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ABSTRACT

Human-caused climate change poses a growing threat to water resources that are valuable today and for the
future. In addition, climate change is thought to have negative impacts on food, economy, natural resources and
sustainability worldwide. In this article, the relationship between water resources and climate change is discussed
and the importance of water is emphasized. In addition, recommendations are made for the sustainable use of
water resources.
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1. INTRODUCTION

Among the indispensable natural resources that
emerged with the formation of the water world,
there is water, which is the second most import-
ant resource after air and is critical for human
life. Iis a building block of people whose depen-
dence on it continues until the end of their lives.
In addition, the amount of water in the human
body varies from 60 to 70%. People need 2.5 li-
ters of water every day to meet their biological
needs. In addition, the average daily urban wa-
ter demand for needs such as drinking, cooking,
cleaning and laundry, which are necessary for a
healthy life, is 150 liters per person. Water not
only ensures the existence of the human body,
but also a healthy life, ecosystem and food
(Yarenoglu, 2017). It is indispensable for life and
has a great influence on living and inanimate be-
ings. The natural balance, the environment and
the life cycle depend on water. The important
role of water in soil formation, flower diversity
and survival, as well as in natural phenomena is
indisputable. People need water (Ozsoy, 2009).

Another focus factor is the contribution of wa-
ter to the social and economic development of
humanity. To be specific, people settled down
thanks to watering. So they were able to produce
and store grain and other agricultural products.
As a result, they established civilizations along
and around water sources. Water is definitely the
only natural resource in the world that should
always be used sparingly. Nevertheless, little at-
tention was paid to the vital role of water after
the Industrial Revolution and was considered an
insignificant resource. There is no other source
to replace water as a building block for humans
and other living organisms. Water goes through
various processes to make it usable. However, it
should not be forgotten that water is not an in-
finite resource, even if people think the opposite
(Yarenoglu, 2017).

In this review, the importance of water resources
for life is discussed by taking advantage of the re-
sults of previous research. To elaborate, it discuss-
es how water resources, threatened more severely
than ever before by rising temperatures globally,
can be used sustainably and managed responsibly
and reasonably for future generations.

2. WATER SUSTAINABILITY

Sustainability is intended to be passed on to
future generations without causing harmful
complications in the established mechanisms
of all ecosystemic elements. A decisive imple-
mentation of sustainability requires limited use
of available resources. Efforts to ensure that hu-
man needs are met in the future place various
constraints on the current exploitation of natural
resources. Although preserving the ecosystem
as an intact heritage seems to be the most natu-
ral method, the inadequacy of today’s resources
to meet the increasing needs causes some plan
changes (Merig, 2003).

Every individual has the right to have water
that is safe and affordable to use in sufficient
quantities to lead a clean, healthy, and produc-
tive life (Mejia et al., 2012). Unless the imbal-
ance between overdemand and limited supply
is eliminated, the world is reportedly facing an
exponentially worsening global water shortage.
Water sustainability is the basis of development.
Water resources, because of the variety of ser-
vices they provide, pave the way for poverty
reduction, economic growth and environmental
sustainability (Connor, 2015).

Water makes significant contributions to im-
provements in social well-being and growth,
from energy security to food security, the envi-
ronment and individual health. Water sustain-
ability can be achieved through settlements that
are compatible with the natural water cycle and
the ecosystems that support it, and through mea-
sures to reduce ecological fragility and increase
resilience to water-related disasters.

How to manage water resources is a challenge.
An ever-increasing global population, rapid
urbanization, settlement problems and uncon-
trolled economic development are reducing the
quality of water resources and reducing their
availability. All this must be taken into account
for effective water management (Akiiziim et al.
, 2010).

Water management consists of various sub-com-
ponents such as efforts to increase water supply
in relation to various economic sectors such as
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agriculture, industry, environment and trans-
portation, management and planning of the de-
mand for water under the stressful conditions
of water resources, protection of water quality,
production and implementation of managerial
strategies, development of decision and support
systems (Kirtorun and Karaer, 2018). Managing
water resources effectively and sustainably is vi-
tal for sustainable development. The importance
of water for flora and fauna, the preservation of
ecological balance and socio-economic devel-
opment. Given the growing scarcity, there is a
growing need for optimal, economic and equi-
table use of resources, wastewater treatment and
innovative holistic actions (Hoekstra et al., 2012).

3. INTERACTION BETWEEN WA-
TER RESOURCES AND CLIMATE
CHANGE

Observed and predicted changes in climate in-
clude depletion of water resources, increasing
drought, ecological degradation, forest fires, ero-
sion, a degraded agricultural system, diseases

and deaths caused by extreme heat (Aydogdu,
2020). Drought is no longer considered a natural
phenomenon, especially due to human interven-
tion in the hydrological cycle. Aggressive and
harmful use of water resources to disrupt ecol-
ogy, ineffective interventions in wetlands and
streams, unconscious drainage of groundwater
resources, overuse of water for agriculture and
livestock, and global climate change have caused
irreversible effects. Figure 1 shows climate
change as the obvious factor driving pressure
on the water cycle through pollution, popula-
tion growth and reckless land use (Kang et al.,
2009). In addition, global climate change caus-
es negative effects such as the critical decrease
in water resources and the decrease in compe-
tition for them and the decrease in water qual-
ity (Dogan and Tiizer, 2011). All these impacts
pose serious threats to water resources, which
are vital to rural development and food produc-
tion, and underscore the urgency of measures
to manage them. Water resources management
includes the determination and planning of wa-

Figure 1. Projected Effects of Climate Change on Water Resources (Dikmen, 2021)
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ter rights, rational operation, effective protection
and comprehensive observation of these resourc-
es (Karaman and Gokalp, 2010). The manage-
ment of water resources aims to minimise the
risks arising from global climate change and is
supported by reasonable demands. Therefore,
a wide range of adaptation techniques must be
produced and applied for the conservation and
conservation of water resources. New methods
should be encouraged for approaches such as
changing institutional practices with supply-de-
mand strategies (Kindler, 2000). The increase in
global water demand due to population growth
and high temperatures requires effective de-
mand management and the implementation of
working water policy (Bayra¢ and Dogan, 2016).

Wetlands, which are the source of many import-
ant species, are home to 40% of all species in the
world and 12% of animal species (WWE-Tiirkiye
2008). It also offers benefits such as tourism, rec-
reation and aquaculture, as well as many other
benefits such as flood control, coastline protec-
tion, groundwater nutrition, food storage, cli-
mate change control and protection from storms.
The current growth rate puts heavy pressure
on water consumption routines. Worldwide,
groundwater is the main source of water in large
rural areas and in arid and semi-arid regions.
Groundwater has been widely used for many
years and plays a very important role in water
potential. Changes in the temperature regime
have adversely affected the amount of snow,
rain, groundwater and surface water. Surface
waters cover 1.6% of Tiirkiye’s surface area and
most rivers flow into the seas surrounding the
country (Kurt, 2020). Therefore, water resources
are extremely important for energy production
and agricultural production. The most obvious
limiting factors in the use of water resources for
economic purposes are irregular rainfall and
flow.

The effects of climate change on water resources
are due to a change in the rainfall regime. Pre-
cipitation is the primary source of the change
in water balance, spatially and temporarily. Cli-
mate-induced changes in precipitation lead to
critical hydrological consequences. Hydrological
deterioration in a particular watershed is influ-

enced by changes in daily, seasonal, annual and
decadal cycles. Decreasing rainfall caused by
increasing temperatures can be the cause of un-
desirable events such as decreasing flow rate, a
mixture of salt water and fresh water, and an in-
creased storm incidence (Dogan and Tiizer 2011).
Tiirkiye is located in an arid and semi-arid re-
gion. The country’s current environmental prob-
lems, such as drought, desertification and salin-
ity, are worsening as a result of global warming.
In rainy regions, the salt that occurs naturally in
the soil is transported by rainwater to ground-
water and streams. It is then introduced into
the seas and lakes. Therefore, salinity is lower
in rainy regions. The purposeful use and high
performance of irrigation tools is only possible
with the drought eliminated and the expected
amount of rainfall (Kadioglu, 2012). In order to
combat agricultural and hydrological drought,
the annual reasonable amount of gross water re-
quired for irrigation in Tiirkiye constitutes 48%
of the 234 billionm3 of water determined by the
General Directorate of State Hydraulic Works of
Tiirkiye, which corresponds to 112 billion m 3
(Oztiirk, 2016).

The decrease in the amount of precipitation that
feeds groundwater due to climate change and
the careless and uncontrolled drilling of wells
lead to the drying up of aquifers and lakes. It
has been observed that the water levels accumu-
lated in many dam reservoirs are decreasing.
Above-average seasonal temperatures due to
climate change caused by global warming and
therefore rapidly melting snows increase the
flow rate of streams discharged into dams. This
causes floods and related disasters (Sandalci et
al., 2007; Sandalc1 et al., 2011). Rising sea tem-
perature endangers many species in the seas and
oceans, endangering the activities of fishermen.
Increased temperature accelerates evaporation,
which reduces the volume of irrigation water
(Bayrag et al., 2016). In addition, it is reported
that the levels and qualities of lakes as important
water resources are adversely affected (Sandalc
et al., 2011). The increase in water temperature
threatens the chemical process in a particu-
lar lake due to the production of in-lake alkali
(Psenner and Schmidt, 1992). The surface area
and water potentials of some lakes are known
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to have decreased significantly in quantity and
quality. In addition, acid rain is listed among
the main causes of degraded water quality. Acid
rain is sulfur and nitrogen compounds linked to
human activity. These compounds are effective
in the transfer of chemical charges in rivers. Fur-
thermore, acid rain plays a decisive role in the
mineralization of organic nitrogen in soil (Bates
etal., 2008; Delpla et al., 2009). It is estimated that
shallow lakes will be most severely affected by a
2 O C increase in water temperature caused by
climate change by 2070 (George et al., 2007; Mal-
maeus et al., 2006).

4.CONCLUSION AND RECOMMENDA-
TIONS

This review discusses climate change and the
importance of water resources and the potential
impacts of climate change on water resources.
The data obtained show that adaptive processes
should be implemented against climate change
and urgent efforts should be made to minimize
the risks involved. In order to ensure the sus-
tainability of water resources at their natural po-
tential, the quantity and quality of groundwater
and surface water should be evaluated. Annual
water consumption records of countries should
be produced by determining the water demands
of societies. We propose that in order to protect
water resources from overexploitation and pol-
lution, to secure their supply in terms of quality
and quantity, it is necessary to help educate and
make communities more aware, and to adopt a
long-term strategy on the rational use of these
resources.
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ABSTRACT

Ensuring sustainable food production in national and global area depends on the determination of plant species and
varieties that can survive under the influence of various stress factors that may occur due to global climate changes
and other factors that adversely limit growth and development, and depends on the protection and development
of existing ones. It is important to develop new plant varieties that are resistant to abiotic stress factors that have
occurred as a result of global climate changes. At this point, modern biotechnological methods have been widely
needed in plant breeding in recent years. One of these techniques is RNAi technology. The mechanism of RNA
interference (RNAI) is defined as post-transcriptional gene silencing or regulation of gene expression, resulting
in the degradation of mRNA chain, which is the complement of double-stranded RNA (dsRNA) entering the cell.
RNA interference begins when double-stranded RNA is cut into small inhibitory RNAs (siRNA) by an RNase
III enzyme called as Dicer. These siRNAs then bind to the RNA-inducing silencing complex (RISC) which is a
multiprotein-RNA nuclease complex. RISC uses siRNAs to find complementary mRNA and cuts the target mRNA
endonucleolytically. The resulting decrease in specific mRNA leads to a decrease in available protein(s). Post-
transcriptional gene silencing, RNA interference and other forms of RNA silencing have been observed particularly
in plants. In recent years, RNAi studies, which are among the leading topics in the global area, have shown that
non-coding RNAs in plants play a role in the control of tissue differentiation and development, signal transmission,
interaction with phytohormones, abiotic (drought, salinity, etc.) and environmental factors such as biotic stress. In
this review paper, the basics of RNAi mechanism and the usage of RNAIi in plants are explained.
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1. INTRODUCTION

RNAI technology, which emerged as a result of
genetic transformations, is a mechanism used
in the regulation of gene expression after tran-
scription with double-stranded RNA. RNAi is
also defined as the post-transcriptional gene
silencing mechanism through the degradation
of mRNA chain, which is the homolog of dsR-
NA entering into the cell. This technology is a
heavily and newly researched field in gene func-
tion (functional genomics) research. RNAi was
named as “molecule of the year” and “the most
important scientific breakthrough of 2002” by
Science in 2001 by Fire et al., (1998).

RNA interference technology has revolution-
ized the field of functional genomics and is an
important tool that allows the function of many
different plant genes to be elucidated. Thanks
to RNA interference-mediated gene expression
suppression studies, the amount of protein syn-
thesized from the gene of interest is reduced and
information about the function of the protein can
be obtained (Bora, 2020). RNAi is an important
breakthrough during genetic transformation
studies. The gene silencing mechanism is a very
important discovery made by the botanist Na-
poli et al. (1990) during their research in which
they tried to over-express the chalcone synthase
gene in petunia plant. These researchers want-
ed to increase the effects of enzymes that cata-
lyze pigmentation in petunia by adding a gene
(CHS). However, they declared that whiter petu-
nias were formed instead of more purple petu-
nias, sometimes with unexpected reverse results
Napoli et al.,, (1990). Although, this mechanism
was not elucidated at the time, but, it was later
discovered by Jorgensen et al., (1990) they report
that this is a result of degeneration of the dsRNA
region within the chalcone synthase gene (CHS),
and may be associated with a PTGS (post-tran-
scriptional gene silencing). In recent years, ef-
fective gene silencing mechanism has yielded
successful results in Petunia, Nicotiana and Ara-
bidopsis plant species Van der Krol et al., (1988).

With the increase in studies in the field of plant
genetics & breeding and the development of the
methods used, a lot of research has been done
on plants as in many other fields. To date, stud-

ies on crops of agricultural importance such as
wheat, tomato, corn, and beans are carried out
by using epigenetic mechanisms such as DNA
methylation, histone modification, mRNAs,
ncRNA, RNAI. The methods to be applied to take
precautions against pests are also important. It
is critical that new methods and practices to be
used against insects for plant production are en-
vironmentally friendly and healthy for humans
and animals. RNAi is one such method. Parallel
to the developments in the field of biotechnolo-
gy, RNAI technology, which is one of the latest
developments in the field of plant genetics, has a
lot of contributions to agricultural applications
Ayaz et al., (2018).

2. RNAI MECHANISM AND TYPES
OF RNA INVOLVED

During the RNAi mechanism, RNA complemen-
tary to the target mRNA binds to the significant
sequence of the mRNA on the RISC (RNA In-
ducing Silencing Complex) factor, an RNA-mul-
tiprotein complex with nuclease activity. Gene
silencing is controlled through this RISC factor.
The mRNA interacting with the protein named
as ‘Argounate’ in the RISC factor is recognized
and cut by the ‘Dicer’ enzyme (Figure 1), which
is a ribonuclease in the RNase III family and thus
silencing occurs. The RNAi mechanism or gene
silencing mechanism is carried out by two differ-
ent types of molecules in eukaryotic organisms
(Zamore et al., 2000). These molecules are con-
sisted of 22 nucleotides with long miRNA (micro
RNA) and 21-23 nucleotide long double-strand-
ed small interfering RNA (Figure 2).

Helicase PAZ
=== =3

RNase lll RNaselll dsRBD
-

Figure 1. Schematic representation of the predicted con-
sensual domain structure for the Dicer enzyme. Heli-
case: N-terminal and C-terminal helicase domains. PAZ:
Pinwheel-Argonaute-Zwille domain. RNase III: biden-
tate ribonuclease III domains. dsRBD: Double stranded
RNA-binding domain (Bernstein et al., 2001).
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Figure 2. RNAi mechanism; dsRNA recognition and
screening process, recognition and cleavage of dou-
ble-stranded dsRNA in the presence of Dicer-RDE-1
(RNAI deficient-1), an RNase III family enzyme, pro-
duction of siRNAs: Formation of RNAs with a length
of 21-23 nucleotides, fusion of the siRNA-RISC com-
plex pair with the specific complementary mRNA re-
gion, destruction of target mRNA by exonucleases in
RISC and RISC complex returning for a new process

(Ambion, 2007).

miRNAs and siRNAs are very similar to each
other, but the differences between them are as
follows:

a) The miRNA precursor is single stranded RNA
(single strand: ssRNAs) in the hairpin structure,
while the siRNA precursor is long dsRNAs.

b) Argounate proteins required for miRNA are
AGO1, AGO10, and Argounate proteins required
for siRNA are AGO1, AGO4, AGO6, AGO?7.

c) miRNA is responsible for nRNA degradation,
suppression of translation, while siRNA is re-
sponsible for DNA methylation, modification of
histones, and mRNA degradation.

d) In plants, miRNA provides partial or full com-
plementarity to the target sequence, while siRk-
NA provides full complementarity.

e) miRNA is involved in cell development and
differentiation, developmental processes, and
response to biotic and abiotic stresses, while siR-
NA is involved in protection against transposons
and viruses, and in stress adaptation (Zilberman
et al.,, 2003; Bartel, 2004; Kim, 2005; Sunkar &
Zhu, 2007; Watanabe et al., 2007; Carthew & Son-
theimer, 2009; Pratt & MacRae, 2009).

The miRNA pathway begins with the conver-
sion of pri-miRNAs in the nucleus into pre-miR-
NAs, which are approximately 70 nucleotides
in length and hairpin structure, via the “Drosha
enzyme”. The pre-miRNAs are transferred to the
cytoplasm and translated into miRNA duplexes
by another RNase, Dicer. After the Dicer enzyme
functions, one of the short dsRNA duplexes in-
teracts with the RISC factor to bind to the target
mRNA via base pairing. These miRNAs have
the capacity to mediate translation suppression
or degradation of mRNAs. With these features,
they have taken their place among the interest-
ing subjects of modern molecular biology. The
capacity of translation suppression or direct
degradation of mRNAs in plants varies accord-
ing to the region where miRNAs bind on target
mRNA. If it binds to the untranslated region
(UTR) of mRNA, there is incomplete comple-
mentarity and translation is suppressed. Bind-
ing to the translated ORF (open reading frame)
region shows complete complementarity and
mRNA is degraded by Aragunate2 (AGO2). siR-
NAs are the precursor of dsRNAs, and dsRNAs
are cut by the Dicer enzyme in such a way that
the 3’ end remains protruding to form 20-25 bp
siRNAs. Double-stranded siRNAs combine with
RISC factors to become single-stranded and
function as gene silencing by mRNA degrada-
tion Khvorova et al., (2003).

3. USAGE OF RNA INTERFERENCE
TECHNOLOGY IN PLANTS

The basis of RNA interference studies in plants
was laid by Napoli et al., (1990) when they in-
vestigated the overexpression of the CHS gene
in Petunia plant by the vector Agrobacterium tu-
mefaciens. In the research, it was tried to obtain
darker petunias by increasing the pigmentation,
but colorless, light-colored or variegated plants
were obtained.
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Further research by the same team showed that
the expression of the gene responsible for pig-
ment production and homologous genes were
suppressed by the 35S promoter of the virus. It
has been determined that gene silencing occurs
with the degeneration of the dsRNA region in
CHS. The miRNA mechanism was first described
by Park et al., (2002) discovered by their research
on Arabidopsis plant. It was thought that the mi-
cRNA metabolisms of the CAF-1 (Carpel Facto-
ry) gene and HEN1-1 genes, which have similar
tasks in the study, would also be similar. In order
to determine the functions of these genes, miR-
NA has been isolated from HENI-1 and CAF-1
mutant Arabidopsis plants and from Arabidop-
sis plant that did not contain any mutations. In
addition, isolation was done from tobacco, rice
and maize crop plants thought to carry potential
homologous genes. As a result of the research, it
was determined that miRNA formation is con-
trolled by growth and its density decreased in
HEN1-1 and CAF-1 mutant plants. Many details
regarding the biogenesis of miRNAs were also
determined by this model plant. miRNA has
been identified to date in a wide variety of plants
such as Chrysanthemum, Gossypium, Arabidopsis,
Sorghum, Brassica and Vitis (Adai et al., 2005; Be-
dell et al., 2005; Billoud et al., 2005; Dezulian et
al., 2005; Li & Zhang, 2005; Lu et al., 2005; Sunkar
et al., 2005; Qiu et al., 2007; Velasco et al., 2007).

Fruits are important as they are a source of ad-
ditional nutrients. The nutritional value of the
fruit, such as flavor and shelf life, are the fac-
tors that determine the quality. For this reason,
reducing product loss by increasing fruit shelf
life by illuminating the metabolic process in fruit
ripening is of great interest for commercial rea-
sons. The 1-Aminocyclopropane-1-carboxylate
(ACC) oxidase gene, which catalyzes the oxida-
tion of ethylene, a plant growth regulator (PGR),
was used in an RNAI study to delay ripening in
tomato, one of the most consumed fruits in the
world. Successful conversion of double-stranded
RNA (dsRNA) of tomato ACC oxidase into to-
mato variety Hezuo 906 by A. tumefaciens using
the cauliflower mosaic virus (CMV) 355 promot-
er produced a transgenic tomato with a shelf life
of more than 120 days (Xiong et al., 2005).
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Certain studies have been conducted in which
plant color changes in transgenic plants as a re-
sult of inhibiting the accumulation of anthocy-
anins by suppressing some structural genes in-
volved in anthocyanin biosynthesis with RNAi.
In another study, the 3'UTR region of chalcone
synthase (CHS) mRNA, is an important enzyme
in anthocyanin and flavonoid biosynthesis, was
targeted and suppressed with RNAi to obtain
plants with a lighter color than normal color in
Torenia hybrida plant (Fukusaki et al., 2004).

In a study conducted on rice seed, the phyto-
chelatin synthase (OsPCS1) gene, which has an
important role in heavy metal accumulation
and resistance, was suppressed by RNAI to re-
duce cadmium (Cd) accumulation. For this, the
hairpin structure of the PCS gene fragment was
designed in pRNAi-OsPCS1 under the control
of ZMM1, a maize seed-specific promoter, and
transferred to rice by A. tumefaciens (Li et al.,
2007).

As stated by researchers working on the RNAi
technology in potatoes, [>-carotene content was
increased by silencing the [-carotene hydroxy-
lase gene (BCH) transcript, which converts [3-car-
otene to zeaxanthin using RNAi technology (Van
Eck et al., 2007).

According to the results of a study conducted on
the subject in which the two E-class MADS box
genes, MaMADS1 and MaMADS2, which are ho-
mologous to the RIN MADS ripening genes in
tomato, were functionally characterized, ripen-
ing was delayed in transgenic bananas in which
these two genes were silenced with RNAi, and
the banana ripening process was characterized
by at least two SEPALLATA-MADS box genes in
bananas (Elitzur et al., 2016).

Terpenoid gossypol toxin found in cotton seed
and oil, which is an important industrial plant,
and the RNAi and cadinene synthase gene in the
gossypol biosynthesis pathway were suppressed
only in the seed using a seed-specific promoter,
and the leaves continued to produce terpenoids
at normal levels in order not to affect the defence
against insects Sunilkumar et al., (2006).
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Plants may encounter a wide variety of stress fac-
tors such as biotic factors, infection by microor-
ganisms and stress factors caused by the attacks
of harmful animals, and abiotic factors (tempera-
ture, water, radiation, chemicals, magnetic and
electrical fields) during their life (Levitt, 1980).
Plants can respond through a wide variety of
stress-related proteins, transcription factors,
metabolites, or through epigenetic regulation.
Epigenetic changes; encompasses RNA-directed
DNA methylation, histone or DNA modifica-
tions, which play an important role in gene ex-
pression changes, particularly when the plant is
exposed to an abiotic stress. It has been predicted
that non-coding RNAs in plants may be formed
by different mechanisms, such as insertion of a
protein-coding gene after duplication or origi-
nating from transposons that make up more than
80% of the plant genome, but it has been stated
that it is very difficult to determine a precise
origin due to mutations accumulated in plants
(Cushman and Bohnert 2000). Although there
is no definite opinion about its origin. RNAIi in
plants is a technology that has the potential to
be used in many areas such as genomics, deter-
mining the functions of genes, controlling tissue
differentiation and development, signal trans-
mission, interaction with phytohormones, and
determining the response to environmental fac-
tors. It is possible to give a wide variety of ex-
amples for the application of RNA interference
technology in plants (Priyapongsa and Jordan
2008).

According to the obtained results of a study, to-
bacco plants were manipulated with the tobac-
co mosaic virus (TMV) coat protein gene (CP).
While all the features of the infection were ob-
served in the initially transformed plants. It was
noted that the plants recovered in the following
weeks. As a result of the molecular analyzes per-
formed in the healed tissues, it was understood
that the transcription of the TMV sequences con-
tinued, but the functions of the mRNAs did not
continue. At the end of the study, researchers
were agreed with the opinion that gene silencing
or co-repression is localized in cytoplasm and
occurs at the post-transcriptional stage (Lindbo
etal., 1993).

In a recent study on drought stress resistant Phy-

scomitrella patensis, 16 miRNAs (DsAmR) asso-
ciated with drought stress were identified and
miR902a-5p and miR414 were reported to be
important in inducing drought stress resistance
(Wan et al., 2011).

The useage of RNAIi technology in increasing
resistance to sugarcane mosaic virus (SCMV) in
maize (Zea mays) was investigated by research-
ers. As a result of the study, it was seen that the
hairpin RNAs formed by the transcription of
the sheath protein (SHP) gene prevent SCMV
infection and it has been stated that the RNA
interference-post transcriptional gene silencing
approach may be important. It has been em-
phasized in other studies that the virus resistant
plants can be obtained by inhibiting gene expres-
sion (Gan et al., 2014).

By silencing the GTPase MtROPY9 gene in Med-
icago truncatula, it was observed that ROS-relat-
ed enzymes were suppressed and ROS products
were reduced in transgenic roots (MtROPYi) in-
fected with pathogenic (Aphanomyces euteiches)
and symbiotic microorganisms i.e., Sinorhizobi-
um meliloti and Glomus intraradices. In this study,
time-dependent proteome responses were in-
vestigated in plants under the same conditions
(22°C temperature, 65% humidity and 16hs
photoperiod at 220 uE m-2 s-1 in plant growth
chamber). When the induced proteins were ana-
lyzed as a result of the study, it was determined
that the ROS production and clearance mecha-
nism was controlled by the roots, while MtROP9i
had alternative protection mechanisms Kiirika et
al., (2012).

According to the obtained results of a study, it
has been found that the MYB transcription fac-
tors play a role in plant development, metabolism
and stress response. In the study, the function of
OsMYB103L gene encoding the R2R3-MYB tran-
scription factor in rice crop was investigated. The
OsMYBI03L gene is located in the nucleus and
has processing capacity. As a result of the study,
it was observed that ovarian expression of this
gene caused the curly leaf phenotype in rice. The
study further determined that the expression of
cellulose synthesis genes (CESA) increased by
silencing of OsMYB103L gene with RNAi tech-
nology.
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It was observed that the expression of CESAs
gene decreased the cellulose content in plant and
the curl in the leaf decreased (Yang et al., 2014).

RNA interference technology has been success-
fully used in plant breeding and genetics. Ho-
mozygous parental lines can be obtained from
heterozygous plants by stopping the recombi-
nation of meiosis. Recombination in meiosis can
be achieved by RNAi (RNA interference) assist-
ed gene editing. With this method, double hap-
loid lines can be obtained and by crossing these
lines, heterozygous lines can be obtained again.
Recombination in meiosis can be prevented us-
ing different methods, including RNAi technol-
ogy. For example, DMC1 and SPOLI genes are
involved in the recombination processes of mei-
osis. By silencing these genes with RNAI tech-
nology, homozygous parental lines are obtained
from a heterozygous line (Schaart et al., 2016; Sa-
vadi et al., 2018).

4. CONCLUSION

Molecular technologies such as RNAi technolo-
gy offer important opportunities to increase agri-
cultural production in order to ensure adequate
and balanced nutrition for the rapidly increasing
world population. In addition to the application
of sustainable agricultural techniques, the devel-
opment of high yielding and high-quality plant
varieties that are resistant to biotic and abiotic
stress conditions is an important priority. In the
development of these plants, it will be more accu-
rate to focus mainly on molecular plant breeding
techniques, not only transgenic plants obtained
by transformation, in the short and medium
term. It will help developing countries such as
Tiirkiye, which have rich genetic resources, to
determine their priority areas and to establish
sufficient infrastructure for plant genetics and
breeding studies.

It depends on the determination of plant species
and varieties that can survive under the influ-
ence of various stress factors that may occur due
to global climate changes and other factors that
adversely limit growth and development, and
it depends on the protection and development
of existing ones. At this point, new and modern
biotechnological approaches are important. In
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this sense, RNAi technology, which is an inno-
vative approach in plant breeding, has become
the preferred biotechnological approach in the
international area. RNAi technology is the big-
gest advance in studying the function of genes
in recent years. This mechanism is one that exists
in nature, and it also has a wide range of appli-
cations in molecular biology, gene-protein func-
tion analysis, and functional genomics research.
This technology can be used to obtain transgen-
ic plants resistant to stress factors, to develop
defence mechanisms against diseases caused
by pathogens (fungal, viral and bacterial), etc.,
made significant contributions in many fields.
In terms of the future prospective along with
the development of technological tools, a more
detailed understanding of post-transcriptional
gene regulation mechanisms in different plants
under different conditions will be possible.
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ABSTRACT

Today, among the wastes that harm the environment, there are many wastes such as cleaning agent
wastes and expired drugs. In addition to these wastes, agricultural wastes are an important issue. The
vast majority of agricultural wastes are wastes containing high cellulose. Agricultural wastes include
tobacco plant waste, vineyard and fruit tree pruning residues, wheat straw, cob, cotton stalk, mushroom
compost residues, corn stalk, husk, rice bran, pulp, lentil waste, wood shavings, bean straw, leather
waste, soybean straw, wastes consisting of a dysfunctional irrigation system and plastic mulches. Gases
especially causing greenhouse gas effect (carbon dioxide, methane, nitrous oxide and other) which are
released by the destruction of agricultural and other wastes by burning, accumulate in the atmosphere,
causing global warming and negatively affecting the climate. The study has been compiled with the aim
of revealing solutions for the use or recycling of agricultural wastes that cause greenhouse gases when
destroyed by incineration.
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1. INTRODUCTION

In case of unconscious burning of agricultural
wastes, gases such as carbon dioxide can accu-
mulate in the atmosphere. These gases, which
accumulate in the atmosphere and keep the rays
reflected from the earth to the atmosphere and
warm our world, are called greenhouse gases. If
these greenhouse gases accumulate in the atmo-
sphere in excessive amounts as a result of burn-
ing garbage and agricultural wastes from vari-
ous sources other than natural ways, the amount
of radiation they hold increases. In this case,
global warming, which is an important climate
problem, occurs due to the increase in gases that
cause the greenhouse effect.

One of the important issues that should be pre-
vented in agricultural areas is stubble burning.
Burning stubble increases the emission of gases
that cause greenhouse effect in the atmosphere
and global warming. In addition, beneficial in-
sects and organisms in the soil die by burning
the stubble. Stubbles can be evaluated by mixing
the stubble with the soil or using it as straw.

According to the type of agricultural waste, ag-
ricultural wastes can be reused today in pack-
aging, biochar production, composting, fertil-
izer production and similar ways. Agricultural
wastes such as animal manure, straw, fruit and
vegetable wastes, waste paper can also be used
in the production of vermicompost, which is an
important fertilizer, in addition to compost. Plas-
tic products such as pesticide packaging, irriga-
tion system residues, and plastic mulches can be
reused instead of incineration. Vegetable and an-
imal wastes can be used as organic fertilizer and
soil improver.

There are different methods in the evaluation
of agricultural wastes in different agricultur-
al products. In a study (Elbasiouny et al. 2020)
about the administration of agricultural wastes
for the reduction of climate change, mentioned
that agricultural wastes increase due to popula-
tion growth and that these wastes are disposed
of with incineration or inappropriate methods.
They stated that this situation harms the atmo-
sphere in terms of wasting valuable resources as
well as increasing greenhouse gas emissions. In
their studies, they mentioned the importance of
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using these wastes as animal feeding, compost-
ing, bioenergy sources, bioplastics and building
materials in order to prevent greenhouse gases
and climate change. However, they mentioned
that rice, corn, wheat or barley, cotton, sugar beet
crops are the agricultural wastes in the highest
amount.

Colakoglu, B. (2018), divided agricultural wastes
into wastes that occur during or after animal
production, wastes that occur during or after
plant production and wastes that occur during
or after the production of agricultural products.
It was mentioned that agricultural wastes can be
evaluated as renewable energy source (biomass,
biogas fuels), compost, particle board, biode-
gradable plastic production, mulch, mushroom
production, paper production, insulation con-
struction material, heavy metal removal.

In another study (Dogan, N., 2005), cotton stalk
and apricot kernel used as biosorbent in order
to absorb copper (Cu) and lead (Pb) heavy met-
al ions from liquid solutions. It was determined
that cotton stalk was more effective in removing
both heavy metals than apricot kernels. In ad-
dition, it was observed that agricultural wastes
remove Pb ions more effectively than Cu ions. It
was found that the harmful effects of heavy met-
als on P. aeruginosa soil bacteria were reduced
with the help of agricultural wastes. The aim of
the study is to eliminate the lack of knowledge
about the damages caused by the incineration of
agricultural wastes to the environment and cli-
mate. In addition, contribute to eliminating the
lack of knowledge about how these wastes can
be used and to improve people’s perspective on
this issue.

2. PRODUCTION OF ORNAMENTAL
PLANTS BY USE OF AGRICULTUR-
AL WASTES

The evaluation of agricultural wastes in produc-
ing of ornamental plants is another issue. Orna-
mental plants are usually produced in pots, so a
growing medium is needed.

Micro scale structure and physical, hydro phys-
ical designation of organic wastes of hazelnut
husk, corn straw, pine bark, tea waste, wood
chips, rice husk, waste mushroom compost,
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household waste compost were determined
in a study (Oztekin, H. O., 2018) regarding the
use of organic wastes in growing ornamental
plants and in the result of study, domestic waste
compost, waste mushroom compost, hazelnut
husk, wood shavings were found suitable for
use as growing media. In addition, it has been
stated that corn straw, pine bark, tea waste and
rice husk media can be used by adding certain
amounts to the growing media.

In study made by Zulfigar et al. (2019) by using
Dracaena deremensis ornamental plant, growing
environments were created by replacing mown
grass, leaves and wheat straw biochar materials
with 10% peat. They determined that the ad-
dition of biochar and compost materials to the
peat/perlite medium increased the growth in
vegetative part (height of plant, leaf number,
area of leaf, fresh biomass) of Dracaena deremensis
by 10-30% compared to the peat/perlite medium.

A study carried out by Jayasinghe et al. (2010)
on using of substrates obtained from animal
manure compost and synthetic aggregates in or-
namental plant production as an alternative to
peat. In their study, they determined that animal
compost and synthetic aggregate based media
were more effective on plant growth than con-
trol (peat) media in French marigold (Tuagetes pat-
ula). They determined that the highest length of
plant, number of flowers in per plant, shoot fresh
weight, shoot dry weight, root length, root dry
weight, root fresh weight values were obtained
from animal manure compost and synthetic ag-
gregate medium at the rates of 40% and 60%.
They determined that the mentioned parameters
in this medium (40% animal manure compost,
60% synthetic aggregate) had higher values,
respectively, 27.01%, 42.86%, 37.09%, 67.29%,
5.14%, 45.58%, 34.26% compared to the control
medium.

3. USE OF MUSHROOM COMPOST
WASTE IN AGRICULTURAL PRO-
DUCTION AND USE OF AGRICUL-
TURAL WASTE IN MUSHROOM
PRODUCTION

Baran et al. (1995) conducted a study to deter-
mine the physical and chemical features of agri-

cultural wastes from tobacco dust, grape pomace
and mushroom compost. They determined that
the physical properties of agricultural wastes in
their study were insufficient, however, their nu-
trient content was at a very high level. In addi-
tion, the organic matter contents of all agricul-
tural wastes they used in their study were found
to be high, grape pomace had the highest organic
matter content. However, they determined that
the aeration capacity of agricultural wastes con-
sisting of tobacco dust, grape pomace and mush-
room compost was insufficient and it was stated
that these agricultural wastes could be mixed
with environments with high aeration capacities
such as peat and perlite and their aeration capac-
ity could reach the desired level. In terms of salt
content, they mentioned that tobacco dust and
mushroom compost have high values.

Polat et al. (2004) conducted a study on the effects
of using waste mushroom compost in lettuce
cultivation on yield and quality. In their study,
synthetic mushroom compost waste, which was
kept in the open field for two years, was used in
lettuce cultivation at doses of 1, 2, 4 tons/da. The
authors determined that waste mushroom com-
post applications gave higher results in terms of
average head weight, average marketable head
weight, and total marketable product, compared
to the control application.

Another issue is the usability of agricultural
wastes in mushroom production. Fungi take
in oxygen and give off carbon dioxide, that is,
they breathe. More research is needed to deter-
mine whether the use of agricultural wastes in
mushroom production instead of burning has a
positive effect on the atmospheric greenhouse ef-
fect. However, when a material is burned, a large
amount of carbon dioxide is suddenly released
into the air. In mushroom production, there may
be a slower release of carbon dioxide. Pasteur-
ized, rotten or waste organic materials of vegeta-
ble and animal origin can be used in mushroom
production. Pleurotus spp. production can be
done using freshly cut logs as well as different
composts. In this way, instead of using logs as
wood, that is, as fuel, it is possible to evaluate
them in a way that can contribute more economi-
cally. Another important issue here is how much
efficiency will be obtained from which waste.
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A large number of agricultural wastes can be
used in mushroom cultivation.

In the study (Akytiz and Kirbag, 2009), agricul-
tural wastes consisting of wheat straw, cotton
stalk, corn stalk, rice bran, lentil waste, bean
stalk, soybean stalk, and leather waste were used
for the production of Pleurotus spp, it was found
that wastes from agriculture and industry were
easily used in the production of Pleurotus spp.
Within the scope of their study, the lowest yield
(in 100 g compost containing 70% moisture) was
15 g and obtained from P. eryngii’s wheat straw +
5% leather waste, and the highest yield was 22 g
and obtained P. eryngii’s wheat straw-bean stalk
(1:1) + 5% rice bran.

In a study by (Kurt, S., 2008) vine pruning res-
idue, wheat straw, rice straw, sesame stalk, 2
sawdusttbran, 2 vine pruning residuetbran,
2wheat straw+bran, 2 rice straw+bran, 2 sesame
stalk+bran media were used in the cultivation of
Pleurotus ostreatus, Pleurotus sajor-caju mushroom
species and the fastest mycelial growth in Pleu-
rotus ostreatus species was obtained from wheat
straw (22.83 days), vine pruning residue (23.67
days), sesame stalk (26.22 days) media, and in
Pleurotus sajor-caju species from wheat straw
media. In addition the highest total yield and
biological efficiency rate in both species were ob-
tained from 2 wheat straw + bran medium and
the lowest yield was determined in wheat straw
medium in both species. Besides it was informed
that the easy availability of these wastes accord-
ing to the regions is important for the continuous
production of mushrooms.

4. OTHER STUDIES ON THE USE OF
AGRICULTURAL WASTES

Kara et al. (2021), examined the impacts of or-
ganic mulch practice using wheat straw on the
physical properties of the soil. As a result of their
study, they determined that 600 kg/da and 900
kg/da wheat straw practices increase the organic
matter in the soil and increase the yield and qual-
ity in plant production.

Another agricultural waste obtained in signifi-
cant quantities is obtained as a result of tobac-
co farming. Cergioglu, M., (2011) mentioned that
agro-industrial wastes can be used instead of
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inorganic fertilizers and that the use of tobacco
waste in sustainable agriculture can be an alter-
native to inorganic fertilizers. Within the scope of
study, it was emphasized that importance of us-
ing tobacco waste as fertilizer in order to prevent
the damage caused by the burning and disposal
of tobacco plants and fabrication wastes, which
are rich in organic matter. However, it was stated
that tobacco dust should be used by composting
in order to reduce the amount of nicotine. In ad-
dition, it has been mentioned in the study that
the use of tobacco waste in the improvement of
the physical and chemical structures of alkaline
soils can be beneficial in terms of agriculture and
the environment.

In addition, agricultural wastes can also be used
in the production of chips, fiber and yarn. In a
study (Arslan et al., 2007), it was mentioned that
panels produced in different thicknesses and
densities by gluing chips and fibers produced
from agricultural wastes using various glues and
boards obtained at different press temperatures
can be alternatives to panel materials produced
using wood chips and fibers. However, it has
been mentioned that the high costs in the collec-
tion, transportation and storage of agricultural
wastes prevent the use of agricultural wastes.
Kalayci et al. (2016) mentioned that tons of pine-
apple leaf fibers, which is an important agricul-
tural waste, appear as agricultural waste every
year. Within the scope of their study, they stated
that pineapple leaf fibers are an important textile
material because the cellulose ratio is quite high.
They mentioned that pineapple leaf fibers can be
obtained by mechanical methods as well as bio-
logical methods and can be used in yarn produc-
tion. They explained that the use of these fibers
in the textile sector will contribute to sustainable
agriculture.

Agricultural wastes can also be used as biofu-
els. Sumer et al. (2016) evaluated agricultural
and animal wastes in terms of the potential for
conversion to biochar in Tiirkiye. They deter-
mined that this potential is 3942654 tons in terms
of agricultural and animal origin wastes. They
stated that 77% animal, 22.5% garden and vine-
yard pruning wastes and 0.6% field agriculture
wastes take place in the formation of biochar
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potential. Dayioglu, M. A., (2013) stated that
biorefineries are facilities that have the necessary
biomass conversion stages to produce differ-
ent types of fuels, electricity and chemicals and
it was stated that the fuels obtained by mixing
certain amounts of biofuels with fossil fuels pro-
vide a neutral carbon dioxide cycle in terms of
greenhouse balance. Additionally the biomass
raw materials were stated as starch (corn, wheat,
barley, rye, oat, potato), sugar (beet, sugarcane,
sweet sorghum, cassava root), oil (sunflow-
er, rapeseed, soybean, safflower, cotton, palm,
peanut, jojoba, maize), lignocellulose (branched
millet, flax, hemp, sorghum, poplar, willow,
eucalyptus, miscanthus, woody plants, straw,
stalk, cob, table, bark, husk, kernel, branch, pulp,
wood shavings).

5. CONCLUSION

Prevention of stubble burning, utilization of ag-
ricultural wastes in the form of growing orna-
mental plants, improvement of alkaline soils of
tobacco waste, use of agricultural wastes as bio-
char and biofuel are some of the stages of evalu-
ation of agricultural wastes. In addition, it is seen
that agricultural wastes are in a wide variety of
numbers. Considering the multitude ways of uti-
lization of agricultural wastes and the diversity
of agricultural wastes, it seems possible that pre-
vent excessive increase of greenhouse gases by
evaluating these wastes with different methods
instead of incineration. However, it is necessary
to investigate how these wastes can be evaluat-
ed in which products. However, it should not be
forgotten that the usage dose of these wastes dif-
fers in terms of the agricultural area to be used
or the product to be produced. Producers need
to be guided correctly in using a wide variety of
agricultural wastes.
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ABSTRACT

Today, nearly half of food products are decreasing before reaching to consumer and data shows that
one third of food never reaches to end consumer. It is known that % 50 of these are caused by technical
errors, temperature management and reducing postharvest losses will play important role of world
population in future. Therefore, preventing or minimizing loss of fresh fruits and vegetables has be-
come important issue. Petroleum fuels and electrical energy cold storages are costly and causes envi-
ronmental pollution. Recently, phase change material (PCM) is clean, environmentally friendly and
renewable energy source and interesting material in energy systems. PCMs have ability to store ambient
heat as latent heat energy and return the stored latent heat energy during rising and falling to ambient
temperature. Accurate phase change temperature range PCMs work as low and high temperature bar-
riers, providing maximum energy savings as an economical storage system and can prevent carbon (C)
emissions by reducing environmental pollution. This study is a review of applicable thermal energy
storage PCM materials for cold storage of postharvest fresh fruits and vegetables and aims reduce to C
emission and energy saving.
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1. INTRODUCTION

World population will reach 9.6 billion by 2050
and consequently % 70 more food production
will be required (Krishnan et al., 2020). As par-
allel with increase world population, demand
for vegetables and fruits is also increasing. Ac-
cording to United Nations Food and Agriculture
Organization (FAO) 2016 data, 865.8 million tons
of fresh fruit production in 65.2 million hectares
and 1 billion tons of fresh vegetables were pro-
duced in 57 million hectares of land in the world.
Especially tomato is most produced vegetable
that was 182,301,395 tons in 2017 (FAO 2019a).
Almost half of cultivated products are lost before
they even reach consumption stage. In the future,
post-harvest reducing play an important role on
world pop- ulation (Gustavsson et al., 2011).
From this point of view, preventing or at least
minimizing loss of fresh fruits and vegetables be-
comes an important issue. The loss rate of fresh
fruits and vegetables, which are perishable prod-
ucts, %50 reaches result of disruptions and mis-
applications in harvest-transport-cooling-pack-
aging-storage-transportsales chain (Sorhocam,
2020). Most factors (processing, storage and
transport conditions) play important role in de-
terioration reactions of fruits and vegetables on
their transport from grower to consumer. If these
factors are not properly controlled, there will be
large post-har- vest losses (Table 1). Changes in
fresh products cannot be stopped, but it is pos-
sible to minimize losses with low temperature,
relative humidity control, appropriate packag-
ing and transporta- tion measures (Ahmad and
Siddiqui, 2015). On the other hand, thermal ener-
gy storage (TED) materials, can be used efficient-
ly when lack of resources to produce energy or
with cooling systems that are opened at 4-5hour
intervals. PCM design and implementation of
food safety sys- tem has attracted great interest
in recent years. Using these technologies mini-
mizing food waste enables optimal planning of
distribution networks and this reduces the car-
bon emissions of the entire supply chain.
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2. SOME FRUIT AND VEGETABLE
POSTHARVEST LOSSES

Increasing shelf life of products, including ther-
mal or refrigerated packaging methods, from
production center to point of consumption and
main parts of cold chain, which is a logistics sys-
tem that provides most ideal conditions for per-
ishable products to maintain its quality that are
as follows:

*Food processing (eg freezing of some processed
foods)

*Cold storage (short or longterm storage of fro-
zen foods)

eDistribution (refrigerated shipping and tem-
porary storage in temperature controlled condi-
tions)

*Marketing (in wholesale markets, retail mar-
kets and food service businesses, it is the plac-
ing of the product in warehouses and showcases
with refrigerators or freezers (Postharvest, 2017).

If storage and transportation conditions are not
followed in cold chain from the grower to con-
sumer, post-harvest losses increase. Lowering
temperature and controlling relative humidity
can reduce losses (Ahmad and Siddiqui, 2015).
Moisture loss, bruising and subsequent spoil-
age are types of spoilage that cause fresh fruit
and vegetables to be discarded (Kitinoja and Al-
Hassan, 2010; Ray and Ravi, 2005). Production
and marketing losses are experienced in stages
between the production and consumption of all
fresh fruits and vegetables, especially tomatoes
and for example Turkey marketing loss of 12
billion TL/year than fresh fruit and vegetables
(FAOSTAT, 2019). Cold storage applications have
become inevitable and necessary to reach mar-
kets. Depending on these developments; world
cold storage capacity has reached 552 million m3
(Salin, 2010; Cantek, 2016). Post-harvest product
losses in developed countries are less than in yet
developing countries (Table 1, 2) (Erkan, 2021).
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Table 1. Postharvest product losses in fresh fruits and

vegetables in developed countries (Erkan, 2021)

Products Loss Rates (%)
Leaf salad, iceberg 11.7
Cucumber 7.9
Sweet pepper 10.6
Tomato 14.7
Potato 4.9
Apple 1.7
Pear 4.1
Peach 12.6
Strawberry 22
Orange 10-12

Table 2. Postharvest product losses in fresh fruits and

vegetables in developing countries (Erkan, 2021).

Products Loss Rates (%)
Lettuce, Leaf salad 62
Cabbage 37
Cauliflower 49
Tomato 20-50
Onion 16-35
Potato 5-40
Apple 14
Peach 28
Grape 20-95
Citrus 23-33
Banana 20-80

3. COLD STORAGE APPLICATIONS
AND ENERGY USE TO POSTHAR-
VEST FRUIT AND VEGETABLES

It is known that nearly fifty percent of these
losses are caused by technical errors related to
control and temperature management. Cold air
technologies are important in logistics and tem-
perature of sensitive food products. Microbiolog-
ical and chemical deterioration occur with tem-
perature fluctuations in cold chain so as mostly
at transportation vehicles or transportation tran-
sitions (1zer, 2017). Although insulating cooling
equipment is used to reduce this risk, there is no
latent heat storage feature at low temperatures.
After harvest, fruits and vegetables survive and
perform all functions of a living tissue (Joas and
L’ecaudel, 2008). Increasing the quality of fresh
fruits and vegetables cannot be changed, pro-
vided that naturalness is preserved in terms of
technology, it is only preserved (Tigist, 2013).
The postharvest treatment methods that must be
followed to maintain this quality are as follows;
methylcyclopropene (1-MCP), calcium Chloride
(CaCl2) application, modified atmosphere pack-
aging (MAP), tomato postharvest heat treatment,
cooling storage (Arah et al., 2016).

The determination of harvest maturity stage
depends on desired market target and time re-
quired to fruit market. The most effective factor
in hardness change after fruits harvest is ambient
temperature and temperature rises, the hardness
values decrease rapidly. For this reason, strength
of harvested fruits can be increased by moving
them from field or garden to a cool place (Mer-
can, 2005). Although plants produce pathogenic
bacteria, pectolytic and softening enzymes, most
of bacteria that cause soft rot in many products
belong to certain Erwinia species (Aysan et al.,
2003). Erwinia carotovora subsp. carotovora
(Jones) Dye and Erwinia carotovora subsp. atro-
septica (van Hall) Dye (soft rot): They are most
important bacterial diseases that cause damage
to many crops, especially tomatoes and pep-
pers. One of the most easily recognized mold
fungi is Alternaria ssp. (Kadakal et al., 2011).
These patho- gens are spread by splashing wa-
ter on soil, wind, harvest and postharvest pro-
cesses. Bacteria pass- es from a rotten product to
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healthy product by flow. Packaging fresh fruits
and vegetables can reduce food losses with bet-
ter and smarter packaging design to keep food
fresh longer.

Therefore, suitable packaging systems should be
designed (Elik et al., 2019). In developing coun-
tries, lack of cooling system is seen as main cause
of postharvest losses (FAO, 2013).

The world cold storage capacity has reached 552
million m3. In this capacity, India (133 million
m3), USA (114 million m3) and China (76 million
m3) occupy top three places and Turkey ranks
13th with Spain, which has same capacity, with a
capacity of 7 million m3. While total growth was
% 5 in 17 countries where cold air investments
are concentrated growth was % 10 in Turkey,
India, Peru and China. Cooling; for perishable
horticultural crops, it reduces respira- tion, re-
duces spoilage and natural ripening rates, slows
down ripening by reducing transpiration, water
loss, wrinkling, as well as ethylene produc- tion,
reduces activities of microorganisms, black- en-
ing, loss of texture, taste and nutritional value
(Kitinoja and Kader, 2015). Cooling systems con-
sume electrical energy, about % 40 of total energy
consumption (Sarafoji et al., 2021). Traditionally,
vapor compression refrigeration cycles are used
in cold stores (Uggiil, 2009). In this cycle, energy
required for compression work in compressor
is met by electrical energy. Among other ener-
gy sources, electrical energy is seen as cleanest
source in terms of environmental impact. How-
ever, this is not case when electrical energy is
considered as a source of generation. In many
countries around the world, electrical energy is
still produced in thermal power plants and us-
ing fossil fuels. This situation reveals that there
is an indirect environmental polluting effect in
electrical energy. For example, Turkey produces
approximately % 75 of its electricity in thermal
power plants that use fossil fuels (UNDP, 2006;
Tarakcioglu, 1984; TUSIAD, 1998). The indirect
environmental impact arising from use of elec-
trical energy is a subject that must be examined.

Examination of export problems of South Afri-
can fruit producers from Cape Town port with
refrigerated ship containers over the port, it has
been determined that one of the important fac-
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tors in quality of fruits and product losses is tem-
perature changes they are exposed to when the
refrigerated container is loaded from cold stor-
age while on truck and containers are plugged
into power source during transfer of containers
from truck to ship at port. In addition, design of
cooling system in refrigerated ship containers is
sufficient to maintain a certain temperature but
because it is not sufficient for cooling, the impor-
tance of loading the fruits into these containers
at recommended coldness. Importance of initial
cooling and critical importance of maintaining
temperature reached here throughout entire
transport are expressed in same research (Goed-
hals-Gerber et al., 2015).

Temperature is main determining factor for shelf
life and product quality in food cold chain. As
an alternative, active refrigerator boxes can be
used, provided batteries are charged and active
cold pack box systems that can cool provided
that cold packs are replaced or dry ice is added
and replaced to control system batteries (Rong et
al., 2011). Especially in domestic transportation,
non-refrigerated vehicles are used, so cold chain/
air conditioning cannot be applied. The solution
proposal is; It is envisaged to expand vehicle
tracking systems and heat recording devices in
fresh fruit and vegetable transportation, espe-
cially refrigerated vehicle transportation and to
ensure traceability of products. In a different
study total logistics cost of okra after harvest was
calculated as 2,191,978.56 TL/500kg (Cakir, 2019)
and cost of an integrated ice store in a 3ton chiller
was subtracted and amortization period was
determined for a “partial storage” application.
Cold storage system electricity consumption in 8
hours can cost amounting to 4,971,700 TL to 41.5
kWh (Basaran and Erek, 2001). Mechanical sys-
tems used in refrigerated transportation are not
shut down under any circumstances and desired
set interval value is not exceeded, two drivers are
used, thus preventing cold chain from being bro-
ken since electrical energy taken from vehicle is
not cut off. In short-term transportation applica-
tions, driver is obliged to leave vehicle in work-
ing condition during meals or short-term stays.

In addition, fuel consumption increases as a high
cooling load is brought to refrigerated vehicle
(Kalig, 2018). Conventional vapor compression
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refrigeration systems cause 0.585 kg of carbon
dioxide (CO2) to be released into the atmosphere
to produce 1kWh cold effect, also cost for IkWh
cooling effect is 0.016 Euro/kWh (SE) for ejector
system and 0.178 Euro/kWh (SE) for con- ven-
tional cooling system (Uggiil, 2009).

4. PCMS ROLE IN ENERGY USE AND
ITS IMPACT ON C EMISSIONS

Heat energy can be stored as sensible, latent and
thermochemical energy. Latent heat storage is
most interesting method. PCMs are substanc-
es that can absorb and store heat during the
phase change process and dissipate this stored
heat in case of reverse phase change (Tao et al.,
2008; Boan, 2005). The phase change is basically
caused by temperature change caused by heat
source coming from stable state of substance. In
latent heat storage technique, PCMs have energy
storage/release function during phase change at
specified temperature. PCMs have an important
place with high energy storage, isothermality
and controlled phase change (Zalba et al., 2003;
Kenisarin and Mahkamov, 2007).

Many organic and inorganic PCMs and their
mixtures (Fig.1) are used in solar heating (wa-
ter, building etc.) and temperature regulation
in textiles, thermal management of electronics,
biomedical and biological transport systems, etc.

Phase Change
Material

— Organics —

— Inorganics —

— Eutecties

PCMs have high impact strength and chemical
resistance (Alkan et al., 2006). PCMs are now-
adays used in solar energy storage, heat pumps,
heating and air conditioning in buildings, heat
distribution systems, etc. widely used in the
fields. Studies on PCM microcapsules have in-
creased in the last 10 years (Gulfam et al., 2020).

Preparation of new generation materials with
modified PCM studies, for example, a new PCM
was synthesized by connecting polyethylene
terephthalate to polyethylene glycol (Gungor
Ertugral and Alkan, 2021). In solid-liquid phase
change, food packaging containing PCM in solid
state can minimize temperature fluctations that
can occur foodstuff (Johnston et al., 2008) also
provides insulation by preventing chang- ing
ambient temperature from reaching food for a
long time. Organic and inorganic PCMs have
been tried by many researchers to elicit maxi-
mum thermal efficiency available (Sathishkumar
et al., 2020). PCM system was used to home re-
frigerator and compressor worked 3,566 hours
a day and operating time was reduced by 45
minutes compared to previous year and it was
observed that carbon dioxide emissions were re-
duced by % 17.4 and fossil fuel consumption by
28 kg and 12 liters per day, respectively (Zara-
jabad and Ahmadi, 2018). Functional food pack-
aging materials and petroleum, electricity, etc.

— Paraffin

L Non-Paraffin
(Fatty Acids,Esters,Alcols)

Salts/ Hydrates

- Metals

Organic - Organic

Organic-lnorganic

Inorganic-Inorganic

Figure 1. Classification of PCMs (Tatsidjodoung et al., 2013).
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It is possible to preserve quality and safe food by
using as little energy sources as possible. For this
purpose, the interest in environmentally friend-
ly, new generation, smart packaging materials
that can keep food cold for a certain period time,
which is beneficial to the global economy as par-
allel.

5.APPLICABLE PCMS TO COLD
STORAGE OF POSTHARVEST FRUIT
AND VEGETABLES

Appropriate PCM selection is save energy for
cold chain during storage and transportation of
foods. Preservation of storage temperature in
range of 8-10 °C suitalbe to ripe tomatoes and it
is also best storage temperature range for pota-
toes, citrus fruits, star fruit, melon, okra, pineap-
ple and zucchini (Cantwell, 2001).

Various PCMs can be used as packaging material
to keep temperature constant by using minimum
external energy source in cold chain applications
of postharvest fruits and vegetables whose stor-
age temperatures vary between 5-18°C (Table 3).

It has been observed that a PCM plate integrated
in a vertical structure reduces energy consump-
tion by about 10 times, when plate thickness in-
creases by 6 mm, the compressor run time ratio
decreased from % 36 to % 26 (Ezan et al., 2017)
and Rubitherm brand PCMs used in storage box-
es for cold chain applications that have been ef-
fective in cooling (Du et al., 2020).

6. CONCLUSIONS

In recent years, PCMs have been developed in
field of microencapsulation, shape stabilization
and materials as nanomaterials. PCM techno-
logy has been widely studied in building, cool-
ing, thermal management of electronic equip-
ment and various other fields. With selection of
the appropriate PCM, especially commercially
available paraffin PCMs, postharvest fruits and
vegetables can be stored for a long time without
need for another energy source, and even in case
of a solar-powered system, it is possible to build
a warehouse that can cool with % 100 green e-
nergy. A system developed with smart materials
without using electricity and petroleum fuel can
be completely environmentally friendly. If these
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new generation smart materials are applied to
refrigerated vehicles and continuous cooling
units in food logistics, it is possible to reduce
the C emulsion because less petroleum fuel and
electricity will be consumed. In this way, the o-
perating principle close to raw material, which
is important for fruit and vegetable industry can
be changed by cheap and economical trans- por-
tation systems. Decrease in transportation costs,
which are reflected in food prices in con- sum-
er society, cheaper food consumption can be
achieved and opportunity for healthy nutrition
increases. Green energy systems supported by
natural energy sources such as solar energy or
wind energy supported by PCMs instead of pe-
troleum-derived fuels that cause environmen-
tal pollution can provide economical food con-
sumption and a clean environment.
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Table 3. Applicable PCMs preservation for postharvest fruit and vegetable

Latent
PCM Tm°C Heat (J/g)
Tetrahydrofuran 5 280 Yang et al., 2018.
n-Tetradecane 5.5 226 Sharma, 2004.
Formic Acid 7.8 247 Sharma, 2004.
Polyethyleneglycol 400 8 99.6 Sharma, 2004.
Dimethyl adipate 9.7 164.6 Yang et al., 2018.
n-Pentadecane 10 205 Sharma, 2004.
D20 3.7 318 Sharma, 2004.
LiCl04.3H20 8 253 Sharma, 2004.
NH4Cl.Na2S04.10H20 11 163 Sharma, 2004.
Caprylic acid + 1-dodecanol (70:30) 6.52
171.06 6.52 171 Zuo et al.,2011
Caprylic alcohol + Mynstyl
(73.7:26.3 by mass) 6.9 169 Wu et al., 2015.
Lauryl alcohol + Octanoic acids (40.6:59.4) 7 179 Huetal., 2011.
Capric acid and lauric acid (65:35 by mole)
+ Pentadecane (50:50 by volume) 10 158 Dimaano and Watanabe 2002.
Capric acid and lauric acid (65:35 by mole)
+ Pentadecane (70:30 by volume) 11 149 Dimaano and Watanabe 2002.
C5HS5C6HS + (C6HS5)20 (26:73.5) 12 98 Sharma, 2004.
Capric acid and lauric acid (65:35 by mole) Roxas-Dimaano and
+0.10 mol Cineole 12 112 Watanabe, 2002.
Capric acid and lauric acid (65:35 by mole)
+ 0.10 mol Methyl Salicylate 13 127 Dimaano and Watanabe 2002.
Capric acid and lauric acid (65:35 by mole)
+ Pentadecane (90:10 by volume) 13 142 Dimaano and Watanabe 2002.
Capric acid and lauric acid (65:35 by mole)
+ 0.10 mol Eugenol 13 118 Dimaano and Watanabe 2002.
Capric acid + Lauric acid-oleic acid 15 109 Jiaet al., 2019
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Table 3 (continue). Applicable PCMs preservation for postharvest fruit and vegetable

Latent
PCM Tm°C Heat (J/g)
Lauric + 1-dodecanol (29:71) 17 175 Kumar et al., 2017
Capric acid + Lauric aci (65:35 by mole) 18 140 Dimaano and Watanabe 2002.
Myristic + 1-dodecanol (17:83) 18 181 Kumar et al., 2017
31% Na2S04 + 13% NaCl + 16% KCI1 +
40% H20 4 234 Sharma, 2004.
K2S04 + Carboxymethyl cellulose +
(NaPO3 )6 + borax + boric acid (76 + 10.3+
36+2+32+0.1+24+24) 8.2 114 Liu et al., 2007
55% CaCl2 -6H20 + 55% CaBr2 -6H20
14.7 140 [28] NaOH (3/2) H20 15 140 Cabeza et al., 2011
Rubitherm T3(RT3) Paraffin 3 198 Rubitherm, 2021
RT4 Paraffin 4 182 Rubitherm, 2021
RTS5 Paraffin 5.2 158 Rubitherm, 2021
RT6 Paraffin 6 175 Rubitherm, 2021
MPCM (6) Paraffin 6 167 Microteklabs,2021
ClimSel C7 Organic 7 130 Climator, 2021
PureTemp 8 Organic 8 180 Puretemp, 2021
PCM-OMOS8P Organic 8 190 Zhang et al., 2021
PCM-OM11P Organic 11 260 Zhang et al., 2021
A8 Organic 8 150 Epsltd, 2021.
RT 8 Organic 8 180 Rubitherm, 2021
RT 9 Organic 9 160 Rubitherm, 2021
A9 Organic 9 140 Epsltd, 2021.
RT10 Organic 10 150 Rubitherm, 2021
RT 10 HC Organic 10 195 Rubitherm, 2021
S1 0 Organic 10 155 Cristopia, 2021
PureTemp 12 Organic 12 185 Puretemp, 2021
RT12 Organic 12 150 Rubitherm, 2021
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ABSTRACT

Plant organisms are phenological indicators of weather and climate and are often used as a non-instru-
mental tool for its analysis. The reactions of crops, their growth and development are a direct result of
environmental conditions. Solar radiation, air temperature and precipitation are the main factors that
determine their productivity. In search of the environment-plant connection, the science of agricultural
meteorology emerged. This publication systematizes some of the main challenges facing agriculture
and the main measures for adapting the sector to modern climatic conditions. Climate change and fluc-
tuations lead to changes in the conditions of growth and development of agricultural crops. This has a
direct bearing on the way the world produces, distributes and consumes food. Climate is directly relat-
ed to the way and prospects for global production needed to sustain the human population. The pop-
ulation of people in the world is expected to reach to 10 billion by 2050. This poses a huge challenge to
the global community on how to feed an additional 2.3 billion people through environmentally friendly
methods and climate change.
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1. INTRODUCTION

At the beginning of the 21st century (as of 2017)
in Bulgaria, scientists from the National Institute
of Meteorology and Hydrology (NIMH) report
an increase in average air temperature by 0.8 °C
as compared to the period between 1961-1990, as
well as a change in precipitation distribution (
Unlike the end of the last century, when the up-
ward trend was well expressed in Northeastern
Bulgaria (Kirova & Alexandrov, 2019) not given
in references section), research now shows ris-
ing temperatures in southern and southeastern
Bulgaria, defined as an area of frequent droughts
in which cultivation of spring crops is risky in
terms of humidification conditions in general.
There has been an increase in the number of
hot days (t max. <32 °C) in recent decades. In
most stations there was a statistically significant
trend of increasing the number of hot days by
an average of 3 (4) full days per decade. On icy
days, which are related to the nature of winter,
there is a statistically significant decrease of 2
to 3 full days (Gospodinov, I. ed. (2020) because
precise, local studies related to the conditions of
the individual regions are needed here. In this
direction, the researches in the field of agrome-
teorology and agroclimatology are also oriented.
This leads to a change in the length of the poten-
tial growing season, faster accumulation of the
required temperature sums and shortening of
the interphase periods, which affects the yield of
agricultural crops, irrigation, selection of appro-
priate types and varieties of crops.

The agricultural sector is focusing on environ-
mentalists, as food production is one of the main
causes of global environmental change: agricul-
ture accounts for 40% of world land production

and food is responsible for 21% of global green-
house gas emissions and 70% of freshwater use.
In the context of several key drivers of change
(demographic and economic growth, changing
consumption patterns, technological progress,
integration of global trade or climate change), all
of which will affect the agricultural value chain,
the agri-food sector will have to adapts to this
growing demand for food, while tackling the
challenges of sustainability and health.

2. CLIMATE CHANGE IN BULGARIA
AND THEIR CONNECTION WITH
AGRICULTURAL SECTOR

Some climate models simulate an increase in air
temperature for Bulgaria in the 21st century by
between 2 °C and 5 °C when doubling the amount
of carbon dioxide in the atmosphere. The projec-
tions are for more precipitation during the cold
half of the year, in the period of moisture accu-
mulation, when the plants do not have vegeta-
tion. During the warm half of the year the precip-
itation will maintain its levels or will decrease,
which will increase the intensity and frequency
of droughts and torrential rains. Modern climate
forecasts are indicative and provide guidelines
for the development of sectors.

The agri-food industry is a key pillar of the Bul-
garian economy. It accounts for approximately
20% of total industrial production.

It has a strong impact on both domestic and for-
eign trade, affecting Bulgaria’s export earnings,
domestic consumption and the overall living
standard of the population. The value of the sec-
tor’s final production was recorded as EUR 5.4
billion in 2018 (Table 1), which marks a 38% in-
crease since 2010.

Table 1. Annual production value of food and beverage manufacturing in Bulgaria

2010 2011 2012

Production

value

2013 2014 2015 2016
3945 4222 4380 4511

2017 2018

4476 4690 5025 5321 5456

Source: Eurostat, 2019
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The accession of Bulgaria to the EU in 2007 has
significantly affected the Bulgarian agri-food sec-
tor.( Kirova, M., Montanari, F., Ferreira, 1., Pesce,
M., Albuquerque, ].D., Montfort, C., Neirynck,
R., Moroni, J., Traon, D., Perrin, M., Echarri, J.,
Arcos Pujades, A., Lopez Montesinos, E., Pe-
layo, E., (2019).) Enterprises in the sector, which
were already subject to privatization, buy-outs
and foreign direct investments, needed to com-
ply with much stricter food safety regulations
and to adapt to higher levels of competition from
the common market. Like the agriculture sector,
this has resulted in restructuring and consolida-
tion. Increased investments into technologies,
know-how and marketing have been necessary
for the continued competitiveness of Bulgarian
agri-food enterprises.

On-farm processing is the most popular in the
fruit and vegetable, dairy and meat sub- sectors.
These farmers sell directly to consumers (e.g.,
in dairy, it is now common to have vendor ma-
chines with fresh milk to be placed in villages
and daily re-charged from the dairy farm). As a
next step, their marketing strategies cover con-
tracting with local (in villages or small town)
small-sized supermarkets and the careful expan-
sion of sales, first, regionally, and then in more
regions or nation-wide. The setting up of farm
direct sales markets (where also processed food
could be sold) is rather difficult at the moment,
with the Wednesday market at the Ministry of
Agriculture, Food and Forestry in Sofia being
the most prominent and successful example. The
RDP is yet to open the relevant measure, which
can be a turning point for many small-scale farm
processors as well as the farmers.

The agri-food sector exports a total of 160 mar-
kets worldwide. In 2018, Bulgaria’s total exports
were recorded as EUR 28.6 billion, of which
11.8% (EUR 3.4 billion) were from the agri-food
sector. While this marked a year- on-year increase
of 3.8%, exports have been relatively stable over
the longer term. The top agri-food exports are ce-
real and vegetable products, at EUR 1.9 billion,
and foodstuffs (baked goods, chocolate, canned
vegetables, etc.), at EUR 1.3 billion. EU countries
are the main customers for Bulgarian agriculture
and agri- food goods due to the more favour-

able trade conditions within the European Single
Market. In 2018, the trade of agriculture goods
with the EU increased by 5.3% as compared to
2017, and accounted for 75% of Bulgaria’s total
agriculture exports.

3. THE FORMULATED MEASURES
FOR ADAPTATION ACTIVITIES IN
BULGARIA

According to a study, conducted by the Europe-
an Parliament’s Committee on Agriculture and
Rural Development in 2019, following measures
are recommended:

»methods of genetics and selection;
> usage of crops having higher nutritional value;

> IoT (Internet of things) technologies for col-
lecting and publishing information about pro-
duction processes and the farm;

»>agricultural automation;

»automatic management, monitoring and anal-
ysis of soils, areas, health status;

»optimization of agricultural processes;

»transparency, efficiency and accountability in
the chain from producer to consumer.

»In our country, the efforts include blue-green
government policies aimed at investing in pre-
cision research and sustainable development in
the sector.

Seventy percent of the water resources are
formed at higher altitudes and forest vegetation,
60% of which meet the needs for irrigation. Ir-
rigation is an active measure of impact that is
needed both in relation to drought and in gener-
al. The expected warming and reduction of pre-
cipitation amounts, especially, in the warm half
of the year, directly affect water quantities. Due
to the condition of the irrigation facilities, irri-
gation is not used rationally. Several initiatives
stand out in this direction like;

»The main goal of the SuWaNu project is to de-
velop technologies offering services for trans-
national cooperation within “research-oriented
clusters”, including universities, local authori-
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ties, research centers, technology-based compa-
nies, enterprises, farmers and agricultural asso-
ciations related to waste treatment,

» These services will provide and facilitate the
exchange of knowledge on water and food alter-
natives for all project members, create business
opportunities in the field of focusing and further
expand the support of stakeholders from coun-
tries outside the consortium, while providing
solutions to the above-mentioned problems fac-
ing in Europe (Mention the source here).

»Project proposals from Irrigation Systems
“EAD”, project proposals from irrigation as-
sociations and other legal entities for the resto-
ration of existing hydro-ameliorative irrigation
facilities. The first will support only projects
submitted by the company. The total amount of
financial assistance under this procedure is EUR
45,419,274. The maximum amount for one proj-
ect is 6 million euros. The second eligible candi-
dates are legal entities established and registered
under the Irrigation Associations Act (LAA) and
entered in the register of Irrigation Associations
and legal entities, as well as established and reg-
istered Cooperatives Act. The total amount of
financial assistance under the procedure is EUR
5,046,586. The maximum amount of eligible costs
for the entire period of implementation of the
RDP 2014-2020 per applicant is 1.5 million euros.

The National Program “Intelligent Plant Breed-
ing”, funded by the Ministry of Education and
Science (MES) for a period up to 2024 and with a
total budget of BGN 4.5 million provides through
targeted scientific and applied research related
to the application of artificial intelligence in ag-
riculture, to reduce costs for farmers, improve
soil management and water quality. The aim is
to reduce the use of fertilizers and pesticides,
greenhouse gas emissions, improve biodiversity
and create a healthier environment for farmers
and citizens.

The second program “Intelligent Animal Hus-
bandry” envisages the creation of innovative
methods and tools for intelligent and efficient
development of animal husbandry with reduced
human resources and reduced environmental
effects. Researchers and breeders will have easy
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and controlled online access to tools, resources
and tools for collaboration, to high-performance
information and communication technologies
for calculations. They will have the ability to
connect, store data, access virtual research eco-
systems and client networks.

4. ANALYSIS OF DEMAND FOR
FINANCE

The potential total demand for finance combines
both met and unmet demand. The met demand
consists of the value of all applications for finance
which were approved by the financial institu-
tions in the relevant year. The unmet demand
consists of the assumed value of applications re-
jected by a financial institution, offers of credit
refused by agri-food enterprises, alongside cases
where farmers are discouraged from applying
for credit due to an expectation of rejection or
refusal (Mention the source here).

The lending market for the agri-food sector is
less concentrated than for the agriculture sector.
While Unicredit Bulbank also dominates lending
to the sector (around 20% share), other import-
ant players include DSK Bank, United Bulgari-
an Bank, Eurobank and Raiffeisenbank, each of
them having around 10% of the market.

Financial products

While banks view the agri-food sector as being
less risky than agriculture, the agri-food sector
still receives more loan rejections as compared
to other sectors of economy. This is caused by
the fact that, in general, their businesses are con-
nected to the agriculture business cycle and are
therefore exposed to similar risks (e.g., weather,
seasonality), although processors can mitigate
these risks since they can also

Based on the agri-food survey, the unmet de-
mand for the agri-food sector in Bulgaria is esti-
mated at EUR 178.5 million.

According to the agri-food survey, most of the
funding in the agri-food sector comes from
self-fundings (87%). The importance of banks
in meeting financial needs is below the EU 24
average for all loan products Hata! Koprii bas-
vurusu gegerli degil.Hata! Koprii basvurusu
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gecerli degil.. Interviews with agri-food enter-
prises confirmed that the main reason why they
rely on their own funds is to ensure full control
over their business risk. These considerations
explain why the majority of enterprises had not
applied for external finance. Of the 33% of agri-
food enterprises that applied for bank financing
in 2018, long-term loans (17%), credit lines (14%)
and medium-term loans were the most popular
products.

The level of non-performing loans (NPL) in Bul-
garia has been on a declining trend but remains
higher than the EU average. According to figures
from the National Bank of Bulgaria, NPLs as a
share of total loans had decreased to 5.94% in
2019. The share of NPLs to non-financial corpo-
rations was slightly above those levels and stood
at 6.8%. While the NPL ratio for loans to non-fi-
nancial corporations was 17.15% at the begin-
ning of 2016 (Mention the source here).

Large-sized agri-food firms have contributed to
the high NPL ratio. Banks mentioned that not all
investments made by their agri-food clients have
had a positive return. Increased volatility on lo-
cal and foreign markets has resulted in lower
cash flows and in the crippling of the enterprises’
ability to pay their instalments.

As indicated above, while interest rates have
been decreasing over the last few years (write the
years here like 0000-0000), they remain at rela-
tively high levels. This is particularly the case for
short-term credit. Interest rates have also been
fluctuating recently, making financial planning
challenging for agri-food enterprises. Long-term
loans show a downward trend in interest rates
and at present keep the lowest ever rates, at ap-
proximately 2.8% (for local currency loans).

Some of the small-sized enterprises are relying
on informal credit providers to re-finance their
debt, paying high interest rates and often being
impacted by hidden terms in the contracts.

Banks require collateral for loans. They primarily
accept buildings, land and facilities but, in gen-
eral, all assets that can be easily converted into
cash and for which the banks can have access to
the legal titles are acceptable. For new entrants
that are establishing their own start-ups and do

not possess any assets, banks require property
of the owner (real estate in urban areas) or con-
tracted financial aid under the measures of RDP.
For medium and long-term investment loans,
agri-food entrepreneurs often cannot provide
the required collateral. They remain interested
in guarantees providing higher than the current
guarantee rate and of bigger supply (Mention
the source here).

The main criteria that influence the decisions of
the agri-food companies in choosing the most
suitable financing partner are 96 the longer grace
periods and lower interest rates they could be
offered (Mention the source here). This finding
indicates that, when it comes to larger-sized en-
terprises, there is competition among the finance
providers. This also means that large-sized agri-
food enterprises can shop around for the best
offers in terms of interest and fees, maturity, col-
lateral and repayment schedule.

Product features and accompanying lending
policies do not adequately reflect the business
cycles of banks’ clients. Banks are often unaware
of the slow ramp-up time of investments, and
the subsequent returns from them, per sub-sec-
tor, because of the time needed to establish agri-
food assets and production facilities.

Moreover, banks do not have a tailored market-
ing strategy for agri-food SMEs and are unaware
of how to approach in a best way with this client
segment, as indicated in interviews with agri-
food enterprises. This means that enterprises
are not being made aware of new credit prod-
ucts available to them. The main communication
tools that banks use are personal advisors who
are responsible for providing information about
new products and services.

5. CONCLUSIONS

Firstly, climate change is already affecting peo-
ple and ecosystems: dangerous events caused
by changing weather patterns, including floods,
droughts, forest fires and extreme heat are be-
coming more common around the world. Cli-
mate change directly affects food and water se-
curity. Any warming can lead to reduce yields
in conditions of growing demand for food and
raw materials.
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Secondly, among the causes of climate change
are anthropogenic activities such as changes in
the structure and use of land, which cause ap-
proximately a quarter (23%) of human emis-
sions; food production, deforestation and desert-
ification are among the causes of climate change
on land; degraded lands do not have the ability
to absorb carbon and can actually release carbon.

Climate change and human activities can harm
the earth to the point where it becomes a net
source of carbon emissions, and soil is also an
element that can have a significant effect on cli-
mate change depending on management deci-
sions. More than 2.7 billion people worldwide
are affected by desertification, which means that
nearly 1/3 of the world’s population has lost
productive land, to be used for agricultural pur-
poses. Proper soil management can be applied
to depleted soils in an area slightly larger than
Europe, improving people’s livelihoods and eco-
nomic opportunities.

Thirdly, to adequately respond to climate chal-
lenges, action is needed to protect ecosystems,
because approximately 72% of the icy land is
affected by human activity. Among the conclu-
sions made is the thesis (Dries L., N. Noev & J. F.
M. Swinnen,( 2009), that maintaining wild and
free from human pressure areas is crucial to sav-
ing biodiversity and reducing emissions.

It is necessary to change the culture and healthy
diet, associated with the reduction of waste. If
food waste is reduced, an additional one billion
people will be provided with food. Reducing the
consumption of food of animal origin can con-
tribute to reducing pollution from livestock.

The agricultural sector is focusing on environ-
mentalists, as food production is one of the main
causes of global environmental change: agricul-
ture accounts for 40% of world land production
and food is responsible for 21% of global green-
house gas emissions. And 70% of freshwater use.
In the context of several key drivers of change
(demographic and economic growth, changing
consumption patterns, technological progress,
integration of global trade or climate change), all
of which will affect the agricultural value chain,
the agri-food sector will have to adapts to this
growing demand for food, while tackling the
challenges of sustainability and health.
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