Researchers have noted a
number of different approaches that can be taken to direct gene transfer in
leaf mesophyll and root-based protoplasts in the case of Arabidopsis
thaliana (Karesch, Bilang, Scheid, & Potrykus, 1991; Morris & Altmann,
1994).
3.2 DEAE-Dextran Mediated DNA Transformation
In the 1960s, researchers applied polyomavirus DNAs as well as
poliovirus RNA and SV40 to cells using diethylaminoethyloethyl-dextran
(DEAE-dextran).
DEAE-dextran facilitates interaction between cells’ endocytotic
machinery and DNA, and is a soluble polycationic carbohydrate (Vaheri
& Pagano, 1965). In 1965, Vaheri and Pagano became the first researchers
to share this method for improving cell’s viral infectivity (Pagano &
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Vaheri, 1965).
The researchers then developed the same approach for the transfer of
plasmid DNA. Under this approach, apolyplex are created through
positively-charged DEAE-dextran and negatively-charged DNA. The
DEAE-dextran/DNA pairings will get a net positive charge if the level of
DEAE-dextran is higher than that of the DNA, and then attach to the
negatively-charged plasma membrane before endocytosis causes their
internalization (Pagano & Vaheri, 1965). The key benefits of this approach
include its replicable transfection efficiency, low cost, ease and speed. The
limitations associated with the method are the promotion of heterogeneous
morphological alterations in cells as well as the restriction of cell growth.
Frequently, this transformation method is applying for an animal cells
instead of plant cells.
3.3 Calcium Phosphate Mediated DNA Transfer
This approach works in relation to the interaction of plasmid DNA and
calcium ions, wherein the cell surface absorbs small, insoluble precipitates
(Brown, 2020). Endocytosis is used for this purpose, with permanent or
stable transfection achieved as a result of the integration of the DNA into
the cell genome (Brown, 2020). This approach tends to be adopted
primarily in the production of recombinant viral vectors and is available
for use in the case of plasmid DNA transfer in various packaging cell lines
and cell cultures (Mostaghaci, Hanifi, Loretz, & Lehr, 2011). This method
also is not relevant to suspension cultures; only to single-layer cell growth.
This is because the precipitate needs to completely cover the cells
(Mostaghaci et al., 2011). Higher DNA concentration and DMSO
(Dimethyl sulfoxide) which applied as a physiological shock are efficient
to increase transformation efficiency (Mostaghaci et al., 2011). The main
advantages of this approach are requirement of low-cost equipment,
straightforward and high productive due to its put into practice a great
variety of cell types. Despite these, transformation efficiency is sensitive
and effects resulting from small modification in buffer solution, pH and
temperature. In contrast with other transformation methods (Lipofection
i.e.), this method showed that low transformation efficiency (Mostaghaci
et al., 2011).
3.4 Liposome-Mediated Transformation
Liposomes which cell membrane model was firstly identified in 1961
(published in 1964) by British hematologist Alec D. Bangham are
microscopic lipid molecules, spherical in shape and can contain nucleic
acids within their aqueous internal space (Balazs & Godbey, 2011; Dua,
Rana, & Bhandari, 2012).
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They are created through the hydration of phospholipids. Liposomes
can capture not only DNA, but a high number of other molecules (Gao &
Huang, 1995).
Liposomes transfer DNA fragments by capturing them and attaching
themselves to cell membranes, allowing the DNA to reach the nucleus
through the cell. Liposome-based DNA transfer was first developed during
the mid-1980s as a method of direct plant transformation (Balazs &
Godbey, 2011). Lipofection means that the transfection process in
protoplasts which takes place via membrane fusion and endocytosis, and
is a highly effective method used to achieve gene transfer in the cells of
plants, animals and bacteria (Dua et al., 2012).
4. Biological Transformation Techniques
4.1 The Pollen-tube Mediated Gene Transformation
The pollen-tube pathway-based transformation approach is of particular
value in the context of molecular plant breeding. Here, DNA movements
along with the pollen-tube to the ovule and can be applied to cut styles soon
after pollination occurs (Asjad, Bang, Chung, & Staub, 2015). The first
pollen-tube pathway (PTP) transformation that significantly high number
of transgenic plants being created through the process was applied in cotton
(Gossypium hirsutum L.) (Zhou et al., 1983) in 1983, Following this study,
PTP was adopted for watermelon, soybean, wheat, rye, and petunia (Asjad
et al., 2015; Bibi et al., 2013; Luo & Wu, 1988). İt has also been found that
during the pre-meiotic stage, plasmid DNA or a bacterial inoculum can be
introduced into inflorescence with pollen mother cells without the need to
remove the stigma. İn this situation, integration between the gamete
genome and foreign DNA is predicted.
Here, pollen was taken from inflorescences that contained a suspension
of genetically engineered strain of Agrobacterium tumefaciens (Luo &
Wu, 1988). This pollen was then used to pollinate the maternal plant. A
case study in rye using PTP approach was used by De la Pena (de la Peña
& Puertas, 1978) and his collaborators to allow the efficiency of the
transformation was ten times lower than the transformation efficiency for
the same species through micro-projectile bombardment (de la Peña &
Puertas, 1978). In another study, the researchers found that it was not
possible to replicate the PTP transformation for introducing plasmid DNA
into some plant species possibly due to factors including the weather,
environmental influences, plant growth stage, and transformation steps
(Shou, Palmer, & Wang, 2002).
4.2 Agrobacterium-Mediated Transformation
Agrobacterium is widely thought of as an organic source of genetic
engineering (Gelvin, 2003). Depending on the host range and disease
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symptoms in question, there are various species of Agrobacterium genus
which are A. radiobacter, A. tumefaciens A. rubi, A. rhizogenes and A. Vitis
(Gelvin, 2003).
Wide-range of plant species were infected by most of these bacteria
species which give rise to tumor diseases such as crown gall, hairy root,
cane gall and necrotic wound by A.tumefaciens, A. rhizogenes, A.rubi and
A.vitis respectively (Chung, Vaidya, & Tzfira, 2006; Tzfira, Li, Lacroix, &
Citovsky, 2004). Agrobacterium tumefaciens which is rod-shaped gramnegative soil bacterium is the most commonly used for biological
transformation in plants. In dicot plants, Smith and Townsend (1907) (E.
F. Smith & Townsend, 1907) found that crown gall disease (a tumor) is
caused by Agrobacterium tumefaciens since it carries a transfer DNA (TDNA) in its tumor-inducing (Ti) plasmid (Escobar & Dandekar, 2003).
This T-DNA is then carried to the infected plant cell’s nucleus before
becoming part of the plant genome and transcription then occurs (Gelvin,
1998). Here, the T-DNA contains both oncogenic and opine synthesizing
genes which causes the transformed tissue to achieve neoplastic growth
and opines production in plant cells. Bacteria consume amino acid
derivatives as a source of nitrogen (Gaudin, Vrain, & Jouanin, 1994). At
the present time, the most efficient way to create transgenic plants and
transfer foreign genes is to use recombinant Agrobacterium strains. Here,
the chosen genes override the original T-DNA. In order to produce and
transport T-DNA, the molecular machinery contains proteins encoded
through a group of Ti-plasmid virulence (vir) and bacterial chromosomal
(chv) genes (Tzfira & Citovsky, 2002).
Agrobacterium-mediated genetic transformation model takes place as
follows (Tzfira & Citovsky, 2006); There are 10 main stages involved in
genetic transformation (Figure 4). The first stage involves the
Agrobacterium’s identification and attachment to the host cells. Next,
certain plant signals are received by the Agrobacterium VirA/VirG twocomponent signal-transduction system. The third stage is that the vir gene
region becomes activated, whilst the fourth involves the creation of a
mobile T-DNA replica through the VirD1/D2 protein complex. In the fifth
stage, the host-cell cytoplasm receives the VirD2-DNA complex (the
immature T-complex) along with various Vir proteins. The sixth stage
involves the transfer of the mature T-complex through the host-cell
cytoplasm, before the seventh stage is reached: the transfer of the mature
T-complex into the host-cell nucleus. In the eighth, ninth and tenth stages,
the T-DNA inside the nucleus comes to the integration point, its escorting
proteins are removed, and it becomes part of the host genome.
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Figure 4. Schematic illustration of Agrobacterium-Mediated
transformation system.
This illustration of transformation procedure by Agrobacterium to the
plant cell occurs in ten steps. (1-2) Plant phenolic signals and Chemotaxis
of Agrobacterium to the plant cell. (3) Activation of VirA and VirG genes.
(4) Production of T-DNA complex. (5-6) Transfer of T-DNA complex via
VirB/D4 T4SS channel into host plant cell. (7-8) Mature T-DNA complex
is purposed for the plant nucleus and chromosome by NLSs receptors. (910) Removal of escort proteins and integration of T-DNA. Figure modified
from (Tzfira & Citovsky, 2006)
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1. Introduction
Recent progress in plant biotechnology advanced our current
knowledge about natural process of microspore and pollen embryogenesis
as well as ovary and ovum development in plants. Classical and novel
approaches for breeding of doubled haploid lines are currently available
for various important plant species. Availability of more convenient and
competent haploid plant production methods opened new era for plant
breeders since homozygous plants and true-breeding lines are urgently
required for a faster development of new varieties as well as for application
of molecular approaches, including genetic mapping and functional
genomic analysis. The use of more suitable physicochemicals incorporated
with recent biotechnological tools has promoted the production of haploids
in tissue culture applications. Although anther and androgenesis find
broader applications, unfertilized ovules/ovaries or even entire flower part
of plants is a method of choice for haploid production where androgenic
methods are not effective. Success of double haploid plant productions via
haploids are, however, influenced by several biotic and abiotic factors. The
application of a suitable stress promotes haploid embryogenesis as well as
the frequency of doubled haploid recovery in vitro. This chapter provides
a general overview about methods of haploid production in plants. Detail
procedures or protocols related to the methods presented in here may refer
to other excellent reviews and research papers.
2. An Overview for Haploid and Double Haploid Production
Plant tissue culture, which also refers to in vitro or sterile culture, is a
well-established tool of biotechnology and provides invaluable help to
plant breeders. As part of this technology, haploid plant production
techniques are now available for many important crop species.
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Cells or plants that contain a complete set of chromosomes, which also
refers to gametophytic number of chromosome (n instead of 2n), are called
haploids (Hs) while haploids that have undergone chromosome duplication
(Germana, 2011) refer to doubled haploids (DHs). If haploids are derived
from diploids, they are named monoploid while haploids derived from
polyploids are called as poly-haploid. In contrast to zygote, either male or
female gametes are used in haploid production. The process refers to either
androgenesis or gynogenesis based on male and female gametes used in
haploid production, respectively. Both male and female gametes are
accessible for haploid production in several monocotyledonous species
while the current choice for most dicotyledonous species is limited to just
one type gametes use only. Anther-derived haploid production in Datura
stramonium L. initiated a great excitement in plant breeding and genetics
communities since such discovery offered a shortcut and provided
enormous time saving in the production of highly desirable homozygous
plants and true-breeding lines for practical use in agriculture (Bourgin &
Nitsch, 1967) (Guha & Maheshwari, 1964, 1966). Haploids were also
reported in many other crop species at various success rates, including
wheat (Gains & Aase, 1926), tobacco (Clausen & Mann, 1924) and
sorghum (Brown, 1943). Haploid production in maize demonstrated that
Hs would be used as a tool to get DH lines in a breeding program for the
first time (Chase, 1952). Currently, there are several protocols available to
produce haploids including oat (Nishiyama & Tabata, 1964 ), cotton
(Kasha, 1974), brassica (Thompson, 1974), millet (Powell, Hanna, &
Burton, 1975), tomato (Kirillova & Bogdanova, 1978), barley (Hagberg &
Hagberg, 1980), coca (Lanaud, 1988), maize (A. Gaillard, P. Vergne, &
M. Beckert, 1991) and rice (Bishnoi et al., 2000). Such efforts have also
been extended to discovery of other haploid production techniques
including microspore culture, ovule and ovary cultures, wide hybridization
(i.e. hybridization between wheat and maize), alien cytoplasm (i.e. the
wheat nucleus is transferred to the cytoplasm of certain alien species by
backcrossing), pollen irradiation and sparse pollination (Kasha &
Maluszymski, 2003; Niu et al., 2014). It was reported that over than 300
cultivars have been developed by using doubled haploid technique in
several crop species so far (Forster, Heberle-Bors, Kasha, & Touraev,
2007). However, the expected revolution of haploid production in many
plant species is still relatively slow in comparison to other agricultural
biotechnologies such as genetic engineering, molecular markers and
molecular diagnostics. Not all the species respond well enough to haploid
or double haploid technologies. For instance, the most receptive crops for
haploid production were reported as rapeseed, barley and tobacco even
though the response of those species to haploid production techniques is
still mainly genotype dependent.
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On the other hand, several other plant species including cereals in which
haploids are able to be produced by either anther or isolated microspore
culture are still considered as recalcitrant and the many research groups try
to overcome genotype dependent recalcitrancy in vitro. In addition, albino
plantlets developed in haploid culture of cereals are still considered as one
of the main issues (Holme, Olesen, Hansen, & Andersen, 1999). However,
wide hybridization technique such as “bulbosum method” has partially
resolved the albinism problem in some plant species like barley. The
molecular mechanisms behind the wide hybridization still need to be
elucidated. However, most of the time distinctly related paternal
chromosomes are naturally eliminated right after zygotic cell division. In
other cases, species are used to induce haploid production mechanisms
without production zygote. On the other hand, species belongs to Fabaceae
are generally considered as recalcitrant for regeneration and haploid
production (Croser et al., 2006; Pratap, Priya, Nandeesha, & Kumar, 2009;
Vessal, Bagheri, & Safarnejad, 2002). The wide hybridization method has
been successfully applied to some cereal species, including wheat (Inagaki,
2003; Wędzony & van Lammeren, 1996) and oat (Rines, 2003). However,
this technique comes along with its own disadvantages. For instance, it
requires perfect timing for flowering as well as the maturity of male (pollen
donor) and female gametes for crossing. In addition to tedious
emasculation procedure, embryo developed from such hybridization need
to be rescued to have further growth of plantlets since chromosome
elimination leads to abortion in early seed development (Forster et al.,
2007). On the other hand, other alternative methods including anther
culture or microspore culture do not have such disadvantages. The
development of effective tissue culture protocols and identification of
genes controlling embryogenesis also extended this method in large scale
and wide spread commercial uptake in plant breeding and plant
biotechnology arenas in comparison to wide hybridization method. Novel
approaches and refinements of current methods of haploid production have
recently been developed by the genetic engineering in model plants (Ravi
& Bondada, 2016; Ravi & Chan, 2010; Seymour et al., 2012). Such
methods may have significant improvement in haploid production in the
near future.
3. Microspore or Pollen Embryogenesis
The life cycle of flowering plants exhibits complex and alternating
generations between sporophytic and gametophytic phases. As a part of
stamen, anther is responsible for producing and releasing pollen grains
during reproductive development stage in flowering plants. In diploid stage
of anther development, diploid cells undergoes meiosis and the spore
mother cells eventually produce spores by which the number of
chromosomes in each spore mother cell is reduced by half (Goldberg,
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Beals, & Sanders, 1993 ). The gamete producing generation of plant life
cycle is coated as gametophyte which eventually leads to production of
gametes by simple meiotic cell division. Flowering plants have two
morphologically different kinds of gametophytes, one that gives rise to
male gametes or sperm cells and the other which produces female gametes
or egg cells. As a male gamete producing organ, a typical anther has twolobe along with two locules which are also called microsporangia or pollen
sacs (Figure 1). In each lobe, the anther bears functionally a group of four
microsporangia. A single vascular strand is embedded in the connective,
which is the tissue found in the central region of the anther between the
two lobes (Figure 1). The meiotic division of microsporocytes, also known
as microspore mother cell, leads to the formation of microspores in a
process known as microsporogenesis occurred within the microsporangia
(Ma, 2005). Each microsporocyte creates four microspores (immature
pollen) with haploid number of chromosomes (Goldberg et al., 1993 ). This
process is mainly prompted by certain developmental and environmental
cues and may be alternated from one stage to another as gametophytic and
sporophytic, leading to the formation of pseudo-embryos, commonly
known as embryoids (Zheng, Liu, Weng, Polle, & Konzak, 2001).
Embryoids germinate and eventually develop into haploid plants under
suitable environmental and cultural conditions. This phenomenon is
defined as androgenesis or microspore embryogenesis, two terms that are
often used interchangeably. Each microspore envelopes by its own callose
and all are encased in another callose sheath of tetrad. The callose wall
insulates the haploid cells from the influence of surrounding diploid cells
of tapetum and anther wall (Figure 1). After its release from the tetrad, the
microspore, as the first cell of the male gametophytic generation, maturates
to undergo further differentiation toward its ultimate goal, producing
sperm cells or their progenitor cell. Development of microspores into the
microgametophyte or the pollen grains containing sperm cells or their
progenitors is called microgametogenesis (Oriani & Scatena, 2015).
During mitosis, the generative pole microtubules disappear and their sites
mark the pole of future mitotic spindle that demarcates the generative cell.
At the end of microspore mitosis, wall formation is seemingly
accomplished by the growth of new cell plate around the generative cell
rather than by fusing with the parent wall; the result is the formation of a
generative cell that is more or less immersed by the vegetative cell. The
vegetative cell either disintegrates or remains as a vestigial structure in the
pollen tube, whereas the generative cell divides to give two sperm cells for
used in double fertilization.
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Figure 1. Microspore or pollen embryogenesis in plants
4. Anther Culture
Anther culture is one of the well-established methods to produce
haploid/double haploid plants in breeding programs of several important
crops species. Genetically pure lines generated from such culture can
directly be used for various purposes, including hybrid production, variety
test and DNA marker analysis. The method consists of following main
steps: (1) flower buds are collected from inflorescences at early stage of
development, (2) flower buds are surface-sterilized, (3) filaments are
removed from stamens, and (4) anthers are placed in/onto liquid/agar
solidified cultural media. One of the critical stages of this method is to
determine the correct development stage of anther in donor plants. The
wright stage of anther development can phenotypically be determined by
visual inspection of sepal and petal (or calyx or corolla) ratios (Parra Vega,
Gonzalez Garcia, & Seguí Simarro, 2013). Application of anther culture
also requires pre-selected media in which embryo develops directly from
anthers (direct androgenesis) or callus proliferation occurs before embryo
develops (indirect androgenesis) (Figure 2). Recent studies revealed that
direct androgenesis has more practical application since it is more
convenient (easier and time-saving practices) to use. Other than cultural
media, there are also several other important factors which determine
haploid production ratio in anther culture, including the plant genotype, the
composition of the nutrient media (Bilynska & Dulnyev, 2012; Forster et
al., 2007), the growth conditions of the donor plants, developmental stage
of the anthers and anther pretreatments (Bajaj, 1983; Germana, 2011;
S.M.S. Islam, 2010b, 2010c; Kruczkowska, Pawlowska, & Skucıñska,
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2002) (Figure 2). Of those, plant genotype from which anthers obtained is
one of the most critical one.
The plantlets developed in anther culture have a single set of
chromosomes and are, therefore, not able to produce gametes in meiosis.
If natural chromosome doubling does not occur, chromosomes of such
plants need to be doubled before they use further with one exception,
including asexually propagated haploids. On the other hand, spontaneous
chromosome doubling generally occurs at various rates and is considered
as one of the most important advantages of anther culture. However,
reports indicated that rates of spontaneous chromosome doubling are
directly related to not only the genotype but also the physicochemical
conditions used in anther culture. For instance, relatively high (from 2.8 to
46%) spontaneous chromosome doubling rates were reported in maize
while very low rates of haploid recovery have limited the use of anther
culture in pepper (Han, Tang, Cao, & Rong, 2006; Koleva-Gudeva,
Spasenoski, & Trajkova, 2007; Wei & Chen, 2006). In addition, significant
genotypic differences were determined in wheat for callus yield and DH
production (Tersi, Xynias, Gouli-Vavdinoudi, Roupakias, & ():, 2006).
Pre-treatments of anthers by chemical or physical inducers such as
hormone, light or low and high temperatures have also promoted the rates
of spontaneous DH production in anther culture applications (Bajaj, 1983;
S.M.S. Islam, 2010a). For instance, light quality switches gametophytic
phase to sporophytic phase or vice versa and it plays an important role as
a physical inducer to determine the direction of plant morphogenesis
(Akin-Idowu, Ibitoye, & Ademoyegun, 2009; Morini, D’Onofrio,
Bellocchi, & Fisichella, 2000).
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Figure 2. An overview for the steps of anther culture application and
general considerations. The possible steps to follow were shown as
dashed arrows.
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5. Microspore Culture
As the precursors of male gametes within anther, microspores may be
redirected to their new destiny to develop into plantlets under appropriate
physicochemical cultural conditions, totipotency. If individual
microspores are properly isolated from anther tissues, they can be placed
directly onto solidified or liquid media and isolated microspores directly
develop into mature plantlets in a process called microspore culture.
Culture of isolated microspore comes along with its own advantages,
including higher efficiency due to free access of microspores to the media
used and elimination of possible confounding effects of maternal
sporophytic tissues such as anther wall, anther connective and parenchyma
related vascular bundles (Ferrie & Mollers, 2011; Germana, 2011; S. M. S.
Islam, Ara, Tuteja, & Subramaniam, 2013). The method consists of
following main steps: (1) flower buds are collected from inflorescences at
early flower development stages, (2) buds are then surface-sterilized, (3)
release of microspores within anthers at an early to mid uni-nucleate stages
is achieved by mechanical crushing and (4) bud debris and anther walls are
separated from microspores by series of filtering and centrifugation. Off
those steps, release or isolation step is modified by several researchers to
increase efficacy of microspore isolation in several plant species such as
rice (Koleva-Gudeva et al., 2007). If suitable numbers of microspores are
used in the culture, the more microspores can be converted into embryoids.
Therefore, high-density cultures of microspores are directly related to
microspore harvesting efficiency and can easily be determined by using
hemocytometer. Researchers try to determine the best cell density used in
microspore culture for several plant species. For instance, the best
favorable density in Brassica napus was reported as 4-8х10-4 microspores
mL-1 (Coventy, Kott, & Beversdorf, 1988). After transfer of microspores
into the rich cultural media, various physiochemical related stresses such
as temperature and starvation media (lacking nitrogen and carbohydrate)
may help to convert microspores into embryos as well (Touraev, Pfosser,
& Heberle-Bors, 2001). However, microspores of different species and
cultivars within the same species may have much different requirements
for embryogenic development. Therefore, influence of plant hormones on
isolated microspore culture in several incalcitrant plant species may
improve efficiency of microspore embryogenesis as well as the ratios of
haploid production (Ahmed, Shariatpanahi, & Teixeira da Silva, 2014;
Irikova, Grozeva, Popov, Rodeva, & Todorovska, 2011; Ravi & Chan,
2010).
Polyploidy, on the other hand, is the most frequently observed
chromosomal abnormalities in microspore culture. Inbreeding depression
would also occur upon the enforcement of complete homozygosity in the
DHs if the source of anther is initiated from a heterozygous genotype.
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Microspore culture is currently applied to several plant species for
improvement of agronomic characters of current cultivars or to develop
new breeding lines.
Recent progresses on plant biotechnology and available new genomic
tools may extent the use of microspore culture to other important crops
species, including incalcitrant plant species (Oriani & Scatena, 2015; Ravi
& Bondada, 2016; Ravi & Chan, 2010).
6. Ovary and Ovule Culture
Unfertilized ovules, ovaries or even entire flower part of plants can be
cultured under in vitro conditions in a process called gynogenesis so that
the development of a haploid embryo is induced (Bohanec, 2009).
Gynogenesis directly leads to formation of haploids derived from the
female gametophyte only, generally from the egg cells. Due to fewer
productions of egg cells, gynogenesis is generally considered as not very
efficient method for haploid production in comparison to anther or
microspore culture. Therefore, it is generally preferred to use in species
where androgenic methods are not efficient. In higher plants, ovary is a
part of pistil or carpel bearing ovule(s) which develops into the seed(s).
Ovary ripens into fruit(s) after fertilization. If ovary is properly excised
from either from pollinated or un-pollinated flowers during the ovule
development, it can be cultured in vitro to develop new haploid plants by
using proper physicochemical cultural conditions (Figure 3). However,
outcome of such culture may vary since different type of cells within an
ovary may be redirected to their new destiny to develop into plantlets
during this process. Ovary mainly consists of inner and outer layers of
integument, the nucellus as remnant of the megasporangium (2n), and
female gametophyte which is formed from haploid megaspore in its center.
The gametophyte, which also known as megagametophyte in the embryo
sac of angiosperms, produces one or several egg cells which develops into
the seed(s) after fertilization. If ovaries are excised from the ovules at midlate uninucleate or late binucleate stages, the number of embryos and green
plants can be obtained. The studies showed that the number of embryos
can be vary (i.e. 25–46%) based on genotype and the pre-treatments or
physicochemical conditions used (A.M. Castillo, Sanchez-Diaz, & Valles,
2015).
Unfertilized ovaries or ovules have been tested for a long period of time
for production of haploids with no or little success in several plant species
including opium (Papaver somniferum) (Maheshwari, 1958), mulberry
(Thomas, 2004) and sugar beet (Gürel & Gürel, 1998; Rogozinska &
Goska, 1982). First successful haploid plant via gynogenesis were reported
by culturing ovaries of Hordeum vulgare in 1976 (San Noeum, 1976).
Subsequently, haploids generated by using ovule and ovary culture have
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been reported in other species, including Ginkgo biloba (Tulecke, 1964)
and Allium cepa (Keller, 1990). Such successful applications of ovary or
ovule culture also revealed that this method can be used as an alternative
if more efficient methods such as microspore culture are not available due
to incalcitrancy.
However, the frequency of haploid regenerants from ovary or ovule
culture is influenced by several factors even within the same species such
as plant genotype used, plant growth conditions, ovary or ovule harvesting
time and physical as well as cultural media conditions. For instance,
frequencies varied between 40 and 88% in onion (Campion, Falavigna,
Soressi, & Schiavi, 1984; Keller, 1990). Higher haploid percentages (up to
100%) have been reported in sugar beet (Speckmann, Van Geyt, & Jacobs,
1986) and barley (A.M. Castillo & Cistue, 1993). Just like shown in anther
or microspore culture, pretreatments of ovules or ovaries with various
stresses or plant hormones improve success rate of gynogenic haploids or
double haploids developed from direct or indirect embryogenesis (Keller
& Korzun, 1996) (Figure 3). Spontaneous chromosome doubling in ovule
or ovary culture varies from 25 to 94 (Chalyk, Bylich, & Chebotar, 1994;
Han et al., 2006; Liu & Song, 2000).
In general, the cell divisions of gynogenesis show similarity to those
seen in zygotic embryogenesis and involve in either direct or indirect
gynogenesis. Direct gynogenesis is usually determined by organized cell
divisions of egg cells, synergids, or antipodals, leading to the formation of
embryos. On the other hand, indirect gynogenesis involves the formation
of callus from the same source used in direct gynogenesis. However, it
should not be knocked out that the callus may also be developed from
differentiated pro-embryos (Figure 3). Therefore, the plantlets regenerated
from direct or indirect gynogenesis may be haploid, diploid, or mixoploid
genome structure.
Chromosome counts or other confirmation techniques such as flow
cytometer, molecular marker analysis and comparison of stomata (guard
cell) or plastid size should be used to verify genomic structure of haploid
plants (Figure 3). In addition to mixoploid genetic structure of plantlets,
low haloid yield and lack of well-established protocol have limited to use
of this methods in several agronomically important crop species.
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Figure 3. An overview for steps of ovary/ovule culture application and
general considerations.
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7. Natural Occurrence and Induction of Haploids
A better understanding of genome and genomic structure of plants, and
advance biotechnological tools applied to plant breeding provided
tremendous improvement in plant breeding applications. As a part of these
applications, higher success rates and broader tissue culture applications
were practiced in several important plant species. Such applications also
provided a better resolution for understanding of the natural occurrence of
haploids and the mechanisms behind. On the other hand, fine-tuned
physical and media conditions used in tissue culture also improved haploid
plant productions and made possible to use of such plants in several other
breeding applications including marker assistant selection and genetic
mapping.
Natural haploid plant regeneration has been determined in various
plant species at various rates such as tobacco, canola, rice and maize
(Harlow, Hamza, Chupeau, & Pelletier, 1996; Xu, Li, Xue, & Yang, 2007).
Recent studies also revealed that the haploid initiator gene (hap) was
mainly responsible for spontaneous haploid production in barley
(Hordeum vulgare) (Hagberg & Hagberg, 1980). It was also shown that
the indeterminate gametophyte gene (ig) restricts the embryogenic
potential of the haploid progeny originated from either maternal or paternal
origin (Evans, 2007). The ig gene still continues to be used for rapid
production of paternal haploids. Paternal haploid production has also been
used to recovery male sterility transferred with maternal cytoplasm in
maize (Kindiger & Hamann, 1993).
Spontaneous chromosome doubling leads to double haploid plant
production and generally occurs in haploid cultures of several plant species
in vitro. However, the frequencies are still too low for broader breeding
applications without induction. Advancement of tissue culture practices
along with elevated research applications revealed induced mechanisms of
haploid plant production. Success of double haploid plant productions via
haploids are influenced by several biotic and abiotic factors. While biotic
factors are related to plant genotype and its pre-requisites, abiotic factors
involve in combination of suitable stress treatments either per se or in
combinations.
Appropriate stress applications to the tissues used in haploid
production dramatically trigger the developmental changes of young
pollen grains or ovaries in their gametophytic pathways and are able to
induce haploid embryogenesis as well as the frequency of doubled haploid
recovery. In general, high or low temperature stresses applied to excised
flower buds or inflorescences are common application in comparison to
irradiation, colchicine, auxin, nitrogen starvation and water stress
applications which have limited extents.
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Several studies showed that cold shock treatments of whole
inflorescences or excised anthers for several hours or days increased rate
of haploid regenerants in maize (A. Gaillard, P. Vergne, & M. Beckert,
1991), wheat (Gustafson, Baenziger, Wright, Stroup, & Yen, 1995), barley
(Sunderland & Xu, 1982) and rice (Cho & Zapata, 1988). On the other
hand, heat shock treatment of early binucleate pollen grains at 32°C was
able to convert embryologic pathway in rapeseed while late binucleate
pollen needed to an extra heat shock treatment at 41°C (Maraschin, de
Priester, Spaink, & Wang, 2005). To induce haploid embryogenesis, heat
shock was also applied to several other important plant species including
rapeseed (Custers, Gordewener, Nöllen, Dons, & van LookerenCampagne, 1994), wheat and tobacco (Touraev, Ilham, Vicente, &
Heberle-Bors, 1996; Touraev et al., 2001) while carbohydrate and nitrogen
starvation treatments were reported for tobacco (Kyo & Harada, 1986;
Touraev, Ilham, et al., 1996), wheat (Touraev, Indrianto, Wratschko,
Vicente, & Heberle-Bors, 1996), rice (Raina & Irfan, 1998) and barley
(Hoekstra, van Zijderveld, Heidekamp, & van der Mark, 1992). On the
other hand, applications of some other chemicals such as ethanol and
colchicine or physical stresses such as gamma irradiation have not received
a wide application due to low success frequencies or inconvenient
application procedures (Pechan & Keller, 1989; Zhao, Simmonds, &
Newcomb, 1996).
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1. INTRODUCTION
Surface design is any type of decoration made by a designer that is
intended to be applied to a surface to enhance its visual appearance or
functionality. The term “surface design” is fairly new but it is not as
common as other artistic fields like graphic design or photography
(Anonymous, 2021). The important things that attract attention or affect
the consumers in preference of the textile and leather products are color,
quality and surface decoration. Even though technology has made it
possible to modify the surface of these materials in many ways,
nowadays decorating and patterning techniques have tendency towards
the eco-friendlier applications (Çolak et al., 2020). In addition,
consumers expect textile and leather that are produced in a sustainable
1

This study has been turned into a book chapter by combining and expanding
two different oral presentations, one of which was presented on 29-30 May
2021 at III. International New York Cultural Interaction and Academic Studies
Congress (USA and Turkey) and other one on 25-26 November 2021 at the VI.
International Leather Engineering Congress Innovative Aspects for Leather
Industry (Izmir/TURKEY).
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way. Recently, studies conducted on sustainable fashion and traditional
printing techniques have gained importance.
Block Printing
The process of coloring and patterning the regionally determined
areas on the fabric is called printing. One of the oldest traditional
decoration techniques in Anatolia is block printing, a patterning
technique that is applied to fabrics or different surfaces with wooden
molds containing hand-drawn or carved motifs. It is also called high
printing technique, in which patterns on the fabric are created with
metal or wooden printing molds (Yıldırım and Özkan Tağı, 2019).
In Anatolia, printing was first used by the Hittites. The molds in the
form of seal or stamp found in the archaeological excavations in 1964,
belong to the Hittites show that they knew how to print with a mold in
the 7000 BC years. Turkish tribes living in Central Asia between 1000
BC and 100 AD used animal figures in fabric patterning (Kaya, 1988).
Thus, it was revealed that the Turks in Central Asia knew how to print
in the pre-BC era (Gökaydın, 1990). By looking at the examples that
have survived to the present day, it is possible to separate the printings
into two groups as monochrome and multi-colored. In both groups,
ornamentation is done by dipping wooden molds into dye and pressing
them onto the fabric, or by applying the dye to the fabric with a brush.
Important centers in Anatolia where printmaking was intense were
Tokat, Kastamonu, Ankara and its surroundings, Elazig, Malatya,
Bartın, Gaziantep, Mardin, Hatay (Tezel, 2009) and “Samatya,
Kumkapı, Yenikapı” in Istanbul. However, many workplaces were
closed due to lack of interest (Duran, 1998). Printings are traditionally
used on headscarves, tablecloths, bundles, prayer rugs, duvet or quilt
covers, pillowcase, handkerchiefs and etc. (Öz, 2015). It is known that
more than two hundred printing patterns are preserved in Kastamonu
Museum today (Tezel, 2009). Wooden printing molds are generally
prepared from linden, pine, hornbeam and hardwood trees, and the most
useful molds are those made from linden and hornbeam (Arseven,
1973).
Marbling
Artworks produced in the field of traditional arts are best expressed
the areas where societies' unique artistic understandings are revealed. It
is possible to see the experiences of the societies and the understanding
of art and aesthetics they have reached in these works. In this context,
the art of marbling, one of our traditional arts, has been continued by
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Turkish artists for centuries (Begic, 2015). Since marbling is formed by
the combination of water representing the source of life, dyes
representing the dance of colors and the artist's feelings, each work is
unique and cannot be produced in the same way twice. Every drop that
falls on the water is unique to itself. Every little drop of dye gives the
artist many options, allowing a masterpiece to emerge. The
characteristic features of marbling allow artistic flexibility in the chosen
technique. Through the techniques used, the artist's deepest feelings,
thoughts and creativity come to the fore. While it was traditionally
made on paper, nowadays, with the increase in the use of synthetic dyes,
it has begun to appeal to a wider audience by being applied to materials
other than paper such as fabric, ceramics, wood and finished leather.
However, except few studies (Damğa et al., 2008; Gökalp et al., 2010),
newspaper or magazine news about the application of marbling
technique on tanned leather, studies on the application of this technique
on parchment (untanned) leather have not been found.
Parchment
The finds in the archaeological excavations made as a result of art
history research show that when human beings learned to process
leather, they began to use leather as a product of art. Parchment is
defined as animal skin especially prepared for writing and painting on
it (Anonymous, 1992). The parchment has great archaeological
importance due to its cultural role. Since parchment was made for the
first time in the Hellenistic period in Bergama, it took its name from
this city (Sakaoğlu and Akbayar, 2002; Gönlügür, 2007). Parchment
was produced from a wide variety of animal hides, especially from
sheep, goat and calf but also from gazelles to donkeys, from camels to
fish skins (Forbes, 1967). Parchment differs from a classical leather in
that no tanning agent and harmful chemicals are used in its production,
making it sustainable. Thanks to its excellent surface and durability,
during the Middle Ages parchment was preferred in the making of
religious and secular writings as well as musical instruments, and it was
then used extensively for books, pages, labels and rolls, often in gilded
decorations and paintings (Kaygusuz et al., 2019).
In the changed product preferences of consumers, it tends to designs
that carry the traces of the past and at the same time preserve their
different and modern lines. In recent years, the interest in new, different
and modern designs made using natural materials and traditional
methods forces designers to search for new ideas or creations (Arğun et
al., 2021). Nowadays, block printing in the textile field is replaced by
screen printing or digital printing, which allows mass production.
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Unfortunately, this type of printing has not been applied intensively in
leather production. This is due to the fact that leather is a more difficult
and special material compared to textile fabric. As a result of the
literature review, the only study in which block printing was applied on
leather was found. However, in the study the traditional printing
technique was made on the chromium and vegetable tanned leather and
the fastness values were not examined (Gökalp et al., 2012).
Considering these situations, in our study, the ability to transform the
art of marbling and block printing, the most popular traditional arts of
Anatolia, into surface decoration on parchment, which is one of the
most important indicators of our cultural existence, has been examined.
2. MATERIALS AND METHODS
2.1 Materials
The parchments used in this study have been obtained from Kare
Deri Company (Istanbul, Turkey). In addition, tragacanth, arabic gum,
marbling dyes, marbling brushes, brush made of horse hair, comb with
metal teeth are provided for marbling applications. Special acrylic dyes
(paint) for printing and leather finishing dyes were also used (Figure 1).
Wooden printing molds, raw felt (oiling) were provided for the block
printing application.

Figure 1. Materials used in this study
2.2 Methods
Leather, or in our case parchment is a material that has a different
structure from textile fabrics. The grain side and the flesh (suede) side
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of leather differ in terms of surface structure. In the study, block
printing was applied to both the grain and the suede surfaces. In
addition, the dye fixation was improved by applying lacquer to both
surfaces. The color fastness tests were carried out in order to reveal the
fastness of the applied printings to rubbing and light.
Application of block printing
In our study, the technique of block printing on parchment leather
was applied with the following stages:
1. Dyes are taken into a large container.
2. Parchment leather is cut to the pieces of the desired size.
3. The parchment is placed on the counter where felt is laid.
4. The composition to be created on the parchment is designed.
5. Patterns suitable for the designed composition are selected.
6. The dye is transferred to the block printing mold and the pattern
is transferred by pressing lightly on the parchment.
7. At the end of the printing process, the parchments are left to dry
(Kaygusuz et al., 2021).
Application of marbling art
The art of marbling has its own supplies and application features.
Tragacanth, which provides the condensation of water, is a vegetablebased main material. A brush made of horsehair is used as a brush.
During the preparation of the marbling kit, required amount of
tragacanth were added to 5 L of drinking water. After waiting for 5
days, the solution was stirred, then filtered with the help of a fine gauze
and left for 2 more days. Afterwards it was transferred to the vessel and
its density was checked (Begiç, 2015). A paper was placed on the
tragacanth solution and left for half an hour in order to smooth the
surface (Figure 2). Later the marbling dyes were sprinkled and patterns
created on the solution were passed on to the parchment (Figure 3).
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Tragacanth, filtering stage of tragacanth through nylon, filtered
tragacanth for marbling

Tragacanth conditioning process
Figure 2. Marbling preparation steps

Marbling dyes

Application of battal marbling

Figure 3. Pictures from the marbling application
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2.3 Characterization
Color fastness to dry and wet rubbing
Color fastness to wet and dry rubbing and light fastness tests were
applied to determine the fastness properties of the marbling applied
parchment samples. For the first test, TS EN ISO 11640 numbered
standard Leather - Color fastness tests - Determination of color fastness
to back and forth rubbing (as dry and wet) is used (ISO, 2018). The
device was moved 50 times for dry rubbing fastness and 25 times for
wet rubbing fastness, and color changes on the surface of the felt and
leather were observed. The results were evaluated with a gray scale and
the degree of rubbing fastness was determined. The value “1” indicates
the lowest fastness and the value “5” indicates the highest fastness.
Light fastness test
The light fastness of the parchment specimens was determined to
learn how much the sun's rays will affect the permanence of the dye on
them, and how much resistance they can show while exposed to
sunlight for a long time. The standard used to determine the light
fastness in leather is TS EN ISO 105-B02 Leather - Color fastness tests
- Part B02: Determination of color fastness to artificial light - Xenon
arc fading lamp test standard (ISO, 2014).
3.

RESULTS AND DISCUSSION

3.1 Marbling Application Results
In our study, using traditional marbling dyes in different colors, and
in some applications acrylic printing dyes and leather finishing dyes,
battal (basic rock patterns), serpme (a light stone), gel-git (tidal), tarzıkadim (old style), hatip (preacher’s) marbling, taraklı (combed patterns)
marbling types (Anonymous, 2021a) were applied (Figure 4). The
samples numbering is shown in Table 1, where the applied marbling
type and the dyes used are also presented.
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Table 1. Numbering of the marbled parchment samples
No
1
2
3
4
5
6
7
8

Marbling type
Battal ebru (Basic rock
patterns)
Battal ebru (Basic rock
patterns)
Serpmeli battal ebru (A light
stone)
Gel-git ebru (Tidal)
Tarz-ı Kadim (Old style)

The dyes used
Marbling dyes: Lahore blue,
pigment yellow
Printing acrylic dyes: sapphire,
amazon
Printing acrylic dyes: turquoise,
black, red
Leather finishing dyes: red, blue
Marbling dyes: turquoise, rosepink, green stem
Taraklı ebru (Combed Marbling dyes: turquoise, rosepatterns)
pink, black
Taraklı ebru
(Combed Marbling dyes: green, orange,
patterns)
blue
Hatip ebrusu (Preacher’s Leather finishing dye: blue
patterns)
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Figure 4. Parchment samples with different types of marbling applied

Fastness Test Results
In our study, 8 different marbling applied parchment samples were
investigated for dry and wet rubbing and light fastness values. Color
fastness values of parchment leathers against dry and wet rubbing are
given in Table 2. When the results were evaluated, as a result of the
marbling application performed with three different dyes, the color
fastness of all samples to dry rubbing was determined as 4 or 4/5, except
for the 2nd sample (3 and 3/4). The color fastness of parchment leathers,
on which marbling was applied by marbling and acrylic printing dyes
to wet rubbing was found to be 1 or 1/2 in our study. However, the
fastness values against wet rubbing of parchment samples numbered as
4 and 8, on which marbling was applied with leather finishing dyes,
were determined as 2 and 3. Thus, it was determined that the application
of marbling with leather finishing dyes give better results in terms of
wet rubbing fastness.
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Table 2. The rubbing fastness values of the parchment samples with
marbling applied
1

2

3

4

Rubbing
Felt

Leather

Felt

Leather

Felt

Leather

Felt

Leather

Dry

4/5

4/5

3

3/4

4

4

4/5

4/5

Wet

1

1

1

1

1

1

2

2

5

6

7

8

Rubbing
Felt

Leather

Felt

Leather

Felt

Leather

Felt

Leather

Dry

4/5

4/5

4/5

4/5

4/5

4/5

4/5

4/5

Wet

1/2

1/2

1/2

1/2

1/2

1/2

3

3

When the previous studies are examined, it was reported that the
marbling technique was applied on the chromium tanned crust and the
vegetable tanned leathers and the color fastness of these leathers to dry
rubbing was found to be 4/5 (Damğa et al., 2008; Gökalp et al., 2010).
In another study, dry rubbing fastness of the marbling applied leather,
which is described as natural leather (probably vegetable tanned
leather), was found to be 2 (Ayyıldız, 2015). In addition, in the study in
which marbling was applied with three different dyes on the chromium
tanned crust and the vegetable tanned leathers, it was determined that
the fastness values against wet rubbing were low, that is, between 1 and
2 (Gökalp et al., 2010), as in our study. Thus, it turns out that the dyes
on the parchment leathers decorated with marbling have good resistance
to dry rubbing, but are sensitive to wet rubbing. The fastness properties
of the printed parchment leathers against wet rubbing can be increased
by applying a finishing coat (lacquer) in a certain formulation after the
application. Our future work will focus on this issue. Considering the
use of parchment leathers as decoration material in general, the
appearance of these leathers can be preserved without deteriorating
against rubbing behaviors during use.
The light fastness test is performed to check whether the colors of
the dyed material that will be exposed to the effect of light (daylight or
artificial light) are resistant to this effect. The light fastness values of
the parchment leather samples with marbling application are shown in
Table 3. According to the results, light fastness of all parchment leather

205

samples was determined as 5-6. In a study, the light fastness of natural
leather after marbling was found to be 4/5 and 4 (Ayyıldız, 2015). In
our study, it was determined that the light fastness results obtained for
parchment leathers are better. These results show that the dyes used in
marbling have good resistance to light. Thus, it turns out that parchment
leathers, on which traditional decoration technique is applied, can be
easily used in the production of all kinds of decorative products and
their resistance will be good when exposed to light.
Table 3. The light fastness values of the parchment samples with
marbling applied
Sample
Light fastness

1
5/6

2
5/6

3
5/6

4
5/6

5
5/6

6
5/6

7
5/6

8
5/6

One of the factors that determine the fashion in the leather industry
is to develop different finishing or printing methods and to apply them
to the leather. Thus, the difference created can directly affect the
demand for products. The biggest feature of the marbling technique is
that the patterns created cannot be repeated. Therefore, it turns out that
they are very suitable for use in the production of coupons or
personalized products from leather materials (Damğa et al., 2008). It
has been determined that a different look and appeal with marbling
application can be given to parchment leathers. In this way, it is possible
to create a fashion trend based on Turkish handicrafts in the leather
industry and to design products from these leathers by giving a new
perspective to parchment leathers.
3.2 Block Printing Application Results
In this study, the color fastness values of 10 block-printed parchment
samples against dry and wet rubbing were investigated. The samples
are specified according to the applied printing and the dye types used,
and the sample numbering is shown in Table 4. There are two sides of
the leather, one side is the grain side where the hairs are removed and
the flesh side where the meat and fat are removed. After block printing,
an even finishing coat (1:1 with lacquer: water) was applied by spraying
on parchment. The features of the parchment samples are listed in Table
4. The obtained surface decorations on parchment samples with block
printing are shown in Figure 5.

206

Table 4. Numbering of block printed parchment samples
No
1
2
3
4
5
6
7
8
9
10
11

Application
Grain side, uncoated
Suede side, lacquered
Grain side, uncoated

The dyes used
Printing acrylic dye: blue
Printing acrylic dye: blue
Printing acrylic dye: green
and red
Suede side, lacquered
Printing acrylic dye: blue
and red
Grain side, uncoated
Printing acrylic dye: green
Grain side, lacquer Printing acrylic dye: black
coating
and red
Grain side, uncoated
Leather finishing dye: dark
blue
Grain side, lacquer Leather finishing dye: dark
coating
blue
Grain side, uncoated
Leather finishing dye: red
Suede side, lacquered
Leather finishing dye: red
Grain side, lacquer + Leather finishing dye: red
wax coating
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Figure 5. Parchment samples with block printing applied
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Fastness test results
Color fastness values of parchment samples against back-and-forth
rubbing are given in Table 5. When the results were evaluated, the best
color fastnesses of parchment leathers to dry rubbing were found to be
4/5 and 4 for samples 1 and 3, respectively. It was determined as 3/4 for
samples 2, 4, 5 and 6.
The fastness values against wet rubbing were determined as 2/3 and
3 in samples 5 and 6 on which block printing was applied. Thus, it turns
out that the dyes on parchment leathers decorated with block printings
have good resistance to dry rubbing, but are sensitive to wet rubbing. In
addition, it was determined that the printing applied to the grain side
and lacquer coating give relatively better results.
Table 5. Rub fastness values of parchment samples with block
printing applied
1
Rubbing

2

3

4

5

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Dry

4/5

4/5

3/4

3/4

4

4

3/4

3/4

3/4

3/4

Wet

1

1

1

1

1

1

1

1/2

1

2/3

6
Rubbing

7

8

9

10

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Felt

Lea
ther

Dry

3/4

3/4

2

1/2

2/3

1/2

1/2

1

2/3

1/2

Wet

2/3

3

1

1

1

1

1

1

1

1
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A separate application was made, considering that it could be a
solution for this situation due to the low color fastness values against
wet rubbing. An attempt was made to gain hydrophobicity, or water
resistance, by applying wax on the sample number 11 (not illustrated).
From the results obtained, it was determined that this sample had better
color fastness results against wet and dry rubbing. Color fastness to dry
rubbing was 4/5 (both felt and leather) and color fastness to wet rubbing
was 3/4 and 4 (felt and leather). Thus, the fastness value of parchment
leathers against wet rubbing can be increased by applying a certain
formulation finishing coat (lacquer and wax) on them after the printing
application. Our future work will focus on this issue. Considering the
use of parchment leathers as decoration material in general, the
appearance of these leathers can be preserved without deterioration in
the surface from rubbing behavior during use.
The light fastness test is performed to check whether the colors of
the printed material that will be exposed to the effect of light (daylight
or artificial light) are resistant to this effect. Table 6 shows the light
fastness values of parchment leather samples numbered 1, 2, 3, 4, 5 and
6, which were block-printed and had better rubbing fastness test results.
Looking at the results, the light fastness of the parchment samples was
determined as 5-6. In our study, it was determined that the light fastness
results we obtained for parchment leathers are good. These results show
that the dyes used in block printing applications have good resistance
to light. Thus, it turns out that parchment leathers, on which traditional
decoration techniques are applied, can be easily used in the production
of all kinds of decorative products and their resistance will be good even
when exposed to light.
Table 6. Light fastness values of parchment samples applied with
different ornaments
Sample

1

2

3

4

5

6

Light fastness

5/6

5/6

5/6

5/6

5/6

5/6

The biggest feature of block printing is that the patterns created are
created by hand on the material depending on the imagination of the
artists. In our study, it has been determined that parchment leather can
be given a different appearance and appeal with block printing
applications. In this way, creating a fashion trend based on Turkish
handicrafts in the leather industry and giving a new look to parchment
leathers, personalized decorative items (table, frame, coaster, pen
holder, bookends, etc.) from these leathers as well as bags, folders,
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belts, wallets and it will be possible to produce accessory products such
as jewelry. In addition, considering that wooden printing molds can be
produced individually, it is possible that print designs will also be made
specially.
4.

CONCLUSION AND RECOMMENDATIONS

In our study, the application of marbling art and block printing,
which are the most common traditional decoration techniques, on the
parchment leather has been successfully carried out. It has been
determined that parchment leather is the most suitable leather for the
application of the traditional decoration techniques and as a result of the
study, the fastness values are also acceptable for the products to be
designed from these leathers.
Thus, reviving marbling and block printing on a different material,
and evaluating our cultural heritage parchment leather for new and
original designs will be very important both for the promotion of
Turkish printing art and for the sustainability of the parchment. In
addition, when the results of the study are evaluated, it was seen that
the dyes used in leather finishing give better results in terms of fastness
values. Thus, it is thought that leather finishing dyes can also be used
in marbling applications.
We believe that the fact that each work is unique in the applications
of marbling technique when compared with many industrial massproduced prints and ornaments, the inability to do exactly the same will
increase the value of the designs and allow the designers to make
creative and original works. Thus, parchment leathers with decorative
applications can be turned into products directly and customers will be
given the opportunity to have unique and exclusive designs. The fact
that the parchment leather surface is decorated with traditional
handicraft printing techniques and that there is no scientific study on
original designs from processed leather reveals that this study is the first
and up-to-date in this field.
As a result, considering that the relationship between design and
culture develops in an inseparable whole, it is no doubt that more
qualified products will come to the fore for the promotion of Turkish
cultural heritage with the increase of studies to be carried out with this
method and purpose. In addition, it is obvious that this study will
contribute to the realization of efforts to create ideas in the field of art
and design for future generations.
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