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PREFACE

The topic of soil health has become a prominent focus of
discussion and commentary, with environmental concerns emerging as a
key agenda item. What is meant by the term "soil health"? In light of the
prevalence of environmental degradation, it is unsurprising that
questions pertaining to the significance of soil health are frequently
posed. As the gravity of the issue has become apparent, numerous
countries have sought to address these challenges by allocating financial
resources to these matters. Given that soil is an irreplaceable natural
asset,

A healthy soil is the foundation for productive and sustainable
agricultural practices. The protection of soil health, encompassing all its
components, is of paramount importance for the realization of a
sustainable and liveable future. This is due to the fact that soil health
affects a multitude of significant issues, including food security and
climate regulation. To illustrate the significance of this issue, one must
consider several key factors. Firstly, the production of food relies on soil
health. Secondly, soil plays a vital role in supporting and protecting
ecosystem services. Thirdly, soil quality affects the resilience of
agricultural systems and the risk of climate change. Fourthly, soil
degradation negatively impacts biodiversity. Fifthly, soil management
must consider different climatic conditions. Sixthly, soil health is
essential for the resilience of agricultural systems. Seventhly, sustainable
agricultural practices must be implemented to ensure cost-effectiveness
and prevent negative consequences for human health. These include soil
contamination, degradation, and exposure in the food chain.

The capacity of healthy soils to store carbon is an important factor
in the mitigation of climate change. Soils that are in a healthy state are
able to store water and have a higher level of fertility. This results in
crops that are more resilient to extreme weather events that are brought
about by climate change.
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The management of soil health is of critical importance for the
sustainable development of agriculture and the protection of the
environment. Maximizing soil health is a crucial step in achieving
optimal profitability. The future holds great promise for soils that are
well managed. The management of soil health is of critical importance
with regard to the sustainability of agriculture, the reduction of
environmental problems, and the protection of ecosystems. The latest
technological developments and soil health research, which should be
utilized in measuring and monitoring soil health, will ultimately be
possible with the implementation of effective soil health management
strategies and will shape the future.

In conclusion, the enhancement of soil health is contingent upon
the implementation of particular agricultural methodologies, including
crop rotation, reduced tillage, and the incorporation of organic matter.
These practices facilitate the maintenance or improvement of soil
structure, fertility, and biodiversity, thereby ensuring the continued
capacity of soil to support life and ecosystem functions for future
generations.

During the preparation of this book, works in two languages were
accepted for the sake of universality. We would like to express our
gratitude to all those colleagues who contributed to this study.

September, 2024

Assoc. Prof. Dr. Ahmet CELIK
Prof. Dr. Korkmaz BELLITURK
Prof. Dr. Mehmet Firat BARAN
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CHAPTER 1

ALTERNATIVE FERTILIZATION METHODS IN MODERN
VITICULTURE

Dr. Aylin ERKOCAK?'*
DOI: https://dx.doi.org/10.5281/zenodo.13769974

I*Viticulture Research Institute, Tekirdag/Tiirkiye, ORCID: 0000-0001-8475-494X,
E-mail: aylin.erkocak@tarimorman.gov.tr
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2.1. Introduction

In modern agriculture, healthy nutrition of plants and increasing
fertilizer use efficiency depend on correct planning of plant nutrition
management strategies. An effective plant nutrient management strategy
interacts with many factors. For example; processes such as leaching,
denitrification, evaporation and surface runoff can cause plant nutrients
to be lost from the soil. Therefore, plant nutrition management must be
implemented with appropriate techniques to increase fertilizer use
efficiency and reduce nutrient losses. Otherwise, as a result of
unconscious fertilizer use, nitrogen is lost by being washed from the soil
or mixed into the atmosphere in gaseous form; nutrients such as
phosphorus and potassium are transformed into useless forms
(Gyaneshwar et al., 2002; Barlog and Grzebisz, 2004). In addition to all
these negative effects, the importance of fertilizer use efficiency is
increasing today as environmental pollution problems are increasingly
intensifying. These negativities experienced due to the use of chemical
fertilizers increase the use of organic fertilizers day by day in terms of
sustainable agricultural system (Channabasana et al., 2008). For this
reason, alternative production systems are being developed in order to
protect human and environmental health, ensure the sustainability of
soils, increase the organic matter level of the soil and increase product
yield (Besirli et al., 2001; Bettiol et al., 2004).

The rapid increase in the world population is increasing the
demand for food at the same rate. This situation encourages agricultural
producers to produce more products. However, due to the chemical
fertilizers and pesticides used to meet this need, conventional farming
methods harm the environment and human health. Long-term
unconscious use of fertilizers in particular creates a heavy and menacing
effect on the vineyard areas. Because it negatively reformation the
humic-mineral and microbiological contents of the soil and as a result
causes gradual loss of productivity (Lohar and Hase, 2021). In recent
years, environmentally friendly and sustainable agricultural production
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systems have gained importance because they support the balancing
effect of the ecosystem. In this sense, organic farming systems offer a
perspective that responds to healthy living demands and preserves the
ecological balance by offering a conscious approach in the field of
agriculture (Ayla and Altintas, 2017). In this respect, organic farming
systems attach great importance to the repair of ecological damage by re-
establishing the natural balance and the sustainability of an agricultural
approach in which synthetic chemicals are not used and biological
control methods are preferred. This method plays a key role in restoring
the ecosystem destroyed by human hands while respecting the needs of
nature. Due to ecological problems, land suitable for agricultural
production is decreasing day by day and the quality of existing soils is
gradually deteriorating. One of the most important reasons why our
agricultural soils have low productivity potential is the lack of organic
matter. The dissemination of sustainable agricultural practices in order
to prevent soil degradation and environmental damage caused by
industrial agriculture based on intensive soil tillage, chemical fertilizer
and pesticide use is among the most important priorities of today's
agriculture. Since the physical and chemical properties of the soil, its
water retention and aeration capacity increase the suitability and uptake
of nutrients depending on the activities of microorganisms in the soil,
sustainable agricultural practices are based on practices that protect and
promote soil organic matter in terms of soil management. In order to
increase fertility and prevent soil degradation that threatens the food
security of future generations, it is of great importance to implement
sustainable agricultural methods and effectively use organic matter
resources that can be used to increase the level of soil organic matter.
Viticulture in various ecological regions of our country has
significant effects on yield and quality, depending on soil fertility
characteristics and balanced fertilization practices. Vineyard soil
management includes various agricultural activities carried out on
agricultural land that affect the functioning of the soil. It is important to
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maintain sufficient organic matter in soils for sustainable agriculture and
high productivity. In this respect, it is of critical importance to use
organic fertilisers that will increase the yield obtained from unit area on
the way to reach safe food in terms of both environment and human
health. The insufficiency of organic matter and nutrients in our soils
emphasizes the importance of adding farm manure and other organic
fertilizers to the soil. Although farm manure is the most common organic
fertilizer material, other organic wastes such as compost, vermicompost
and biochar, which increase the fertility of the soil, are also used to enrich
the soil with healthy nutrients.

Sustainable soil management in vineyards is a component of main
importance not only for yield and grape quality, but also for further
protection of the ecosystem. In addition to climate change, which has
resulted in decreased soil production and water scarcity due to increased
summer temperatures and decreased rainfall in recent years, there are
also various risks associated with unbalanced soil management, such as
pollution, soil erosion, depletion of soil organic matter and loss of
biodiversity, which lead to a decrease in grape quality and quantity.
Higher transpiration rates at higher temperatures lead to a rapid decrease
in soil moisture. In this case, soil moisture-driven changes in
photosynthesis during drought have a negative impact on whole plant
carbon balance, which negatively affects grape quality (Zhao et al.,
2013). In this respect, soil management and sustainable modern methods
in viticulture improve the yield and quality of vineyard areas.

This review aims to highlight new agricultural techniques that can
contribute to the provision of ecosystem services through
environmentally friendly practices in vineyard areas. It aims to focus
specifically on the positive effects and repercussions that occur as a
result of these practices (e.g. compost, vermicompost, biochar,
arbuscular mycorrhizal fungi, Trichoderma, etc.).
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2.2. Soil Management in Vineyard Areas

It is known that intensive agriculture seriously affects soil quality
and the quantity and quality of grapevines (Zalidis et al., 2002). In
addition, continuous work activities using heavy machinery and
continuous soil tillage in intensive viticulture also increase soil erosion
rates and CO> emissions (Cerda et al., 2017). Therefore, many recent
analyses and studies have point outed more on innovative management
strategies to increase soil fertility, balance water consumption and
improve grape quality (Zhang et al., 2011).

2.3. Organic Fertilizers

2.3.1. Farm manure

Farm manure usually consists of a mixture of liquid and solid feces
of farm animals along with litter materials. This type of fertilizer has a
feature that improves and regulates the properties of the soil. In addition,
together with humus, it also constitutes an important food source for
beneficial microorganisms, being a permanent source of nitrogen. The
animal manure used in agricultural areas comes from the waste of cattle,
sheep and poultry. The fertilizer value of poultry manure is higher than
other fertilizers. However, when applying these fertilizers, their nitrogen
content should be taken into consideration.

2.3.1.1. Benefits of farm manure

Improves physical soil properties: Farm manure improves the
physical properties of the soil. In particular, it regulates the structure,
water retention capacity, color and heating properties of the soil. It also
increases resistance to water and wind erosion. It helps the soil to gain a
granular structure, allowing it to retain water better and to be processed
more easily. Farm manure is used effectively especially in the
improvement of clay and sandy soils.

Provides plant nutrients to the soil: Farm manure provides the
soil with all the nutrients that plants need. It is an important source,
especially in terms of nitrogen. In artificial fertilization applications,
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when only a single nutrient is given, the quality of plants and fruits may
decrease; however, since farm manure contains many trace elements, it
contributes to the balanced nutrition of plants and to reaching an optimal
level in terms of taste and flavor.

Provides adsorption of plant nutrients: Farm manure increases
the adsorption (surface retention) capacity of the soil by enriching it in
terms of organic matter and organic-based complexes. In this way, plant
nutrients are kept in the soil without being leached away and reach the
roots of the plants and become easily usable. Farm manure, which is
formed by the decay of animal and plant residues, contains the elements
necessary for organisms and preserves these elements in the soil in a way
that plant roots can easily absorb.

Increases the biological properties of the soil: The
microorganisms contained in farm manure play a critical role in
regulating the biological activity of the soil and making the nutrients in
the soil available to plants.

2.3.1.2. Effects of farm manure applications on yield

characteristics in grapevine

Fertilization with farm manure, which is among the frequently
recommended practices in traditional viticulture, not only increases the
nutrient capacity of the soil, but also improves its chemical, physical and
biological properties. According to the results of the study investigating
the quality characteristics of wines obtained from organic and
conventionally grown Sultani seedless grape variety, it was determined
that the wines obtained from grapes applied with farm manure were the
most positive wines among all samples (Yiicel and Altindisli, 2000).

In the study where organic fertilizer (farmyard manure, green
manure plants and ground pruning residues of the grapevine)
applications were used in (Vitis vinifera L.) Cilores grape variety, it was
found that these applications had no significant effect on bunch, berry
and must properties in the first year of the study, but their effect on must
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properties was significant in the second year (average soluble dry matter
15.9%, average acidity 0.46%) (Tangolar et al., 2007).

As a result of the study conducted to determine the effects of
organic (green manure and farm manure) and organomineral fertilizers
on the phenolic compounds (flavonoids, anthocyanins) of Okiizgozii
grape variety in Diyarbakir ecological conditions, it was determined that
fertilizer applications had a positive effect on the content of phenolic
compounds (Ozdemir et al., 2018).

2.3.2. Compost

Reprocessing organic agricultural waste and turning it into organic
fertilizer is of great importance for the natural balance. All kinds of waste
provide nutrients or energy sources for different living things. When
plant and animal wastes are left on the soil, microorganisms in the soil
break down these substances and turn them into humus. Therefore, the
composting process is an aerobic microbiological mechanism supported
by fungi and bacteria, in which organic wastes are biologically degraded
by microorganisms into humus-like substance (Cataldo et al., 2021).
Therefore, composting is the process of decomposing organic wastes by
aerobic microorganisms and obtaining a product with soil regulator and
fertilizer value as a result of this process. During composting, the
usefulness of plant nutrients in organic matter increases and the product
Is pasteurized with the heat energy released. In this context, compost is
used in many areas such as agricultural production, erosion control, and
landscaping for purposes such as increasing the level of organic matter
in soils, regulating the physical and chemical properties of the soil, and
plant nutrition.
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Figure 1. Preparation of Various Organic Wastes for Composting

2.3.2.1. Benefits of farm compost

e Improves soil structure.

e Provides easy aeration of the soil.

e Provides easy soil tillage.

e Increases the water holding capacity of the soil.

e Provides a buffer effect against high levels of mineral
fertilization.

e Provides better utilization of nutrients by plants.

2.3.2.2. Effects of compost applications on yield characteristics

in grapevine

It is known that tillage with compost obtained from winery waste
increases soil organic matter percentage, microbial biomass, nutrient
levels and improves the physical properties of the soil such as water
retention and aeration capacity, etc., improving the performance of vines
(Diaz et al., 2002). An experimental vineyard site in Romania was
composted with 20 t/ha of grape pomace, resulting in greener leaves, less
nutrient inadequacies in the leaves and less drought damage (Eleonora et
al. 2014). It has been observed that long-term application of green waste
compost to a vineyard in the Chardonnay variety may be beneficial for
soil properties including nitrate content and organic matter, but has no
effect on plant growth and grape quality (Mugnai et al. 2012).
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As a result of the study investigating the effects of two compost
applications (compost from grapevine pruning waste and cattle manure)
on soil fertility, underground growth of grapevines, yield and grape
quality in Cabernet Sauvignon vines in Italy, it was determined that the
compost obtained from pruning waste had a positive effect on root
growth, while the compost obtained from cattle manure did not have a
significant effect on the root system (Gaiotti et al., 2017).

As a result of the study investigating the effects of different organic
material applications (compost, pruning residue and farm manure) on
grape yield and cluster, berry and must characteristics of the Early Sweet
variety grown in Cukurova conditions, it was determined that organic
material applications provided general improvement compared to the
control in terms of the examined characteristics (Tangolar et al. 2019).

As a result of the study conducted in California to determine the
effects of applying different rates of some compost types to the soil
environment on the Pinot Noir grape variety on grapevine root
development, it was determined that the root growth rate increased by
15% with compost applications (Flores, 2014). In this respect, the use of
compost as an organic fertilizer in vineyard areas is seen as a viable and
sustainable method in order to reduce the use of chemical fertilizers and
prevent their harmful effects.

2.3.3. Vermicompost

Microorganisms, nematodes and earthworms are involved in many
processes in the ecosystem such as decomposition of organic matter, soil
aggregation and nutrient cycling (Bagyaraj et al., 2016 and Musbau et
al., 2021). Thus, microorganisms break down the nutrients found in the
soil that cannot be used directly by plants and make them available to
plants.

Vermicomposting is a process in which biodegradable waste such
as kitchen waste, biological waste of agro-based industries, farm waste,
market waste and animal waste are converted into nutrient-rich
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vermicompost by passing through the worm gut. Earthworms are
biological agents in this process that can consume waste and leave feces
(Adhikary, 2012). This process involves a symbiotic interaction between
some worms and microorganisms, such as Eisenia fetida, Eudrilus
eugeniae and Perionyx excavatus (Lim et al.,, 2012). In general,
vermicompost has a richer biochemical, physical and nutritional
structure than traditional compost due to the faster mineralization rate of
organic matter and a higher degree of humification.

For vermicompost production, various animal feces, pruning and
harvest residues and other organic wastes can be used as food sources
for worms. In this way, organic wastes digested by microorganisms in
the digestive system of earthworms is transformed into rich
vermicompost. Vermicomposting produces two useful products:
earthworm biomass and vermicompost (Sim and Wu, 2010). Worm
castings increase the fertility of the soil not only biologically but also
physically and chemically. Physically; treated soil has better bulk
density, aeration, porosity and water retention. Chemically, better
product yield is achieved by increasing electrical conductivity, pH and
organic matter content (Lim et al., 2015). It has been observed that the
addition of vermicompost (20 t/ha) to agricultural soil for two
consecutive years significantly improves aggregate stability and soil
porosity (Bouajila and Sanaa, 2011), increases air and water availability
and promotes root growth (Gopinath et al., 2008). There are many
substances such as enzymes, amino acids, vitamins and growth
hormones mixed into earthworm feces. These substances accelerate the
development of plants and also help them become more resistant to
adverse environmental conditions (Demir et al., 2010). Since
vermicompost is an organic fertilizer, it is used with interest by many
producers, institutions and organizations doing sustainable and organic
agriculture around the world. In this context, the various benefits and
properties of vermicompost can be summarized as follows:

¢ Improves physical, chemical and biological soil properties.
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e Due to its granular structure, it regulates soil structure and
increases water retention and aeration capacity.

e Regulates soil pH.

o Competes harmful bacteria in the soil.

2.3.3.1. Effects of vermicompost applications on vyield

characteristics in grapevine

Vermicompost is considered a viable alternative to chemical
fertilizers because it improves soil quality and reduces leaching of
nutrients while leading to similar improvements in plant growth.
Vermicompost is produced by the digestion of organic materials by
worms and is preferred over regular compost due to its potential to
positively affect plant growth, soil remediation, plant health and the
environment. For this reason, it is widely used in organic solid waste
management today. In a study investigating the effects of different doses
of vermicompost (0%, 10%, 20%, 30% and 40%) on the nutrient content
and vegetative development of Trakya Ilkeren grapevine seedlings in
Tekirdag province, it was determined that vermicompost had a
significant effect on the vegetative development of the seedlings subject
to the experiment and that increasing rates of vermicompost caused
significant increases in all vegetative development characteristics
examined (Agikbas, 2016).

As a result of the study investigating the effect of foliar
vermicompost application on yield and quality traits of two different
wine grape (Vitis vinifera L.) varieties, Feteasca Regala and Italian
Riesling, in Romanian ecological conditions, it was determined that
vermicompost increased plant growth, fruit quality and yield. (Popescu
and Popescu, 2018).

It has been determined that vermicompost applications in
vineyards in Argentina (Martinez et al., 2018) and Italy (Zaninotti et al.,
2013) increased the productivity and nutrient content in the soil and
vines, and positive increases were determined in N, P, Ca, Mg, Fe and
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Cu elements, especially in increasing doses of vermicompost and biogas
liquid fertilizer applications (Kog et al., 2021).

2.3.4. Biochar

Biochar is a solid material produced after the pyrolysis of industrial
by-products, municipal waste and agricultural waste (such as grape
pomace) between 300 C and 800 °C at temperatures under anaerobic or
low oxygen conditions. Raw material type and pyrolysis conditions
affect the physicochemical properties of biochar. Biochar increases the
moisture retention capacity of the soil, cation exchange capacity, product
yield and quality, and promotes the activity of microorganisms (Sirohi et
al., 2020). In this respect, biochar is an important soil improver and plant
nutrition material for increasing organic matter levels and microbial
activity in agricultural areas. Organic materials such as farm manure and
compost, which increase the organic matter content in the soil, become
mineralized over time depending on climate characteristics such as
temperature and precipitation and microorganism activities. For this
reason, it has been suggested that plant wastes be carbonized and used as
an organic carbon source in agriculture. Biochar is a product with stable
carbon content and high cation exchange capacity, which increases the
water retention capacity of the soil and provides a better living
environment for soil microorganisms. With the use of biochar, nitrogen
oxide (N20) and methane (CHas) emissions from the soil are reduced.
Thus, with increasing microbial activity and productivity, the carbon
storage capacity of the soil also increases.

Biochar is an important organic material for increasing the level of
organic matter and microbial activities in the soil. Especially against
global warming and climate change, keeping organic materials in the soil
for a long time by applying them as biochar is an important agricultural
strategy for sustainable agriculture. In this context, research into using
plant waste or organic compounds as biochar instead of applying them
directly and knowing the amount to be applied to the soil is of great
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importance. Enrichment of carbon resources in the soil or their on-site
protection with modern agricultural methods against desertification and
inappropriate soil management factors due to climate change are among
the important issues (Lal, 2004).

In order to increase the decreasing amount of organic matter in the
soil and to improve the soil, plant biomasses are composted and added
to the soil as an organic source. Compost is rapidly decomposed by
microorganisms due to its rich nitrogen content, but instead of a carbon
source that decreases over time, a carbon source that remains in the soil
for a longer period of time is important for soil management. In recent
years, instead of composting, plant materials have been used as a source
of organic carbon in agriculture by carbonizing them (biochar). Thus,
with good management, it is possible to keep carbon in the soil for a long
time. Therefore, unique agricultural practices and strategies that will
keep the organic carbon content of the soil high in the long term are
extremely important for our country's agriculture.

2.3.4.1. Effects of biochar applications on yield characteristics

in grapevine

Biochar has slower decomposition than normal compost and is rich
in highly stable carbon, characterised by micro and macro porosity.
Therefore, the application of biochar to vineyards improves vine growth
and especially fruit quality (Schmidt et al., 2014). However, mostly
tropical and subtropical soils have shown significant improvements in
plant growth and soil fertility (Atkinson et al., 2010; Major et al., 2010).

Results obtained in Montepulciano vineyards in Italy (Giagnoni et
al., 2019) showed that the effects of biochar on soil fertility and functions
were maintained in the long term (7 years) after a single application.
Biochar was produced by slow pyrolysis (500 °C) of orchard pruning
residues and applied to the inter-row space of the vineyard with a
spreader at a rate of 22 t/ha per year, mechanically mixed into the soil
using a plough to a depth of 0.3 m. As a result, pH, total organic C, total
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P concentrations, soil microbial biomass and soil respiration were
significantly increased in biochar-enriched soils. The various features of
biochar usage can be summarized as follows:

¢ It has a high nutrient content.

e It has a high stable carbon content.

e It has a lime effect on the soil (for acid soils).

e |ts cation exchange capacity is high.

e Itincreases its water retention capacity and effectiveness.

e |tisa suitable environment for microorganism habitat.

2.3.5. Arbuscular Mycorrhizal Fungi

Arbuscular mycorrhizal fungi (AMF) are an important component
of vineyard ecosystems for sustainable agricultural activities (Schreiner
etal., 1995).

In grapevine production systems, arbuscular mycorrhizal fungi
have an increasingly important role due to water stress and low-fertility
soils (Schreiner et al., 2009). Compared to uninoculated grapevines,
grapevines treated with arbuscular mycorrhizal fungi have expanded
shoot growth (Linderman and Davis, 2001), improved drought tolerance
(Nikolaou et al., 2003) and increased nutrient uptake (Schreiner et al.,
2007).

2.3.6. Trichoderma spp.

Trichoderma spp., which have the ability to survive under adverse
conditions (salt and drought), are used in vineyards as beneficial
microorganisms due to their capacity to inhibit various fungal plant
pathogens. They are important competitors in the rhizosphere and are
effective in using soil nutrients and also promoting plant growth (Zhang
et al., 2019). Biofertilizers such as Trichoderma spp., which can
mineralize organic nutrients by producing large amounts of extracellular
enzymes, promote sustainable agriculture and the protection of natural
resources by reducing chemical inputs (Altomare et al., 2011; Sahu et
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al., 2019). These rhizosphere microorganisms release extracellular
enzymes to initiate the degradation of high-molecular polymers leading
to the death of plant pathogenic fungi (McKee and Inman, 2019).

In the study, the feasibility of inoculation of Trichoderma
harzianum T78 with compost at high salt concentration levels was tested
by comparing it with unimproved soils and soil biological parameters
(biomass C, fungal and bacterial colony-forming units and
dehydrogenase activity), biochemical parameters and T. harzianum were
monitored. Amended soils showed significantly higher B-glucosidase
and phosphatase activities associated with a better microbial pool due to
higher physiological capacity (Mbarki et al., 2017). Moreover, a recent
study successfully confirmed the effectiveness of Trichoderma-based
products on maintaining fertility in vineyard soils in case of replanting
during grafting of rooted cuttings (D’ Arcangelo et al., 2019).

2.3.7. Green manure

The mixing of plants that have not completed their development
process but have not dried out and turned yellow and are completely
green into the soil is called "green manure" and the plants grown for this
process are called "green manure plants". Green manure is essentially the
plowing of plants grown to provide the necessary organic matter in the
soil and bringing them under the soil while they are still green and at a
certain stage of their development. Therefore, green fertilization is a
method that aims to improve soil structure and enrich it in terms of
organic matter. While the structure of the soil is regulated with this
method, it is also enriched in terms of nitrogen, one of the most important
nutrients needed by both the soil and the plants, and other plant nutrients
become more accessible. There are many different types of plants that
can be grown for this purpose, but the best ones are legumes. Legume
plants mineralize shortly after being mixed into the soil, increasing the
amount of useful nitrate and ammonium in the soil. These plants are often
preferred as green manure plants due to their ability to grow quickly, to
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produce large amounts of green parts in a short time, and to provide free
nitrogen to the soil. The reason why legumes are preferred as green
manure is that they add nitrogen to the soil by binding the free nitrogen
in the air in organic form, thanks to the nodules in their roots. There are
also plants used as green manure other than legumes, but they do not
have the ability to fix nitrogen from the air into the soil. Green manure
contributes nitrogen and other nutrients to the soil that can be used by
the new crop to be planted. Thus, by adding organic matter and nitrogen
to the soil, it increases productivity, protects the soil from erosion, allows
plants to benefit more from nutrients, and increases microbial activity in
the soil by improving the physicochemical and biological properties of
the soil.

Plants can provide the nitrogen they need not only through mineral
fertilizers but also through the binding of nitrogen in the air to the soil
by bacteria. Plants and microorganisms cannot directly benefit from N2
gas, which is found at a rate of 78% in the atmosphere (Yildiz, 2018).
However, some groups of microorganisms bind free nitrogen gas in the
atmosphere and convert it into ammonia that plants can use. This process
is defined as biological nitrogen fixation. In nature, nitrogen-fixing
microorganisms, especially Rhizobium spp. occur as a result of the
symbiosis of bacteria with legume plants. Thus, microorganisms that
play a role in nitrogen fixation reduce mineral nitrogen input, provide
nitrogen to the soil in a cheaper way, while at the same time minimizing
the problems that mineral nitrogen may cause. The use of organic
fertilizers is critical to ensure that the soil remains continuously fertile
and maintains its high production potential (Channabasana et al., 2008).
In this context, green manure applications, especially legume plants, play
a special role for our soils due to their nitrogen fixing ability. By
increasing soil fertility and applying green manure plants that have the
ability to combat diseases and pesticide, it is also possible to control
fungi, insects or nematodes by secreting substances that limit or reduce
the activity of pesticide (Karakurt, 2009).
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2.3.7.1. Benefits of green manure

It increases the organic matter content of the soil.

It contributes to nitrogen accumulation in the soil.

It provides erosion control in the soil.

It increases biological activity in the soil.

It increases the usefulness of plant nutrients in the soil.

It accelerates the increase of phosphorus, potassium and
calcium in the soil, depending on the increase in yield in the
next product.

It reduces the leaching of cations such as K, Ca and Mg in the
soil.

It facilitates compete against diseases, pests and weeds.

It contributes to the reduction of input costs by reducing the use
of mineral fertilizers.

Figure 2. Green Manuring in the Vineyards
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2.3.7.2. Effects of green manure applications on vyield

characteristics in grapevine

The addition of organic material to the soil through green manuring
has a positive effect on the amount and functions of microorganisms in
the soil because it creates a nutrient source for soil microorganisms.
Plants with green manure application contribute to the upper soil layer
to be more fertile by taking plant nutrients in the lower soil depths. In the
case of using legume species as green manure, in addition to improving
the physical and chemical properties of the soil, they provide nitrogen to
the soil thanks to the symbiotic relationship they form with Rhizobium
bacteria in their roots (Bilgili, 2018).

As a result of the research examining the effects of barley and
vetch applied as green manure on yield and quality in grapevines, it was
determined that a %15-20 increase in yield and quality was achieved
with green manure applications compared to the control, and this
situation also led to an increase in the quality of the wines obtained from
the grapes (Kristeva-Kosta et al., 1987).

As a result of the study investigating the effects of green manure
applications on grape yield and quality in the Hafizali grape variety, it
was determined that green manure applications caused an increase in
bunch weight and yield and a decrease in sugar content (Pantic, 1973).
They determined that the cultivation of green manure plants in the rows
of the Niagara Rosada grape variety did not have a significant effect on
the soluble solids, pH and acidity of the grapes. (Wutke et al.,2004)

2.3.8. Mulching

Sustainable soil management techniques such as mulching and
cover crops make a significant contribution to soil fertility and
biodiversity conservation compared to conventional methods. Mulches
are inorganic or organic materials that can be placed on the soil surface.
Mulching conserves soil moisture, reduces soil compaction and
evaporation, regulates soil temperature, improves soil quality and
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increases organic matter content. At the same time, mulching is an
affordable agricultural technology in terms of sustainability. It prevents
soil erosion by reducing surface runoff and is therefore preferred by
farmers (Fraga and Santos, 2018).
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Figure 3. Mulch Application in the Vineyard

A study adopting a soil-plant simulation crop model to simulate
future (2021-2080) vineyard yields in Portugal assessed the adaptation
potential of mulching to maintain current vineyard yield levels. Under a
climate change scenario, these simulations compared mulching and non-
mulching experiments over the next 60 years. The forecast was for an
overall reduction in production in the future, but mulching reduced these
reductions by 10 to 25 percent (Fraga and Santos, 2018).

Mulching can be used as a technique to reduce soil evaporation (E)
to improve crop water use efficiency (WUE). According to the results of
analysing the effect of using pruning waste as organic mulch on
evaporation transpiration (ETc) in the vineyard, it was determined that
there was a decrease in ETc in the vineyard between 16% and 18% with
organic mulching and up to 24-30% with plastic mulching (Lopez-Urrea
et al., 2020). The combination of no-tillage and organic mulch



23 | SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER)

applications is beneficial in reducing soil-water loss and early
transpiration losses. However, mulched and no-tillage soils showed a
higher bulk density and lower saturated hydraulic conductivity value in
the shallower soil layer (Busea et al., 2021).

2.4. Conclusion

In vineyard cultivation, which has a great importance in the
economy of our country, it is seen that it is very important to know the
fertility status of the soil in order to obtain high quality products. In
addition to high productivity, it is also very important that agriculture is
practised with sustainable techniques. Sustainable agriculture proposes
the widespread application of a set of management principles that
support agricultural production. In this approach, it is important to
consider not only tillage but also factors such as crop rotation, reducing
the amount of tillage and maintaining adequate protective cover on the
soil surface. Thus, sustainable agriculture constitutes a long-term
approach model that aims to overcome environmental impacts and
adaptation problems while ensuring the economic viability of
agricultural production systems. In this respect, sustainable agricultural
practices adopt the objectives of increasing productivity and quality in
crop production as well as protecting the soil structure and protecting
underground water resources and the environment. In order to achieve
these objectives, increasing the organic matter and nutrient content in the
soil should be the primary objective. For this reason, in order for the vine
to produce regular crops every year, the amount of nutrients lost from
the soil through grapes, pruning residues and washing must be restored
to the soil. While developed and developing countries develop new
methods to increase food production, they should also pay attention to
the conservation of natural resources used in agriculture. Improper use
of pesticides and chemical fertilisers leads to irreversible losses of
microorganisms in agricultural areas. In addition, pesticides and
chemical fertilisers used for generations are not controlled. These
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practices must be controlled for reasons such as risks to human health,
threats to other species and the development of resistance to pesticides.
For this purpose;

Plant and animal wastes should not only be utilised as garbage, but
also ways of utilising these wastes in different ways should be
investigated and studies in this direction should be accelerated.

Soil organic matter content should be increased or the current
situation should be tried to be maintained in order to obtain maximum
product by maintaining soil fertility and vitality level.

Our farmers should be trained on the conscious use of fertilisers
for future generations, and incentive policies should be planned for the
adoption of environmentally friendly products such as smart fertilisers
and organic fertilisers. The first step to improving the quality of modern
viticulture is through sustainable agricultural methods that adopt safety
and healthy production models. Therefore, these practices are extremely
important for maintaining balance in the viticultural ecosystem and
improving production quality.

Although soil organic matter is a determining factor of soil quality,
unfortunately it is not sufficiently known. For this reason, farmers should
be informed about the importance of soil organic matter content, animal
and plant organic matter sources that they can use in their soils and the
ways of using them. In addition, due to the negative effects of the use of
chemical fertilisers, alternative strategies that will increase the yield in
agricultural production and have minimum side effects should be
developed and presented to producers.
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1. INTRODUCTION

Soil, which is in close cooperation with scientific fields such as geology,

ecology, biology, chemistry, physics and mathematics, is a fundamental field
of science (Brevik et al. 2024) that has a very important role in the chemical
and biological balance of nature with its physical, chemical and biological
properties (Telo da Gama, 2023). Since the first moments of human existence,
soil has been used by people to meet various needs as raw material inputs for
many sectors, mainly food and shelter (Anikwe and Ife, 2023). Although
humanity has been benefiting from soil for a long time, agricultural activities
carried out in soil have gained a new dimension in recent years with the
development of biotechnology, nanotechnology, information technology and
similar new fields.
It has been proven by scientific studies that the change and transformation
process in agricultural production, which started with intensive mechanization
and chemical use in order to get the most out of a unit area with the industrial
revolution (Ozpmar and Cay, 2018), caused great damage to soil health and
quality. During the agricultural production activities in soil, which is a part of
the natural ecosystem, the production approach focused only on the amount of
production to be taken without considering soil health and quality caused great
damage to the natural balance (Yilmaz, et al., 2015). The source of major
problems that can be listed immediately are the decrease in biodiversity,
increase in salinity in fertile soils, water resources polluted by chemical
residues, greenhouse gas emissions from agricultural activities and the climate
change it causes are the faulty production methods in these agricultural
activities.

In reality, there is an excessive use of resources and damage to nature not
only in the agricultural production process but also in all economic production
and consumption activities aimed at meeting human needs (Kilig, 2006). When
it was understood that the damages given to nature simultaneously harmed and
threatened human existence, which is a part of that nature, the development and
implementation of production and consumption methods that protect nature,
humans and other living beings in the current production and consumption
processes became important. The basic principle on which these new
production and consumption methods are based came to life with the concept
of sustainability. Sustainability is to carry out economic activities in accordance
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with the methods, principles and procedures regarding
production/consumption, in a way that will produce/consume at the maximum
level without damaging the essence of nature used in all economic
production/consumption processes carried out to meet human needs, and will
ensure that future generations can also use these resources (Saygi, 2022).
Agricultural production activities are economic activities that are carried out
primarily on soil in nature and in a mutual interaction that is affected by nature
and affects nature (von Braun, 2014). Therefore, in terms of sustainable
agricultural production activities, protecting, improving and developing soil
health and quality is of vital importance. This is an inevitable result when the
importance of soil resources for human existence is considered. As a result, the
main component of productive and sustainable agriculture is healthy and high-
quality soil.

1.1. What is soil health?

Soil health is the continued capacity of the soil to function as an
indispensable living ecosystem that meets the needs of humans, nature and
other living beings, to maintain biological productivity, to protect air and water
quality, and to protect, improve and develop plant, animal and human health
(Biilbiil et al., 2022). Healthy soil is the soil that allows plants to grow at
maximum efficiency within an ecosystem without being exposed to diseases or
pests and without needing external help (Timmis and Ramos, 2021).. Healthy
soil contains organisms such as bacteria, fungi, algae, protozoa, nematodes and
other small living creatures that play an important role in plant health, crop
yield and quality (Usman et al., 2016).

Soil health is directly linked to soil biodiversity (Kibblewhite et al.,
2008).. These organisms and living things in the soil, known as organic matter,
perform important functions in the agricultural production process. Soil
organisms physically and chemically break down organic matter for nutritional
purposes and release the nutrients that emerge during this process into the soil
in a form that can be used by plants (Usman et al., 2016). In plant production,
natural antibiotics that help plants resist diseases are produced by bacteria
(Ayaz et al., 2023) while fungi provide plants with water and nutrients from the
soil (Khaliq et al., 2022). The amount and quality of soil organic matter are of
indispensable importance for soil health. When soil organic matter falls below
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2%, decomposition begins in the soil and the soil loses its physical, chemical
and biological functions, and as a result, product yield and quality decrease.

Seven factors are effective in the formation of a healthy soil structure:
photosynthesis, physical, chemical and biological properties of the soil, the
amount of water and carbon in the soil, and the level of biodiversity. The
primary indicator of soil health is organic matter (Kersey and Myrold, 2021).
Organic matter is provided to the soil by plants by converting sunlight energy,
water, and carbon dioxide into carbon compounds through photosynthesis.
Depending on the amount of organic matter in the soil, other factors
positively/negatively affect soil health. For example, in terms of soil health, the
organic matter held in the soil has a regulatory effect on climate change by
binding carbon dioxide, which causes the greenhouse effect in the atmosphere,
as carbon through plants and microorganisms.

In conclusion, soil health is the capacity of the soil to provide optimum
plant production, protect, improve and develop water, air, soil quality and
biodiversity in terms of sustainable agricultural production activities.

1.2. What is soil quality?

Soil quality is related to the functions of the soil or the extent to which
the expected performance of the soil is achieved (Karlen et al., 2003). Soil
quality, one of the three components of environmental quality indicators (air,
water and soil), is the capacity of the soil to meet the needs of nature, humans
and other living beings at the maximum level and continuously under certain
conditions in a certain ecosystem. Soil quality includes physical, chemical and
biological properties that are indicators of a healthy soil and determine its
ability to fulfill various functions.

The physical quality properties of the soil are bulk weight, infiltration
and water retention capacity, and aggregate stability (Giinal and Celik, 2021).
Soil bulk density, defined as the dry soil weight per unit volume, is determined
by the air void volume in the soil, the infiltration rate and the moisture content.
Soil with a dense volume has low water holding capacity, fewer air voids and
more resistance to plant roots, reducing plant root development. Infiltration and
water holding capacity of soil, which are physical quality indicators, are related
to the pore characteristics of the soil. While the increase in the amount of macro
pores in the soil decreases the water holding capacity and infiltration rate, the



SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER) | 36

increase in micro pores increases the infiltration and water holding capacity.
The determining factor in the pore characteristics of the soil is the soil
processing methods. Aggregate stability, one of the physical quality properties
of soil, affects soil aeration, moisture retention and productivity and is affected
by soil tillage, organic matter and organisms, texture and rotation practices.
Aggregate stability, one of the physical quality properties of soil, affects soil
aeration, moisture retention and productivity and is affected by soil tillage,
organic matter and organisms, texture and rotation practices. Intensive tillage
causes soil organic matter to decrease, aggregate stability to deteriorate and soil
loss through erosion.

The amount of organic matter in the soil is an important soil component

among the chemical quality characteristics (Bayram et al., 2015). The amount
of organic matter in the soil affects the soil aggregate stability, product yield,
nitrogen cycle biological activity, and cation exchange capacity. The amount of
organic matter is effective on soil pH, electrical conductivity, and cation
exchange capacity.
Among the biological quality characteristics of soil, microbial mass and activity
(living part of soil organic matter) play an important role in carbon and nutrient
cycling in soil ecosystems (Das et al., 2023). Enzyme activities, one of the
biological quality characteristics of the soil, affect the change of soil properties
by ensuring that chemical reactions in the soil start and progress rapidly.
Biological activities, one of the biological quality characteristics of the soil,
help to decompose plant and animal origin residues in the soil, maintain the
biochemical cycle, create a controlled soil structure and increase soil quality.

As aresult, soil quality is the degree to which the soil used in sustainable
agricultural production activities can fulfill its physiological, chemical and
biological functions in the process of meeting the welfare of nature, humans
and other living beings at the maximum level.

2. SOIL HEALTH AND QUALITY PRACTICES

Soil is a critical resource that plays an important role in all life processes
on earth, from its use in agricultural production to meeting human needs, to
regulating the release of greenhouse gases that cause climate change, and to
regulating atmospheric temperature (Kopittkeet al., (2024). In fact, the
functions that soil, which is considered the basis of many ecosystems, fulfills
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in the ecological system are so many and diverse. Therefore, the protection,
improvement and development of good soil health and quality are of vital
importance for nature, humans and other living beings.

For agricultural practices aimed at protecting, improving and developing
soil health and quality, it is important to know the density of plant nutrients,
soil structure and texture, and acidity/alkalinity (pH) properties.

2.1. Soil Plant Nutrients

In plant production, the healthy growth and development of plants is
closely related to the density of plant nutrients in the soil (Morgan and
Connolly, 2013). Plant nutrients in the soil may vary depending on the type of
plant to be grown and the soil structure. Macro and micro plant nutrients are
naturally found in the soil, but depending on the type of plant being grown,
these nutrients may be consumed and may not be present in the desired amount.

For high yield and quality in plant production, plants need at least 17
plant nutrients, including hydrogen, carbon and oxygen taken from air and
water, as well as 14 macro nutrients nitrogen, phosphorus and potassium, micro
nutrients iron, manganese and zinc and other essential plant nutrients taken
directly from the soil (Bolat and Kara, 2017). Therefore, the density of plant
nutrients in the soil should be determined by soil analysis. The purpose of soil
analysis is to determine the types and amounts of plant nutrients required by
the plants to be grown in that soil by determining the amounts of plant nutrients
found in the soil (Gligdemir and Usultoprak, 2004).

According to the results of the soil analysis, soil quality and health are
ensured by implementing agricultural practices that will provide the soil with
plant nutrients appropriate to the needs of the plant species to be grown.

2.2. Soil Structure and Texture

An important soil property that affects many different aspects of soil
quality is soil structure (Schliiter and Koestel, 2023). Soil structure can be
defined as the stacking of solid soil particles (sand, gravel, silt, clay and organic
matter) that give the soil shape and the formation of the soil pore system with
its physical, chemical and biological properties. Soil texture is often confused
with the structure of the soil, and shows the relative proportions of sand, clay
and silt found in the soil (Upadhyay and Raghubanshi, 2020), in other words,
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how much sand, clay and silt a soil contains. Both are important because they
affect the drainage and aeration capacity of the soil.

In soil with good structure, soil particles can be easily broken down, air
intake and water permeability can easily occur through the gaps between soil
particles (Magdoff and van Es, 2021),, and in such soils, roots and therefore
plants develop very well and healthily. In soils with poor soil structure, plant
roots and therefore plants have difficulty in their growth and development
(Zhang et al., 2023). The information obtained about the soil structure, the
water holding capacity of the soil, the retention and release of plant nutrients
and the soil processing methods to be applied are used in the implementation
of correct applications in plant production and ensure high yield and quality
production. For example, compared to sandy soil, a clayey soil with a tight pore
system holds more nutrients and more water, but is more sensitive to
compaction during the soil processing process due to its pore system, while
sandy soil is more tolerant to compaction during the soil processing process due
to its wider pore system, but its water and nutrient holding capacity is lower. In
soils with poor structure, microorganisms do not perform their functions
because air and water movements do not occur, therefore plant roots cannot
develop, the plant cannot reach sufficient nutrients and the plant cannot
continue its life.

As aresult, in order for plants to develop healthily, the soil structure must
be open with gaps that allow the roots to breathe and water to move. Lively and
healthy plants can only grow in soils with open structures. In soils with good
structure, the soil is less transportable and more resistant to erosion.

2.3. Soil Acidity/Alkalinity (pH)

Soil pH is little known or not given due importance in the process of
agricultural production activities. It is very important for the soil to have a
certain pH value in order for the plant nutrients in the soil to be taken in by the
plants in a healthy way. A high (7.0 and above) or low (lower than 6.5) soil pH
value makes it difficult for plant roots to take in useful plant nutrients in the
soil, thus negatively affecting plant growth and development (Sonmez, 2013).
Microorganism activity decreases in soils that cannot provide optimal pH
values, which makes it difficult for plants to take in plant nutrients in the soil.
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This situation causes decreases in product yield and quality in the agricultural
production process and creates heavy economic losses.

Even though the nutrients needed by any plant are in sufficient quantities
in the soil, in a soil that does not have the ideal pH values (6.0-7.5), the plant
cannot absorb the nutrients due to the pH value and plant nutrient deficiency
symptoms are seen, and this negatively affects the product yield and quality
(Sonmez, 2013). Agricultural production activities can be carried out in soils
with different values of soil pH than ideal values, but some problems may be
experienced in this case. For example, in the process of taking in beneficial
plant nutrients in the soil, if the pH value is between 6.5-7.5, plants can easily
take in plant nutrients, but they cannot take in mobile substances at values of
5.5-7.0, aluminum plant nutrients are toxic to plants at values above 7.5, and
finally, micro element deficiencies, especially phosphorus, may occur in
alkaline soils with values of 8 and above. All plants growing in the soil and all
microorganisms living on it are directly or indirectly dependent on soil pH to
sustain their vital activities. (Sonmez, 2013)

As a result, one of the most important factors affecting product yield and
quality in agricultural production is soil pH, which facilitates/obstructs the
uptake of plant nutrients in the soil during plant growth and development.

2.4. Reducing or Conservation Tillage

In general, soil tillage is the process of preparing the soil for plant
production using agricultural tools and equipment in the agricultural production
process. Soil tillage is an activity that should be emphasized as an important
component of the plant production process. More than 40% of the existing
agricultural soils in the world are classified as degraded or seriously degraded
due to faulty soil tillage methods (UN, 2022).. In quality soil content, air, water,
organic matter, mineral particles and microorganisms are in a certain balance
and this situation should be preserved during the soil tillage process.
Sustainable agricultural production activities combine three basic goals based
on a healthy environment, economic profitability and social and economic
equality to ensure the realization of agricultural production activities:
(Cakmakei et al., 2023).

Conservation soil tillage is a method used in agricultural production that
aims to minimize the frequency or intensity of soil tillage in soil tillage
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processes (Celik, 2016), in order to obtain certain economic, environmental and
social benefits within the scope of sustainable agricultural production activities.
Conservation soil tillage provides benefits (Celik, 2016). such as reducing
greenhouse gas emissions, using less machinery in agricultural production and
saving fuel and labor costs, as well as improving soil health, reducing water
flow and making the soil resistant.

Conservation tillage is the application of broadly defined techniques that
include zero tillage, strip tillage, ridge tillage, and mulch tillage, which
maintain at least 30% of the crop residue in the soil after tillage operations
(Celik, 2016).. Compared to conventional tillage techniques, minimum tillage
techniques can reduce tillage passes by 40% or more. Conservation tillage
techniques have the goal of reducing the volume of disturbed soil or preserving
surface residues to ensure soil, environmental, and economic sustainability.

2.5. Prevent Soil Compaction

Soil compaction is one of the main soil damage processes that occurs
when increasingly heavy agricultural machinery moves over the soil, usually in
difficult weather conditions (van den Akker and Soane, 2005).. This
compaction is related to the nature of the soil, its water content, the types of
crops and the load applied to the surface.

The determined passage of agricultural equipment causes the soil to be
compressed and sheared, thus reducing the capacity for aeration, infiltration and
crop root penetration. Soil compaction is the reduction of the void volumes
between soil particles, which form the pore systems that allow the soil to retain
water and air. When the micro-level void ratio between soil particles is less than
35% and the macro-level void ratio between soil particles is less than 10%, it
indicates that soil compaction conditions that are harmful to plants are
occurring (Aksakal, 2011).

In order to prevent or reduce compaction, reducing the weight of
agricultural machinery such as tractors, selecting appropriate tires, reducing
machine traffic within the field, protecting organic material and ensuring
continuity, applying reduced soil tillage techniques, changing soil tillage depth
and different plant production alternatives are agricultural practices (Aksakal,
2011).
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2.6. Growing Cover Crops

Cover crops protect the soil, maintain the desired level of temperature,
humidity or light, and provide pest and weed control, thus providing significant
contributions to agricultural production activities in terms of protecting soil
health and quality (Hekimoglu and Altindeger, 2006). In fact; it is possible to
evaluate cover crops as a gift from nature to producers in terms of reducing
production costs. Although plant selection varies mostly according to the
purpose of use and production, forage crops such as clover, vetch, sainfoin,
forage pea, oat, rye, sorghum can generally be used as cover crops. For
example, if the aim is to provide nitrogen for the next crop plant, legumes are
preferred; if weed growth is to be prevented, gramineae are preferred.

Apart from its main purpose, the use of cover crops increases the amount
of organic matter in the soil by protecting plant biomass and plant waste in the
field. Thanks to this, it improves soil temper, improves plant root development,
increases aggregate formation that reduces surface water flow, and increases
the population of living things such as microorganisms and worms that
contribute to the improvement of the nutrition cycle and soil structure (Clark,
2015).

As a result, cover crops offer short- and long-term benefits to soil health
and quality in agricultural production activities, such as reducing soil erosion,
providing weed control, meeting soil nitrogen needs, increasing organic matter
content in the soil, improving the physical structure of the soil, enriching the
nutrient cycle, supporting biodiversity and reducing production costs.

2.6. Crop Rotation

Crop rotation can be defined as the cultivation of plants with different
soil requirements in the same field in a calendar that will follow each other
during the agricultural production process (Biiyiiktavsan and Naneli, 2020).
The main purpose of crop rotation, which is one of the indispensable
applications of field agriculture, is to increase the productivity of the soil.

For sustainable agricultural production activities, a production plan of at
least 3-5 years is required to determine which products will be produced in
which quantities. In terms of soil health and quality, continuously cultivating
the same plant species on the same field for many years causes a significant
decrease in product yield and quality over time (Biiyiiktavsan and Naneli,
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2020). In this type of cultivation, defined as monoculture, since the same plant
nutrients are always taken from the soil, the soil can lose its physical, chemical
and biological functions and become infertile over time. Flax, beet, oat, pea,
rapeseed, sunflower and poppy plants are plants that experience a significant
decrease in product yield and quality when planted in the same field for many
years in a row. In order to prevent the decrease in product yield and quality in
these plants, it is necessary to plant a second different plant species in the same
field after these plants.

Crop rotation has multiple benefits for soil health and quality, including
increasing soil fertility, reducing soil fatigue due to the sequential planting of
different plants, growing different plants each year in economic terms, using
various nutrients in the soil, increasing biodiversity, preventing harmful
organisms and helping to keep plant diseases under control. In fact, leaving the
soil fallow is an important agricultural practice that provides a solution to soil
fatigue, but since leaving the soil fallow causes water and soil erosion as well
as economic losses, the need for crop rotation has become a necessity.

2.6. Adding Organic Matter

Organic matter, which is an important indicator of soil health and quality
refers to various organic compounds formed at different stages in the process
from the beginning of the decomposition of plant and animal tissue residues in
the soil until they are mineralized (Polat, 2020).. Organic matter, a small but
vital part of the soil, consists of living organisms such as bacteria, fungi, plant
roots and tiny animals, and decaying plant or animal tissues.

Organic matter is important for better soil fertility and structure, and
overall soil health and quality. Organic matter has many important functions in
soils in terms of physical (bulk density, infiltration and water holding capacity,
aggregate stability), chemical (pH, electrical conductivity, cation exchange
capacity, organic matter amount) and biological (microbial mass, biological
activity, enzyme activity) (Altikat and Celik, 2012; Polat, 2020).. For high yield
and quality production, the amount of organic matter in the soil must be more
than 3%. In soils with low organic matter content, there are problems such as
poor or irregular crop growth and development, disease and weed problems,
rapid surface waterlogging during rainy seasons, and drought problems during
summer (Dizikisa and Yildiz, 2023).
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In the agricultural production process, solid or liquid fertilizers, plant,
animal and domestic organic waste materials resulting from various production
processes are used as plant nutrient inputs to increase organic matter levels in
the soil. Organic matter increases soil quality and productivity by binding soil
particles together, creating a good soil structure, and providing the necessary
water and air for vegetation and living species within the soil ecosystem.

2.7. Chemical fertilizers

Chemical fertilizers are important plant nutrition inputs produced to
increase product yield and quality by providing the plant nutrients needed by
plants in agricultural production activities (Colipano and Cagasan, 2022).. The
main reasons for the production of these fertilizers are to increase soil and
product productivity, fast and controlled plant nutrition, correct inadequate
nutrient status, and to respond quickly to applications and show effective effects
(Mankind Agrite, 2024).

The raw materials of chemical fertilizers are derived from various
chemical compounds that are combined in special formulations containing the
essential nutrients required for the growth and development of plants
(Nadarajan and Sukumaran, 2021). The main raw materials of chemical
fertilizers are macro and micro nutrients such as nitrogen, phosphorus,
potassium, sulfur, iron, zinc, copper, manganese and molybdenum. The raw
materials of chemical fertilizers are combined in special formulations
depending on the type of plants, the soil conditions in which they grow and
their needs.

3. CONCLUSION

Protecting, improving and developing soil health and quality are
important for sustainable agricultural production activities. While soil health
refers to the continuation of its capacity as an indispensable living ecosystem
that meets the needs of nature, humans and other living beings so that they can
continue to live, soil quality refers to the capacity of the soil to fulfill the
function expected from the soil. To properly understand practices that protect,
improve and enhance soil health and quality, information about soil plant
nutrients, soil structure and texture, and soil acidity/alkalinity (pH) is necessary.
This information obtained from soil analysis can be used to make arrangements
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on soil health and quality through conservation tillage, prevention of soil
compaction, growing cover crops, crop rotation, adding organic matter and

chemical amendment applications.
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INTRODUCTION

Plants originated approximately 570 million years ago, evolving
from bacteria and algae capable of photosynthesis after transitioning
from water to land (Saking, 2023). It is believed that insects developed
after plants, with the first insects evolving from marine invertebrates 480
million years ago and transitioning to terrestrial life around 400 million
years ago (Wigglesworth, 2024). In the early periods, the earth, like the
sea, was uniformly green. Insects are thought to have evolved structures
known as the tracheal system, which allows them to carry air throughout
their bodies and thus gain the ability to breathe on land (Demirsoy, 2017).
During this time, terrestrial animals fed on each other or plants. These
animals did not contribute to the fertilization of spore-producing plants
(Mohanta et al., 2012). Like other animals, early insects had more
primitive  characteristics. Initially, insects developed through
ametabolous  (without = metamorphosis) and  hemimetabolous
metamorphosis (incomplete metamorphosis) (Demirsoy, 2017). At this
stage, other metamorphosing species had not yet emerged. There was no
development yet regarding those undergoing holometabolous
metamorphosis during this period.

In the early period of plant-insect interaction, there was no
symbiotic relationship between them. Insects feed on plants, seeing them
only as a food source. This was a period when insects fed on plants. The
dominant insects at that time were species undergoing incomplete
metamorphosis, such as grasshoppers (Orthoptera), dragonflies
(Odonata), and cockroaches (Blattidae) (Demirsoy, 2017). Compared to
modern insects, these species are generally believed to have been larger.
With the emergence of angiosperms, insects undergoing complete
metamorphosis (Hymenoptera, Lepidoptera, Diptera, and Coleoptera)
evolved and took part in the pollination process. The nymphs and adults
of insects with incomplete metamorphosis were mainly herbivorous.
While feeding on plants, they contributed to pollination, though not as
effectively as the adults of species undergoing complete metamorphosis.
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For example, adult butterflies, which undergo complete metamorphosis,
contribute to pollination by feeding on nectar, simultaneously
hybridizing plants and ensuring their species' survival. Their larvae, on
the other hand, used these plants as a food source. Thus, a process
resembling a mutualistic relationship, where both species benefited,
began to develop.

The relationship between plants and insects evolved significantly
over time. Plants began to mimic arthropods, while animals adapted by
mimicking each other. Based on current examples, it is assumed that
animals with strong defence mechanisms and high camouflage abilities
were mimicked. It is believed that mimicry, which emerged during the
evolutionary process, remains an effective survival strategy.

Meanwhile, during the evolutionary process, insects feed on the
same plants specialized in certain food sources to reduce or eliminate
competition among themselves. This specialization removed the defence
mechanisms plants had developed against insects. Consequently, insects
adapted, securing their permanent place in the food chain.

Due to their position in the food chain, insects play a crucial role
in maintaining natural balance. Insects are essential in suppressing pests
through natural enemies, sustaining biodiversity through pollinators, and
supporting the continuity of sustainable agricultural production. In this
regard, it is important to study the energy relationship between insects
and plants in the continuity of the agricultural output.

1. INSECT FOOD SOURCES

Insects, like other animals, are heterotrophs. They feed on both
living and non-living organisms. Living organisms include plants and
animals, while non-living entities primarily consist of dead plant and

animal remains.

1.1. Herbivorous Insects
Herbivorous insects feed on plants. One-third of insect species are
herbivores. Their mouthparts are specialized according to the type of
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plant-based food they consume. They extract sap from the plant's
vascular tissues or consume any part of the plant in bulk, acquiring the
necessary vitamins and minerals. Additionally, some herbivorous insects
use nectar secreted by plants as a food source.

Some herbivorous species specialize in only one host plant species,
and their biology is entirely dependent on that host plant. These insects,
defined as monophagous, cannot feed or develop on other host plants
when placed on them, or even if they can feed, they do not thrive.

Monophagous insects distribute according to the host plants they
feed on. The ecological requirements of the plant become the
environmental needs of the insect, often confining them to a limited area.
The distribution of some plant species on Earth is shaped by the
geographic areas where the host plant is cultivated by humans. For
example, the olive fruit fly (Bactrocera oleae Gmel.), which is
monophagous and of African origin (Nardi et al., 2005), has adapted to
regions along the Mediterranean coast, where 95% of the world’s olives
are produced. While olive trees are pollinated by the wind, adult olive
fruit flies feed on honey-like substances. Therefore, they are drawn to the
nectar of flowers from plants other than the olive tree, contributing to
biodiversity by transferring pollen to these plants. Additionally, they gain
the energy they need by utilizing honey-like secretions produced by
some insects.
Some insect species feed on a few closely related plant species, and these
insects are called oligophagous. These insects typically detect the
secretions of plants within the same family, guiding them toward these
plants, and their food preferences are shaped accordingly.

In addition, some insects feed on a wide range of plant species,
known as polyphagous insects. The diversity of food sources provides
these insects with a richness that enhances their survival. This can be
compared to how the honeybee (Apis mellifera), a polyphagous
pollinator, visits many different plants.
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1.2. Carnivorous Insects

One-third of insects on Earth are carnivorous. They consume
animal-based food. Carnivorous insects develop either as parasites
(parasitoids) on herbivorous hosts or as predators by consuming multiple
prey. Some of these insects also live as parasites on animals. Carnivorous
insects occupy the second level of the food chain, beginning with
herbivorous species. Because of their position, they play a crucial role in
controlling agricultural pests. These insects are also referred to as
biological control agents. One of the prominent examples is Anthocoris
nemoralis (Ali, 2020; 2024). Many adults feed on plant nectar, while
most larvae are carnivorous.

The monophagous, oligophagous, and polyphagous feeding habits
apply to carnivorous insect species as well. The distribution of parasitoid
and predator species is similarly shaped according to their host.
However, the ability of parasitoid and predator species to detect both
their host and the host’s food (the plant it feeds on) gives them an
advantage. This characteristic of carnivorous insects also enhances their
contribution to pollination as pollinators. Therefore, in natural
communities, the advantages and disadvantages provided by insects,
together with abiotic environmental factors, are important for
maintaining the natural balance in the ecosystem.

In many cases, although parasitoids and predators consume only
small amounts of the food provided by their live hosts, their ability to
rely on alternative food sources when food is scarce is an advantage. As
such, the diversity and quantity of food are important factors in
regulating insect population density.

1.3. Saprophytic Insects

Insects that feed on dead plant and animal matter are neutral or
saprophytic. Like the other groups, they make up one-third of insect
species. These insects contribute as regulators of the natural balance.
This diversity in feeding forms a cycle in which one prepares the habitat
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for the other. Although they may seem insignificant, these insects play
an important role in sustainable agriculture by positively impacting soil

structure within agricultural ecosystems.

2. ROLE OF ANIMALS IN PLANTS’ EVOLUTION

As understood from fossils, in ancient forests, gymnosperms such
as conifers, Ginkgo biloba, and cycads were predominant, and animals
had no role in pollination yet (Kenrick and Crane, 1991; Mohanta et al.,
2012; Saking, 2023). However, during this dinosaur-dominated period, it
is believed that dinosaurs benefited from the abundance of food provided
by the cones (Zhou et al., 2017).

Soon after, the pioneers of flowering plants joined the conifers, and
by the beginning of the Mesozoic era, early flowering plants began to
appear (Quentin et al., 2016). Flowering plants had an ovary surrounded
by a series of colourful petals. They had a male organ that produced
pollen grains. After fertilization, the seeds in the ovary began to develop
and turned into a fruit that protected the seeds. Some angiosperms
attracted small insects with their energy-rich nectar, facilitating
pollination and leading to the emergence of different plant species
(Demirsoy, 2017).

The oldest nectar-feeding insects are known from the Jurassic
period. Butterflies and bees appeared during the Cretaceous period
(Quentin et al., 2016). Bees from the superfamily Apoidea, in the
Apiformes group, are significant pollinators considered to be responsible
for the mutualistic relationship that developed during the Middle
Cretaceous period (Danforth et al., 2006; Michener, 2007; Tirado et al.,
2013). Today, honeybees (Apis mellifera), which belong to the
Hymenoptera order, play a crucial role in the pollination of 75% of the
plants that meet the world's food needs, due to their colony size and
portability (Ozbek, 2003; Michener, 2007; Haldhar et al., 2018).

Later, birds also began to feed on nectar following the evolutionary
explosion of pollination between flowering plants and bees (Demirsoy,
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2017). The interaction between plants and animals is not limited to
nectar; some plants, such as various orchid species, have evolved to
resemble insects. Similarly, the resemblance in violets mimicking
butterflies is quite advanced. These plants, which generally mimic the
appearance of the female of the species, attract male individuals, thereby
achieving pollination.

On the other hand, animals or fruit-eating primates contribute to
the spread of mature seeds by distinguishing between unripe and ripe
fruits with their incredible colour discrimination abilities. By picking
only ripe fruits from the tree branches and eating them after transporting
them to a distance, they disperse the seeds in different locations,
facilitating the emergence of new plants (Demirsoy, 2017).

Additionally, some plants that rely on animals to eat their seeds and
excrete them without digestion have also found their place in this
development. For instance, a relationship between the juniper tree and
the juniper bird is known. Juniper seeds do not germinate until they are
eaten by a juniper bird. In the bird’s digestive system, the seed coats are
opened. Seeds mixed with the bird’s faces in the soil germinate easily.

An example of animals carrying angiosperms is the mistletoe
(Viscum album), which lives as a semi-parasite and derives its nutrients
from host plants. Mistletoe, which remains green throughout all seasons,
lives as a semi-parasite on the branches of trees such as apple, pear, oak,
and medlar. After its seeds are eaten by birds, they are carried to host
plants in the birds' undigested feces. Thus, birds contribute to the spread
of this plant (Weihenstephan, 1997).

Similarly, the seed-carrying activity of ants (Formicidae) can be
seen. Ants damage the seed coats with their mandibles, which causes the
seeds to absorb moisture more easily and differ from others. Seeds that
absorb moisture germinate earlier than their peers and thus contribute to
biological diversity. Additionally, this mechanism ensures the
continuation of the species by allowing seeds to survive unfavourable
conditions at different times.
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Likewise, human-mediated commercial seed shipments to distant
regions serve this purpose. Seeds capable of adapting continue to live in
their new habitats. The spread of many cultivated seeds in this manner
brings both advantages and disadvantages. Sometimes they also
contribute to the spread of diseases and pests they carry. This can lead to
new problems, especially in agricultural ecosystems. The movement of
invasive species in agricultural production areas through this method
should not be overlooked.

On the other hand, angiosperms represent a very important
evolutionary innovation that enables various plants to spread across the
earth. Today, we see a large number of plants around us, from tall
conifers to ground-covering clovers or water lilies on the surface of the
water, to cacti in the desert, thanks to their angiosperm nature.

By the end of the Cretaceous period, another important lineage of
flowering plants, i.e., angiosperms, emerged. Grasses, by anchoring their
roots in the harshest environments on Earth, created microclimates.

Thus, they began to prepare the Earth for the Age of Mammals.

3. SPECIALIZATION IN FEEDING AMONG INSECTS

There are numerous examples of plants developing defence
mechanisms against insects. These defence mechanisms involve the
presence of certain chemical toxins in plants. Insects use their enzymes
to convert these chemical toxins into non-toxic or less toxic products.
These processes occur in the presence of a group of enzymes known as
mixed-function oxidases. These enzymes are found in high amounts in
the midgut and body fat of insects. The effectiveness of these enzymes
in providing insect resistance to insecticides is also presumed.

Over time, due to the adaptation of insects to these plants, these
defence mechanisms become obsolete. The toxins in the plant turn into
a food source that attracts the insect species. This situation also

eliminates competition with other insect species. In other words, insects
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use the smell or taste of the toxins from the plants they feed on to locate
the plant and often feed on such plants.

This relationship gradually turns into a specialization. For
example, flea beetles (Phyllotreta spp.) and cabbage butterflies (Pieris
spp.) feed exclusively on crucifers that produce mustard oils; the
Colorado potato beetle (Leptinotarsa decemlineata) feeds only on
potatoes (Solanum tuberosum) that produce solanine; and Manduca spp.
feed on tobacco (Nicotiana spp.), which produces nicotine, and plants in
the Solanaceae family, including Atropa belladonna, which produces
atropine (Onder, 2004; Mayoori and Mikhunthan, 2009).

There are many examples of insects specializing in certain plant
species within the ecosystem. One well-known example is the asphodel
(Asphodelus aestivus), which is not consumed by animals due to their
toxins, and the herbivorous insect Capsodes infuscatus, which
effectively controls chives as a biological control agent (Ozpinar et al.,
2020). Asphodel flowers are also an important nectar source for
pollinator species (Ceter, 2021). While the success of biological control
applications with chives is based on their sustainability in pasture, the
role of chives as a nectar source for pollinator species should not be
overlooked.

A different form of specialization in insects is observed in
endopterygote (larvae do not resemble adults) insect species (Figure 1b).
The larvae and adults of these species feed on different plant types. While
adult butterflies feed on flower nectar, their herbivorous larvae feed on
different plant organs. This eliminates competition between adults and
larvae. Adults increase biological diversity by benefiting plant species,
while larvae also create suitable food sources.

Similarly, male mosquitoes (Culicidae) feed on flower nectar,
while females feed on blood. Specialization in feeding has eliminated

competition among adult individuals of the same species.
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Insects' adaptation and specialization to host plants have developed
mechanisms for detecting their hosts. These mechanisms also form the

basis of the mutualistic relationship between plants and insects.

4. MUTUALISTIC RELATIONSHIPS BETWEEN INSECTS

AND PLANTS

The mutualistic relationship between insects and plants is simply
characterized by plants producing nectar and proteins for insects, while
insects, in return, facilitate pollination for effective crossbreeding. The
importance and success of insects as pollinators, compared to birds, bats,
and other animal groups, is evident; insects have developed an advanced
level of adaptation to plants. This adaptation is attributed to the long
evolutionary cooperation between insects and plants (Demirsoy, 2017).

In some cases, the mutualistic relationship between certain insects
and plants is highly advanced. A typical example is the mutualistic
relationship between acacias (Acacia spp.) and ants (Pseudomyrmex
spp.). Ants protect the host plant from herbivores. In return, the acacia
plant produces nectar from its petioles and proteins at the tips of newly
emerging leaves for the ants. The continuation of this mutualistic
relationship depends on the plant producing nectar and proteins for the
ants. The ants visit the plant for this purpose and simultaneously perform
the necessary function for pollination (Rafferty, 2006).

For the continuation of the mutualistic relationship and effective
pollination, the first condition is that plants must produce a sufficient
amount of nectar to attract insects. The second condition is that insects
should be able to easily recognize plants of the same species.

However, within the ecosystem, some specializations are observed
in the mutualistic relationship between plants and pollinator species. If a
plant produces too much nectar, pollinating insects will gather the
necessary nectar from these plants, resulting in fewer visits to other
plants. As a result, the number of plants visited decreases, and so does

the number of plants pollinated, leading to a reduction in pollination
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activity. Conversely, if a plant produces very little nectar (to encourage
an insect to visit more plants), there is a risk that the insect might not
return to these plants for nectar. Therefore, the adaptation between plants
and insects is crucial for the sustainability of pollination.

Carnivorous insects that play a role in pollination are also believed
to have mechanisms to detect the plants they visit for nectar, although
not as effectively as herbivorous insects. Parasitoid adults are thought to
detect the "kairomones" emitted by the host plant of herbivorous insects.
This ability helps them locate the host's different biological stages. Thus,
while helping to control herbivorous pests that cause economic losses in
agricultural products, these carnivorous insects also contribute to
pollination and increase biodiversity. Therefore, carnivorous insects
provide dual benefits to the ecosystem.

In this context, the contribution of pollinator species to pollination
and their role in controlling herbivorous pests should be considered for
sustainable agriculture in fruit-growing areas. Indeed, as seen in many
fruit types, the insect teams visiting avocado flowers in Mexico
predominantly include Hymenoptera, which also comprises carnivorous
species (Table 1). Similar species abundance has also been noted in the
Diptera, Coleoptera, and Heteroptera orders. About 30% of the Diptera
order consists of phytophagous species (Schoonhoven et al., 1998).
Suborders such as Nematocera, Brachycera, and Cyclorrhapha visit
flowers to feed on pollen and nectar (Skevington and Dang, 2002).

Table 1. Insect orders and total number of species effective in pollination of avocado
flowers in Mexico (Ish-Am et al., 1999)

Insect orders Insect families Total species
Hymenoptera Meliponinae 444
Other bees 84
Vespidae 245
Diptera 153
Coleoptera 33
Heteroptera 44
Other order 18
Total 1021
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As is well known, both herbivorous and carnivorous adult insects
play significant roles in the dispersal of pollen from flowering plants.
Insects undergoing incomplete metamorphosis, which have egg, nymph
and adult stages (Figure 1- left), and those undergoing complete
metamorphosis, which have egg, larva, pupa and adult stages (Figure 1 -
right), participate in the pollination process.

Insects undergoing incomplete metamorphosis are primarily
herbivorous as adults and nymphs. While feeding on plants, they
contribute to pollination. However, their contribution is not as significant
as that of the adults of complete metamorphosis herbivorous species. The
adults of insects undergoing complete metamorphosis (such as
butterflies) contribute to pollination by feeding on nectar, which helps
ensure the continuation of the species (Figure 2a). Their larvae use these
plants as food. Although these functions are carried out by different
biological stages of the insect species, a mutualistic-like development is
observed among them (Gilbert and Singer, 1975).

Some herbivorous insect species, while being harmful to flowers,
also perform the role of pollen transport. Decisions are made based on
the cost-benefit ratio of their contribution (Romeis et al., 2005). For
example, the adult flight of the apple blossom beetle (7ropinota hirta,
Poda) occurs in early spring during the flowering period of fruit trees.
They are harmful by feeding on the pollen and flowers of fruit trees. Due
to their herbivorous nature, while feeding on flowers and moving to new
flowers, their hairy bodies also perform the role of pollen transport from
flower to flower. Additionally, the measures taken to ensure that
pollinator species are active and not harmed by insecticide applications
help sustain fruit cultivation.
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Figure 1. Biological stages in insects with hemimetabolous (left) and holometabolous

(right) metamorphosis.

Herbivorous fruit flies such as the olive fly (Bactrocera oleae) and
the Mediterranean fruit fly (Ceratitis capitata) feed on nectar as adults,
while their larvae are fruit pests. They also feed on the secretions of
insects that produce honey-like substances in addition to flower nectar
from other plants. Although they partially contribute to the pollination of
plants in the ecosystem's flora, their impact on the pollination of host
plants, where larval damage occurs, is quite low.

Parasitic adults from the Hymenoptera order, which have a
carnivorous feeding strategy, also feed on flower nectar and contribute
to pollination (Figure 2b). The pre-adult stages of parasitoids complete
their development in the different biological stages of herbivorous
insects. Thus, they contribute to pollination while also being effective in
controlling herbivorous insects as biological control agents.
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Figure 2. Butterfly (a) and parasitoid (Hymenoptera) adults (b) feeding on flower
nectar

Carnivorous predatory adults similarly feed on flower nectar. For
example, adult flower flies (Syrphidae) are significant pollinators
(Figure 3a). They have a high capacity for pollen transport and visit
flowers frequently (Dunn et al., 2020). Their larvae are important
predators of aphids (Figure 4a).

Another aphid predator, Coccinella septempunctata L., migrates to
high-altitude areas to escape the absence of aphids, where it feeds on the
pollen and nectar of plants to prepare for winter diapause, thus ensuring
its survival (Ricci et al., 2005; Ozpinar et al., 2018).
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Figure 3. Adults of Syrphidae (a) and Chrysopidae (b) feeding on flower nectar
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Figure 4. Life cycle of Syrphidae (a) and Chrysopidae (b).

Among the most common carnivorous species, Chrysoperla
carnea larvae are highly effective aphid predators. The adults feed on
flower nectar and contribute to pollination (Figure 3b). A study
conducted in olive groves found that C. carnea adults feed not only on
the honeydew produced by Hemiptera insects but also on the pollen and
nectar of flowers (Villa et al., 2019).

The adults of these insects feed on secretions from other insects
and flower nectar, while their larvae predominantly feed on aphids
(Aphididae) (Figure 4b). The secretion from aphids is also important as
food for predatory adults.

In some cases, the number of partners feeding on nectar and
honeydew can increase within a community. The polyphagous pest, the
citrus mealybug (Planococcus citri), produces honeydew that attracts
ants. Ants attempt to drive away the biological control agent, the
coccinellid Cryptoleamus montrezieri, which preys on mealybugs.
Additionally, the secretion from the mealybug provides a suitable habitat
and food source for the larvae of the orange fruit moth in orange trees.
Symbiotic relationships between insects and plants can thus be
established through the cooperation of several insect species.
Sometimes, these relationships evolve into interspecific food
relationships within communities. The adaptation between plants and
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insects also serves as a crucial mechanism for the continuation of natural
selection.

Partnerships like these have played a significant role in the survival
of seed plants to the present day. As observed in conifers and some other
plants, pollination has evolved from being left to water currents and wind
direction to being precisely delivered by insects. This evolutionary
adaptation has enhanced the level of pollination and has contributed to a

dramatic increase in biological diversity.

5. ADAPTATION OF INSECTS TO FLOWERS

Preventing potential chaos in the ecosystem, plants have adapted
their flowering periods to different cycles of exposure to pollinators
(Demirsoy, 2017). This has led to the development of synchronization
between the flowering periods of plants and the activities of insects over
time. The sharing of plants by insects has been naturally resolved in this
way. Those that could not withstand the competition have managed to
survive by finding niches in different periods. A typical example is the
survival of two distinct species in Anatolia: Stenbergia lutea, flowering
in autumn and Stenbergia anatolica, flowering in early spring (Figure 5).
These plants have thus escaped competition and have continued to exist
as distinct species.

Sometimes, insects can contribute to increased biological diversity
in proportion to the frequency of visits to a particular flower colour and
nectar produced by plants.
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Stenbergia anatolica

Stenbergia lutea

Figure 5. Insect adaptation to plants, flowering in different seasons.

On the other hand, plants signal insects through their flowers when
they are ready for fertilization (Demirsoy, 2017). The area around the
ovary of a white flower turns a deep black colour. This colour contrast
makes the flowers more visible to insects (Figure 6). When the flowers
are not ready for fertilization, they turn a normal green colour. The petals
of the flowers act like ultraviolet light reflectors, attracting insects. The
reflected ultraviolet light guides insects from a great distance.
Additionally, flowers emit scents to attract insects, thus ensuring the

effectiveness of their pollination efforts.

Figure 6. Attraction of insects to different colours in flowers
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In deserts, cacti that bloom only once a year, and only at night,
must complete pollination within that period or wait another year to
bloom again. Therefore, it is crucial not to leave it to chance. These cacti
try to ensure pollination by using attractive scents. Some flowers,
however, do not require additional attractants and consider them as
energy loss and waste (Demirsoy, 2017). These types of plants mimic

female insects to attract male insects.

6. ROLE OF PLANTS IN INSECT BIOMIMICRY

The types of insects that plants most frequently mimic are from the
orders Hymenoptera and Lepidoptera, which are the most significant
contributors to pollination.

One of the most well-known mimicking plants is orchids (Figure 7
- left), which have a variety of species used for different purposes today.
They are valued both as ornamental plants and in the food industry.
Although wind pollination occurs, insect pollination is more common
and noticeable. Orchids are particularly notable for mimicking female
bees to attract male bees. Due to their success in mimicking insects,
orchids do not produce sweet substances as additional attractants; this is
considered an unnecessary waste of energy for orchids (Demirsoy, 2017).
However, orchids can mimic nectar and produce sex pheromones or
mimic oviposition sites or female insects to enhance the effectiveness of
pollination.

The mechanisms orchids use for pollination include floral mimicry,
false mating, mimicking alarm pheromones, deceiving pollinating
insects by resembling other flowers, mimicking human sweat odours,
using scent-collecting insects, and imitating nesting sites and shelters
(Arzuman et al., 2018).

There are findings that orchids deceive bees by mimicking the
nectar produced by other plants, which leads to the transfer of pollen to
other plants when a male bee visits a flower that resembles a female bee.
This mimicry is not limited to bees. There are also examples of plants
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that mimic monkeys and other animals and even mechanisms that mimic
human sweat odours to attract mosquitoes.

Another mimicking plant is the pansy, which mimics Lepidoptera
adults (Figure 7 - right). Subedi et al. (2021) have observed that the
colours of pansies affect butterfly visits and advance their mutualistic

relationship.

Figure 7. Pansies (right) and orchids (left)

CONCLUSION

In the ecosystem, the adaptation between insects and plants has
reached an advanced level, increasing plant biodiversity. Insects’
specialization with these plants has contributed to the pollination of both
wild and cultivated plants. Particularly, for fruit trees in the Rosaceae
family, such as apples, pears, plums, almonds, and cherries, fertilization
is entirely dependent on cross-pollination. For example, cherry blossom
pollination relies on insects 90% of the time (Anonymous, 2019). The
most effective pollinators, bees, contribute to pollination in soft-shelled
fruits by 45-90%, in hard-shelled fruits by 81-97%, and in sunflowers by
80-88% (Ozbek, 2008). In orchards where these fruits are cultivated,
fruit abundance and quality can only be achieved through proper
pollination. The mutualistic relationship between pollinating insects and
plants has evolved, reaching an advanced level of adaptation. The
flower's pleasant scent, bright appearance, and sugary secretions have
made plants centres of attraction for insects. For some fruit species,
dependence on pollinating insects is quite high. Unlike wind pollination,
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the role of insects in transferring pollen to another flower of the same
species, i.e., "address delivery," forms the foundation of biological
diversity. As a result of biological diversity, the emergence or visibility
of fruits with superior and higher qualities allows for the selection and
continuation of their cultivation.

Bees (Hymenoptera) are the primary insects that contribute to
pollination and are effective in carrying pollen. Among bees, honeybees
are the most important, while parasitic species that feed on flower nectar
are also valuable due to their natural enemy characteristics and their
contribution to pollination.

Moreover, the presence of flower flies (Syrphidae) that feed on
flower nectar and live as predators of pest species such as aphids
(Aphididae), which cause economic losses and require control in early
stages, is crucial for sustainable production.

On the other hand, although butterflies (Lepidoptera), which feed
on nectar from flowers and do not have the potential to damage cultivated
plants due to their mouthparts, may not be as valuable as the

aforementioned species, they still contribute to pollination.
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1.1. Introduction

Grapevine, as a perennial plant, is subject to various environmental
factors (e.g., climate and soil), with topography playing a crucial role in
shaping the attributes of vineyards and the quality of grapes produced.

Topographic factors, such as elevation, slope, and aspect, play a
significant role in shaping the mesoclimate of a vineyard (Parker et al.,
2011).

The meso-climate, which refers to the climate of a particular
vineyard site, is influenced by topography, including factors such as
altitude, latitude, slope, aspect, hill isolation, and proximity to water
bodies, among others (Goldammer, 2018). These variables can affect the
vineyard mesoclimate by superimposing local effects and influencing
factors such as temperature, air movement, and soil moisture, which in
turn impact grape variety, wine quality, and viticultural practices.
Furthermore, research has shown that meso-climate variations, mediated
by topographic factors, can have effects on viticulture and climate
change poses significant challenges to traditional viticulture regions,
emphasizing the importance of understanding the impacts of topographic
variables on viticulture at the meso-climate scale.

Understanding the effects of topographic attributes on viticulture
is vital for vineyard managers, winemakers and researchers seeking to
optimize grape production and wine quality. Numerous scientific studies
have been conducted to evaluate the effects of vineyard terrain's
topographic features on viticulture and some of the studies on this subject
are as follows:

The chemical composition of grapes may be influenced by several
factors, including climate, soil, grape variety and viticultural practices
and all of these interact with each other (Seguin, 1988).

Nadal-Romero et al. (2014) determined topographic thresholds for
plant colonization in relation to slope aspect and assessed the spatial
patterns of vegetation cover and species richness in their research. As a
consequence, soil water availability was the chief limiting factor for



SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER) | 76

vegetation development in the semi-arid badlands of the Mediterranean.
On the other hand, south-facing slopes were typically less vegetated due
to a very large water stress.

Because an area's topographic characteristics affect hydrology,
soils, erosion, nutrient availability and radiation, topography can provide
vital information about the terrain (Fissore et al., 2017; Zeraatpisheh et
al., 2019).

The research results of Jones et al. (2010) provide valuable insights
into the influence of slope gradients on vineyard management practices
and the health of grapevines.

The research led by Smith et al. (2012) sheds light on the
relationship between aspect and sun exposure, elucidating its effects on
grape ripening and wine quality.

The studies performed by Martinez-Casasnovas et al. (2009) and
Hall et al. (2013) contribute to the understanding of elevation and its
impact on temperature variation within vineyards, as well as its
implications for grape variety selection and flavor development.

Mania et al. (2021) declare that topography may induce variability
in meteorological conditions at the mesoscale level and topographical
factors have been recognized as significant determinants of grapevine,
grape quality and wine characteristics.

The interception of solar radiation, soil water holding capacity and
the microclimate of a vineyard and grapevines may be influenced by
interactions among the environment, soil characteristics and cultural
choices in viticulture (Bois et al., 2018; Hunter, 2016).

Steep-slope cropland plays a vital role in food production,
economic development, ecosystem diversity and European cultural
heritage. However, these systems are susceptible to extreme weather
events. Wang et al. (2024) analyze the spatial distribution of twelve
major European steep-slope crops in their study and assess agricultural
drought severity during 2022 by using open-access spatial data. The
study findings reveal that olive is the most widespread crop in steep slope
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agriculture (34% of the total area), followed by wheat (24%), maize
(16%) and grape (11%). Additionally, a remarkable 44% of these
landscapes were affected by extreme events in summer 2022 and
vineyards were the most adversely involved, experiencing drought
across 79% of their areas.

Steep slope vineyards are widely distributed in the Mediterranean
region and have a pivotal role in wine production and economic
development. Nevertheless, they are threatened by climate change in
terms of opposite weather extremes such as heavy rainfalls and long-
lasting droughts. Wang et al. (2023) carried out research on the
effectiveness of micro-water storage in improving resilience to weather
extremes. The study results display that micro-harvesting systems can
considerably decrease surface overflow and effectively collect rainwater
in different rainfall conditions.

Tachini et al. (2023) fulfilled a study on evaluating the
mesoclimate of Uruguay’s Atlantic region and determining topography
and ocean’s effect on temperature and thus on response of ‘Tannat’ grape
variety. As a result of the research, with differences of 50 m. in altitude
and thanks to the ocean, significant differences can be found that can
have an impact on the composition of ‘Tannat’

This review was carried out to examine the effects of different
topographic elements on viticulture.

1.2. Climate Factors at Various Scales in Viticulture

Climate is a critical factor in viticulture, as it directly affects
grapevine growth, grape ripening, and ultimately, the quality of the
grape. The main climate factors at various scales that influence
viticulture are as follows:

1.2.1. Macroclimate
Macroclimate refers to the broadest scale of climate patterns in a
region and includes factors such as latitude, altitude, and proximity to
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large bodies of water. These factors have a significant influence on the
overall suitability of a region for grape cultivation (Jones et al., 2005).

1.2.2. Mesoclimate

Mesoclimate refers to the climate conditions within a specific
vineyard or vineyard site. Factors that influence mesoclimate include
topography, aspect (orientation of the vineyard slope), soil type, and the
presence of nearby vegetation or bodies of water. These factors can
create variations in temperature, air drainage, sunlight exposure, and the
overall microenvironment within the vineyard.

1.2.3. Microclimate

Microclimate refers to the immediate environment surrounding the
grapevine canopy. It is influenced by factors such as the arrangement of
grapevines, trellising systems, and canopy management practices.
Microclimate affects factors like temperature, humidity, and air
movement within the vineyard, which can directly impact grapevine
health, disease pressure, and grape ripening (Smart & Robinson, 1991;
Keller, 2015).

1.3. Topography

Vineyard topography refers to the specific physical characteristics
and features of the land where grapevines are cultivated. It encompasses
elements such as elevation, slope, aspect, contour, and microtopography
within the vineyard site.

1.3.1. Elevation

Elevation refers to the height above sea level of a particular
location. It is a key topographic feature that plays a significant role in
shaping the climate, temperature, and overall growing conditions of a
vineyard. Elevation influences factors such as temperature, sunlight
exposure, air circulation, and water drainage, which in turn impact
grapevine growth, grape development, and ultimately wine quality
(Gladstones, 2021; Jackson, 2014). Different elevation ranges can have
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significant effects on viticulture, influencing factors such as temperature,
sunlight exposure, precipitation, and grape ripening. Here are some of
the effects of different elevation ranges on viticulture:

1.3.1.1. Low Elevation (sea level to 500 meters)

In lower-elevation vineyard sites, the climate tends to be warmer
due to the proximity to sea level and less influence from cooling factors
such as altitude and mountain breezes. Warmer temperatures can lead to
earlier bud break, flowering, and grape ripening (Gladstones, 2021). This
can be advantageous for regions with cooler climates, as lower elevations
help mitigate the risk of frost damage. However, in warmer regions,
excessive heat accumulation may pose challenges to grape ripening and
maintaining acidity levels (van Leeuwen et al., 2010).

1.3.1.2. Mid-Elevation (500 meters to 800 meters)

Mid-elevation vineyards can offer a balance between coolness and
warmth, making them suitable for a range of grape varieties. The
moderating influence of higher altitude can result in cooler temperatures
compared to low-elevation sites (Gladstones, 2021). This can lead to
slower grape ripening, which allows for the development of complex
flavors and better acid retention (Jones & Davis, 2000). The diurnal
temperature range tends to be wider at mid elevations, contributing to the
accumulation of flavor compounds in the grapes (van Leeuwen et al.,
2010).

1.3.1.3. High elevation (800 meters and above)

High-elevation vineyards experience cooler temperatures due to
the increased altitude and thinner atmosphere. Cooler temperatures can
lead to delayed bud break, flowering, and harvest dates, extending the
growing season (Gladstones, 2021). High elevations also promote the
retention of acidity in grapes, resulting in wines with higher natural
acidity levels (Jones & Davis, 2000). The lower average temperatures
and increased diurnal temperature variation at high elevations can
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contribute to the development of more complex aromas and flavors in
the grapes (Palliotti et al., 2014).

1.3.2. Slope Gradient

Slope gradient is the steepness or incline of the land where
grapevines are planted. Slope gradient affects water drainage, soil
erosion, and sunlight exposure. It quantifies the change in elevation over
a specified horizontal distance, typically expressed as a percentage or an
angle. Slope gradient is an important topographic factor that affects
various aspects of viticulture, including water drainage, soil erosion,
mesoclimate, and grapevine growth (Gladstones, 2021; Martinez-
Casasnovas et al., 2009; Petrie, 2006). Steeper slopes tend to have better
water drainage, minimizing the risk of waterlogging and promoting
healthier grapevine growth (van Leeuwen et al., 2010).

1.3.3. Aspect

Aspect refers to the compass direction that a vineyard slope faces,
such as north, south, east, or west. The aspect influences the duration and
intensity of sunlight exposure on the grapevine canopy. South-facing
slopes receive more direct sunlight throughout the day, promoting better
photosynthesis and grape ripening (Martinez-Casasnovas et al., 2010).
In contrast, north-facing slopes receive less direct sunlight, potentially
resulting in slower ripening and cooler microclimates (Jackson, 2014).

1.3.4. Contour

Contour refers to the lines or curves that connect points of equal
elevation on a map or in the field. It represents the shape and
configuration of the land surface, taking into account the variation in
elevation across a vineyard site. Contour plays a significant role in
viticulture as it helps in understanding the topography and managing the
vineyard site effectively (Gladstones, 2021). Contour information is
valuable in vineyard management for several reasons:



81 | SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER)

1.3.4.1. Water Management

Understanding the contour of the land helps in managing water
within the vineyard. By analyzing the contour lines, vineyard managers
can identify areas of potential water accumulation or runoff. This
knowledge aids in designing irrigation systems, drainage solutions, and
water conservation practices to ensure optimal water distribution for the
grapevines.

1.3.4.2. Soil Conservation

Contour lines are crucial in preventing soil erosion within
vineyards. By following the contour lines, vineyard managers can
implement erosion control measures such as contour plowing, terracing,
or the establishment of cover crops. These practices help to slow down
water runoff, retain soil moisture, and minimize soil erosion.

1.3.4.3. Vineyard Design

Contour information is considered during the design and layout of
vineyards. By understanding the contour of the land, vineyard managers
can determine the placement and orientation of grapevine rows, trellis
systems, and other vineyard infrastructure. This helps optimize sun
exposure, airflow, and water drainage, leading to improved grapevine
growth and grape quality.

1.3.4.4. Precision Viticulture

Contour data can be utilized in precision viticulture practices. By
mapping the contour of a vineyard, managers can identify variations in
elevation and slope across the site. This information can be integrated
with other data, such as soil fertility or yield monitoring, to create site-
specific management zones. Precision viticulture techniques can be
applied within these zones to optimize resource allocation, improve
grape quality, and enhance vineyard sustainability.
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1.3.5. Microtopography

Microtopography refers to the small-scale variations in elevation
and surface features within a vineyard site. It encompasses the subtle
contours, undulations, and features of the land at a localized level, such
as within a row or between grapevines. Microtopography plays a
significant role in viticulture as it influences various aspects of grapevine
growth, vineyard management, and grape production. The relevance of
microtopography in viticulture includes the following aspects:

1.3.5.1. Water Drainage and Retention

Microtopography affects the flow of water within the vineyard.
Small-scale variations in elevation can create micro-depressions or slight
slopes that influence the movement of water. Understanding the
microtopography helps vineyard managers design water drainage
systems, manage soil moisture levels and prevent waterlogging or
erosion.

1.3.5.2. Soil Variability

Microtopography contributes to variations in soil characteristics
within the vineyard. Small depressions or slopes can result in variations
in soil depth, texture, and water-holding capacity. Vineyard managers
consider these variations in soil properties when making decisions about
irrigation, fertilization, and soil management practices.

1.3.5.3. Grapevine Growth and Canopy Management

Microtopography affects the growth and development of
grapevines. Small-scale variations in elevation can influence the
availability of nutrients, water, and sunlight to individual grapevines.
Understanding the microtopography helps in optimizing grapevine
spacing, trellis design, and canopy management practices to ensure
uniform grapevine growth and balanced grape production.
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1.3.5.4. Harvest and Grape Quality

Microtopography can influence the grape ripening process and
grape quality within the vineyard. Variations in elevation and exposure
to sunlight can result in microclimatic differences, affecting the timing
of grape ripening and the accumulation of sugars, acidity, and flavor
compounds. Vineyard managers may consider these variations when
planning the harvest strategy and managing grape quality.

1.3.5.5. Precision Viticulture

Microtopography data can be integrated with other spatial
information, such as soil maps, yield maps, or remote sensing data, to
implement precision viticulture techniques. By understanding the
microtopography, vineyard managers can create management zones
within the vineyard that account for small-scale variations in grapevine
performance. This allows for targeted management practices, such as
variable-rate irrigation or fertilization, to optimize resource allocation
and grape quality.

1.3.6. Wind Exposure

Slope orientation and elevation influence wind exposure in
vineyards. Wind can impact grapevine growth, canopy development, and
grape composition. Strategic vineyard layout and windbreaks mitigate
the effects of strong winds, promoting balanced grapevine growth and
grape quality.

1.3.7. Frost Risk

Topographic factors such as valley bottoms and low-lying areas
are prone to frost accumulation, especially during spring frost events.
Vineyard site selection, frost protection measures, and vineyard design
(e.g., slope gradient, air drainage) help minimize frost damage and
ensure vineyard viability.
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1.4. Relevance of Topography to Viticulture

The topographic structure of the vineyard location is important for
viticulture, and these topographic features affect various aspects of
viticulture, as listed below:

1.4.1. Sunlight Exposure

Topography influences the amount and distribution of sunlight that
reaches the vineyard. The slope orientation and aspect determine the
angle at which sunlight strikes the grapevine canopy. South-facing slopes
generally receive more direct sunlight, providing favorable conditions
for grapevine photosynthesis and ripening (Jackson, 2014). In contrast,
north-facing slopes may receive less direct sunlight, which can affect
grape quality and ripening potential (Martinez-Casasnovas et al., 2010).

1.4.2. Temperature Variation

Topography contributes to temperature variations within a
vineyard. Elevation influences temperature gradients, with higher
elevations often experiencing cooler temperatures compared to lower-
lying areas (Gladstones, 2021). Slope gradient also impacts temperature
variations within a vineyard, as it affects air drainage and cold air pooling
(Webb et al.,, 2007). These temperature variations can influence
grapevine phenology, grape ripening, and the development of specific
flavor compounds in the grapes and resulting wines (Palliotti et al.,
2014).

1.4.3. Soil Composition and Nutrient Distribution

Topography contributes to variations in soil composition and
nutrient distribution across vineyard sites. Elevation, slope, and aspect
can influence soil depth, texture, and water-holding capacity. These
variations affect grapevine nutrition and overall grapevine health. By
considering topographic characteristics, vineyard managers can
implement site-specific soil management practices to optimize grapevine
nutrition and grape quality (van Leeuwen & Seguin, 2006).
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1.4.4. Vineyard Design and Canopy Management

Topography influences vineyard design and canopy management
decisions. Understanding the slope, aspect, and microtopography helps
in determining the placement and orientation of grapevine rows, trellis
systems, and other vineyard infrastructure. Optimizing vineyard design
based on topographic characteristics can enhance sun exposure, airflow
and water drainage, leading to improved grapevine growth and grape
quality.

1.5. Conclusion

The future of viticulture and its relationship with topography holds
significant potential for innovation and adaptation. Understanding and
considering these topographic drivers is essential for vineyard site
selection, vineyard design, and management practices. These play a
significant role in shaping the unique characteristics of a vineyard site
and contribute to the concept of terroir.
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5.1. Introduction

Soil quality has an impact on boosting output and keeping the
environment healthy. It's about how well soil can support an ecosystem
that keeps plants, animals, and people alive. The usual ways to check and
handle soil health include taking soil samples, running lab tests, and
looking at the soil with your own eyes (Razzaghi et al., 2016). While these
approaches offer information, they can be time- and labor-intensive. It
may not fully capture the complexity of soil ecosystems. With the growing
food demand and escalating effects of climate change, there is a need for
more advanced technigques to monitor and enhance soil health (Meena et
al., 2024).

Artificial Intelligence (Al) shows an opportunity to revolutionize
soil health management practices (Zhang et al., 2024). Al technologies
like machine learning (ML) and computer vision provide tools for
analyzing big data from different sources such as soil sensors, satellite
images, drones, and previous agricultural data. These technologies enable
high accuracy in real-time monitoring, predictive analysis, and data-
driven decision-making (Shaikh et al., 2022). Using Al technologies (like
ML), we can achieve insights into soil properties, recognize signs of
deterioration, and carry out strategies to protect and boost soil quality
(Diaz-Gonzalez et al., 2022).

One important way Al is used in managing soil health is by
employing machine learning algorithms to forecast soil health indicators,
like moisture content, and organic matter. These algorithms can study data
to detect patterns and trends which help make precise forecasts and
suggestions (Kingsley et al., 2020; Taneja et al., 2021).

In addition, modern remote sensing technologies powered by Al,
which utilize satellite and drone images make it possible to monitor soil
health indicators on a scale (Khanal et al., 2020). This feature is especially
valuable for identifying variations in soil properties and pinpointing areas
that require attention.
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Another crucial aspect of incorporating Al into soil health
management is the utilization of big data analytics (Bhat & Huang, 2021).
Through the aggregation and examination of datasets from sources, Al
can reveal hidden patterns and connections that guide soil management
practices (Elbeltagi et al., 2022). This comprehensive approach leads to
an understanding of soil health dynamics. Moreover, automating soil
sampling and analysis using systems and Al-driven laboratory processes
enhances the efficiency and precision of soil health evaluations reducing
dependence on labor and minimizing errors (Kumar et al., 2024).

This chapter delves into how Al can transform soil health
management through methods. It discusses Al techniques and their
practical applications, showcasing case studies and real-life instances that
illustrate the advantages of Al-driven strategies. The chapter also
addresses challenges related to integrating Al into soil health
management, such as data accuracy, algorithm transparency, and the
importance of cooperation. Lastly, it explores the benefits of Al in soil
health management, and the prospects and potential advancements in Al
that could further improve soil health management practices, for resilient
and sustainable agricultural systems. The merging of Al and soil health
highlighted in this chapter emphasizes how technological advancements
can lead to transformations, in agriculture and preservation.

5.2. Understanding Soil Health

Soil health is a term that describes how well the soil can encourage
life of plants, animals, and humans (Sokolov et al., 2010). Healthy soils
fulfill roles that bolster agricultural output and environmental
sustainability (Morgan et al., 2021; Zuazo et al., 2011). Soil health plays
a critical role, in farming maintaining ecosystems, and preserving the
environment (Sachan et al., 2024). Soil health contains a range of
physical, chemical, and biological properties that determine its ability to
perform functions like nutrient reclamation, water quality, and helping
plant growth (Kaur & Vyas, 2024; Lehmann et al., 2020) (Fig 5.1).
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The physical properties of the soil such as texture, structure,
porosity, and bulk density play a crucial role in its total health (Usharani
et al., 2019). Soil texture affects water infiltration abilities (Yang &
Zhang, 2011). Good soil structure allows for air circulation and root
growth by forming clumps or aggregates. Porosity and bulk density
influence water movement within the soil and support root development
(Giuliani et al., 2024; Pagliai et al., 2004; Valentine et al., 2012). Healthy
soils lead to balance in their structure to support plant roots while
facilitating air and water exchange (Pandao et al., 2024).

The availability of vital macronutrients (like nitrogen (N),
phosphorus (P), potassium (K)) and microelements (like iron (Fe), zinc
(Zn), copper (Cu), and manganese (Mn)) for plant growth (Cai et al.,
2013; Heidak et al., 2014; Velarde et al., 2005) are impacted by of some
chemical properties of the soil like and the soil organic carbon (SOC)
(Razzaghi et al., 2021) and pH level (Hartemink & Barrow, 2023). The
SOC enhances soil structure, and nutrient content (Razzaghi etal., 2022).

The microorganisms' activity as the biological properties of the soil
are vital for soil health as they assist in processes like decomposing
organic matter, cycling nutrients, and creating soil structure (Adewara et
al., 2024). Beneficial microorganisms establish relationships with plants
to improve nutrient absorption and disease resistance (Meenaetal., 2017).
A diverse and active community of organisms in the soil is an indicator of
its health status because it enhances resilience and productivity (Alori et
al., 2024).

Determining soil health involves combining chemical, physical, and
biological assessments. Soil sample analysis in the lab and also field
evaluations can offer insights, into soil health (Rinot et al., 2019).
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5.3. Challenges in Soil Health Management

Keeping the soil healthy plays a big role in farming that lasts and
protects nature, but it's not easy. Soil health worsens in many ways, like
erosion and loss of fertile soil (Pennock, 2019). This makes the soil less
able to grow plants and organisms together. Wind and rain wash away the
top layer of soil that has all the nutrients (Gahlot & Agarwal, 2024).
Moreover, nutrient imbalances and soil contamination create more
problems. Using too many chemical fertilizers can reduce the nutrient
balance and make the soil acidic (Bisht & Chauhan, 2020). Nutrient
deficiency stops plants from growing well and leads to lower crop yields
(Karthika et al., 2018). To balance nutrients with what crops need and
what's in the soil, farmers must use exact methods and test their soil often
(Ingram et al., 2010).

Pollution of the soil by heavy metals, pesticides, and factory waste
hurts microbe communities and soil functions. This puts plants, animals,
and people at risk (Kumari & Mishra, 2021). To tackle these issues, we
need good methods to watch for problems and clean them up.
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Climate change and socio-economic limits make it harder to manage
soil health. Changes in temperature, rain patterns, and extreme weather
have an impact on soil moisture, erosion, and nutrient cycles (Kumar et
al., 2022). Money issues and policies can stop farmers from using soil-
saving methods or investing money into better soil health. Good soil
health management policies should offer money incentives, help pay for
sustainable practices, and support small farmers (Bowman & Lynch,
2019). To tackle these problems, we need a big-picture approach. This
should bring together science research new technology sustainable
methods, and helpful policies. It also needs scientists, farmers, policy-
makers, and others to work together to boost soil health and make sure it lasts
long-term.

5.4. Applications of Al in Soil Health Management

Al has an impact on soil health management by providing new
methods to watch, study, and boost soil qualities (Meena et al., 2024)
(Table 5.1). Using Al techniques like machine learning, computer vision,
and big data analysis allows for more exact, productive, and adaptable
methods to keep soil healthy and make it better (Nawar & Mouazen,
2017). Some of the applications are listed below (Fig 5.2):

5.4.1.Machine Learning for Soil Analysis

Machine learning algorithms have an important impact on
predicting soil health factors such as nutrient, water, and organic matter
content in the soil. These algorithms look at past data and current info
from soil sensors and other places to spot patterns and trends. This helps
farmers manage their soil better (Uddin et al., 2024). For instance, by
machine learning models the farmers can know the time of fertilization or
irrigation by checking soil moisture and nutrient content. This lets farmers
use resources more effectively. It does not boost crop yields but also cuts
down on environmental harm from too much fertilizer and water use
(Umutoni & Samadi, 2024).
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5.4.2.Remote Sensing and Computer Vision

Al-powered remote sensing technology using satellite and drone
images has an impact on large-scale detailed monitoring of soil health
markers (Hay & Krause, 2021). Computer vision algorithms examine
these pictures to spot changes in soil features across different areas, like
soil texture, organic matter, and moisture. This ability proves crucial to
pinpoint spots in a field that might need specific care (Ghazal et al., 2024).
The pictures also snap detailed shots of soil and plants, which Al
algorithms then process to check soil health and catch early warnings of
wear or lack of nutrients (Chowdhury et al., 2024; Misbah et al., 2021).

5.4.3.Big Data Analytics

Gathering and studying huge sets of data from many places, like soil
sensors, weather stations, and old farming records, gives us a full picture
of how soil health changes. Looking at big data shows hidden patterns and
connections that help us manage soil better (Hinge et al., 2021). By
bringing together different streams of data, Al systems can give useful
insights and suggestions that fit specific soil conditions and what crops
need (Bhat & Huang, 2021). This all-around approach helps people make
better choices and encourages the creation of farming practices that can
last a long time.

5.4.4. Automated Soil Sampling and Analysis

Al-driven robotic systems for soil sampling and analysis have an
impact on how well we can check soil health and soil management (Awais
et al., 2023). Robots with Al smarts can gather soil samples on their own
cutting down on the need for people to do this hard work. These samples
then go through Al-powered lab tests and figure out the soil properties
like its pH or how many nutrients it has, and the activity of the the
microorganisms in it. This technique speeds up soil testing (like pH)
giving farmers good data when they need it to guide how they take care
of their soil (Adamchuk et al., 1999).
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5.4.5. Predictive Maintenance and Early Warning Systems

Al technologies also influence predictive maintenance and early
warning systems to manage soil quality changes (Muscolo et al., 2015).
Al can predict potential problems like soil compaction, erosion, or
contamination by keeping an eye on soil conditions and looking at
trends(Garg et al., 2022; Shadrin et al., 2020). Early warning systems
inform farmers about these risks allowing them to take action to prevent
land degradation and maintain soil health (Quansah et al., 2010).

5.4.6.Sustainable Soil Management Practices

Al helps farmers use better soil management methods by giving
them specific information based on data. Al insights can improve
techniques like cover cropping, crop rotation less tillage, and adding
organic matter to boost soil health and fertility (Gutiérrez et al., 2024;
Ryo, 2022). By encouraging these methods, Al plays a part in making
farming systems last longer helping them stand up to environmental
pressures and secure food supplies for the future (Wang, 2022).

Machine Learning for Soil
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Management Vision \
lm‘!\: . .
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’ 3
7 <30
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Figure 5.2. Some the Applications of Al in Soil Health Management
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Table 5.1. Some of the smart solutions and their impact on soil properties and therefore
on soil health management

Al Application Effect on Soil Properties & Health References
Management
Machine Learning for 1- The predicting of soil parameters? by (Wilhelm et al.,
Soil Analysis SVM and RF as the best Machine 2022)

Learning methods

2- The fertilizer recommendation} by RF
and RR as the best smart solution
application

Remote Sensing and
Computer Vision

The prediction of soil sand and organic
matter contentt by RMSE models

(Sudarsan, 2015)

Big Data Analytics for Prediction of soil quality, pH level 1 (Micheni et al.,
Soil Management 2022)
Automated Soil Soil sampling on grid bases is 1 (McGrath &

Sampling and Analysis

representative, | costly pattern for future
sampling

Skotnikov, 1996)

Predictive Maintenance

Predicted cumulative rainfall for 72 h and

(Ponziani et al.,

and Early Warning prepare the soil water balance model 2013)
Systems

Sustainable Soil The mean of wheat grain yield by 39.9%1 (Sankhyan et al.,
Management Practices | by balanced dose of NPK fertilizers+ 2024)

farmyard manure or lime, aggregate
stability, available nutrients, and microbial
biomassThy 100 % NPK fertilizers+
farmyard manure

Soil Carbon Identify soil carbon model with the best (Davoudabadi et al.,
Sequestration predictive performance by developing 2024)
Monitoring model selection methods and available
data
Precision Agriculture Using V-NIR spectroscopy predict soil (Ahmadi et al.,
properties with |cost and fast alternative 2021)

for standard methods of soil properties
prediction

1= high or increased, |=low or less
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5.5. Benefits of Al in Soil Health Management

Al integration into soil health management has an impact on
farming in many positive ways. It boosts productivity, makes agriculture
more sustainable, and helps farmers work smarter (Raji et al., 2024). The
benefits of Al are outlined below (Fig 5.3):

5.5.1.Better Accuracy and Productivity

Al techniques, like machine learning and computer vision, help
farmers keep a close eye on soil health and manage it well (Eli-Chukwu,
2019). As indicated above by looking at the data from soil sensors, and
satellite images, Al gives spot-on insights about soil conditions. This
accuracy lets farmers do the fertilization, irrigation, and plant protection
applications (pesticides and herbicides) at the right time when required.
These methods (farming by Al) are more precise and lead to higher yields
with low time-consuming and costs (Talaviya et al., 2020).

5.5.2. Smarter Soil Health Monitoring

Keeping an eye on soil health plays a crucial role in maintaining
optimal soil conditions. Al-driven remote sensing and sensor networks
provide farmers with real-time information on various soil parameters,
including moisture nutrient content, pH levels, and organic matter
concentration(Fuentes-Pefiailillo et al., 2024; Mallick et al., 2022). This
steady stream of info helps farmers spot changes in soil health and quality
and take action to fix issues (EI-Ramady et al., 2014).

5.5.3. Predictive Analytics to Make Better Decisions

Al-powered predictive analytics show farmers what might happen
to their soil. These tools look at old data and current soil conditions to
forecast potential issues like nutrient deficiency, soil compaction, or
erosion risks. This information allows farmers to plan and make smart
choices to keep their soil healthy (Kothari et al., 2024). These forecasts
also help with long-term soil health planning to gain higher crop vyield
(Bhar et al., 2019; Hassan et al., 2022). They make it easier for farmers to
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determine the best crop rotation methods and other ways to protect their
soil (Ball et al., 2005).

5.5.4. Reduced Environmental Impact

Al impacts soil health management leading to organic farming
methods. It helps farmers use the right amounts of fertilizers and
pesticides, reducing soil and water pollution (Zhang et al., 2024). Al tools
also back farming techniques that protect the soil, like less tillage and
planting cover crops. These approaches improve soil structure and
increase biodiversity (Ahmareen et al., 2024). The sustainable soil
techniques that Al enables help to maintain healthy ecosystems (Akter,
2024).

5.5.5. Higher Productivity and Crop Yields

Healthy soil is the foundation for successful farming. Al tools
improve soil health management, which leads to higher crop yields (Singh
& Jain, 2022). As mentioned above, by keeping soil fertility, moisture and
other soil properties at optimum levels, Al helps plants grow better and
produce more (Shaikh et al., 2022). Furthermore, Al-powered early
warning systems about soil health problems let farmers tackle issues
before they affect crop yields (Goel & Pandey, 2024).

5.5.6. Cost Savings and Economic Benefits

Soil health management practices by machine learning and artificial
intelligence help farmers save money and allow them the precise use of
fertilizers, water, and pesticides to reduce input costs (Shaikh et al., 2022).
These savings add up over time making farming more sustainable. The
healthier soil and higher yield can boost agriculture profits and give
farmers a steadier income (Rafi et al., 2022).

5.5.7. Support for Sustainable Agriculture:

Al in soil health management lines up with the aims of sustainable
agriculture (Kalantzopoulos et al., 2024). Al promotes practices that save
soil resources and keep the soil fertile by cover crop planting, reducing
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the over-application of fertilizers and irrigation water. By giving insights
based on data and automated solutions, Al helps farmers adopt and keep
up sustainable soil management practices (Khanna et al., 2022).

5.5.8. Empowerment of Farmers

Al technologies give positive attitudes, key information, and tools
for farmers (especially young farmers) to manage soil health (Saiz-Rubio
& Rovira-Mas, 2020). Access to real-time data and advanced analytics
boosts the ability of farmers to understand their soil condition, crop
harvesting time, and disease or pest threats to make smart choices and
decisions. This empowerment results in more effective soil management
higher productivity, and better resilience to environmental challenges
(Javaid et al., 2022).

Benefits of Al in Soil Health Management
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Figure 5.3. Some Benefits of Al in Soil Health Management

5.6. Challenges and Future Directions

Al's integration into soil health management faces big hurdles. The
main problem is getting good plentiful data. To train Al models, you need
top-notch wide-ranging datasets (Ahmad & Nabi, 2021; Javaid et al.,
2023). However, it's hard to collect uniform standard soil health
information across different areas (like forests) and soil types
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(Schoenholtz et al., 2000). Data in various formats, different measuring
standards, and changes in quantitative baseline of soil properties, soil
degradation, and climate can make it hard to combine and study soil
quality data well (Karlen et al., 1997). The worries about data privacy and
security can make farmers hesitant to share their information. This makes
it even harder to create strong Al-based solutions for soil health (Amiri-
Zarandi et al., 2022).

Money and ease of access create big hurdles for farmers who want
to use Al to manage soil health. Buying Al technologies like 10T sensors,
drones, and machine learning software costs a lot upfront. This can be too
much for small farms or those with limited funds (Yadav et al., 2018).
This can put more stress on farmers' budgets. It's key to close the
technology gap for farmers in developing areas or far-off places to use Al-
based soil health management tools. Another obstacle is usability.
Farmers generally have challenges understanding the main impact of data
generated by IoT devices due to not having enough training (Gahlot &
Agarwal, 2024). Helpful policies standard methods to gather data, and full
training plans can help integrate Al into agriculture and soil health
management in future farming.

5.7. Conclusion

Al has a revolutionary effect on soil health management. It tackles
many problems of the soil that old methods can't solve. Al makes soil
analysing and interpreting the results more accurate and effective. This
helps farmers use smart choices to boost soil health and grow more plants.
Using Al technologies like machine learning, remote sensing, and big data
analysis lets farmers monitor their soil in real time and fix its problems
before they happen. This leads to better ways to take care of soil. These
new methods don't just help individual farmers. They also make farming
suitable for the environment by using fewer chemical fertilizers.

Even though Al has benefits for soil health management, getting
farmers to use it isn't easy. To use these technologies First, we must make
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sure we have good complete data. Then, we need to reduce the cost of Al
technologies, so more people can afford it. Also, we need to teach farmers
how to use these tools. To make all this happen, governments, scientists,
and businesses need to work together as a single team to create a system
that supports Al in soil management.

Looking ahead, Al has a bright and promising future in soil health
management. Combining Al with new technologies like blockchain for
tracking and biotech for soil improvement can boost soil health. If we
welcome these new ideas and push for sustainable agriculture and manage
soil quality, Al can cause a revolution in how we take care of the soil even
as climate change throws us unexpected challenges.
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Introduction

Soil is an indispensable resource for the continuity of life. It plays
vital roles in a wide range of functions, from plant production to
ecosystem services, water cycling to climate regulation. However,
natural processes and human activities have introduced various stress
factors that threaten soil health. One of these factors, salinity, is a
significant issue that endangers the productivity of millions of hectares
of agricultural land worldwide and complicates sustainable farming
practices. Soil salinity is one of the most critical environmental problems
affecting the sustainability of agricultural production, especially in arid
and semi-arid regions. Salinity not only reduces soil fertility but also
leads to degradation throughout the entire ecosystem (Qadir et al., 2014).
Understanding the impacts of salinity on soil health and managing and
mitigating these effects is crucial for both environmental sustainability
and food security.

Salinity typically occurs as a result of the accumulation of
dissolved salts in the soil. This condition increases osmotic stress by
making it difficult for plants to absorb water in the root zone. Osmotic
stress causes water to exit plant cells, leading to the shrinkage of these
cells, a slowdown in metabolic activities, and ultimately, the cessation of
growth. Plants alter their metabolic processes to survive under these
water-limiting conditions, but such adaptations are not always sufficient.
Under high salinity conditions, plant cells may experience damage to
their cell walls and membranes, leading to tissue damage and potentially
plant death (Munns and Tester, 2008). Soil salinity restricts plant growth
and productivity by causing osmotic stress that hampers water uptake,
leading to nutrient imbalances and disruptions in vital physiological
processes in plants (Shrivastava and Kumar, 2015).

The effects of soil salinity on soil health are a broad reaching
process that impacts not only plant growth but also all components of the
soil ecosystem. One of the most affected components is the soil's
microbial communities. Saline conditions limit the life cycle and activity



SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER) | 116

of soil microorganisms. Research has shown that salinity has negative
impacts on microbial communities in the soil, leading to significant
consequences for soil health and plant development (San Miguel et al.,
2012). A reduction in microbial diversity slows down the decomposition
rate of organic matter, restricts the bioavailability of nutrients, and
decreases the biological productivity of the soil. Notably, critical
biochemical processes such as nitrification and the phosphorus cycle are
suppressed by salinity, which in turn reduces the transport and
availability of essential nutrients in the deeper layers of the soil (Celik et
al., 2019a; Rath and Rousk, 2015).

The physical structure of soil is also negatively impacted by
salinity. Saline soils can weaken the stability and structural integrity of
the soil, leading to the disintegration of soil aggregates. Research
indicates that salinity severely disrupts the stability of soil aggregates,
which in turn reduces the soil's resistance to erosion (Rengasamy and
Olsson, 1991). This reduction in erosion resistance leads to increased
surface runoff and, consequently, higher water losses. Erosion is a
process that threatens both soil fertility and environmental balance. The
removal of the topsoil layer results in the loss of nutrients and a decrease
in the accumulation of organic matter in the soil. The topsoil carried
away by erosion can irreversibly damage fertile agricultural lands (Lal,
2001). Additionally, issues such as soil compaction and reduced
permeability may arise. This results in insufficient root development,
weaker root systems, and restricted access to water and nutrients for
plants (Abrol et al., 1988).

The management strategies used to mitigate the effects of salinity
on soil health are complex due to the multifaceted nature of the problem.
One of the most common methods is the installation of proper drainage
systems. Drainage can help remove salts from the soil profile, preventing
the escalation of salinity. Research shows that the effective use of
drainage systems plays a critical role in managing salinity problems,
particularly those associated with irrigation (Ghassemi et al., 1995).
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Additionally, the selection and cultivation of salt-tolerant plant species
are vital for maintaining agricultural production in these challenging
environmental conditions. The genetic resistance of plants to salinity
plays a crucial role in long-term agricultural sustainability. Genetically
engineered salt-tolerant plant species emerge as a promising solution for
the continuity of agricultural production in saline soils (Munns and
Tester, 2008). Organic matter applications can improve soil structure,
reduce the negative effects of salinity, and support microbial activity.
Furthermore, the use of soil conditioners, chemical amendments, and
biological agents can alter the chemical forms of salts or make them less
harmful to plants (Qadir et al., 2006).

In conclusion, salinity is a complex issue with profound and far-
reaching effects on soil health. Understanding and managing the impacts
of salinity is crucial for ensuring the sustainability of agricultural
production systems and preserving environmental balance. In this
context, scientific research and innovative agricultural practices will play
a critical role in combating salinity. Mitigating the effects of salt
accumulation on the biological, chemical, and physical components of
soil is not only a strategic necessity for current generations but also for
the future of agriculture and food security.

1. Soil Salinity and Sources

Soil Salinity

Salinity occurs in soil due to the accumulation of dissolved salts,
particularly when basic cations (Na, K, Ca, and Mg) form compounds
with chloride and sulfate ions, leading to soil salinization. These ionic
compounds disrupt soil structure by reducing its water retention capacity
and hindering water uptake by plants (Rengasamy, 2010). Saline soils
induce osmotic stress in plants, making it difficult for roots to absorb
water. High salt concentrations cause plant cells to lose water, leading to
slowed growth, leaf burn, and potentially plant death (Figure 1).
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Figure 1. Saline Soil in Harran Bozyaz1 Village (Ramazanoglu, 2024)

The degree of salinity is typically measured by the soil's electrical
conductivity (EC). As the EC value increases, the amount of salt in the
soil rises; values above 4 dS/m classify the soil as saline, making it
harmful for plant production. In soil salinity management, EC values are
a critical indicator as they can directly affect plant growth (Richards,
1954). Particularly in arid and semi-arid regions, factors such as lack of
drainage, improper irrigation practices, and high salt content in irrigation
water can rapidly increase soil salinity. In such soils, the EC value of
saturated paste exceeds 4 dS/m, the exchangeable sodium percentage is
below 15%, and the soil pH is less than 8.5.

Sources of Soil Salinity

Natural Salinity

Parent Rock and Minerals: Natural salinity largely originates
from the parent rock and minerals from which the soil is formed. Some
rocks in the Earth's crust contain soluble salts, which gradually break
down and mix with the soil over time. For example, marine origin rocks
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or evaporite minerals can contain high levels of salt, and the weathering
of these rocks can increase the natural salinity of the soil (Warren, 2016).

Precipitation and Drought: Precipitation levels and climatic
conditions are also natural sources of salinity. In arid regions, high
evaporation rates lead to salt accumulation on the soil surface. During
periods of low rainfall, salts from groundwater can rise to the surface,
contributing to soil salinization (Rengasamy, 2006).

Anthropogenic Salinity

Irrigation: One of the most common causes of anthropogenic
salinity is irrigation practices (Figure 2). Irrigation water can accumulate
in the soil profile, especially under poor drainage conditions, leading to
increased salinity. Additionally, the quality of the water used for
irrigation can impact salinity levels. Irrigating with saline water can
cause the soil to become progressively more saline over time (Ghassemi
etal., 1995).
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Figure 2. Examples of Improper Irrigation Practices in the Harran Plain (Bahgeci,
2019)

Excessive Fertilizer Use: The heavy application of fertilizers,
particularly nitrogen-based fertilizers, can increase soil salinity levels.
The soluble salts in fertilizers accumulate in the soil, raising its electrical
conductivity and causing osmotic stress in plant roots (Qadir et al.,
2000a).
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Industrial and Urban Waste: Improper management of industrial
activities and urban waste can also contribute to increased salinity.
Wastewater from factories or drainage from cities can raise the salinity
levels of both soil and water. These wastes disrupt the natural ionic
balance in the soil, contributing to salinization (Bhattacharya et al.,
2002).

Groundwater and Seawater Intrusion: The rise of groundwater
levels and seawater intrusion, particularly in coastal areas, is another
significant factor that increases soil salinity. Seawater contains high
amounts of dissolved salts, and when it mixes with groundwater sources
in coastal regions, it can lead to soil salinization (Werner et al., 2012).

Agricultural and Livestock Activities

Overgrazing: In livestock farming, overgrazing reduces
vegetation cover and leaves the surface soil unprotected. This increases
wind and water erosion, which can lead to the accumulation of salts on
the soil surface. In areas with intense grazing, salt buildup on the soil
surface is often observed (Yirdaw et al., 2017).

Monoculture Farming: The practice of growing a single crop
type (monoculture) and intensive agricultural practices can deplete the
soil and lead to a loss of organic matter. This reduction in organic matter
decreases the soil's water retention capacity, thereby contributing to
increased salinity (Lal, 2004).

Understanding the sources and effects of salinity is crucial because
it can have profound and lasting impacts on the physical and chemical
properties of soil. Salinity can arise from natural processes as well as
from human activities. Therefore, a thorough understanding of the
sources and effects of salinity is essential for maintaining soil fertility
and supporting sustainable agricultural practices.
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2. Effects of Salinity on Soil Health

Salinity is a significant environmental stress factor that creates
profound, comprehensive, and long-term effects on soil health. Soil
health refers to the capacity of a soil ecosystem to function productively,
sustainably, and in balance. This capacity can be evaluated across a wide
range of factors, including the soil's physical structure, chemical
composition, biological diversity, and microbial activity (Celik, 2019Db).
Healthy soil performs vital functions such as supporting plant growth,
effectively storing water, and maintaining biological diversity. However,
increased salinity disrupts these essential characteristics, significantly
weakening the functions of the soil ecosystem.

High salt concentrations weaken the bonds between soil particles,
leading to the deterioration of soil structure (Abrol et al., 1988). This
structural degradation reduces the soil's water-holding capacity, leading
to compaction and increased surface crusting (Qadir et al., 2000b). Salt
accumulation disrupts the soil's pH balance, limiting the availability of
essential nutrients for plants and causing the accumulation of toxic
substances (Rhoades and Loveday, 1990).

From a biological perspective, salinity negatively affects the
diversity and activity of soil microorganisms, slowing down the
decomposition of organic matter and interrupting nutrient cycling
(Eynard et al., 2005). This disruption limits root development in plants
and significantly reduces plant productivity (Flowers and Yeo, 1995).
The increase in salinity results in serious, long-term negative
consequences not only for plant growth but also for overall ecosystem
health and soil fertility (Abrol et al., 1988).

2.1. Chemical Effects

One of the most significant chemical effects of salinity on soil is
its hindrance of plant access to essential nutrients. Saline soils typically
contain high concentrations of ions such as sodium (Na*) and chloride
(CI"). These ions can displace vital nutrients like potassium (K*), calcium
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(Ca*?), and magnesium (Mg*?) in the soil solution, making it difficult for
plants to absorb these necessary elements. This leads to nutrient
deficiencies in plants, resulting in stunted growth and reduced yields
(Grattan and Grieve, 1998).

Salinity also impacts the soil's pH balance. In soils with high
concentrations of sodium ions, alkalinization occurs, raising the pH
levels. Elevated pH reduces the availability of micronutrients such as
iron, zinc, and copper, which are crucial for plant health. These
deficiencies can cause various physiological problems in plants.
Additionally, changes in pH negatively affect microbial activities in the
soil, further deteriorating soil health (Brady et al., 2008).

Another adverse effect of salinity is the accumulation of sodium
and chloride ions in the soil. This salt buildup can damage plant cell walls
and membranes, leading to cellular toxicity. These conditions create a
stressful environment for plants, significantly impairing their growth and
productivity. High salt concentrations also reduce the ability of plant
roots to absorb water, causing osmotic stress, which further hinders plant
growth and health (Munns, 2002).

2.2 Physical Effects

Salinity is a critical factor that directly impacts soil structure. High
sodium content weakens the bonds between soil particles, leading to the
breakdown of soil structure and resulting in dispersion. The dispersion
process causes the disintegration of soil aggregates and weakens the
soil's physical stability. As a consequence, issues such as soil
compaction, reduced water permeability, and surface crusting arise.
These structural deteriorations make it difficult for plant roots to
penetrate deeper into the soil and hinder the retention of water within the
soil (Sumner, 1993).

Saline soils experience a significant reduction in water-holding
capacity, making plants more vulnerable to drought stress. The
degradation of soil structural integrity prevents water from infiltrating
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into deeper layers, leading to surface water accumulation. This increases
surface runoff, elevating the risk of erosion and limiting the access of
plant roots to water. Additionally, the reduction in water-holding
capacity affects the rate at which the soil warms and cools, creating
unfavorable microclimatic conditions for plant growth (Hillel, 2000).

The impact of salinity on soil structure significantly increases
erosion risk. Salt accumulation on the surface causes soil aggregates to
disintegrate, making the soil more susceptible to being carried away by
wind or water. The weakened soil structure becomes vulnerable to rain
and wind erosion, leading to the loss of fertile topsoil and a consequent
reduction in soil productivity (Bidalia et al., 2019).

2.3. Biological Effects

Salinity exerts a suppressive effect on soil microorganisms, and as
the salt content in the soil increases, microbial diversity and activity
significantly decrease. This reduction slows down the decomposition of
organic matter, disrupting nutrient cycling. The nitrification process, in
particular, is severely affected in saline soils, leading to a disruption in
the nitrogen cycle and reduced nitrogen uptake by plants. This decline in
microbial activity negatively impacts the biological productivity and
overall health of the soil (Yan et al., 2015).

Saline conditions also directly affect the accumulation of organic
matter in the soil by reducing the rate at which it decomposes. Organic
matter plays a crucial role in improving soil structure, increasing water
retention capacity, and facilitating the transfer of nutrients to plants.
However, salinity slows down this vital process, leading to a deficiency
of organic matter in the soil, thereby weakening overall soil health
(Wong et al., 2008).

Additionally, salinity has direct negative effects on plant roots. In
saline environments, plant roots often experience growth and
development issues, reducing their capacity to absorb water and
nutrients. This leads to stunted plant growth and yield loss. High salt
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concentrations can damage root cells, weakening the root system and
making plants more vulnerable to drought and other environmental stress
factors (Shrivastava and Kumar, 2015).

Prevention of Salinity

Preventing salinity is crucial not only for maintaining soil health
but also for ensuring agricultural productivity and environmental
sustainability. Strategies for salinity prevention generally involve long-
term soil and water management practices.

Implementation of Proper Drainage Systems: One of the most
effective methods for preventing salinity is the installation of well-
designed drainage systems. These systems help remove excess water and
dissolved salts from the soil profile, preventing salt accumulation and
preserving soil structure. Without adequate drainage in agricultural
areas, salinity can rapidly increase, significantly reducing soil fertility
(Qadir et al., 2006).

Water Resource Management: The quality and quantity of
irrigation water are critical factors in salinity management. Overuse of
groundwater or the use of low-quality water for irrigation can trigger
salinity problems. Therefore, regular monitoring of irrigation water
quality and the preference for low-salt water sources are important.
Additionally, conserving water and avoiding unnecessary irrigation are
effective approaches to preventing soil salinity (Rhoades, 1999).

Soil Testing and Monitoring: Soil salinity can be detected and
managed at early stages through regular soil testing and monitoring. Soil
tests are essential for determining salt concentrations in the soil and
implementing timely interventions. Regular monitoring is necessary to
prevent salinity from increasing and to maintain soil health. This also
allows agricultural activities to be planned more sustainably and
efficiently (Rhoades et al., 1992).
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Conservation Farming Practices: Erosion control, organic
matter enhancement, and minimal tillage are key conservation farming
practices that play a significant role in preventing salinity. These
practices help maintain soil structure, increase water retention capacity,
and sustain the microbial balance in the soil. Additionally, protecting
vegetation cover on the soil surface helps prevent salt accumulation and
protects the soil from erosion risks (Corwin and Lesch, 2005).

The management and prevention of salinity are essential strategic
approaches for ensuring the sustainability of agricultural production and
preserving soil health. Various practices, from appropriate irrigation and
drainage techniques to the use of soil conditioners, the selection of salt-
tolerant plant species, and the effective management of water resources,
can be used to minimize the negative impacts of salinity. The successful
implementation of these strategies is crucial for the continuity of existing
agricultural production systems and for the sustainable use of soil
resources by future generations (Chhabra, 2017).

Conclusion

Salinity is a global issue that threatens agricultural production and
severely degrades soil health, especially in semi-arid and arid regions
where factors such as improper irrigation practices, inadequate drainage
systems, and climate change exacerbate the problem. This condition
creates osmotic stress by hindering water and nutrient uptake in plants,
disrupts soil structure, and negatively impacts soil biota, leading to
reduced agricultural productivity. If salinity is not effectively managed,
it can result in permanent losses of soil fertility, jeopardizing both
economic and environmental sustainability. Strategies to mitigate the
effects of salinity include effective irrigation and drainage management,
the use of salt-tolerant plant species, the application of soil conditioners,
and farmer education. However, the success of these strategies depends
on their careful planning and implementation according to local
conditions.



SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER) | 126

Recommendations

Development of Integrated Management Strategies: Given that
no single solution is sufficient to combat salinity, it is essential to
develop integrated management strategies. These strategies should
encompass various areas, including water management, soil
improvement, plant selection, and farmer education. Improving water
management and drainage systems, in particular, plays a critical role in
controlling salinity.

Development of Salt-Tolerant Crop Varieties: Research should
focus on developing and promoting crop varieties that can yield high
productivity in saline soils. Genetic engineering and biotechnology offer
significant opportunities for creating salt-tolerant plants. These varieties
are crucial for ensuring the continuity of agricultural production in saline
soils.

Expansion of Education and Awareness Programs: Raising
awareness among farmers about salinity prevention and management is
a critical factor for the adoption of sustainable agricultural practices.
Education programs tailored to local conditions should be organized,
providing farmers with knowledge about salinity control techniques,
appropriate irrigation methods, and plant selection.

Promotion of Research and Innovation: Scientific research and
innovation should be encouraged to address the salinity problem. The
development of new soil conditioners, the widespread adoption of
modern irrigation technologies, and the application of biotechnological
innovations in agriculture are essential for the long-term management of
salinity. Research in this field should be supported through collaboration
between the public and private sectors.

Strengthening Policy and Governance Frameworks: Strong
policy and governance frameworks at both national and local levels are
needed to combat salinity. These policies should promote sustainable
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water and soil management practices, provide incentives and support
programs for farmers, and develop emergency response plans and long-
term strategies for areas at high risk of salinity.

Integration with Climate Change Mitigation: Climate change is
a factor that can exacerbate salinity issues. Therefore, salinity
management strategies should be integrated with climate change
mitigation and adaptation strategies. Focus should be placed on the
sustainable use of water resources, drought management, and climate
resilience.

Enhancing Local and International Collaborations: Combating
salinity requires cooperation at both local and international levels.
Knowledge and experience sharing between different countries and
regions should be encouraged, and joint projects and research initiatives
should be promoted. International organizations should support salinity
control programs and provide resources to address this issue on a global
scale.
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1.1. Introduction

The agricultural sector is one of the most important industries
globally, forming the foundation of food production. In this context, the
sowing process is one of the most critical stages of agricultural
production and efficient land use. Universal grain sowing machines,
which perform row planting and enable the sowing of seeds of various
sizes, are widely used in agriculture. For these machines to operate
efficiently, the seed metering systems that ensure seed placement and the
transmission systems that provide movement to these metering devices
must function properly. The metering system and the transmission
system are considered as a whole and referred to as the seeding
mechanism. Grain sowing machines and their seeding mechanisms are
modern technologies that enhance the efficiency and effectiveness of the
sowing process. In this study, the importance of these machines and
systems, their areas of application, and their impact on efficiency are
examined in detail.

Since the transition from manual sowing to mechanization, various
seeding mechanisms have been used to achieve accurate sowing (Dursun
& Dursun, 2000). Initially, stepwise transmission systems, which were
difficult to adjust accurately, were employed. However, with
advancements in technology, stepwise transmission systems in grain
sowing machines have been replaced by stepless transmission systems.
Among stepless transmission systems, the most commonly used are cam
mechanism-based, oil-bath transmission systems, which allow for
stepless speed adjustment and seeding rate calibration.

Design errors in transmission systems and operational
malfunctions directly affect seed distribution uniformity along the rows.
Poor seed distribution can lead to unnecessary seed use, reduced
efficiency in cultivated areas, and, most importantly, the waste of energy
and negative impacts on soil health.

This study provides an overview of seeding mechanisms used from
the past to the present, with an emphasis on the importance of cam
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mechanism-based transmission systems, which have become widely
used today.

Increased grain yield is influenced by the use of sowing machines
and techniques suitable for regional climate and soil conditions. The
expectations from sowing machines are that they should place seeds at
the desired rate, depth, and row spacing, with an even distribution in the
soil (Altuntas, 1994).

An important factor influencing yield is the living space available
to each plant. For plants to grow healthily and mature, they need a habitat
that provides sufficient water, light, temperature, air, and nutrients. The
proper plant density is determined by the number of seeds sown per unit
area, in other words, the seeding rate (Barut, 2006).

Due to the different growth requirements of plants, as well as
variations in climate, soil conditions, and economic and social factors,
various sowing methods have been developed. Sowing methods can
generally be classified into three groups: broadcast sowing, row sowing,
and direct (no-till) sowing (Ozmerzi, 1996; Barut, 2006). Based on these
different sowing methods, grain sowing machines can be classified into
pneumatic sowing machines, mechanical sowing machines, trailed, and
mounted sowing machines, depending on their operating mechanisms
(Onal, 2006).

1.2. Universal Grain Sowing Machines

Grain sowing machines are agricultural equipment designed to
plant seeds of various types and sizes at the desired depth and row
spacing. Various types of row seeding machines have been developed,
capable of planting all kinds of seeds, from small-grain forage crops such
as wheat, barley, and oats to large-seed legumes. While these machines
can also be used for planting other field crops like corn and sunflower,
these crops are more commonly sown using pneumatic seed drills. These
machines not only place seeds on the soil surface but also cover the soil,
initiating the germination process.
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Sowing machines are composed of various parts, including the
seed hopper, seeding mechanism, seed tubes, furrow openers, press
wheels, covering devices, transmission system, depth and seeding rate
adjustment mechanism, frame, and wheels (Figure 1) (Mutaf, 1984;
Ulger et al., 1996; Barut, 2006). The essential component for achieving
precision adjustment and obtaining efficient results from the soil is the
transmission system, which works in conjunction with the seeding
mechanism.

Seed storage
Sliding cover
Mixer

Sowing Mechanism

Base valve

Seed tube

Figure 1. Symbolic representation of universal sowing machine units (Barut, 2006)

1.2.1.Seeding Mechanisms

Seeding mechanisms are systems designed to place seeds into the
soil at specific intervals and patterns. These mechanisms work in tandem
with sowing machines to enhance the precision of the sowing process.
Throughout the development of sowing machines, various seeding
mechanisms have been introduced. In modern agriculture, the most
commonly used systems are continuous row sowing mechanisms, cluster
sowing mechanisms, and single-seed sowing mechanisms (Barut, 2006).
The movement of seeding mechanisms is powered by the sowing
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machine’s wheel, the tractor's power take-off shaft, or a separate motor.
In practice, systems driven by the machine's wheel are most commonly
used. Various types of transmission mechanisms are employed to
provide variable speed settings for seeding systems. The transmission
ratio between the machine's wheel and the seeder shaft is adjustable and
is used for both seed and fertilizer dispensing mechanisms (Ulger et al.,
1996; ASAE, 2001; Barut, 2006). These systems include:
1. Simple stepwise transmission system
2. Multi-step transmission system
a. Norton gear
b. Bevel gear
c. Planetary gear
3. Stepless speed-changing system
a. Cone pulley
b. Finger-type transmission systems

In the simple stepwise transmission system, a basic gear system is used
to vary the transmission between the wheel and the seeder shaft in ratios
such as 1/2, 1/3, or 1/5 (Figure 2(a)). The gear (1) driven by the sowing
machine's wheel transmits movement to the seeder shaft gear (6) through
intermediate gears (2, 3, 4)

(a) (b)

Figure 2. Simple stepwise (a) and norton gear (b) transmission systems
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In the Norton gear transmission system, the gear is placed between
the seed hopper and the seeder shaft. While speed changes can be made
using a single adjustment lever in simpler models, more advanced
sowing machines typically use two adjustment levers to achieve a greater
number of speed settings (Figure 2(b)). Motion is transferred from the
wheel axle to the first shaft via an intermediate gear group (Z1/Z2).
Another gear pair (Z3) on this shaft is then engaged with one of the gears
on the second intermediate shaft (Il), which has gears of varying
diameters. The motion from the second intermediate shaft is transmitted
to the seeder shaft through another gear pair (Z4/Z5). By using two or
three gear groups on the first intermediate shaft, up to 30 speed levels
can be achieved. In more advanced machines, this number can increase
to 72 speed levels.

In sowing machines that use internally splined disc seeders, motion
is transmitted through a bevel gear (Figure 3(a)). In this system, the
rotation speed of the seeder shaft is adjusted using a multi-step bevel gear
(Z1) located on the axle of the machine's wheel. Each step of the bevel
gear functions as a separate gear. The sliding adjustment gear (Z2) on
the square shaft is moved along the bevel gear and locked into one of the
steps to provide the desired transmission ratio for the seeding rate. The
motion is transmitted to the seeder shaft through a bevel gear pair
(Z3/Z4) and a chain sprocket (Z5/Z6). This system typically uses a bevel
gear with 12 different steps, and by adding a gear, up to 24 different
transmission ratios can be obtained (Barut, 2006).

In planetary gear systems, the motion taken from the wheel axle is
transferred to two clutch gears of different diameters through an
intermediate gear and then to the planetary gears (Figure 3(b)). Each
planetary gear consists of two gears of different diameters. The planetary
gears rotate the sun gear, transmitting the motion to the seeder shaft. As
shown in the figure, when the planetary gears are disengaged from the
clutch gears, the transmission of motion from the wheel to the seeder
shaft stops. In such a transmission system, four planetary gears, driven
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by two clutch gears of different diameters, rotate the sun gear at eight
(2x4) different speeds. Additionally, by changing the gears between the
sun gear shaft and the seeder shaft, 16 different transmission ratios can
be achieved (Ulger et al., 1996; Barut, 2006).

Planter shaft Z&
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Figure 3. Cone Stepwise (a) and Planetary Gear (b) Transmission Systems

Although different rotational speeds can be achieved in advanced
stepwise transmission systems, a step difference always occurs during
speed transitions. These step differences prevent precise adjustment of
the seeding rate, allowing only the closest available step to the desired
seeding rate to be selected. To enable more precise adjustment of the
seeding rate, stepless transmission systems have been developed.

(b

Figure 4. Conical pulley (a) and finger-type (b) transmission systems
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A stepless speed-changing system with conical pulleys consists of
two conical pulleys, a steel sleeve that can slide forward and backward
on these pulleys, and a pulley between them (Figure 4(a)). Speed
adjustment is made by changing the positions of the pulleys with an
adjustment screw. The system, known as the finger-type transmission
system, is easier to manufacture and use compared to other systems
(Figure 4 (b)). It allows for seeding rate adjustments between 40 g/da and
58 g/da. The rotational movement from the wheel axle is transmitted to
the seeder shaft through plastic pushers driven by a chain sprocket, and
adjustable metal fingers. The stroke of the metal fingers is adjusted using
an indicator-equipped adjustment lever. As the stroke range decreases,
the seeder shaft rotates more slowly. Although stepless speed-changing
systems allow for precise adjustment of the seeding rate, if maintenance
is not meticulously performed, wear on frictional parts after short-term
use can occasionally cause slippage, disrupting the seed quantity
adjustment.

1.3. Technological Innovations in Seeding Mechanisms

Today, the most commonly used motion transmission and seeding
rate adjustment system in sowing machines is the cam mechanism
combined with a bath-lubricated transmission system, which operates
similarly to the finger-type transmission system. These systems transfer
motion from the machine’s wheel to the seeder shaft without steps,
allowing for smooth speed changes. Stepless speed changes enable
precise adjustment of the seeding rate and the ability to dispense the
desired amount of seed from the seeding mechanism.
Improper design of the cam profile can lead to disruptions in motion
transmission. Additionally, since cams operate with continuous contact,
friction and wear over time can cause system failures (Soylemez, 2007).

Moralar (2011) emphasized the importance of cam profile design
in achieving smooth motion transmission in his study on the
development of sowing machine transmission systems. The commonly
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used cam profile is shown in Figure 4 and Figure 5 presents an alternative
cam profile. Figures 6 and 7 illustrate the smoothness of motion
transmission with various cam profiles.

Figure 4. Profile of the old type cam Figure 5. Profile of the new type cam

The motion smoothness achieved by cams during a full rotation
is shown in Figures 6 and 7. Both cam profiles provide the desired
displacement amounts and rotational speeds; however, the older type
cam exhibits a wavy motion during its peak point. In contrast, the newly
developed cam profile demonstrates that the desired motion occurs
linearly.

: 7\
. e \

Displacement distance (mm)

0 30 60 90 120 150 180 210 240 270 300 330 360
Angle of rotation(?)

Figure 6. Motion graph of the old type cam
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Figure 7. Motion graph of the new type cam

Additionally, two different cam mechanisms were operated at the
standard test speed of 6 km/h for sowing machines. The study
investigated how the motion transferred from the wheel is conveyed to
the seed distribution shaft via the seeding mechanism (Figure 8).
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Figure 8. Comparison of Motion Transmission between Old and New Cam Profiles at
a Forward Speed of 6 km/h
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1.4. Conclusion

Seed drills and sowing mechanisms play a critical role in
enhancing agricultural productivity. The proper use of these technologies
enables farmers to achieve higher yields and profitability. As emphasized
in the study, to obtain optimal yield from the soil, it is essential to use
appropriate machinery. Although many sowing systems have been tested
to date, the best results have been obtained from cam-operated oil-bath
systems with stepless speed adjustments. The correct selection of the
cam profile is crucial for the uninterrupted transmission of motion to the
sowing shaft. As shown in the graphs provided in previous sections, the
proper design of the cam profile ensures continuous movement to the
sowing shaft. Consequently, the seeds dropped from the seed metering
rollers can be sown at the desired row spacing and in an orderly manner.

In recent years, sowing systems equipped with GPS and sensor
technologies have been developed. These technologies further increase
efficiency by enhancing the accuracy of the sowing process.

Note: Produced from PhD Thesis. Thesis title: Optimization of Planter

Systems at Grain Sowing Machines, Supervisor: Prof.Dr. Birol Kayisoglu
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1. Introduction

1.1. Renewable Energy and Biogas Production

Today, a significant portion of the world's energy demand is met
by unsustainable sources such as fossil fuels. This reliance leads to
increasing environmental and economic problems. The combustion of
fossil fuels releases carbon dioxide (CO>) emissions, which contribute to
serious environmental issues such as global warming and climate
change, leaving long-lasting impacts on the future of our planet
(Geisseler and Scow, 2014). In this context, interest in renewable energy
sources has grown significantly in recent years. Renewable energy
sources play a crucial role in promoting environmental sustainability and
reducing dependency on fossil fuels.

Biogas stands out among these renewable energy sources as an
environmentally friendly and sustainable alternative. Biogas is produced
by the breakdown of organic waste by microorganisms in an oxygen-free
environment (Figure 1). It mainly consists of methane (CH4) and carbon
dioxide (CO2) gases (Barduca et al., 2021). This process, known as
anaerobic fermentation, enables the production of biogas from animal
waste, plant materials, and other organic waste (Insam et al., 2009).

Globally, China ranks first in the number of biogas plants, with 7
million facilities. India follows with 2.9 million plants. Approximately
49,500 plants exist in Nepal, 29,000 in Korea, and 23,000 in Brazil
(Sirin, 2022). In Turkey, there are 95 plants across 32 cities (Anonim,
2023).
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Raw materials (albumin, carbohydrates,
proteins)
organic compounds (amino acids, fatty
acids, sugar)
[ |
fatty acids (propionic acid, butyric acid) other products (lactic
acid, alcohols, etc.)

methane formation

Biogas (CHz + COz) 4‘

Figure 1. Stages of biogas production (Anonymous, 2022)

Biogas production can significantly reduce carbon dioxide
emissions compared to fossil fuels. The methane gas released during this
process is converted into energy before being directly released into the
atmosphere, thus contributing to the reduction of greenhouse gas effects
(Chookietwattana et al., 2016). Additionally, the energy produced in
biogas plants (Figure 2) serves as an alternative to fossil fuels, reducing
fossil fuel consumption and associated emissions, thereby supporting
environmental sustainability (Yi1lmaz and Atalay, 2000).
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A A

Figure 2. Biogas plant (Anonymous 2024a)

Biogas energy holds great potential in terms of environmental
benefits, economic contributions, and energy security. By offering a
renewable alternative to the environmental problems caused by fossil
fuels, it represents an important step towards a cleaner and greener future
(Mboller, 2015). For this reason, biogas production is critically important
in the development of sustainable energy sources and the minimization
of environmental impacts (Weiland, 2000).

1.2. The Role of Biogas in the Ecological Cycle and Sustainable

Agriculture

The ecological cycle is a model that emphasizes minimizing waste,
reusing resources, and prioritizing environmental sustainability. This
model is based on transforming waste into valuable resources and
reusing these resources. The biogas production process plays an
important role in this model by converting organic waste into energy and
digested slurry (Al Seadi et al., 2013). With the increasing number of
biogas plants, the amount of waste materials from these facilities is also
growing. One method of disposing of this waste is its use for agricultural
purposes.

Digested slurry plays a crucial role in the ecological cycle. These
products, obtained during biogas production, can be used as agricultural
inputs, replacing chemical fertilizers, and enhancing soil fertility due to
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their organic matter content (Ramezanian et al., 2015). In this way,
reusing waste reduces environmental impacts and creates economic
value.

Sustainable agriculture is closely related to the ecological cycle
and can be considered part of this cycle. Modern agricultural practices,
aimed at high productivity to meet the rapidly growing food needs of the
world population, have led to intensive agricultural activities. However,
these intense activities, especially the excessive use of chemical
fertilizers, have deteriorated the physical and chemical properties of the
soil. The overuse of chemical fertilizers can alter soil pH levels,
negatively affect microbial communities, and contribute to the pollution
of water bodies (Geisseler and Scow, 2014; Marschner et al., 2003;
Zhong et al., 2010). This results in a decrease in soil fertility and a
reduction in agricultural productivity in the long term.

The use of digested slurry in agriculture supports sustainable
farming practices and contributes to the ecological cycle. By enhancing
soil biological activity, preventing erosion, and restoring disrupted
nutrient balances, sustainable agriculture can provide both
environmental and economic benefits (Aksakal, 2009; Yilmaz and
Uysal, 2010). Additionally, converting waste into agricultural inputs
helps reduce environmental pollution, thereby supporting sustainable
agricultural practices (Warnars and Oppenoorth, 2014).

2. General Characteristics of Digested Slurry

2.1. Types of Raw Materials Used in Biogas Production

Biogas production is generally carried out through the anaerobic
digestion of various organic materials. These materials include animal
waste, plant residues, food waste, and other organic wastes. Animal
waste is one of the most commonly used raw materials in biogas
production. Specifically, manure from farm animals is frequently
preferred due to its abundance and high organic matter content, which
makes biogas production more efficient. Plant residues, such as corn
silage, also serve as a significant resource for biogas production. Food
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waste, sourced from both urban and industrial areas, contains rich
organic matter that can be utilized for biogas production (Yarasir et al.,
2018).

The selection of raw materials for biogas production depends on
the region where the facility is located and the availability of resources.
For example, in regions with intensive agricultural production, plant
residues and animal manure are commonly used, whereas food waste is
more prevalent in biogas plants located near urban centers. The
composition of these raw materials directly affects the biogas production
process and the characteristics of the resulting products (Insam et al.,
2015).

2.2. Types of Raw Materials Used in Biogas Production

During biogas production, a by-product known as digested slurry
is produced at the end of the anaerobic digestion process. The
characteristics of digested slurry vary depending on the type of raw
material used and the conditions of the biogas production process.
However, digested slurry generally contains essential nutrients required
for plant growth, particularly nitrogen (N), phosphorus (P), and
potassium (K). These nutrients are vital for the growth and development
of plants. The high NH4+-N content in digested liquid provides nitrogen
in a form readily available to meet plants' nitrogen needs
(Chookietwattana et al., 2016). Additionally, the organic compounds in
digested liquid enhance biological activity in the soil, improving the
bioavailability of nutrients (Insam et al., 2009).

Digested slurry is divided into two phases: solid and liquid (Table
1, Table 2). Digested solid contains a high amount of organic matter and
is typically used as a soil conditioner (Moller, 2015). It has the potential
to increase the carbon content of the soil and improve soil structure,
making it a preferred option in organic farming. On the other hand,
digested liquid is rich in plant nutrients (Xu et al., 2019) and, considering
the risk factors discussed in section 5.3, can be used as agricultural
fertilizer. The nitrogen in the liquid fraction, particularly in the NH4+-N
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form, is rapidly absorbed by plants, making it a valuable nitrogen source
for agricultural use (Tambone et al., 2017).

Table 1. Nutrient content of solid and liquid digested slurry for plants (Wenland, 2009)

Total N NH*-N P20s K20

(9 kg™) (g kg™) (g kgt (g kg™)
Solid fraction 5.8 2.7 5.0 5.8
Liquid fraction 4.9 3.0 2.3 6.2

Table 2. Some properties of the solid and liquid digested slurry (Panuccio et al., 2021)

Total Organic EC
solid Matter pH C/N
o 4 (dS/m)
(%) (9kg)
Solid
0 I. 22.0 769.0 8.7 1.46 10.9
fraction
Liquid
. 8.0 632.0 7.7 23.2 1.8
fraction

The characteristics of the solid and liquid phases of the digested slurry
(Figure 3) may vary depending on the feedstock used in the fermentation
process at the facilities (Table 3).

Table 3. Some properties of the solid and liquid digested slurry from different plants
(Tambone et al., 2017)

Plants DM Inorganic N NH4*-N P20s
(9kg™) (gkg™DM) (gkg™ DM) (9 kg™

Solid 176 33.6 14.3 26.0

1 fraction
f'-'qL!'d 35.9 119.0 82.9 26.1

raction
Solid 1240 39.4 15.4 38.2

’ fraction
Liquid -~ 66 124.0 84.1 28.9

fraction
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DM: Dry matter

Figure 3. Solid and liquid fractions of the biogas digested slurry (Anonymous, 2024b)

3. Use of Digested Slurry in Agriculture

3.1. Types of Raw Materials Used in Biogas Production

The use of digested slurry (DS) in agriculture provides significant
benefits for improving agricultural productivity and enhancing soil
health. Particularly, the solid fraction of DS improves the physical
properties of the soil, increasing its water retention capacity and
supporting plant growth. The organic matter present in DS enhances soil
aggregate stability, reducing water erosion and promoting root
development, which contributes to maintaining soil fertility and ensuring
the sustainability of agricultural production (Rousk et al., 2009). The
application of DS not only reduces irrigation costs but also helps plants
access water more easily during drought periods, leading to increased
yields (Minogue et al., 2011).

The pH-regulating effect of DS improves the chemical properties
of the soil. A DS with a high pH value can raise the pH level of acidic
soils, improving root development and nutrient uptake (Ren et al., 2020).
However, in some cases, a decrease in soil pH may be observed due to
the presence of organic acids and ammonium ions in DS, which should
be monitored closely (EI-Khatib et al., 2018).
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In addition to these benefits, DS contains essential nutrients such
as nitrogen, phosphorus, and potassium, which support plant growth and
development. For example, applications of DS can enhance
photosynthetic efficiency, leading to higher yields. In a study conducted
by Zhao et al. (2022), the use of DS significantly improved the root and
shoot growth of rapeseed, resulting in higher yields. Du et al. (2019)
found that increasing the dose of DS in corn trials led to a proportional
increase in yield when compared to irrigation alone. The high NH4+-N
content in the liquid fraction of DS (Mdller and Miiller, 2012) is expected
to have a positive impact on crop yield, similar to that of organic
fertilizers (Arthurson, 2009; Odlare et al., 2008). Al-Juhaimi et al. (2014)
reported that the application of liquid DS increased the height, branch
count per square meter, and biomass yield of alfalfa compared to a
control group.

However, there are potential risks associated with the use of DS.
Excessive application can lead to soil salinity problems, which may
negatively affect plant growth (Atav et al., 2023). Additionally, the
accumulation of antibiotic residues and heavy metals in the soil from DS
can pose environmental hazards (Spielmeyer et al., 2017). Therefore,
detailed analysis and careful management of DS applications are
essential before use.

3.2. Application Methods and Strategies

The effective use of DS in agriculture depends on selecting the
appropriate application methods. These methods vary depending on the
form of the product, soil structure, climate conditions, and plant species.
DS can be applied directly to the soil (Figure 4), used after composting
and stabilization processes, or integrated into irrigation systems.

Direct application of DS allows for the rapid delivery of essential
nutrients such as nitrogen, phosphorus, and potassium to plant root
zones. DS increases soil water retention capacity, ensuring that plants
receive the necessary nutrients for growth. In this method, it is essential
to ensure even distribution and uniform application across the soil
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surface. When integrated with irrigation systems, DS can be more
effectively dispersed throughout the soil (Bachmann et al., 2014).

Composting DS can enhance its agricultural value while reducing
environmental risks. Composting increases the organic matter content of
DS and supports microbial activity. The stabilization process helps break
down or immobilize potential contaminants in DS, minimizing
environmental risks (Chookietwattana et al., 2016; Ren et al., 2020).

The integration of DS with irrigation systems ensures the
efficient delivery of nutrients to plant root zones. This method facilitates
the application of DS along with water, ensuring better distribution,
water conservation, and optimized agricultural productivity. Especially
in arid regions, this method improves soil moisture levels, supports plant
growth, and contributes to sustainable agricultural practices (Minogue et
al., 2011; Yarasir et al., 2018).

Figure 4. Methods of Applying Digested Slurry to Soil (a, b: Atav, 2023) (c:
Anonymous, 2024c)
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3.3. Environmental Risks and Management

While DS offers numerous agricultural benefits, it also presents
environmental risks that must be carefully managed. These risks include
salinity, antibiotic residues, heavy metal contamination, nitrate leaching,
and greenhouse gas emissions.

One of the most significant environmental risks of DS is antibiotic
residues. DS derived from animal waste often contains antibiotic
residues, which can lead to the development of antibiotic resistance in
soil microbiota (Spielmeyer et al., 2017; Martinez, 2009). Furthermore,
the accumulation of heavy metals is a serious concern. Depending on the
feedstock used, DS can introduce heavy metals into the soil, with
saturated conditions potentially exacerbating these effects (Jia et al.,
2013). To mitigate such risks, DS should comply with environmental
standards, and detailed analyses should be conducted before application.

DS can support soil health by increasing microbial biomass, but its
high ammonium and salinity content may also negatively impact
microbial activity (Atav et al., 2024). While DS is known to stimulate
microbial activity by increasing soil CO- respiration, this effect may vary
depending on the digestion type and soil conditions (Chen et al., 2012).
Understanding how DS affects soil microbial community structure and
activity is crucial for managing its environmental impacts (Barduca et
al., 2021).

Nitrate leaching and greenhouse gas emissions are other significant
environmental risks associated with DS application. The high inorganic
nitrogen content of DS can lead to nitrate leaching into groundwater
during rainy seasons, contaminating drinking water sources (Knight et
al., 2000). Additionally, DS applications can increase nitrous oxide
(N20) emissions due to enhanced microbial denitrification of organic
carbon substrates in the soil (Robertson and Groffman, 2007; Kdster et
al., 2011). Proper management and optimization of DS application
techniques are necessary to minimize these environmental risks (Piccoli
etal., 2022).
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4. Conclusion

The use of digested slurry (DS) in agriculture holds great potential
for increasing soil fertility, supporting plant growth, and promoting
environmental sustainability. However, realizing this potential requires
careful management of environmental risks and potential negative
effects. DS offers a natural alternative to chemical fertilizers due to its
nutrient-rich content and soil-improving properties. Nonetheless,
controlling potential contaminants such as antibiotic residues, heavy
metals, and organic toxic compounds is critical to ensuring the safe and
sustainable use of DS.

DS can reduce chemical fertilizer use, improve soil health, and
recycle organic waste, offering numerous advantages. However, the high
salinity and ammonium content of DS can pose risks to soil and plant
health. Therefore, comprehensive analyses should be conducted before
its application, and appropriate strategies should be developed
considering environmental impacts.

Long-term studies would be beneficial to better understand the
agricultural and environmental effects of DS. Future research should
examine the impacts of DS on different soil types and under varying
climate conditions. Additionally, further investigations into the long-
term effects of DS on soil microbial activity, CO> respiration, and plant
growth are essential. More studies on managing antibiotic residues and
organic toxic compounds are also needed to develop strategies that
minimize these environmental risks. In conclusion, DS's role in
sustainable agricultural practices can be further enhanced, and its usage
can be optimized with a strategy that minimizes environmental impacts.
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INTRODUCTION

Human activities and industrial processes have significantly
contributed to global soil contamination by heavy metals, which poses
risks to both ecosystems and human health (Chen et al., 2015). Common
heavy metals found in soils include chromium, mercury, cadmium, lead,
copper, and nickel (Alvarez et al., 2017; Tang et al., 2020). Although
certain heavy metals are toxic at high concentrations, they are also
essential in trace amounts for plant development. These metals play
crucial roles in plant metabolism by facilitating enzymatic activity,
improving conductivity, and ensuring cation balance (Stohs et al., 1995).

However, when heavy metals exceed required concentrations, they
become harmful to plants and can negatively impact agricultural
productivity and human health. Essential heavy metals such as
molybdenum (Mo), manganese (Mn), copper (Cu), nickel (Ni), iron (Fe),
and zinc (Zn) are necessary for proper plant growth, and their deficiency
can lead to poor yields and health issues. On the other hand, non-essential
metals like cadmium (Cd), nickel (Ni), arsenic (As), mercury (Hg), and
lead (Pb) are toxic even at low concentrations and persist in the
environment due to their inability to degrade or decompose naturally.
Human activities such as industrial, agricultural, domestic, medical, and
technological processes, combined with natural factors like volcanic
eruptions and rock weathering, contribute to the release of these metals
into ecosystems (Guidotti et al., 2008).

Heavy metal contamination significantly hampers plant growth
and development, affecting processes from seed germination to overall
productivity. These metals can disrupt plants’ physiological,
biochemical, and genetic functions (Guidotti et al., 2008). Several
factors, including atmospheric deposition, improper waste disposal,
irrigation with polluted water, and excessive fertilizer use, play a role in
the accumulation of heavy metals in soils (Palansooriya et al., 2020;
Khan et al., 2021).
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Soil is vital for sustaining primary productivity, regulating nutrient
cycles, and maintaining terrestrial ecosystem health (Doran et al., 1997,
Haberern, 1992). However, the accumulation of toxic elements,
particularly heavy metals, can degrade ecosystem health by adversely
affecting soil microbial communities. Heavy metals can negatively
impact the activities of various enzymes that regulate important
biochemical processes in the soil, thereby degrading soil health and
fertility. Arylsulfatase plays a key role in the sulfur cycle, B-glucosidase
in the carbon cycle, phosphatases (acid and alkaline) in the phosphorus
cycle, and protease and urease in the nitrogen cycle. Additionally,
cellulase is crucial for the decomposition of organic matter and cellulose
breakdown. Heavy metal contamination inhibits the activity of these
enzymes, disrupting sulfur, carbon, phosphorus, and nitrogen cycles,
which limits nutrient uptake by plants. Furthermore, the inhibition of
enzymes like dehydrogenase and invertase weakens microbial activities,
negatively affecting soil biological processes and overall fertility (Effron
et al., 2004; Kunito et al., 2001).

The degree of heavy metal impact on these enzymes is influenced
by specific soil characteristics, with research showing that the response
to heavy metal contamination varies depending on soil properties
(Doelman and Haanstra, 1986). Globally, soil contamination with heavy
metals is a growing environmental issue, threatening crop productivity
(Abdu et al., 2017).

Limit Values for Heavy Metals in Soil

The permissible limits for heavy metals in soils are derived from
reference values established by the World Health Organization (WHO).
These values serve as benchmarks for environmental policies and
regulations in many countries and regions (Figure 1). However, they can
vary depending on the soil characteristics of different regions. In Turkey,
for example, the Ministry of Environment adjusts the heavy metal limit
values according to soil pH levels. Because acidic soils (pH < 6) are more
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prone to dissolving heavy metals, stricter limits are applied (Figure 1).
In contrast, the limits for alkaline soils (pH > 6) are higher due to the
reduced solubility of metals in such conditions. This variation highlights
the significance of local regulations in addressing the risks of heavy
metal contamination based on soil properties (Figure 1).

@ Cd Cr Pb Ni Cu Zn
@0 World Health Organization (WHO) 3 100 100 50 100 300
E Ministry of Environment, Urbanization 3100 300 75 140 300

and Climate Change [Tiirkiye] (pH > 6.0)
Ministry of Environment, Urbanization 1 100 50 30 50 150
and Climate Change [Tiirkiye] (pH < 6.0)

Figure 1. Limit Values of Heavy Metals in Soil (mg kg™)

Sources of Heavy Metal Pollution

Heavy metals enter agricultural ecosystems through both natural
processes and human activities, with research indicating that human
activities contribute more significantly to heavy metal pollution than
natural sources (Dixit et al., 2015). The primary origin of heavy metals
in soils is the rock material they derive from. Approximately 95% of the
Earth's crust is composed of igneous rocks, while the remaining 5%
consists of sedimentary rocks (Sarwar et al., 2017). Basaltic igneous
rocks are known to contain heavy metals like copper (Cu), cadmium
(Cd), nickel (Ni), and cobalt (Co), whereas schists are abundant in lead
(Pb), copper (Cu), zinc (Zn), manganese (Mn), and cadmium (Cd). These
metals may enter the soil through various natural processes, such as
meteoritic, biogenic, and terrestrial activities, volcanic eruptions, as well
as through erosion, underground seepage, and wind action on the surface
(Muradoglu et al., 2015).

Human activities have significantly altered the natural
geochemical cycle, resulting in the accumulation of heavy metals in soils
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(Dixit et al., 2015). The expansion of agriculture, industrial growth, and
urbanization are key drivers of this contamination. Heavy metal pollution
arises from various anthropogenic activities that contribute to the
accumulation of toxic metals in the environment, posing a risk to both
ecological and human health. One of the major contributors is mining
and metal processing, where metals such as cadmium, lead, mercury, and
arsenic are released into the surrounding soil and water bodies. These
activities often lead to the contamination of large areas, especially in
regions where mining operations are extensive and regulations are poorly
enforced (Chen et al., 2015).

Another significant source is the burning and refining of fossil
fuels, particularly coal and oil, which releases heavy metals like mercury
and lead into the atmosphere. These metals eventually settle into the soil
and water systems, leading to long-term environmental contamination.
Fossil fuel combustion in power plants, industries, and vehicles is a
major source of airborne heavy metal pollution (Muradoglu et al., 2015).

Improper disposal of municipal waste is also a growing problem.
Waste that contains batteries, electronics, and other metal-containing
products can leach heavy metals into the soil and water if not disposed
of properly. Municipal landfills, especially those not designed for
hazardous waste, are common sources of heavy metal pollution,
exacerbating contamination in urban and rural areas alike (Khan et al.,
2016D).

Pesticide application in agriculture often introduces metals such as
copper, zinc, and arsenic into the soil. Historically, metal-based
pesticides were widely used, and even modern pesticides can contribute
to heavy metal buildup in soils, especially in regions where there is over-
reliance on chemical inputs (Ogunlade and Agbeniyi, 2011). The use of
wastewater for irrigation in agriculture is another key source of heavy
metal pollution. Wastewater, especially from industrial sources, can
contain high concentrations of metals like cadmium, chromium, and
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lead. When used for irrigation, these metals accumulate in the soil and
can be absorbed by crops, entering the food chain (Sun et al., 2013a).

Finally, the excessive use of fertilizers contributes to heavy metal
contamination, particularly from phosphatic fertilizers that contain trace
amounts of cadmium and other metals. Continuous and high doses of
fertilizers over time increase the metal content in soils, which can affect
plant growth and soil health (Atafar et al., 2010).In recent years, global
annual emissions of heavy metals have been estimated at 22,000 tons for
cadmium (Cd), 939,000 tons for copper (Cu), 783,000 tons for lead (Pb),
and 135,000 tons for zinc (Zn) (Thambavani and Prathipa, 2012). These
numbers clearly highlight the substantial role human activities play in
heavy metal pollution.

Effects of Heavy Metals on Soil Biochemistry and Enzyme

Activity

Heavy metal contamination has widespread detrimental effects on
both plant quality and crop yield, while also leading to significant
alterations in the size, composition, and metabolic activity of soil
microbial communities. These metals interfere with plant growth by
disrupting nutrient uptake, enzyme activities, and overall plant
physiology, often resulting in reduced productivity and compromised
food quality. Moreover, the toxic effects of heavy metals extend to soil
ecosystems, where they inhibit microbial diversity and activity, leading
to a decline in essential soil functions such as nutrient cycling, organic
matter decomposition, and soil structure maintenance (Giller et al.,
1998).

As a major source of soil pollution, heavy metals are frequently
found in contaminated soils, including elements like copper (Cu), nickel
(Ni), cadmium (Cd), zinc (Zn), chromium (Cr), and lead (Pb). These
metals can accumulate to toxic levels due to industrial activities,
agricultural practices, and urbanization, making their presence a
persistent environmental issue (Alloway, 2013). Their impact on the
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biological and biochemical properties of soils is well-documented, with
research showing how heavy metals can inhibit key soil enzymes, reduce
microbial biomass, and disrupt the balance of soil nutrient cycles
(Nannipieri et al., 2003). Over time, this degradation of soil health can
lead to reduced agricultural productivity and long-term environmental
damage.

Heavy metals indirectly affect soil enzymatic activities by
disrupting the microbial communities responsible for enzyme production
(Huang et al., 2009). These metals exhibit toxic effects on soil biota,
impairing essential microbial functions and significantly reducing both
the abundance and activity of soil microorganisms. As a result, critical
soil processes such as organic matter decomposition, nutrient cycling,
and soil structure formation are negatively impacted. However,
prolonged exposure to heavy metals can lead to the development of
increased tolerance in certain bacterial populations and arbuscular
mycorrhizal (AM) fungi, which are essential for nutrient exchange and
the restoration of contaminated ecosystems (Mora et al., 2005). Studies
show that heavy metals tend to reduce bacterial species richness while
simultaneously increasing the relative presence of soil actinomycetes, a
group of bacteria known for their resilience in harsh conditions.
Additionally, there is a noted reduction in the biomass and diversity of
bacterial communities in soils contaminated with heavy metals, further
indicating their profound impact on soil microbial ecology (Chen et al.,
2010).

The impact of different metals on enzyme activity varies according
to the enzymes' chemical affinities within the soil environment. For
instance, cadmium (Cd) is more detrimental than lead (Pb) due to its
greater mobility and lower affinity for soil colloids (Karaca et al., 2010).
Copper (Cu) has been found to more strongly inhibit B-glucosidase
activity compared to cellulase, while lead (Pb) reduces the activities of
enzymes such as urease, catalase, invertase, and acid phosphatase.
Phosphatase and sulfatase enzymes are inhibited by arsenic (As), though
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urease remains unaffected. Cadmium contamination also hampers the
activities of protease, urease, alkaline phosphatase, and arylsulfatase, but
does not significantly affect invertase. Each soil enzyme has varying
degrees of sensitivity to heavy metal inhibition, with the inhibition of
urease generally following the order of Cr > Cd > Zn > Mn > Pb (Karaca
etal., 2010).

Effect of Cadmium Pollution on Soil Biology

The activities of dehydrogenase (DHG) and urease enzymes in soil
have been analyzed in connection with cadmium (Cd) concentrations.
Research by Pan et al. (2011) highlights that both enzymes are vital for
the carbon (C) and nitrogen (N) cycles in soil. Dehydrogenase
contributes to the biological oxidation of organic matter and serves as an
indicator of soil health, while urease plays a key role in nitrogen
mineralization by converting urea into ammonia. The study found that
higher cadmium levels significantly reduced the activity of both
enzymes, underscoring cadmium's toxic effects on soil microorganisms
and biochemical processes (Figure 2). Cadmium'’s toxicity can interfere
with enzyme-substrate interactions or modify the structure of enzyme
proteins, thereby diminishing their function . Consequently, the carbon
and nitrogen cycles in the soil are disrupted, negatively impacting
nutrient uptake and the overall health of plants and other soil organisms.
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Figure 2. Effect of Cd Pollution on Dehydrogenase and Urease Enzyme Activities
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A study on lettuce plants revealed that elevated cadmium (Cd)
levels had a pronounced negative impact on the plants' photosynthetic
capacity (Dias et al., 2013). The research showed that as cadmium
concentrations increased, the photosynthetic efficiency of the lettuce
plants declined significantly (Figure 3). Moreover, the stomatal
conductivity, which controls water loss and gas exchange, also
diminished, resulting in lower transpiration rates. These results suggest
that cadmium impairs stomatal function, restricting the plant's ability to
take in water and nutrients and properly manage water flow. This stress
had a direct adverse effect on the plant's overall growth and development
(Figure 3).
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Figure 3. Effect of Cd Pollution on Photosynthesis Efficiency

The research findings indicate that higher cadmium (Cd)
concentrations result in a marked decrease in the plant's dry matter
content (Figure 4). This suggests that cadmium significantly impairs the
plant's growth and developmental processes.
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Figure 4. Effect of Cd Pollution on Plant Dry Matter Accumulation

Effect of Cadmium Pollution on the Nitrogen Cycle

The nitrogen (N) cycle, which involves the conversion of various
nitrogen compounds in the soil, plays a crucial role in agricultural
production by making nitrogen available for plant growth. However, in
recent years, heavy metal contamination in soils has significantly
disrupted this cycle (Hou et al., 2020). A meta-analysis of 160 studies
found that heavy metal pollution can reduce soil nitrogen concentrations
by 17.9% (Zhou et al., 2016), indicating that heavy metals hinder key
processes such as nitrogen mineralization and nitrification, thereby
disrupting the nitrogen cycle. These disruptions lead to reduced nitrogen
uptake by plants, negatively impacting both agricultural productivity and
soil health.

Nitrification and denitrification are two vital processes in nitrogen
transformation, governed by nitrifying and denitrifying microorganisms.
Nitrification, the aerobic oxidation of ammonium (NH4") to nitrite
(NOz), is typically facilitated by ammonia-oxidizing bacteria (AOB)
and archaea. Nitrite-oxidizing bacteria (NOB), which play a key role in
the oxidation of nitrite to nitrate (NO2~ — NOs"), include Nitrobacter as
a significant member. These microorganisms are crucial in the nitrogen
cycle and are responsible for the biological transformation of nitrite,
particularly in soil and aquatic ecosystems (Ishii et al., 2011). High
nitrification rates can lead to nitrogen loss through leaching, as
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ammonium is converted into mobile nitrate (NOs"), reducing soil
nitrogen retention efficiency. This, in turn, lowers nitrogen-use
efficiency and contributes to nitrogen loss in agricultural systems (Ju and
Zhang, 2017).

A study on nitrification, a critical part of the nitrogen cycle, found
that cadmium significantly suppressed the activity of nitrifying
microorganisms. Afzal et al. (2019) reported that as cadmium levels rose
and incubation time increased, the activity of these microorganisms was
notably reduced. This suppression decreased nitrification efficiency,
causing ammonium to accumulate in soils. The reduced conversion of
ammonium to nitrite and nitrate limited nitrogen availability for plant
uptake. Additionally, this process affected soil pH, impairing the
absorption of other essential nutrients needed for plant growth.

Cadmium'’s inhibitory effects likely result from the disruption of
microbial metabolic functions when exposed to metal ions. These ions
are known to inhibit enzyme activity or damage microbial cell structures.
Such impacts can dramatically alter the composition and function of
nitrifying microbial communities, preventing the nitrogen cycle from
operating efficiently in the soil.

Denitrification, the anaerobic process by which nitrate (NOs~) and
nitrite (NO2") are reduced to gaseous nitrogen forms such as nitric oxide
(NO), nitrous oxide (N20), and nitrogen gas (Nz), is primarily driven by
a variety of bacteria (Yin et al., 2019). The greenhouse gases generated
through this process not only contribute to climate change but also result
in the loss of nitrogen from agricultural systems. For instance, in a wheat
and maize rotation, denitrification led to an annual nitrogen loss of
approximately 12 kg da™ (Sun et al., 2010). Studies have shown that
heavy metal contamination leads to a reduction in both the biomass and
abundance of nitrifying and denitrifying organisms, thereby affecting
microbial nitrification and denitrification rates (Chen et al., 2014; Yu et
al., 2016). For instance, nitrification has been found to be inhibited by
heavy metals like Hg, Zn, Ni, and Pb (Gupta and Chaudhry, 1994).
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Additionally, the population of ammonia-oxidizing bacteria (amoA) and
nitrite-oxidizing bacteria (nirB) decreases in soils contaminated with Cu
(Subrahmanyam et al., 2014) and As (Ouyang et al., 2016) (Figure 5).
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Figure 5. Effect of Cd Pollution on Soil Nitrification Process

A study investigating the impact of cadmium on the enzymes
involved in the denitrification process crucial for the final stage of the
nitrogen cycle revealed that cadmium significantly suppresses and
inhibits their activity. Afzal et al. (2019) found that the enzymes
responsible for converting nitrite (NO2") to nitrous oxide (N:O) and
subsequently converting N2O to elemental nitrogen (N2) are severely
affected in the presence of cadmium. One possible reason for cadmium's
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inhibitory effect on denitrification is its direct interaction with these
enzymes, disrupting their structural integrity and function.

This inhibition is particularly evident in the case of nitrite
reductase and nitrous oxide reductase. Nitrite reductase converts nitrite
to N20, while nitrous oxide reductase converts N2O to elemental nitrogen
(N2). The suppression of these enzymes by cadmium may reduce
nitrogen gas release into the atmosphere, causing nitrogen to accumulate
in the soil. Furthermore, this can lead to higher N>O levels, which
contribute to increased greenhouse gas emissions and exacerbate global
warming.
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Figure 6. Effect of Cd Pollution on Soil Denitrification Process

Research has shown that heavy metals inhibit N>O reductase
(Figure 6), leading to increased emissions of N-O, a greenhouse gas with
298 times the global warming potential of CO. (Wang et al., 2018). Soils
are the primary source of N:0, accounting for 65% of global N.O
emissions, with 6.0 Tg N-O-N emitted annually from natural soils and
4.2 Tg N2O-N from agricultural soils (IPCC, 2001). Thus, understanding
the effects of heavy metals on nitrogen transformation processes in soil
is essential for addressing global warming.
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CONCLUSION

Heavy metal pollution creates significant negative effects on
agricultural ecosystems and the natural environment. These metals exert
suppressive effects on both plant growth and soil biochemical processes,
particularly impacting vital processes such as photosynthesis, enzymatic
activities, and the nitrogen cycle. Studies have shown that heavy metals
like cadmium inhibit the activities of soil microorganisms, disrupt
nitrification and denitrification processes, and negatively affect the soil
nitrogen cycle. Cadmium reduces the photosynthetic capacity of plants,
disrupts stomatal functions, and impairs water and nutrient uptake,
directly affecting plant growth and development. Additionally, the
inhibitory effect of heavy metals on the N2O reductase enzyme increases
greenhouse gas emissions, contributing to global warming.

To manage these adverse effects of heavy metal accumulation in
soil, effective global and local policies and sustainable management
strategies must be developed to address heavy metal pollution. Limiting
the sources of heavy metal pollution, protecting agricultural soils, and
improving soil health will not only enhance agricultural productivity but
also play a crucial role in combating global warming.
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GIRIS

Insan saglhigi, tarima dayali-ekonomiler, hava-su kalitesi ve gida
giivenligi ile yakin iligkili son derece degerli dogal kaynaklar olan
topraklarin sagligi, diinya ¢capinda tehdit altindadir. Bu tehditler; iklim
degisikligi, tuzlulagma, erozyon, toprak sikigmasi, besin maddelerinin
azalisi, toksik agir metaller veya pestisitlerle kirlenme, toprak kaynakl
zararlilarin insan yoluyla gogii ve asirt otlatma olarak siralanabilir (FAO,
2015). Bu tehditlerin ¢ogu uzun siireden beri devam etmektedir ve
genellikle iyilestirilmeleri/diizeltilmeleri zordur. Igilebilir icme suyu
temininden atmosferdeki karbonun tutulumuna kadar ¢ok sayida
ekososistem hizmetleri saglayan saglikli topraklara ihtiyacimiz gittikge
artmaktadir. Diinya tarim topraklarinin yaklasik %40°1 insan kaynakl
bozulma nedeni ile tahrip olmustur (Doran et al., 1996). Topraklarin
¢Oplerin toplandig1 bir atik deposu olmadigi ve ekonomik, toplumsal ve
halk saglig1 agisindan genis etkilerinin oldugu bilinci toplum tarafindan
¢ok 1yi bilinmelidir.

Topraklar, tarimsal ve dogal bitki topluluklarinin yasam alanidir.
Diinyanin yiizeyini kaplayan bu ince toprak tabakasi, kara tabanli
yasamin ¢ogu i¢in hayatta kalma ve yok olma arasindaki ¢izgiyi temsil
eder (Doran et al., 1996). Uretken tarim arazilerinin bozulmasi ve kayb,
insanoglunun kiiresel iklim degisikligi, koruyucu ozon tabakasinin
incelmesi ve biyolojik ¢esitlilikteki ciddi azalmalar gibi insan kaynakli
cevre sorunlar1 kadar 6nemli ve acil tedbirler alinmasi gerekli ekolojik
endiselerinden birisidir (Lal, 1998).

Toprak kaynaklarimin kalitesini ve sagligini degerlendirmeye
yonelik ilgi, topragin, yalnizca gida ve lif tiretiminde degil ayn1 zamanda
yerel, bolgesel ve kiiresel ¢cevre kalitesinin korunmasinda da islev goren,
diinya biyosferinin kritik dneme sahip bir bileseni oldugu konusundaki
farkindaligin artmasiyla uyarimistir (Glanz, 1995). ‘Iyi’ bir toprag
tanimlamak icin ¢esitli ifadeler gelistirilmistir. Toprak verimliligi ve
kalitesi gibi kavramlar topraklarin fonksiyon goriirken fiziksel, kimyasal
ve biyolojik yapisindaki gesitli asamalar1 ifade etmektedir. '"Toprak
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sagligl' kavrami, pozitif tarimsal ve cevresel ciktilar1 destekleyen bir
topragr tanimlama ve degerlendirme yoniindeki en son kavramdir
(Kibblewhite et al., 2008; Lehmann et al., 2020; Norris et al., 2020).
Toprak sagligin1 kavramsal olarak digerlerinden ayiran ifade,
toprak biyotasi ve biyotik siireglerin entegre bir sekilde dahil edilmesine
yapilan vurgudur (Doran & Zeiss, 2000). Toprak biyotasinin énemi,
modern toprak biliminin var oldugu zamandan daha uzun siiredir kabul
edilmis olsa da (Darwin, 1881), toprak sagligi kavraminda yer almasini
gerektiren ii¢ yeni Ozelligi vardir. Birincisi, topragin biyolojik
topluluklarini1 ve siireglerini karakterize etme ve dlgme yontemlerinde
hizli ilerlemeler kaydedildigi i¢in ampirik 6lgiimleri toprak biyolojisi ile
iliskilendirme kapasitesi de artmistir. Bdylece, toprak sagligi
degerlendirmelerine mikroorganizmalar1 ve diger biyotalar1 dahil etmek
icin giliclii bir motivasyon olusmustur. Toprak sagliginin ¢ok sayida
mikrobiyal tabanli goOstergesi Onerilmistir. Bu testlerden bazilar
giiniimiizde rutin olarak kullamlmaktadir (Tablo 1). Ikincisi, toprak
kalitesini 6l¢gmeye yonelik uzun siiredir devam eden ¢abalarin ana odagi
olan sirali ekim tarim sistemlerinin disinda da uygulanabilen toprak
sagligr gostergelerine yonelik bir talebin bulunmasidir. Ornegin,
meralarda toprak sagligini karakterize edebilmeye yonelik artan bir ilgi
olmasina karsin sirali ekim tarim sistemleri i¢in gelistirilen toprak sagligi
gdstergeleri meralar i¢in uygun olmayabilmektedir. Ugiinciisii ise, hassas
tarim ¢aginda hizli, yonetimle ilgili toprak testlerine olan talepte artis
bulunmasidir. Toprak sagligini iyilestirmek icin taahhiitlerde bulunan
sitketler artik hizli, ucuz ve toprak saghigimin fiziksel, kimyasal ve
biyolojik gostergelerini en iyi Olgen deneysel testler talep etmektedir.
Ancak mevcut yontemlerin ¢ogu, sonuglara iliskin nedensel baglantilarin
onemli oldugu arazi yonetimi veya pilot Ol¢egindeki ekosistem
degerlendirmeleri i¢in degil, arastirma amaclar1 icin gelistirilmistir. Bu
nedenle, mevcut biyolojik endeksler, toprak sagligi durumu hakkinda
giivenilir ¢ikarimlar yapmak veya toprak saghigini iyilestirmek igin
stratejiler secmek ve izlemek i¢in her zaman yararli olmayabilmektedir.
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Bu makalenin amaci, toprak sagligin1 degerlendirmek ve izlemek
icin kullanilabilecek mikrobiyal endeksleri gozden gegirmek ve bunlarin
kullanim1 konusunda bir rehberlik yapmaktir. Makalede mikrobiyal
endekslere odaklanmasina karsin, mikroorganizmalarin toprak sagligi
degerlendirmelerinde dikkate alinabilecek tek canli grubu olup olmadigi
da tartisilacaktir.

1. TOPRAK SAGLIGI TANIMI NE ANLAMA

GELMEKTEDIR?

Toprak sagligit hem kavramsal hem de islevsel olarak
tanimlanabilmektedir (Blinemann et al., 2018; Lehmann et al., 2020).
Kavramsal bir tanim olarak, ABD Tarim Bakanligi Dogal Kaynak
Koruma Servisine gore (USDA-NRCS) toprak Kkalitesi olarak da
adlandirilabilen toprak sagligi, topragin bitkileri, hayvanlar1 ve insanlar1
destekleyen hayati bir canli ekosistem olarak islev gérme kapasitesinin
devami olarak tanimlanir. Bu tanim, saglikli bir topragin ne oldugunu
tanimlamaya caligir, ancak nasil Olgililecegini tanimlamaz. Bununla
beraber USDA-NRCS, fiziksel, kimyasal ve biyolojik 6zellikleri iceren
temel toprak saglig1 gostergelerini igceren bir liste yayimlayarak (Stott,
2019) bu gostergelerin nasil degerlendirilecegini de agiklamislardir
(Norris et al., 2020).

'Optimum' toprak veya ideal toprak 6zelliklerini igeren evrensel bir liste
yoktur (Biinemann et al., 2018; Lehmann et al., 2020). Toprak biinyesi,
hacim agirligi, pH ve organik karbon konsantrasyonlar: (Stewart et al.,
2018) gibi belirli toprak gostergeleri toprak sagligini degerlendirmede
her zaman 6nemli olabilse de, bunlarin yorumlanmasi her zaman ayni
dogruyu gostermeyebilmektedir. Ornegin, diisiik pH'a sahip topraklar
birgok bitkinin gelisimi i¢in uygun olmayabilir, fakat iiretilmek istenen
diger bazi bitki tipleri veya {iriin tiirleri (yaban mersini, ¢ay gibi) igin
toprakta istenen bir 6zellik olabilir. Topragin olusumu ve fonksiyon
gormesi her zaman alti toprak olusturma faktoriiniin hepsine baglh
olacaktir: Bunlar; iklim, organizmalar, rolyef, ana materyal, zaman ve
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insan faaliyetleridir (Jenny, 1994). Toprak sagligi, bakis acisina gore
degisir. Ancak, belirli toprak siireclerini ve toprakla ilgili tarimsal ve
cevresel sonuglar1 degerlendirmek i¢in yararli olabilecek toprak
gostergeleri bulunmaktadir. Gerekli olan sey, bu gostergeleri zaman
icinde etkili bir sekilde izleyerek iyi bir yonetim sergilemek ve bu
Olctimlerin ve bu ol¢limler i¢in istenen degerlerin s6z konusu topraga
bagli olarak degisebileceginin farkinda olmaktir.

Tablo 1. Toprak sagliginin bazi yaygin mikrobiyal tabanli gostergelerinin agiklamast,
bu gostergeleri dlgmek icin siklikla kullanilan yontemler ve bu gostergelerle iligkili

yorum ve uyarilar

Mikrobiyal Tanimi Kullanilan Yorumlar Uyarilar
gosterge yontemler
Mikrobiyal Gram toprak, Dogrudan Daha yiiksek bir - Hangi belirli
biyokiitle hacim toprak mikroskopi,  mikrobiyal taksonlarin mevcut
veya birim  kiiltire alma, biyokiitle = daha olduguna dair bir
organik gPCR, saglikli bir  bilgi
karbon bagmma kloroform topragi bulunmamaktadir
mikrobiyal fiimigasyonu  gostermektedir. - Daha  fazla
biyokiitle , PLFA, SIR biyokiitle mutlaka
miktari en optimum veya
istenen sey
olmayabilir
- Daha  fazla
biyokiitle mutlaka
daha fazla
mikrobiyal aktivite
anlamina
gelmeyebilir
- Sonuglar
yontemlere ve
toprak oOzelliklerine
bagh olarak
degisebilir
Fungus:Bakter  Belirli bir Dogrudan Daha yiksek - Karmasik, multi-
i orani topraktaki mikroskopi,  fungus:  bakteri trofik toprak besin
fungus ve (QPCR,PLFA oram daha aglarinin  mevcut
bakteri stirdiirilebilir bir  ekolojik durumunu
miktart, toprak sistemini  yansitmayabilir
biyokiitle, gostermektedir. - Funguslar ve
hiicre  sayist bakteriler genellikle
veya DNA toprakta ortiigen
miktarmin niglere ve islevlere
orant  olarak sahiptirler

ifade edilir
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Mikrobiyal
enzim
aktiviteleri ve
oranlar1

Nitrifikasyon
bakterilerinin
varligi ve
bilesimi

Mikorizal
funguslarn
varligi ve
bilesimi

-Birim
zamanda ve
toprakta
gergeklesen
mikrobiyal
ekstraseliiler
enzimlerin
potansiyel
veya  gercek
aktiviteleri.
Enzimler
genellikle C,N
ve P
dongiisiiyle
iligkili olanlari
igerir.

Amonyak
oksitleyen
arkeler veya
bakteriler ve
nitrit
oksitleyen
bakteriler
dahil  olmak
lzere
nitrifikatorleri
n varligt ve
taksonomisi
Arbiiskiiler
mikorizal
funguslarin
varligi ve
bilesimi

Substrat
inkiibasyon
yontemleri

Potansiyel
nitrifikasyon
analizleri,
gPCR,
yiiksek etkili
igaretleyici
gen dizilimi

K&k boyama
ve
mikroskopi,
spor sayimi
ve
mikroskopi,
gPCR,
yiiksek etkili
isaretleyici
gen dizilimi

-Belirli bir
enzimin daha
yiiksek aktivitesi,
enzimin ilgili
oldugu besin
maddesinin daha
sinirlayict
oldugunu
gdsterir.

Daha yiiksek
nitrifikasyon
miktari,
nitrifikasyon ve
nitrat yikanmasi
yoluyla  toprak
azotunun  daha
fazla
kayboldugunu
gosterir

Mikorizalarin
daha Dbol ve
zengin olmasi
bitki gelisimine
daha fazla fayda
sagladigini
gosterir

- Fungus:bakteri

oranlari birgok
nedenden  dolay1
degisebilir ve bu da
yorumlamay1
zorlagtirabilmektedi
r

CIN/P
metabolizmasiyla
iligkili ~ enzimlerin
aktiviteleri her
zaman gercek
sinirlayict besin
maddesini dogru bir
sekilde tahmin
edemeyebilir

- Daha yiksek
enzim  aktiviteleri

daha yiiksek besin
maddesi

yarayishlign  veya
daha az  besin
maddesi

yarayiglilign olarak
yorumlanabilir

- Tipik  olarak
Olgiilen  enzimler
potansiyel  olarak
6nemli enzimlerin
kii¢iik bir boliimiinii
temsil edebilir

- Nitrifikasyon
bakteri  sayisinin
yiiksekligi azot
yarayigliligi
disindaki faktorlerle
iligkili olabilir

- Nitrifikasyon
bakteri  sayisinin
yiiksekligi
nitrifikasyon
oranlariyla mutlaka
iliskili olmayabilir

- Mikorizalar ve
bitkiler arasindaki
iligkiler dinamiktir,
mutualizm-
parasitizm
stirekliligi arz eder.
- Kok
kolonizasyonu ve
bitki biiytimesi
arasindaki iligkide
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C ve N
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hiz1
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Bilinen
patojenik
taksonlarin
varlig1 ve
zenginligi

Birim zaman
ve
toprak/organik
C’da  ortaya
¢ikan CO2
liretimi ve net
inorganik N
miktari

Birim zaman
ve
toprak/organik
C’da  ortaya
¢ikan net nitrat
iiretimi

Topraktaki
belirli bakteri,
arke, fungus
velveya protist
taksonlarinin
varligini
saptamak icin
DNA veya
RNA
kullanilmasi.

gPCR,
yiiksek etkili
isaretleyici
gen dizilimi

Laboratuvar
veya arazi
inkiibasyon
caligmalari

Laboratuvar
veya arazi
inkiibasyon
galismalari

gPCR veya
yiiksek etkili
isaretleyici
gen  (tipik
olarak 168,
18S, ITS)
dizilemesi

Daha yiiksek
patojen  varligi
bitki gelisimine

zararlt oldugunu
gosterir

Daha yiiksek C ve
N mineralizasyon
hiz1 daha fazla
biyoyarayisli C
ve N miktarlar
ile daha aktif
mikrobiyal
toplulugu
gostermektedir.

Daha yiiksek
nitrifikasyon hizi,
toprak azotundan
nitrifikasyon

veya nitrat
yikanmasi ile
meydana  gelen
daha yiiksek
kayiplar1 gosterir.

Mikrobiyal
topluluklar toprak
sagligmm diger
Olgiim  kriterleri
ile iliskili olarak
degisebilmektedir
Topluluk
yapisinin
cesitliligi,
yiiksek besin
madde dongiisii
ve  patojenlere
kars1 daha yiiksek
bir direng saglar

daha

Onemli miktarda
varyasyon vardir

- Kok
kolonizasyonu,
haftalik zaman
6l¢timlerinde
degisebilir

- Diger faktorler
bitki  hastaliginin
siddetini
etkileyebilir

- Patojen bollugu
hastaligin
yayginligini
gostermeyebilir
-Laboratuvar
inkiibasyonlari
arazideki C ve N
mineralizasyon
hizlarini
yansitmayabilir
-Yiksek C ve N
mineralizasyonu
her zaan arzu edilen
bir durum degildir.
-Laboratuvar
inkiibasyonlari
arazideki C ve N
mineralizasyon
hizlarini
yansitmayabilir
-Bitki  tarafindan
alim veya yikanma
oranlarin1  dikkate
almaz

- Bir¢ok taksonun
toprak sagligina
katkilar1 genellikle
belirsizdir

- Cok fazla
degisken nedeniyle
analizi ve
yorumlanmast
zordur

- Tim DNA'lar
saglam hiicrelerden
gelmeyebilir
(kalint1 DNA)

- RNA oldukga
kararsizdir ve
bireysel taksonlarin
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aktivitelerini
yansitmayabilir
Mikrobiyal Toprakta Yiiksek Bir genin yiiksek -Nadir bulunan
fonksiyonel bilinen belirli  etkili miktardaki taksonlar g6z ardi
gen bilegimi genlerin (6rn.  shotgun varligy, genle edilebilir
amoA, nifK) metagenomi iligkili  siirecin -Diger faktorler
varligt k dizileme, yiiksek hizin1 ~ siireglerin -~ gergek
hedeflenen gosterir. oranlarini
genlerin etkileyebilir
gPCR'si - Olgiim igin en
iliskili genin hangisi
oldugunu
belirlemek zordur.
Azot Birim zaman Asetilen Yiiksek N-  Yontem, yiiksek
fiksasyonu ve  toprakta rediiksiyon fiksasyonu derecede zamansal
fikse edilen N yontemi yiiksek N  degisim
miktari yarayisliligini gosterebilen N-
gosterir fiksasyonunun anlik
degisimini gosterir.
Bitki Rizosferde gPCR, Bu taksonlarin - PGPR'nin vyerli
gelisimini bitkiler  i¢in yiiksek etkili daha yiksek toprak  biyomuna
tesvik  eden yararli oldugu isaretleyici varligi, bitki adapte olmast
kok bakterileri  diistiniilen gen  (16S) Dbiyiimesine daha gerekir, bu durum
(PGPR) belirli dizilemesi fazla fayda bazi topraklarda zor
bakterilerin sagladigim olabilir
varlig gosterir - Tim PGPR'ler
PGPR asilamasi bitkiler  {izerinde
bitki biliylimesini ayni etkiyi
tyilestirir gostermeyebilir ve
bu etkilerin
biyiikligi veya
yonii biiyiik 6lgiide
kosullara bagh
olarak degisebilir.
Toprak biyolojisi Olgiimleri, ‘iyi” bir topragin ne oldugunun

yorumlanmasinin kosullara bagli olacaginin bilinmesi acisindan fiziksel
ve kimyasal toprak Ozelliklerine benzerlik gosterir. Toprak sagligini
belirlemek i¢in hangi mikrobiyal parametrelerin 6l¢iileceginin se¢imi,
s0z konusu topraga veya alan ve ilgi duyulan toprak sagliginin 6zel
alanlarina baglh olacaktir. Bu makalede yapilan oneriler, evrensel bir
toprak saglig1 gostergeleri setinden daha ziyade belirli yonetim ve/veya
politika hedeflerini karsilamak i¢in gostergelerin secilmesine yonelik
daha ayrintil1 bir 6neri yapilmasina dayanmaktadir. Amacimiz, tarim ve

topragi koruma perspektifinden bakarak toprak sagligini izlemek igin
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hangi mikrobiyal bilgilerin yararli olabilecegini vurgulamaktir. Ortak
amag toprakta karbonu tutma ¢abalarini en iist diizeye ¢ikarmak ve uzun

vadeli bir bitkisel iiretimi saglamaktir.

2. MEVCUT YONTEMLERDEKI KISITLAR

Arkeler, bakteriler, funguslar ve protistler de dahil olmak tizere
toprak mikroorganizmalarinin, toprak kalitesi ve sagligi ile ¢ok yakin
iligkileri vardir (Bach et al., 2020; Fierer, 2017). Toprak kalitesi ile ilgili
olarak toprak mikroorganizmalari, besin maddesi yarayisliligini, agregat
stabilitesini, C tutulumunu, Kkirleticilerin  bozunmasini, bitki
hastaliklarinin ~ yayilmasini  ve  bitki  gelisiminin  uyarilmasini
etkileyebilirler. Toprak mikroorganizmalari, toprak sagligi agisindan ne
1yl ne de kotiidiirler - sadece vardirlar. Baz1 bakteri ve funguslar iyi
bilinen bitki patojenleri olsa da, digerleri (hatta yakin iligkili taksonlar)
patojenlere karsi bitkiye bir koruma saglayabilirler (Schlatter et al.,
2017). Benzer sekilde, pestisit bozunumu yapabilen mikroorganizmalar
topraktaki pestisit konsantrasyonlarini etkili bir sekilde azaltabilirler,
ancak pestisitlerdeki aktif bilesenlerin metabolitleri bozunma sirasinda
birikebilir ve aktif bilesenlerin kendisinden daha toksik hale gelebilirler
(Odukkathil & Vasudevan, 2013). Son bir drnek olarak, topraktaki
nitrifikasyon mikrorganizmalari i¢in ideal bir durumun olmadig ve bu
organizmalarin azligit veya ¢oklugunun amaca gore degisebilmesi
verilebilir. Amacin topraktaki azot sinirlamasini azaltmak oldugu
durumlarda zaman iginde nitrifikasyon mikroorganizmalarindaki
artislarin olmasi istenebilir. Alternatif olarak, hedef asir1 azot kayiplarin
en aza indirmekse bu tiir artislar ise istenmeyebilir.

Topraklarin olusum ve fonksiyon gorme siireclerinde birgok
acidan toprak mikroorganizmalarinin 6nemi gz Oniine alindiginda,
toprak sagliginin belirlenmesinde mikrobiyal Ol¢iimlerinin olmast
gerektigi diisiincesi mantiklidir. Avrupa ve ABD’de toprak sagliginin
potansiyel Ol¢limleri olarak mikrobiyal test hizmetleri sunan bazi

sirketler bulunmaktadir (Trace Genomics, Ward Laboratories, Earth-
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Fort, Prolfic Earth Sciences, Woods End Laboratories gibi). Tablo 1'de,
toprak sagliginin yaygin kullanilan mikrobiyal metriklerinden bazilari,
kullanimlarinin altinda yatan varsayimlari ve bu ol¢iimlerle iliskili bazi
uyarilar yer almaktadir. Bu yontemler, belirli taksonlarin ve ilgili
genlerin varligin1 6l¢meyi, mikrobiyal aktivite oranlarini belirlemeyi
veya mikrobiyal biyokiitle havuzlarin1 veya enzimatik kapasitelerini
tahmin etmeyi igermektedir (Tablo 1). Bu mevcut oOlgiitler bazi
durumlarda yararli olabilir, ancak bu Olgiitlerin kullanimi ve
yorumlanmasinda  genellikle yetersiz  kalmmaktadir.  Ornegin,
fungus:bakteri oranlar1 ekosistemlerde etkili besin dongiisiiniin
gostergeleri olarak kullanilmaktadir (de Vries & Bardgett, 2012; Six et
al., 2006; Wardle et al., 2004), ancak fungal veya bakteriyal
popiilasyonlarin baskin oldugu durumlar arasindaki net ayirimi gésteren
kanitlarin eksikligi nedeniyle bu dlgiitlerin yararliligr ciddi sekilde
sorgulanmaktadir (Rousk & Frey, 2015; Strickland & Rousk, 2010).
Benzer sekilde, bakteri cesitliliginin toprak sagliginin yararli bir
gostergesi olabilecegi One siiriilmiistiir (Maron et al., 2018; van Bruggen
& Semenov, 2000; Van Der Heijden et al., 2008), ancak daha yiiksek bir
bakteri cesitliligi her zaman toprak i¢in 'ideal’ degildir (tipk1 bitki tiirti
cesitliligini en {ist diizeye ¢ikarmanin her zaman istenmedigi gibi)
Bakteri ¢esitliligi genellikle toprak pH'st ile iyi bir korelasyona sahiptir
(Fierer & Jackson, 2006; Grifiths et al., 2011) ve topragin pH seviyelerini
degistirmek her zaman uygulanabilir veya istenebilir bir durum degildir.
Baska bir 6rnek olarak, bakteri ve fungus patojenlerinin daha fazla
oldugu bir topragin, daha az patojen yiikii olan bir topraktan daha az
sagliklt oldugu goriisiiniin kabul gormesi verilebilir. Ancak, toprak
patojenlerinin varligi, bitki hastalig1 olasilifinin artmastyla her zaman
iligkili degildir (Lievens et al., 2006). Ayn1 veri setleri tamamen farkli
sekillerde yorumlanabilir. Bu durum genellikle N ve P yarayishiligini
ortaya ¢ikarmak i¢in Ol¢iilen hiicre dis1 enzimlerin potansiyel aktiviteleri
icin gegerlidir. Daha yiiksek enzim aktiviteleri besin kisitlamasinin kaniti
(Sinsabaugh et al., 2008) veya daha fazla besin yarayisliligimin kaniti
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(Nannipieri et al., 2012) olarak yorumlanabilir. Son bir 6rnek olarak,
toprak mikrobiyal biyokiitlesinin 6l¢iimii veya mikrobiyal biyokiitlenin
toprak organik karbonuna orani (Anderson & Domsch, 1989) verilebilir.
Bu parametre toprak sagliginin yararli veya kolayca yorumlanabilir bir
degerlendirmesini her zaman saglamayabilir, ¢ilinkii toprak mikrobiyal
biyokiitlesindeki degisikliklere dogrudan veya dolayli olarak katkida
bulunabilecek bir¢ok biyotik ve abiyotik faktér bulunmaktadir (Dalal,
1998). Uzun siireden beri kullanilan mevcut mikrobiyal dl¢timler bazi
durumlarda yararh olabilirken, bu 6l¢limlerin birgogu mevcut bilimsel
kanitlarla iyi desteklenmemektedir veya bunlarin yararliligin
destekleyen kanitlar mevcut degildir (Tablo 1). Bu dlgiimlere giivenmek
bazt durumlarda toprak saglhigi hakkinda yanhs ¢ikarimlara yol
acgabilmektedir.

2.1. Mikrobiyal Topluluk Analizlerinin Potansiyel Faydasi

Toprak saghiginin uzun bir siireden beri kullanilan mevcut
mikrobiyal ol¢iimlerindeki hatalart vurgulamak veya en azindan bu
Olcimlerin ne zaman yararli oldugunu veya olmadigini belirtmek
kolaydir. Ancak, 6nemli bir soru hala cevaplandirilamamistir; Toprak
sagligmin daha iliskili ve uygulanabilir degerlendirmelerini saglamak
icin mikrobiyal veri bilgileri kullanmaya ¢alisirken nasil ilerleyebiliriz?

Mikrobiyal topluluklarin DNA tabanli analizleri, toprak sagliginin
nasil ol¢iildiigli ve degerlendirildigi konusunda 6nemli bir potansiyele
sahip, yeterince kullanilmayan bir toprak saghgi oSl¢iitiidiir. Bu tiir
analizler genellikle belirli mikrobiyal genlerin veya taksonlarin varligini
Olemek icin kantitatif PCR, genis topluluk analizleri i¢in isaretleyici
genlerin amplikon dizilimini (6rnegin, sirasiyla fungus veya bakteri
analizleri i¢in ITS veya 16S rRNA gen dizilimi) veya belirli bir 6rnekte
bulunan hem mikrobiyal taksonlarin hem de islevsel genlerin shot-gun
metagenomik dizilimini igerir. Bu Ol¢limler, toprak mikrobiyal
topluluklarini karakterize etmek icin kullanilabilecek tek molekiiler
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yontemler degildir (Prosser, 2015; Schloter et al., 2018), ancak yaygin
olarak benimsenmesi i¢in bir dizi kriteri karsilarlar. Bu kriterler;

- Mikrobiyal analizler olduk¢a ucuz, hizli ve yiiksek etkili
analizlerdir. Yizlerce ornek, kiiclik bir laboratuvarda, bilinen bir¢ok
yontemle ayni veya belki de daha ucuz bir maliyetle bir haftada analiz
edilebilir. Ornegin, bakteri ve mantar toplulugu kompozisyonunu
degerlendirmek icin yiiksek etkili DNA dizilimi artik yaygin olarak daha
ucuz bir sekilde yapilmakta ve DNA dizileme teknolojilerindeki
gelismeler bu analitik maliyetleri daha da diisiirmeye devam etmektedir.
Dahasi, bu verilerin islenmesi ve analiz edilmesi hala uzmanlik ve egitim
gerektirse de biyoinformatik yollar daha fazla kullanicinin erigsimine
ulasmaktadir.

- Mikrobiyal topluluklarin zamansal olarak degiskenligi ¢cok fazla
degildir. Cok yavas degisen toprak oOzellikleri, topraklarin ydnetim
uygulamalarindaki degisikliklere nasil tepki verdigini izlemek i¢in ¢ok
yararl degildir. Ornegin, toprak organik karbon havuzu ¢ok biiyiiktiir ve
bu havuzun boyutundaki yillik degisimleri tespit etmek genellikle ¢ok
zor olabilir (Bradford et al., 2016). Benzer sekilde, ¢ok hizli degisen
toprak ozellikleri de genellikle sinirlt bir faydaya sahiptir, ¢iinkii birkag
hafta arayla alman &rneklerin sonuclar1 ¢ok farkli olabilir. Ornegin
giinler veya haftalar iginde 6nemli 6l¢iide degisebilen ekstrakte edilebilir
NH." veya NOs™ konsantrasyonlarini 6lgmek bu degiskenlik nedeni ile
bir sorundur. Mikrobiyal topluluklarin bilesimi mevsimlere veya yillara
gore degisebilir, ancak DNA havuzu genellikle giinler veya haftalar
igcinde ¢ok fazla degiskenlik gostermez (Carini et al., 2020; Lauber et al.,
2013). Bu durum, her ikisi de onemli sera gazlar1 olan N,O ve CHs4
emisyonlarint tarim arazilerinden tahminleme g¢aligmalart i¢in dnemli
olabilir. Gaz emisyonlarinin topraktan dogrudan olgiimleri, emisyon
oranlarindaki yuksek zamansal degiskenlik nedeniyle
degerlendirilmeleri a¢isindan zordur (Groffman et al., 2009; Hendriks et
al., 2010), ancak mikrobiyal analizler, bu eser gazlarin emisyonlarindaki
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degisimin zamansal olarak entegrasyonunu saglayabilir (Conrad, 2007;
Deslippe et al., 2014; Nazaries et al., 2013).

-Mikrobiyal topluluklar olduk¢a ¢esitlidir ve bu ¢esitlilik toprak
ortamin1 bircok acidan karakterize etmede kullanilabilir. Toprak
mikrobiyal topluluklarinin yiiksek ¢esitliligi genellikle tek bir topragin
binlerce farkli mikrobiyal takson ve islevsel gen barindirabilmesi
nedeniyle goz korkutucu bir analitik problem olarak kabul edilir ki bu
taksonlarin ¢ogu iyi bir sekilde tanimlanmamuistir (Delgado-Baquerizo et
al., 2018; Howe et al., 2014). Ancak bu ¢esitlilik ayn1 zamanda toprak
ortaminin birgok farkli yoniinii kesfetmek icin de ¢esitli firsatlar sunar.
Tipki yapraktaki besin konsantrasyonlarinin hiperspektral goriintiileme
ile saptanabildigi gibi (Martin et al., 2018), belirli spektrumlar ve besin
oranlar1 arasindaki iligkilerin altinda yatan belirli mekanizmalar
belirlenmemis olsa bile, belirli mikrobiyal taksonlarin veya genlerin
goreceli bollugunu oOlcerek belirli toprak ozelliklerini ortaya
cikarabiliriz. Bu yaklagimin potansiyeli, toprak kalitesiyle iliskili temel
fiziko-kimyasal degiskenleri tahmin etmek i¢in toprak bakteri toplulugu
bilesimine iligkin bilgileri kullanan bir c¢aligmada godsterilmistir
(Hermans et al., 2020).

2.2. Biyoindikator Olarak Mikroorganizmalar

Mikroorganizmalar sadece bircok Onemli toprak siirecini
yonlendirmekle kalmaz, ayni zamanda biyotik ve abiyotik toprak
kosullarina da ¢abuk tepki verirler. Ornegin, toprak mikrobiyal
topluluklarindaki kalic1 degisiklikler, yarayisli P konsantrasyonlarinda
(Hermans et al., 2017), toprak pH'sinda (Delgado-Ba-querizo et al.,
2018), labil organik karbon havuzlarinda (Ramirez et al., 2020) ve toprak
nem seviyelerindeki (Isobe et al., 2020) degisikliklerle yakin iligkilidir.
Benzer sekilde, nitrifikasyon, metan {iretimi, denitrifikasyon ve seliiloz
bozunumu dahil olmak iizere belirli toprak siirecleriyle iliskili belirli
mikrobiyal taksonlar1 veya islevsel genleri belirleyebiliriz. Toprak

saghiginin  gostergesi olmast gerektigini diisiindiiglimiiz  belirli
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mikrobiyal niteliklere (taksonlar veya genler dahil) odaklanmak yerine,
toprak sagliginin onemli bilesenleri oldugunu zaten bildigimiz toprak
Ozelliklerindeki ve siireclerindeki degisiklikleri belirlemek igin
taksonlar1 veya genleri kullanabilir ve DNA tabanli mikrobiyal
analizlerin potansiyel avantajlarindan yararlanabiliriz.  Siiphesiz,
mikrobiyal topluluklarin karmasiklig1 ve islevsel nitelikleri, mikrobiyal
topluluk verilerinin analiz edilmesini ve yorumlanmasini zorlastirir. Bir
ciftciye topraginda bulunan mikrobiyal genlerin veya taksonlarin bir
listesini vermek pratik olarak bir yarar saglamaz. Bu tiir veriler belirli
toprak kosullarimin veya siireclerinin  belirli biyo-gdstergelerini
tanimlamak i¢in kullanilirsa, mikrobiyal bilgi ¢ok daha yararli olur, ilgili
mikrobiyal bilgiyi iiretmeyi kolaylastirir ve sonuglarin yorumlanmasi
daha kolay olur. Mikroorganizmalarin toprak biyo-sensdrleri veya biyo-
gostergeleri olarak kullanma fikri yeni degildir (Visser & Parkinson,
1992; Waksman, 1927) ancak bu yaklasim heniiz yaygin olarak
benimsenmemistir.

Farkli toprak kosullarinin mikrobiyal tabanli endekslerinin, genis
bir toprak ve ekosistem tiirii yelpazesinde yaygin olarak uygulanabilmesi
durumunda yararl bilgiler sunabilir. Belirli taksonlarin tek bir bolgedeki
P yarayisliligina yamt olarak artmasi veya azalmasi, aym taksonlarin
farkli topraklardaki P yarayishiligini genel olarak gosterdigi anlamina
gelmez. Tiim taksonlar veya genler tiim topraklarda bulunmayacaktir,
ancak mikrobiyal biyo-gostergeleri tanimlamak, bu taksonlarin veya
genlerin s6z konusu toprak veya ekosistem tiirleri i¢in toprak sagliginin
belirli yonleriyle tutarli bir sekilde iliskili oldugunu dogrulamay1
gerektirir. Bu nedenle bu mikrobiyal biyo-gostergeleri tanimlamak, iyi
karakterize edilmis topraklarin kapsamli, capraz bolge analizlerini
gerektirir (Hermans et al., 2017).

Mikrobiyal biyo-gostergeleri belirlemek, mikrobiyal verilerin
karar alma siireclerine entegre edilmesini biiyiik Slgiide basitlestirir
clinkii ilgili parametreler hakkinda genellikle dnceden mevcut bilgiler
vardir. Ornegin, agir metallerle toprak kirliliginin derecesini belirlemek,
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toprak kirliligini izlemek ve yonetmek i¢in kritik dneme sahiptir, ancak
agir metal konsantrasyonlarini 6l¢gmek pahali yontemlerdir. Bu nedenle,
agir metal kirliliginin mikrobiyal gostergeleri, tarim i¢in alanlarin
uygunlugunu belirleme, iyilestirme stratejileri tasarlama ve iyilestirme
cabalarinin basarisini izleme ile dogrudan ilgili bilgiler saglayabilir
(Tang et al., 2019). Agir metal konsantrasyonlarinin kimyasal analizleri
yerine metal kontaminasyonunun mikrobiyal gostergeleri ile
degistirilmesi  Onerilmemekte, bunun yerine ayrintili kimyasal
analizlerinin ne zaman veya nerede yararlhi olabilecegini
onceliklendirmek i¢in mikrobiyal verilerin metal konsantrasyonlarinin
yardimer olabilecegi Onerilmektedir. Ayni diisiince, kimyasal test
yaklagimlarinin sinirlamalar1 goz 6niine alindiginda, topraktaki P biyo-
yarayiglihiginin  ol¢iimii i¢in de gegerlidir (Das et al.,, 2019).
Mikroorganizmalar P yarayishiliginin  biyo-gostergeleri  olarak
kullanilabilir (Hermans et al., 2017), bu da tarimsal sistemlerde
topraktaki yarayissiz P miktarlarin1 azaltmak i¢in yOnetim stratejileri
hakkinda onlarca yillik birikmis bilgiye dogrudan entegre edilebilecek
bilgiler saglayabilmektedir.

3. BILGILERIMIZi GELECEKTE NASIL

GELISTIiRECEGIiZ?

Bilim adamlar1, mikrobiyal verilerin glinlimiizdeki mevcut bilinen
toprak sagligi Ol¢limlerini tamamlama potansiyeline sahip oldugunu
bilse de mikrobiyal topluluk &l¢iimlerinin heniliz yaygin olarak
benimsenmesi gereken noktada olmadiklari konusunda hemfikirdir.
DNA tabanli mikrobiyal analizlerin yaygin olarak benimsenmesi
gerektiginden once dikkatlice diisiiniilmesi gereken bazi 6énemli uyarilar
ve sinirlamalar bulunmaktadir;

- Metodolojik sorunlar, DNA tabanli mikrobiyal o6l¢iimlerin
faydasini sinirlayabilmektedir. DNA tabanli mikrobiyal analizler tam bir
¢Oziim sekli degildir. Mevcut yiiriitiilen mikrobiyal saglik dl¢timlerinin

yorumlanabilirligini sinirlayan sorunlardan bazilar1 (Tablo 1), dl¢timler
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dikkatlice  dogrulanmadig1 siirece alternatif yaklagimlar1 da
etkileyecektir. Ayrica, dikkate alinmasi1 gereken DNA tabanli mikrobiyal
topluluk yontemlerinin bazi 6zel yonleri de vardir. Ornegin,
yaklagimlardaki ¢ok kiiciik farkliliklar bile (DNA ekstraksiyon
yontemlerindeki farkliliklar, PCR primerleri veya biyoenformatik bilgi
yollar1 gibi) sonuglar1 tutarl bir sekilde karsilastirmay1 zorlastirabilir.
Benzer  sekilde, topraktaki tim  DNA  yalmizca  ‘aktif
mikroorganizmalardan ortaya ¢ikmayabilir ve 'kalinti' DNA'nin varligi
(Carini et al., 2020), mikrobiyal veriler ile toprak kosullar1 arasindaki
iligkileri gizleyebilir. Son olarak, toprak mikrobiyal topluluklarinin
karmagiklig1 ve bir¢ok mikrobiyal veri setinin ¢ok degiskenli yapisi,
analizlerin akis semasini zorlastirabilir ve sonuglarin yorumlanmasini
giiclestirebilir.

- Tlgilendiginiz toprak saglig parametreleriyle eslesen mikrobiyal
testlerin se¢imi. Mikrobiyal toplulugun detayl: bir profiline odaklanmak
yerine, belirli toprak sagligi sonuglari i¢in belirli mikrobiyal endeksler
gelistirmenin daha iyi bir yol oldugu ileri siiriilmektedir. Amag topraktan
nitrat kayiplarin1 sinirlamaksa, nitrifikasyon ve denitrifikasyon igin
anahtar oldugu bilinen taksonlarin (veya genlerin) varligini belirlemek,
bakteri toplulugunun genel ¢esitliligini karakterize etmeye ¢alismaktan
daha faydali bir bilgi verecektir. Daha fazla test yapmak daha
uygulanabilir bilgiler saglamayacak ve maliyeti artiracaktir. Ornegin tip
alaninda, testler olasi bir sorunun uzman degerlendirmesine dayanarak
yiritiiliir; toprak sagliginin mikrobiyal 6l¢iimlerini kullanirken de ayni
yaklasim olmalidir.

- Mikrobiyal oOl¢limlerin nasil pratige doniistiiriilebilir bilgi
tiretebilecegi gosterilmelidir. Birgok toprak mikrobiyal 6l¢iimii boyle bir
bilgi vermemektedir. Ornegin, USDA'nin toprak saghgn olgiim set
onerileri (Stott, 2019), mikrobiyal topluluk verilerinin normatif bir
yorumu olmadigini ve bu verilerin bir toprak sagligi 6l¢iitii olarak yararl
olmasi i¢in bunun gerekli oldugunu kabul eder. USDA yonergeleri
ayrica, kisa siireli C mineralizasyon oranlar1 ve enzimatik aktivite dahil
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olmak {lizere mikrobiyal aktivitenin Onerilen genomik olmayan
Ol¢iimlerinin yorumlama konusunda belirsizlik i¢erdigini kabul eder.
Buna karsilik, toprak pH'1'h  hakkindaki veriler, bir tarlanin
kireclenmesinin gerekip gerekmedigi ve optimum bitki gelisimini elde
etmek i¢in ne kadar kire¢ uygulanmasi gerektigi konusunda oneriler
verebilmektedir. Bu duruma benzer sekilde, topraktaki fosfor
biyoyarayisliligi veya topraktaki oksijen diizeyinin gii¢lii mikrobiyal
gostergeleri varsa, bu tiir mikrobiyal bilgiler karar alma siireclerine
dogrudan rehberlik etmek i¢in kullanilabilir. Mikrobiyal toprak sagligi
Olcimlerinin genel olarak yararli olmasi i¢in net bir sekilde
yorumlanabilir 6zellige sahip olmalar1 gerekir.

- Spesifik durumlarda mikrobiyal verilerin nasil yorumlanacagina
dair bilgi eksikligi. Toprak o6zellikleri ve mikrobiyal topluluklardaki
gliclii cografi farkliliklar nedeniyle, mikrobiyal analizlerin sonuglarini
baglama 6zel bir sekilde yorumlamak kritik 6neme sahiptir. Mikrobiyal
biyokiitlenin, toprak sagligiyla dogrudan ilgili olmayabilecek birgok
faktorden etkilenebilmesi nedeniyle, bir arazideki mikrobiyal
biyokiitleyi diger arazilerde bildirilen biyokiitle seviyeleriyle
karsilastirmanin sinirlt bir faydasi vardir. Bir benzetme yapilacak olursa,
belirli bir kisinin Tiirkiye ortalamasina kiyasla agirligi, o kisinin saglikli
olup olmadigimi belirlemek icin tek basina kullanilmamalidir. Ancak,
belirli bir yetiskinin agirhigindaki degisiklikler saglik sorunlarina isaret
edebilir veya en azindan saghk durumunun daha ayrintili
degerlendirmelerinin gerekli olabilecegini diisiindiirebilir. Mikrobiyal
tabanli dl¢timlerde, daha once tanimlanmis belirli degerleri kullanarak
toprak sagliginin 'iyi' mi yoksa 'koti' mi oldugunu belirleyemeyiz.
Ancak, belirli lokasyonlardan alinan orneklerin nasil degistiginin
karsilastirilmasi, lokasyona 6zgii baglami sagladigi i¢in daha fazla bilgi
akis1 saglayacaktir.

- 'Ideal' bir toprak mikrobiyal toplulugu yoktur. Tipki saglikl
insanlarin olduk¢a degisken bagirsak biyotasina sahip olabilmesi
(Falony et al., 2016) ve hatta olduk¢a iiretken, bozulmamis
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ekosistemlerin bile ¢ok belirgin bitki topluluklarina (her zaman yiiksek
cesitlilikte olmayan) sahip olabilmesi gibi, saglikli topraklarin tek bir
'optimum’ topluluk tiiriine sahip olmasini veya daha fazla mikrobiyal
cesitliligin her zaman daha iyi olmasini beklememeliyiz. Belirli bir
topragi idealize edilmis 'optimum' bir toprak mikrobiyal topluluguyla
karsilastirmak asla yararli olmayacaktir ¢iinkii boyle bir 'optimum’
toprak mikrobiyal toplulugu mevcut degildir. Bunun yerine, mikrobiyal
taksonlar1 veya bunlarin islevsel niteliklerini, toprak kosullarinin zaman,
mekan veya yonetim uygulamalarindaki degisimlere yanit olarak nasil
degistigini izlemek i¢in belirli toprak ozelliklerinin Olgiitleri olarak
kullanabiliriz.

-Mevcut yontemler yetersiz oldugunda mikrobiyal Ol¢limler
kullanilmalidir. Toprak sicakligi (Oliverio et al., 2017) ve toprak pH’s1
ile baglantili (Delgado-Baquerizo et al., 2018) mikrobiyal taksonlar
vardir. Ancak, hem pH hem de sicakligin 6lgiilmesi olduk¢a ucuz ve
hizlidir, bu nedenle bu toprak oOzellikleri yerine mikrobiyal verileri
kullanmak daha az yorumlanabilir bilgi saglayacaktir. pH veya sicakligi
degerlendirmek i¢in mikrobiyal analizler kullanmak, birine yakin
zamanda antibiyotik alip almadigin1 sormak yerine, antibiyotik
kullanimin1 ortaya c¢ikarmak i¢in bireyin digkisinin  mikrobiyal
analizlerini kullanmaya benzer. Bunun yerine, dogrudan o6l¢iilmesi
genellikle zor (veya pahali) olabilen, ancak ©nemli olan toprak
Ozelliklerinin mikrobiyal biyo-gostergelerini belirlemeye
odaklanmalidir. Bu gdstergeler; O2 seviyeleri, N/P yarayisliligi, labil C
miktarlari, briit N/P mineralizasyon oranlari, biyojeokimyasal siireglerin
potansiyel 'sicak noktalar1’' (6rn. denitrifikasyon, nitrifikasyon,
metanogenez) ve belirli kirleticilerin konsantrasyonlari olabilir.

-Topraklar mekansal ve zamansal olarak heterojen yapidadirlar.
Bir¢cok toprak kosulu zamana ve mekana gore Onemli Olglide
degisebilmektedir. Ornegin, N mineralizasyonu, nitrifikasyon ve
denitrifikasyon oranlar1 0,5 ha'lik alanda bile birka¢ kat farklilik
gosterebilirler (Robertson et al., 1988). Benzer sekilde, tek bir konumda
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Olctilen N2O toprak emisyonlarinin haftalik 6l¢timleri birkac kat fazla
veya az olabilir (Kaiser et al., 1998). Bu degisim korkutucu olabilir,
ancak uygun bir 6rnekleme tasarimiyla sorun giderilebilir. Bu nedenle,
mikrobiyal Olgiimler belirli bir zaman noktasinda belirli bir siirecin
belirli oranlarimi1 Olgmekten ziyade, belirli mikrobiyal siireglerin
potansiyel 'sicak noktalarini' (Kuzyakov ve Blagodatskaya, 2015)
belirlemek i¢in muhtemelen daha yararli olacaktir.

- Belirli bir mikrobiyal parametrede ne kadar fazla mekansal veya
zamansal degisim varsa, bu degisimi yeterince yakalamak ve analitik
sonuclara dayali saglam kararlar almak i¢in o kadar fazla 6rnegin analiz
edilmesi gerekecektir. Bu mekansal-zamansal degisim sorununun toprak
sagliginin mikrobiyal gostergelerine 6zgii olmadigini biliyoruz. Toprak
nitelikleri nadiren homojendir ve toprak kosullarindaki en ufak farklar
bile toprak yonetimi caligmalari i¢in dogrudan sonuglara sahip olabilir.

- Mikrobiyal verilerin sinirlamalarina ve potansiyel faydasina
ragmen, mikrobiyal parametreleri 6lgmek ve bunlari daha pratik hale
getirmek i¢in gereken bilgi tabanini olusturmak icin 6zellikle 'temel’
arastirma alaninin disindakiler olmak iizere daha fazla ¢aligma yapilmasi
gerekmektedir. Bu tiir ¢abalar, mikrobiyal Ol¢limleri daha geleneksel
Olctimlerle dogrudan karsilastirmak i¢in ¢ok ¢esitli toprak ve ekosistem
tiirlerini kapsayan kapsamli veri kiimelerinin toplanmasini, belirli
mikrobiyal biyo-gostergelerin yonetim uygulamalarindaki degisikliklere
nasil yanit verdiginin (veya yanit vermediginin) degerlendirmelerini,
mikrobiyal dl¢timler ile bitki sagligi veya bitki {iretkenligi arasindaki
iligkileri 6lgmek i¢in daha uzun vadeli ¢alismalarin uygulanmasini ve
farkli laboratuvarlarda yiiriitiilen mikrobiyal analizlerin tutarli sonuglar
verip vermedigini  degerlendirmek ig¢in  yOntemlerin  ¢apraz
dogrulamasin icerebilir. Bu tiir faaliyetler ve diger "yaparak 6grenme"
modelleri, bu 6lgiimleri arastirma laboratuvarlarinin disina ve gergek
diinya ortamlarina tagimak icin 6nemli ve gereklidir. Ancak, 6l¢iimlerin

ne zaman ve nasil etkili bir sekilde yorumlanabilecegi iyi bir sekilde
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belirlenene kadar, bu verilerin yararliligi konusunda asir1 vaatlerde

bulunulmamasi 6nemlidir.
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1. Giris

Toprak sagligi, strdiiriilebilir tarim i¢in kritik bir role sahiptir.
Bitkisel verim, gevre sagligi ve ekosistem dayanikliigini etkiledigi
bildirilmistir (Tahat vd, 2020; Pandao vd, 2024). Toprak saglig: toprakta
fiziksel, kimyasal ve biyolojik siireglerin dengeli bir sekilde islemesini
ifade eder (Moulik vd, 2024; Vezzani vd, 2024). Toprak kalitesi, bitkisel
tiretimi, bitkilerin stres faktorlerine karst dayanikliligini, Su yonetimini,
karbon tutulumunu ve genel ekosistem saghigmi  dogrudan
etkilemektedir. (Mondal vd, 2024; Sharma ve Kumar, 2024). Artan gida
talebini  karsilamak igin tarimsal faaliyetlerin artmasi, toprak
ekosisteminde ve toprak sagliginda 6nemli degisikliklere neden olmustur
(Pandao vd, 2024). Bu nedenle, toprak saglig: siirdiiriilebilir tarim i¢in
kritik bir konudur ve gida giivenliginin saglanmasinda 6nemli bir rol
oynamaktadir. (Vezzani vd, 2024; Moulik vd, 2024). Toprak sagliginin
korunmasi  koruyucu toprak isleme, vermikompostlama, {iriin
cesitliligini artirma, bitkisel artiklarin yonetimi, organik toprak
diizenleyiciler, giibre kullanimimin yo6netimi, sulama yonetimi, dogal
mineral diizenlemeler, toprak biyolojisini iyilestirmek igin yararh
mikroorganizmalar ve biyopestisit uygulamalar1 yapilabilir (Mondal vd,
2024; Sharma ve Kumar, 2024). Bu uygulamalar, toprak sagliginin
iyilestirilmesine katkida bulunurken, besin dongiisiiniin
iyilestirilmesine, girdilerin azaltilmasina ve tarim arazilerinin
stirdiiriilebilir hale getirilmesine yardimci olmaktadir. (Vezzani vd,
2024; Moulik vd, 2024).

Siirdiiriilebilir tarim uygulamalarimin uzun vadede ekosistemlerin
sagligina etkilerini anlayabilmek i¢in toprak sagligi ve toprak verimliligi
arasindaki iligki 6nemlidir. Topraktaki mikroorganizma faaliyetlerinin
toprak ve bitki saghigimm arttirllmasinda ¢ok 6nemli bir rolii vardir
(Prasad vd, 2015; Boroujeni vd, 2021), bu da siirdiiriilebilir tarim
acisindan 6nemli bir strateji olarak goriilmektedir (Boroujeni vd, 2021).
Toprak saghginin topragin fiziksel, kimyasal ve biyolojik bilesenlerinin
bitki biiyiimesi ve besin yonetimi iizerindeki etkilerini inceleyen Grover
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ve arkadaslar1 (2024) toprak sagligini iyi hale getirmenin bitkisel
verimliligi artirdigin1 ve ¢evresel siirdiiriilebilirlige olumlu katkisinin

oldugunu bildirmislerdir.

2. Toprak Saghgi ve Siirdiiriilebilir Toprak Yonetimi

Arasindaki Tliski

Siirdiiriilebilir toprak yonetiminin temel yapitas1 toprak sagligidir.
Ekosistemin uzun vadede islevselliginin korunmasi ve tarimsal
verimliligin artirilmasinda biiyiik bir rol oynamaktadir. Topragin
kimyasal, biyolojik ve fiziksel biitiinliigiin korunmas: gelecekte
yasanmast muhtemel gida giivenligi ve iklim degisikligine karsi
dayaniklilik agisindan vazgecilmez bir unsurdur. (Maharjan vd, 2024).
Toprak koruma yontemlerine erozyonun azaltilmasi, Su tutma
kapasitesinin artirilmas1 ve bitki besin elementlerinin  dongiisiiniin
iyilestirilmesi gibi unsurlar 6rnek verilebilir. Ara iriin  bitkiler
yetistirmek ve sifir toprak isleme (no-till) gibi uygulamalar, toprak
yapisinin korunmasina ve mikroorganizma aktivitelerinin artirilmasini
saglamaktadir (Lal, 2015). Toprak sagligi; bitki, hayvan ve insanlar
ayakta tutan hayati bir dGneme sahip olan ekosistemin devam edebilmesi
acisindan islevini tanimlamak i¢in kullanilabilir (NRCS, 2023). Buna ek
olarak, tarimsal tiretim ve iklim degisikliginden meydana gelen sorunlara
kars1 uyum saglayarak, iklim degisikliginin etkilerini en aza indirmek
icin ekosistemin bir parcasini kapsayan bir ilke olarak da goriilebilir
(IPCC, 2014). Topragin fiziksel, kimyasal ve biyolojik 6zellikleri, 6zetle
toprak sagligi gostergeleri, tarimsal tiretim gergeklestirilen bolgelerdeki
toprak sagligi hakkinda fikir verici olmaktadir (Das vd, 2023). Bagnal
vd, (2023) Kuzey Amerika toprak sagligi 6lgme ve degerlendirme
projesinde, 37 toprak 6zelligi parametresi incelenmis; toprak organik
karbon potansiyeli ve agregat stabilitesini kritik toprak saglig1 gostergesi
olarak belirlenmistir. Topragin fiziksel, kimyasal ve biyolojik
ozelliklerin korunup topragin siirdiiriilebilir sekilde yonetilebilmesi igin

stirdiirtilebilir toprak yonetimi uygulamalar1 vasitasiyla korunmasi
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tarimsal iiretimde devamlilig1 saglama bakimindan ¢ok énemlidir. Bazi
aragtirmalar, toprak biyogesitliliginin korunmasi ve organik madde
seviyesinin artirllmasimin toprak sagliginin iyilestirilmesine 6nemli
diizeyde katkida bulundugunu gostermektedir (Lehman vd, 2015).

3. Toprak Saghgi Gostergeleri

Toprak sagligi gostergeleri, toprak ekosisteminin isleyisini ve
bitkisel verimliligi belirleyen fiziksel, kimyasal ve biyolojik 6zelliklerin
bir araya gelmesiyle meydana gelir. Fiziksel toprak sagligi gostergeleri
toprak striiktiirii, toprak yogunlugu ve su tutma kapasitesi gibi
parametrelerdir. Bu ozellikler topragin su ve hava gegirgenligi, bitki
koklerinin gelisimi ve erozyona karsi direng konusunda Kkritik rol
oynamaktadir (Lal, 2015). Bitkisel verim ve toprak sagligi arasinda
dogrudan bir iliski vardir. Saglikli topraklarda mikroorganizma faaliyeti
daha yiiksek olurken bitkilerin besin elementine erisimi de yiiksektir bu
da tarimsal verimlilige olumlu katki da bulunur (Lehman vd., 2015).
Buna karsin sagliksiz topraklar insan ve ¢evre sagligi agisindan olumsuz
etkilere sahip or: agir metal, mikroplastik gibi inorganik bilesikler
icermektedir. Biyolojik toprak sagligi gostergeleri arasinda mikrobiyal
biyokiitle, toprak enzim aktivitesi ve toprakta bulunan diger
mikroorganizmalar yer almaktadir. Bu biyolojik gostergeler toprakta
organik maddenin parcalanmasi, besin dongiisii ve bitki biiylimesini
etkileyen belirleyici siireglerin bir pargasi olmaktadir (Lehman vd.,
2015). Son olarak toprak saghginin gostergelerinden olan kimyasal
gostergeler topraktaki pH, besin elementi durumu, organik madde icerigi
ve ozellikle agir metal gibi Kirleticilerin durumunu belirtir (Kibblewhite
vd., 2008). Agir metal ve mikroplastiklerin topraktaki birikimi sonucu
mikroorganizma faaliyeti baskilanir, bitkisel verimlilik diiser ve
nihayetinde besin zinciri yoluyla insan ve hayvan sagligini tehdit eder.
Bu gostergeler dikkate alindigi zaman toprak sagliginin korunmasi her
ne kadar tarim ve gida giivenligi i¢in 6nemli ise halk ve ¢evre sagliginin
korunmasi agisindan da bir o kadar 6nemlidir.
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4. Toprak Saghgi Gostergeleri ve Sayisal Toprak Modelleme

Toprak sagligi parametrelerini  gosteren, topragmn fiziksel,
kimyasal ve biyolojik ozelliklerini kapsayan Olgiitlerdir. Bu olgiitler,
toprak verimliligi, ekosistemin islevleri ve ¢evresel siirdiiriilebilirlik
acisindan biiyiik 6neme sahiptir. Toprak sagligi degerlendirilirken genel
olarak organik madde igerigi, topragin mikrobiyal biyokiitlesi, enzim
aktiviteleri, pH, mikroplastikler ve agir metaller gibi parametreler goz
ontine alinir. Toprak organik maddesi toprak yapisinin korunmasina, su
tutma kapasitesinin artirllmasma ve bitkilerin besin elementinden
yarayisliliginin artmasina yardimer olur (Kok vd., 2024). Toprak
mikrobiyal biyokiitle ve enzim aktivitesi organik maddenin
minerilizasyon siirecinde olumlu etkileri vardir ve bu sayede bitki
biiytimesini destekler. Mikroplastikler ve agir metal icerigi topragin
biyolojik islevini olumsuz etkileyerek hem toprak sagligi hem de bitki
verimliligini olumsuz etkileyebilir. (Maharjan vd., 2024).

Mikroplastikler, pestisitler ve gesitli atiklar gibi Kirleticiler, toprak
ozellikleri, mikrobiyal topluluklar ve genel ekosistem islevselligi
tizerindeki derin etkileri nedeniyle toprak sagliginin 6nemli gostergeleri
olarak hizmet etmektedir.

Karbon bazli malzemeler olarak bilinen mikroplastiklerin toprak
ekosistemlerinde birikerek ¢esitli etkilere yol actigi bilinmektedir.
Bunlar, toprak verimliligini dogrudan veya dolayl yollarla etkiler iken
varliklar1 ayn1 zamanda toprak mikrobiyal cesitliligini ve islevini
bozabilecek dis kaynakli Kirleticiler olarak risk olusturmaktadir.
Mikroplastiklerin birikmesi, toprak sagligin1 korumak igin gerekli olan
toprak striikktiiriinii, su tutma niteligini ve besin kullanilabilirligini
olumsuz etkileyebilmektedir. Ayrica, mikroplastiklerin  varligi,
cesitliliklerini ve metabolik islevlerini etkileyerek toprak saghiginda
hayati bir rol oynayan mikrobiyal topluluklara miidahale edebilir (Zheng
vd., 2022).

Pestisitler, toprak sagligimin bir gostergesi olarak hizmet
edebilecek bir diger kritik kirleticiyi temsil etmektedir (Tripathi vd.,
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2020). Pestisitlerin uygulanmasi, mikrobiyal topluluklar1 bozarak ve
biyogesitliligi azaltarak toprak kalitesinin bozulmasina yol agabilir. Bu
kimyasallarin varligi sadece bitki sagligimi tehlikeye atmakla kalmaz,
ayni1 zamanda gida giivenligi ve ekosistem biittinltigi ile ilgili endiseleri
de artirir (Hossain vd., 2022). Uriin rotasyonu ve organik degisiklikler
gibi  siirdiirilebilir  toprak  yoOnetimi  uygulamalari,  pestisit
kontaminasyonunun olumsuz etkilerini azaltmak ve uzun vadeli toprak
verimliligini korumak i¢in gereklidir (Verma vd., 2020). Ayrica, toprak
sagliginin degerlendirilmesi, pestisit kalintilarinin konsantrasyonlarinin
analiz edilmesiyle anlasilabilir; bu da kontaminasyonun boyutu ve
toprak ekosistemleri iizerindeki potansiyel etkileri hakkinda bilgi
saglayabilir (Lat vd., 2023).

Agir metaller ve organik kirleticiler de dahil olmak iizere atiklar da
toprak sagligmin kritik gostergeleridir. Toprakta agir metallerin
bulunmasi, topragin kalitesini ve igindeki organizmalarin sagligini
onemli 6lciide etkileyebilir. Ornegin, calismalar agir metal kirliliginin
mikrobiyal aktivitenin azalmasina ve toprak kimyasinin degismesine yol
acarak toprak sagligini tehlikeye atabilecegini gostermistir (Sama vd.,
2023). Kirlenme faktorii ve ekolojik risk degerlendirmeleri gibi
endeksler kullanilarak toprak kirliliginin ~ degerlendirilmesi, bu
Kirleticilerin hem insan sagligi hem de gevre i¢in olusturdugu potansiyel
riskler hakkinda degerli bilgiler saglayabilir (Panico vd., 2023; Giinal
vd., 2023). Ayrica, atik kirliligiyle iligskili olarak toprak sagliginin
degerlendirilmesi genellikle topragin fiziksel, kimyasal ve biyolojik
ozelliklerinin incelenmesini igerir; bu da bozulma diizeyini ve
iyilestirme stratejilerine duyulan ihtiyaci gosterebilir (Yoon vd., 2024).

Sayisal toprak modelleme wuygulamasi bu parametreleri
degerlendirmek ve toprak sagligim izlemek i¢in kullanilabilen ileri bir
teknoloji olarak karsimiza ¢ikar. Uzaktan algilama NIR spektroskopisi
ve yapay zeka/derin 6grenme modelleri gibi teknolojiler toprak sagligi
parametrelerinin mekansal varyasyonunun hassas bir sekilde 6l¢gmek i¢in
kullanilabilir (Hengl ve Greve, 2024). Bu sayede tarim arazilerinin
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verimliligini artirmak ve ¢evresel siirdiiriilebilirligi saglamak igin daha
ileri ve etkin yontemler gelistirilebilir.

5. Toprak Saghg Tahmin ve Simiflamasinda Kullamilan Ortak

Degiskenler

Toprak sagliginin tahmin edilmesi ve smiflandirilmasinda
kullanilan makine 6grenme modelleri topragin fiziksel, kimyasal ve
biyolojik 6zelliklerini  degerlendirmektedir. Bu o6zellikler toprak
saghigim etkileyen onemli degiskenler olarak kabul edilmektedir.
Bundan dolayr modelin performansin1 optimize etmek igin sik
kullanilmaktadir. Toprak sagligini tahmin etmek ve siniflandirmak igin
sik kullanilan ortak degiskenler ise sunlardir;

Toprak Organik Karbonu: Topragin organik karbon igerigi toprak
saghigmin temel gostergelerinden birisidir. Organik karbon toprak
verimliligini, su tutma kapasitesini ve mikrobiyal aktiviteyi dogrudan
etkilemektedir. Makine 6grenme modellemelerinde organik karbon
toprak sagligi tahmininde sik kullanilan bir degiskendir. Toprak organik
karbon seviyesi toprak igerisindeki organik madde miktarini1 belirler ve
bundan dolay: bitkisel verimliligin 6nemli bir gostergesi olarak
karsimiza ¢ikmaktadir. (Liu vd., 2024).

pH Degeri: Topragin pH degeri topraktaki asidik ve bazik
Ozellikleri  yansitmaktadir ve bitkilerin  besin elementlerinden
biyoyararlanimint dogrudan etkileyen bir unsurdur. pH toprak sagligini
etkileyen 6nemli bir faktor oldugundan dolay1 bircok model de yaygin
olarak  kullanilan  bir  degiskendir.  Bitki tiirlerinin  ve
mikroorganizmalarin biiylimesi ve gelismesi belirli bir pH araligina bagl
oldugu bilinmektedir (Barcenas-Moreno, Baath, & Rousk, 2016).

Toprak Tekstiirii (Kum, Silt, Kil Oranlari): Toprak tekstiirii
topragin fiziksel yapisin1 ve hava-su gecirgenligini belirleyen bir
faktordiir. Kum, silt ve kil oranlar toprak yapisinin siniflandirilmasinda
kullanilmaktadir. Bu oranlar toprak sagligim dogrudan etkileyen
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unsurdur. Toprak tekstiirii kok gelisimini, su tutma kapasitesini ve
mikroorganizma aktivitesini belirlemektedir. (Abishek vd., 2023).

Bitki Besin Elementleri: Bitkilerin biiyiiylip gelisebilmesi i¢in
makro ve mikro elementlere ihtiyaci vardir. Bu besin elementlerinin
topraktaki miktar1 toprak sagligi ve bitkisel verimlilik agisindan 6nemli
bir parametredir. Besin elementleri bitkilerin beslenmesinde 6nemli bir
role sahip oldugu gibi makine 6grenme modellerinde yaygin olarak
kullanilan degiskenler arasindadir. (M. R. vd., 2023; Vadivelan &
Prasad, 2024; Kumar & Kaur, 2024)

Toprak Nem Jcerigi: Bitkilerin su ihtiyacim karsilamasi ve
topraktaki mikroorganizmalarin yasamini siirdiirebilmesi agisindan
topragin nem igerigi gerekli olan etkenlerden birisidir. Topragin nem
igerigi, su tutma kapasitesi ve buharlagsma oranlar1 gibi degiskenlerle
degerlendirilmektedir ve toprak sagliginin 6nemli gostergelerinden birisi
olarak karsimiza cikar. Ozellikle akilli sulama sistemlerinin
yonetilmesinde bu degiskenin etkisi fazladir. (Padmavathi vd., 2024).

Mikrobiyal Aktivite: Toprak igerisindeki mikrobiyal aktivite
organik maddenin pargalanmasini ve besin dongiisiinii saglamaktadir.
Mikrobiyal biyokiitle ve enzim aktiviteleri parametreler toprak sagligin
degerlendirmek i¢in kullanilan biyolojik gostergelerdir. Bu gostergeler
toprak sagligimin tahmin edilmesinde o6nemli degiskenler olarak
goriilmektedir. (Qu vd., 2023; Datt & Singh, 2019; Joos vd., 2023)

Agir Metaller: Toprak kirliliginin ve toksisite riskinin
gostergesinden birisi agir metal icerigidir. Toprakta bulunan agir metal
(6r: kursun, kadmiyum, civa) konsantrasyonlari toprak sagliginit olumsuz
etkilemekte ve bundan dolay1 toprak sagliginin belirlenmesinde makine
ogrenme modelleri igerisinde dikkate alinmaktadir (Naizabayeva &
Zakirova, 2023; Cipullo vd., 2019; Smolders vd., 2009).

Toprak Sicakhigi: Toprak mikroorganizma aktivitesi, su
buharlagsmasi ve bitki biiylimesini etkileyen bir diger unsur ise toprak
sicakhigidir. Toprak sicakligi ozellikle bitki kok gelisimi ve su
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emiliminde 6nemli bir rol oynamaktadir (Ahmad Sabri vd., 2018;
McMuichael & Burke, 2002; Forbes, 1999).

Bu degiskenler toprak sagligmin tahmin edilmesi ve
siiflandirilmast agisindan makine o6grenme modellerinde siklikla
kullanilan temel bilesenlerdir. Her bir degisken toprak sagliginin farkli
yoniinii temsil ederken bu degiskenlerin bir araya getirilerek bir sonuca
ulagilmas1 ise daha dogru ve giivenilir tahminler yapilmasin

saglamaktadir.

6. Toprak Saghg Gostergeleri Tahmininde ve Simiflamasinda

Kullanilan Yontemler

Toprak sagligi gostergelerinin  belirlenmesi ve tahminlerde
bulunularak simiflandirilmasi i¢in kullanilan istatistiksel ve makine
ogrenme modelleri, toprak verimliligini ve ekosistem sagliginin
iyilestirilmesi agisindan 6nemli bilgiler saglar. Iki temel yaklagim olan
Klasik lineer regresyon ve dogrusal olmayan regresyon modellemeler
farkl1 veri yapilarina gore ve analiz ihtiyacina gore kullanilmaktadir.

Klasik Lineer Regresyon: iki veya daha fazla degisken varsa
dogrusal iliskileri modellemek igin kullanilmaktadir. Bu yontem basit ve
anlasilir olmasindan dolay1 toprak sagligi gostergelerinin belirlenmesi ve
tahmin edilmesi siirecinde ¢ok sik tercih edilmektedir. Ornegin toprak
organik karbon igeriginin toprak 6zellikleriyle olan dogrusal iliskisini
modellemek icin Klasik lineer regresyon yontemi kullanilabilir. Fakat
toprak sagligi gostergeleri genel de karmasik, dogrusal olmayan ve ¢ok
degiskenli bir veri seti oldugundan dolay1 klasik lineer regresyon bu
iligkilerin tamamin1 yakalayamayabilir. Bundan dolayr modelin
belirleyici ve tahmin edici dogrulugu diisebilir ve model toprak sagligini
etkileyen tim faktorleri kapsayan model olarak degerlendirilemez.
(Berardinelli vd., 2018; Sestak vd., 2019)

Dogrusal Olmayan Regresyon: ozellikle toprak saghigi
gostergelerinin  karmagsik ve ¢ok boyutlu veri kiimelerinin tahmin
edilmesi gerektiginde kullanilmaktadir. Toprak sagligi gostergelerini
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daha iyi modellemek i¢in Gaussian Process Regression (GPR) ve
Support Vector Regression (SVR) gibi yontemler kullanilmaktadir.
Toprak organik karbon igeriginin tahmin edilmesinde GPR modeli
topragin spektral verilerini kullanarak daha dogru bir veri saglamaktadir
(Liu vd., 2024). Esnek bir yontem olarak dogrusal olmayan yapilari daha
kolay yakalayabilen GPR toprak orneklerinin ¢ok boyutlulugunu ve
heterojenligini diger yontemlere gore daha iyi temsil etmektedir. (Rose,
Nickolas, & Sangeetha, 2022; Cipullo vd., 2022).

Hibrit Modeller: Hibrit modellerin kullanimi son zamanlarda
giderek artmaktadir. Bu modeller, birden fazla regresyon teknigini bir
araya getirir ve toprak sagligi parametrelerinin tahmin edilmesinde daha
yiiksek performans elde etmeyi amaglar. Ornegin Hibrit Kernel Gaussian
Process Regression (HKF-GPR) modeli klasik GPR modelinin
performansini artirmak i¢in farkli kernel fonksiyonlarini bir araya getirir
ve bu sekil de genis toprak spektral kiitiiphanelerinde toprak organik
karbon igeriginin tahminin de iyi bir basar1 gostermektedir. (Liu vd.,
2024).

Mekansal Tahmin ve Regresyon Kriging: Mekansal istatistiksel
yontemlerden birisi de Regresyon Kriging’dir. Bu yontem topragin
fiziksel ve kimyasal 6zelliklerinin mekansal varyasyonunu tahmin etmek
icin topografik ve cevresel parametreleri birlestirerek bir tahmin de
bulunur. Ornegin Sarkodie ve arkadaslari (2024) yaptiklar1 bir calismada
regresyon kriging yontemi kullanarak orman topraklarinda bazik
katyonlarin (Ca, Mg ve K) mekansal dagilimini tahmin etmisler ve
toprak sagligi parametrelerinin mekansal varyasyonu tahmin etmede
olduk¢a basarili oldugunu bildirmislerdir. Bu tiir modellemeler
stirdiiriilebilir toprak yonetimi ve gevresel planlama agisindan 6nemlidir.
Bu yontemler toprak sagligimin daha hassas degerlendirilmesi ve
yonetilmesi agisindan 6nemli firsatlar sunmaktadir.

Rassal Aga¢lar (Random Forest (RF)): Bu algoritma bir dizi karar
agact modeli olusturularak farkli toprak sagligi parametrelerinin
siiflandirilmasinda kullanilir. Random Forest yiiksek dogruluk orani
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sunarken ayni1 zamanda karmasik ve dogrusal olmayan iliskileri tespit
edebilmektedir. Ullah ve ark., (2024) yaptiklar1 bir ¢alisma da rassal
agacglar modellemesini kullanarak toprak organik karbon igeriginin
tahmin edilmesini ve siiflandirilmasini basariyla ger¢eklestirmislerdir.
Random Forest modellemesi 6zellikle biiyiik veri kiimeleri ve karmasik
yapiya sahip veri kiimeleri ile ¢alisirken tercih edilmektedir.

Destek Vektor Makineleri (Support Vector Machine (SVM)):
Support vector machine (SVM) algoritmasi 6zellikle sinirli veri setleri
ve daha yiiksek boyutlu veri alanlart i¢in uygundur. SVM topragin
fiziksel ve kimyasal ozelliklerinin siniflandirilmasinda ve o6zellikle
dogrusal olmayan smirlar1 belirlemek i¢in kullanilir. Malamsha ve ark.,
(2023) SVM algoritmasinin toprak dokusu ve besin igerigi gibi
ozelliklerin tahmin edilmesinde basarili oldugunu bildirmislerdir.

Katmanli Sinir Aglar: (Convolutional Neural Networks (CNN)):
Convolutional Neural Networks (CNN) algoritmas1 toprak verilerinin
Ozellikle gorinti verilerini isleme i¢in kullanilan derin 6grenme
algoritmalar1 arasindadir. Toprak dokusunun goriintii analizi metoduyla
tahmin edilmesinde CNN basarili bir sekil de kullanilir. Bu algoritma
topragin fiziksel yapisin1 anlamak ve hizli bir sekil de tahmin etmek i¢in
daha verimlidir. (Abishek vd., 2023).

Gaussian Siire¢ Regresyonu (Gaussian Process Regression
(GPR)): Gaussian Process Regression (GPR) algoritmasi, dogrusal
olmayan regresyon problemlerinde tercih edilen bir yontemdir ve
belirsizlikleri tahmin etme de giicliidiir. Topragin spektral verilerini
karmagik veri kiimelerinin islenmesinde tercih edilen GPR toprak
organik karbon ve diger kimyasal oOzelliklerin tahminin de
kullanilmaktadir (Liu vd., 2024).

Hibrit Modeller: Hibrit modellemeler birden fazla makine
Ogrenme algoritmalarini bir araya getirilerek daha yiiksek performans
elde edilmek igin tercih edilen bir yontemdir. Ornegin hibrit kernel GPR
modeli kullanilarak klasik GPR’nin performansinin daha da artirilmasi
icin farkli kernel fonksiyonlarinin birlestirilmesi ve biiyiik toprak veri
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tabanlarinda yiiksek dogruluk saglanmasini amaglar (Padmavathi vd.,
2024).

Makine ogrenme algoritmalarimn toprak sagliginin tahmin
edilmesinde ve smiflandirilmasinda kullanimimin tercih edilmesi
tarimsal verimliligi artirmak, siirdiiriilebilir toprak ydnetiminin
saglanmasi ve ¢evresel etkilerin en aza indirilmesi agisindan biiyiik
Oneme sahiptir.

7. Toprak Saghg Gostergeleri Tahmininde ve Simiflamasinda

Kullanilan Yontemlerin Tahmin Basarisi

Makine o&grenimi teknikleri, 6zellikle ensemble (topluluk)
yontemler, toprak ozelliklerinin tahmin dogrulugunu artirmada 6nemli
bir potansiyel gostermistir. Ornegin, vd. (Radoc¢aj, 2023), ensemble
makine 6grenimi tekniklerinin, Rassal Agaglar (RF), Destek Vektor
Makineleri (SVM) ve Extreme Gradient Boosting (XGBoost) gibi
algoritmalar dahil olmak tizere, farkli veri alt kiimeleri tizerinde egitilmis
birden fazla modeli birlestirerek tahmin dogrulugunu etkili bir sekilde
artirabilecegini vurgulamistir. Bu yaklagim, bireysel algoritmalarin
sinirlamalarin1 ele alarak daha saglam bir tahmin gergevesi olusturur.
Benzer sekilde, geleneksel dogrusal regresyon yontemleri yerine makine
ogreniminin kullanilmasi, 6zellikle daha yiiksek ¢oziintirliiklii uzaktan
algilama kaynakli ortak degisken katmanlari kullanildiginda, toprak
ozellikleri haritalama dogrulugunda 6nemli iyilestirmeler saglamigtir
(Hengl vd., 2017).

Toprak tuzlulugu tahmin haritalamasi baglaminda, g¢alismalar,
toprak kosullarini etkili bir sekilde degerlendirmek igin ileri diizey
makine 6grenimi algoritmalarmi kullannustir. Ornegin, Hoa vd. (2019),
Sentinel-1 SAR goriintiileriyle  birlestirilmis makine  6grenimi
tekniklerini toprak tuzlulugu seviyelerini tahmin etmek igin kullanmis ve
arazi kullanim planlamasi i¢in dogru haritalamanin  6nemini
vurgulamistir. Karsilastirmali bir ¢alismada, Wang vd. (2019), farkli
cografi konumlarda toprak tuzlulugunu tahmin etmek i¢in LASSO,
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MARS ve RF dahil olmak iizere ¢esitli makine 6grenimi algoritmalarini
degerlendirmis ve RF'nin  tahmin dogrulugu acisindan diger
yontemlerden siirekli olarak daha iyi performans gosterdigini bulmustur.
Bu egilim, Vermeulen & Niekerk (2017) tarafindan yapilan ve
jeomorfometrik ortak degiskenler kullanilarak toprak tuzlulugu
tahminlerine uygulandiginda makine o6grenimi modellerinin {istiin
performansini rapor eden ¢alismada da yansitilmistir.

Bu baglamda, aragtirmalarin ortak noktasi farkli ML
algoritmalarinin  tahmin basarisinin ~ karsilastirmast  olmustur  ve
nihayetinde ise makine o6grenimi algoritmas: secimi, toprak sagligi
tahminlerinin dogrulugunu 6nemli ol¢lide etkiledigi vurgulanmistir.
Zhang vd. (2020), toprak partikiil boyutu (kum, silt ve Kkil)
fraksiyonlarini siiflandirmak igin bes makine o6grenimi modelini
sistematik olarak karsilastirmis ve yapay sinir aglari ile karar agaglarinin
diger modellere kiyasla daha yiiksek dogruluk ve yorumlanabilirlik
sagladigin1 bulmustur. Bu bulgu, Kamarudin'in (2023) arastirmasindan
elde edilen ve bir Soft Voting ensemble yaklasimi kullanilarak
siniflandirma algoritmalarinin optimize edilmesine odaklanan sonuglarla
da uyumludur; bu da toprak verimliligi siniflandirmasinda gelistirilmis
performans gostermektedir. Ayrica, Emadi vd. (2020), ANN ve RF dabhil
olmak tizere ¢esitli makine 6grenimi algoritmalarinin toprak organik
karbon igerigini tahmin etmedeki etkinligini vurgulamistir.

Sayisal toprak modelleme baglaminda toprak sagligi tahmin ve
siiflandirma modellerinin performansini etkileyen bir diger unsur ise
veri on islemedir. Veri 6n isleme teknikleri de makine 6grenimi
algoritmalarinin  performansinda Kkritik bir rol oynadigi bir¢ok
aragtirmada dikkat c¢ekmektedir. Li vd. (2020), veri o6n isleme
yontemlerinin 6nemini vurgulayarak, temel diizeltme ve o6zellik
se¢iminin toprak azot igerigini tahmin etmek i¢in geleneksel modelleme
yaklagimlarinin dogrulugunu 6nemli 6lgiide etkiledigini belirtmistir. Bu
acidan, girdi verilerinin istatistiksel o6zellikleri ve kalitesi dogrudan
makine 6grenimi tahminlerinin giivenilirligini etkiler. Dahasi, Uddin &
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Hassan (2022) tarafindan tartisilan ortak degisken se¢im algoritmalarinin
entegrasyonu, model egitimi i¢in en alakali ozellikleri belirleyerek
toprak tiirlerinin simiflandirma dogrulugunu artirdigi bildirilmistir.

Model performansinin  degerlendirilmesi, toprak sagligi
tahmininde makine ogrenimi uygulamalarinin  bir diger GSnemli
bilesenidir. Cesitli ¢alismalar, farkli algoritmalarin tahmin yeteneklerini
degerlendirmek igin belirleme katsayisi (R?), kok ortalama kare hata
(RMSE) ve dogruluk oranlar1 gibi metrikler kullannmstir. Ornegin, Zhu
vd. (2022), geri yayilim sinir aglar1 ve destek vektor regresyonunun
toprak kayma dayanimi parametrelerini tahmin etmedeki performansini
degerlendirmek i¢in R? ve RMSE kullanmis ve BPNN modelinin en
dogru tahminleri sagladigin1 bulmustur. Benzer sckilde, Soberano
(2023), Rassal Agaclar algoritmasinin tarimsal uygulamalarda toprak-
mahsul uygunluk desenlerini tahmin etmede %94.6 dogruluk oranina
ulastigim bildirmis ve bu modelin etkinligini ortaya koymustur.

Ayrica, gevresel faktorlerin toprak sagligi tahminleri tizerindeki
etkisi ¢esitli makine 6grenimi yaklagimlariyla arastirilmistir. Radocaj'in
(2023) biyoklimatik ortak degiskenlerin toprak karbon tahminlerine
etkisi lizerine yaptig1 arastirma, ¢evresel degiskenlerin ensemble makine
ogrenimi modellerine dahil edilmesinin tahmin dogrulugunu 6nemli
Ol¢iide artirdigini ortaya koymustur. Bu bulgu, modellerin gergek diinya
senaryolarinda uygulanabilirligini artirarak degisen c¢evresel kosullara
uyum saglayabilen modeller gelistirmek igin kritik 6neme sahiptir.

8. Sonuc¢

Toprak saglhigini belirlemek igin makine 6grenimi algoritmalarinin
uygulanmasina iligkin literatiir, ¢ok sayida c¢alismanin bulgularina
dayanan ¢esitli oneriler sunmaktadir. Bu tavsiyeler genellikle toprak
saghigt  degerlendirmelerinin  dogrulugunu  artirmaya, makine
ogreniminin diger teknolojilerle entegrasyonunu gelistirmeye ve veri
kalitesi ile 6n islemenin 6nemini vurgulamaya odaklanmaktadir.
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Uzaktan algilama verilerinden yararlanmanin, toprak sagligi
degerlendirmelerinde ~ makine  6grenimi  modellerinin  tahmin
yeteneklerini 6nemli O6l¢iide artirabilir. Uzaktan algilama verilerinin
makine o6grenimi yontemleriyle birlestirilmesinin, ozellikle biiyiik
caligma alanlarinda, toprak tuzlulugu gibi kurak ve yar1 kurak alanlarda
toprak saghigi degerlendirmesinde kullamilmasi gereken gostergelerin
daha dogru tahmin edilmesini sagladigi literatiirde vurgulanmistir. Bu
entegrasyon, biiyiik uzamsal veri kiimelerinin analizini kolaylastirarak
arastirmacilarin farkli peyzajlarda toprak o6zelliklerinin varyasyonunu
dogru bir sekilde belirlemesine olanak saglayabilir. Benzer sekilde, daha
yiiksek ¢oziiniirliiklerde toprak 6zelligi haritalamasini iyilestirmek i¢in
makine Ogrenimi algoritmalarinin  jeo-uzamsal verilerle birlikte
kullanilmasi savunulmaktadir.

Gelecekteki calismalarda, biiyiik veri kiimelerini ve toprak
verilerindeki karmagsik iliskileri ele almak igin derin &6grenme
teknolojilerini  kullanmaya odaklanilmas1 gerekmektedir. Ornegin,
birden fazla modeli entegre ederek toprak karbon igerigi tahminlerini
iyilestirmede topluluk makine o6grenimi tekniklerinin  etkinligi
degerlendirilmelidir. ~ Gelismis algoritmalarin  kullanimi, toprak
ozellikleri arasindaki dogrusal olmayan iligkileri ve etkilesimleri ortaya
koymak i¢in daha yetenekli olduklarindan, potansiyel olarak daha dogru
ve giivenilir toprak sagligi degerlendirmelerine imkan saglayabilir.

Ote yandan, modelin yorumlanabilirligi énemlidir. Toprak saghg
degerlendirmelerinde  seffaf  metodolojilere  duyulan  ihtiyag
duyulmaktadir. Ornegin, makine dgrenimi modelleri yiiksek dogruluk
elde edebilirken, tahminleri etkileyen altta yatan faktorlerin
anlasilmasinin arazi yonetim uygulamalar i¢in gereklidir. Bu, 6zellikle
toprak sagligi degerlendirmelerinden eyleme gegcirilebilir i¢goriilere
ihtiya¢ duyan paydaslar i¢in 6nemlidir. Yani, yalnizca dogru tahminler
saglamakla kalmayip ayn1 zamanda model ¢iktilarinin yorumlanmasina
da olanak tanyarak toprak yonetimi uygulamalarinda daha iyi karar
vermeyi kolaylastiran metodolojileri benimseme tesvik edilmektedir.
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Toprak sagligi alansal olarak degerlendirildiginde; toprak
ozelliklerindeki bolgesel farkliliklart hesaba katan yerellestirilmis
modellere ihtiya¢ duyulmaktadir. Ozellikle, topografya ve arazi kullanim
yonetimindeki farkliliklar nedeniyle toprak sagligi puanlarinin arazi
kullanim tiirleri (tarla, bahge, mera gibi) arasinda Onemli Ol¢iide
degisebilir. Bu nedenle, belirli cografi bolgelere gore uyarlanmis makine
ogrenimi modellerinin gelistirilmesi, toprak sagligi tahminlerinin
dogrulugunu artirabilir. Bu yerellestirilmis yaklasim, makine 6grenimi
modellerinin tahmin performanslarin1 artirmak igin Yyerel ¢evresel
degiskenleri igermesi gerektigini belirten bulgularla desteklenmelidir.
Ciinkii, modellerin farkli toprak tiirlerinin benzersiz ozelliklerini
yansitacak sekilde 6zellestirilmesi gerekmektedir.

Sonug olarak, sayisal Toprak modelleme baglaminda Toprak
saglig1 i¢in insa edilen makine 6grenimi modellerinin farkli ¢alisma
alanlarinda ve ortak degiskenler ile siirekli olarak egitilmesi,
dogrulanmas1 ve test edilmesi gereklidir. Boylelikle, modellerin
giivenilirliklerini ve genellenebilirliklerini saglamak igin bagimsiz veri
kiimeleri kullanarak modellerinin kapsamli dogrulamasini yapmalari
onemlidir. Bu yaklagim, makine &grenimi algoritmalarimin tahmin
yeteneklerine  giiven olusturmak ve tarimsal uygulamalarda
benimsenmelerini tesvik etmek igin ¢ok Onemlidir. Yeni veri ve
bulgulara dayali olarak modellerin siirekli degerlendirilmesi Ve
iyilestirilmesi, toprak saghigi  degerlendirme  metodolojilerinin
ilerlemesine katkida bulunacaktir.
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GIRIS

Insanoglunun tarimsal faaliyetlere baslamasi, nesiller boyu
aktarmasi ve gelistirmesi ¢ok uzun soluklu bir seriivendir. Milattan 6nce
8000’11 yillarda baslayan tarim devrimi ile kisitlh da olsa dogay:
anlamaya ve edindigi bilgiyi bir sonraki nesillere aktarmaya baglayan
insanlik, avci toplayici kiiclik kabile yasantisim geride birakarak
medeniyetin temellerini atmustir. Insanhigin 1960 yilindan sonra
baslattig1 yesil devrim ve endiistriyel tarim hamleleri sonrasi birim
alandan elde ettikleri verim miktar1 giderek artmuistir. Fakat bu
kazanimlar giiniimiiziin ve gelecegin doga problemlerini beraberinde
getirmistir. Bu problemlerin bazilari, toprak yapisinin bozulmasi; sulama
yapilan arazilerin tuzlulu§unun artmasi; yogun pestisit kullanimi ile
hagere direncinin artmasi; yeraltt sularinin vahsice kullanimi;
ormansizlastirma; dogal habitat ve biyolojik gesitliligin azalmasi; sera
gazlari; amonyak salinimi; tarimsal amagla kullanilan kimyasal tuzlarin
zamanla yer altt ve {istli sulara karigmasi seklinde siralanabilir
(Bruinsma, 2017).

Yesil devrim, verim artigina katki saglamis olmasina ragmen doga
ve insan sagligi lizerinde telafi edilmesi zor tahribatlar vermistir. Bu
tahribatin farkina varan sivil toplum kuruluglar tiikketim ve tiiretim
anlayisinda bir farkindalik olusturmus ve tarim dahil belirli sektorlerde
siirdiiriilebilirlik esasma yonelik calismalar baslatmustir (ilbas, 2009).
Calismalarin hedefi miimkiin oldugunca az atik meydana getirmek
miimkiinse hi¢ atik iiretmemektir. Ayrica islenmemis organik atiklarin
(tarimsal, tarima dayali endiistri, kentsel gibi) miimkiin olan en az atik
olusumu ile ¢evreye olusturacagi yiiklerden kaginmak adina
depolanmast ve muamelesini iyi planlamaktir. Cevre ve canli
ekosistemlerin gelecegini korumak amaciyla bir¢ok tarim ekolleri
gelismektedir; alternatif tarim, biyolojik tarim, doga tarimi, dogal tarim,
hassas tarim, iyi tarim uygulamalari, organik tarim gibi benzeri sistemler
her gecen giin daha bilinir hale gelmektedir (ilbas, 2009). En yaygin ve
toplum tarafindan karsilig1 olan sistem ise organik tarimdir.
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Topraklarin siirdiiriilebilirligini artirmak ve iklimsel degisimler
sonucunda topraklarda karbon tutunumu artirmak ve atmosfere salinimi
azaltmak amaciyla son yillarda biyokiitlenin termo-kimyasal ¢evrim
yontemi olan piroliz islemi sonucu meydana gelen biyokdmiir kullanimi

arastirmalart hiz kazanmastir.

1. TOPRAK SAGLIGI

Hizl niifus artis1 insanlarin gidaya olan gereksinimini artirirken,
topraklarin bilingsiz kullanimi bir¢ok ¢evre sorununun ortaya ¢ikmasina
yol agmistir. Canli yasaminin temelini olusturan toprak, kullanilamaz
hale geldiginde yada kirletildignde yerine koymanin imkansiz oldugu
yegane ekosistem elemanidir. Bu kapsamda ekolojik dengenin
saglanmast  i¢in  toprak  verimliliginin  siirdiiriilebilir  olmas1
kaginilmazdir.

Diinya o6l¢eginde hizli niifus artisina paralel olarak artan besin
thtiyact ve canli yagaminin siirdiiriilebilir olmasi1 amaciyla insanoglu
birim alandan maksimum verim alma g¢abasi igerisine girmis, bu
kapsamda topraklarin daha yogun kullanilmasi toprak sagliginda
bozulmalara sebep olmustur. Toprak sagliginin bozulmasi ise toprak
verimliliginin ve siirdiiriilebilir iiretimin azalmas1 anlamina gelmektedir.
Bilingsiz yapilan tarimsal uygulamalar (giibre, pestisit, asir1 sulama vs),
tarim topraklarinin amag dis1 kullanimi, iklim degisikligi, kiiresel 1stnma,
hizl niifus artis1 ve sanayilesme topraklarimizin kirlenmesine ve verim
giiclerinin azalmasina yol agmuistir.

Toprak sagligi yonetimi, biyocesitliligin = siirdiirtilmesi  ve
stirdiiriilebilir tarimsal iiretimin glivence altina alinmasi icin hayati
oneme sahiptir. Bu nedenle, toprak sagliginin korunmasi ekosistem
stirdiiriilebilirligi i¢in birincil dneme sahiptir. Topragin sagligi, toprak
ozellikleri, yani fizikokimyasal ve biyolojik 0©zellikler tarafindan
diizenlenir. Kimyasal gilibre kullanimi {riin verimliligini artirmakla
beraber, uzun vadede topragin fizikokimyasal ve biyolojik 6zelliklerini

olumsuz yonde degistirir. Kimyasal giibrelerin stirekli kullanima,
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tarimsal toprak kalitesinin diismesiyle birlikte toprak organik
maddesinin igeriginin azalmasindan sorumludur. Kimyasal giibrelerin
asir1 kullanimi topragi sertlestirir, toprak verimliligini azaltir, havayi,
suyu ve topragi kirletir ve topraktaki Onemli besin maddeleri ile
mineralleri azaltir. Oysa tarimda siirdiiriilebilirlik olduk¢a onemlidir.
Siirdiiriilebilir tarim, kaynaklarin kullaniminda daha verimli, insan
yararina, c¢evre ile dengeli bir tarim tiiridir. Baska bir deyisle,
stirdiiriilebilir tarim ekolojik olarak uygun, ekonomik olarak gerekgeli ve
sosyal olarak arzu edilir olmalidir. Basarili siirdiiriilebilir tarim
programinin hedefleri sunlardir: Gelecek nesillerin ihtiyaglarini goz
onlinde bulundurarak kalite ve miktarin artirilmasi ile birlikte gida
gilivencesini saglamak; su, toprak ve dogal kaynaklarin korunmast;
ciftligin icindeki ve disindaki enerji kaynaklarinin korunmasi; ¢iftcilerin
karliligmmi korumak ve gelistirmek; kirsal topluluklarin canliligini
stirdlirmek; biyolojik ¢esitliligin korunmasini saglanmaktir.

Yogun tarimsal faaliyetler ve yogun toprak isleme, toprakta
organik madde miktarinin azalmasina toprak yapisinin bozulmasi neden
olmaktadir (Grandy et al., 2002). Bitkisel iiretimde toprak verimliliginin
stirdiiriilebilir olmasi i¢in giibre uygulamalar1 (organik veya inorganik)
en etkili yontemdir. Bilingli bir sekilde usuliine uygun zaman ve
yontemle yapilan kimyasal gilibreleme, bitkinin ihtiyact olan ve
topraktaki eksilen besin elementlerini saglamada en etkili yontem
olmasina karsin toprak verimliliginin siirdiiriilebilirligini korumada tek
basina yeterli degildir. Kimyasal giibre uygulamalari ile birlikte organik
giibre uygulamlarinin beraber yapilmasi hem topraklarin organik madde
miktarinin artirilmasi, hem topragin birgok 6zelligi tizerine olumlu katki
yapmasi Ve hemde bu giibrelerin topraga besin maddesi ilave etmesi
acisindan onemli ve olumlu katkilar saglamasi nedeniyle eksikligi
durumunda mutlaka topraga ilave edilmesi gereklidir.

Toprak organik maddesi toprak sagligi ve bitki gelisiminde ¢ok
onemli fonksiyona sahip bir toprak bileseni olup, bilingsiz tarimsal
faaliyetler (asir1 toprak isleme vs) ve kiiresel 1sinma sonucu toprak
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organik maddesi azalmaktadir. Organik madde, toprak verimliliginde
topraklarin fiziksel, kimyasal ve biyolojik 6zellikleri iizerine 6nemli ve
olumlu katkis1 nedeniyle en 6nemli verimlilik parametresi arasinda yer
almaktadir. Organik madde topraklarin ¢ok sayida fiziksel, kimyasal ve
biyolojik 0Ozellikleri {iizerine (topragin su tutma ve havalanma
kapasitesini arttirir, yiiksek katyon degisim kapasitesi saglar, bitki besin
maddelerinin yikanarak uzaklagmasini azaltir, striiktiir olusumuna katki
saglar, erozyonunu azaltir, enzim aktivitesi ve mikroorganizma sayisini
artirir, topraga bitki besin mmaddesi ilavesi saglar, toprak 1sinmasina ve
kolay tava gelmesine katkida bulunur, toptagin tamponlama kapasitesini
arttirr) etkilidir (Uehara & Gilman, 1981; Duxbury et al., 1989; Bauer
ve Black, 1994).. Bu baglamda siirdiiriilebilir tarim igin mutlaka organik
giibrelemeye 6nem verilmelidir. Bu amaca yonelik olarak organik giibre
uygulama yontemlerden biri yesil giibrelemedir. Cok sayida ¢alisma,
yesil giibre uygulamasinin farkli alanlarda tarimsal iiretimi iyilestirme
tizerindeki olumlu etkilerini kanitlamistir (Yang et al.,2013). Yararl
etkiler su sekilde 6zetlenebilir:

1) toprak erozyonunun Onlenmesi ve nadas doneminde tarim

arazilerinden kaynaklanan su akisinin azaltilmast,

2) toprak kiitle yogunlugunun azaltilmasi ve toprak organik

maddesi, toprak nitrojeni, toprak fosforu, toprak potasyumu ve

diger besin maddelerinin igeriginin arttirilmast ve bdylece

kimyasal giibre kullaniminin azaltilmasi

3) toprak biyogesitliligini ve enzim aktivitesini iyilestirmek ve

toprak besin doniisiimiinii hizlandirmak

4) yabani otlarin, haserelerin ve hastaliklarin kontroliinii

saglayarak pestisit kullanimini azaltir

5) mahsul verimini ve ¢ift¢ilerin karin artirmak

Stirdiiriilebilir tarimda bir bagka yontem ise, kompost kullanimidir.
Kompostlama, organik atiklar1 yiiksek besin igerigi ve diisiik patojenik
mikroorganizma prevalanst ile yararli bir iirlinline doniistiirme
yontemidir. Kompostun giibre olarak kullanilmasi hem tarimsal



243 | SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER)

driinlerin miktar ve kalitesini artirmakta hem de dogal kaynaklarin
korunmasmi saglamaktadir. Ozetle kompost uygulamasi, tarimsal
stirdiiriilebilirligi artirmak ve topraktaki organik karbon ve nitrojeni eski
haline getirmek ve toprak agregasyonunu iyilestirmek icin agir kimyasal
giibrelemeye bir alternatif olarak tesvik edilmektedir.

Organik gilibrelemede organik madde kaynagi olarak ¢ok sayida
giibre materyali olmasina karsin bu giibreler igerisinde iyi yanmis
(olgunlagmis) biiyiik bas hayvan giibresi (¢iftlik giibresi) uygulamada en
cok ve en yaygin kullanilan giibredir. Biiyiik bas hayvan giibresi basta
olmak tizere bir¢ok organik giibre ¢esitli kosullara bagli olarak (toprak,
cevre) 1-2 y1l igerisinde mineralize olurlar dolayisiyle toprak verimliligi
lizerine olan etkisi 1-2 siire ile smirli olmaktadir. Bu nedenle
stirdiirtilebilir toprak verimliligi igin topraklara organik madde (organik
giibre) ilavesi diizenli olarak 2-3 y1l ara ile mutlaka yapilmalidir (Coskan
vd., 2006). Bu baglamda siirdiiriilebilir toprak verimliligi ve daha uzun
stireli toprak organik madde miktarinin saglanmasi ve korunmasi igin
stabil yapili alternatif organik madde kaynaklarin kullanimi arastirmalari
hiz kazanmistir (Glaser et al., 2002; Khai et al., 2008; Gonzalez et al.,
2010; De Lucia & Cristiano, 2015), bu amaca yonelik bir¢cok calisma
yuriitilmustiir.

Ozellikle, atik yonetimi ve sifir atik kapsaminda bitkisel {iretimde
hasat sonu bitkisel artiklarinin tekrar topraga ilave edilerek
degerlendirilmesi hem topraga organik madde kazanci saglamasi hemde
iretici agisindan atik sorunun c¢oziimiine yonelik katki saglamasi
yOniiyle tercih edilen bir uygulama yontemi olmustur.

Siirdiiriilebilir tarimda topraklarda cesitli etmenler nedeniyle
(0zellikle kiiresl 1sinma ve iklim degisikligi gibi) azalan karbon
tutunumu artirmak ve atmosfere karbon salinimi azaltmak amaciyla son
yillarda biyokiitlenin termo-kimyasal ¢evrim yontemi olan piroliz islemi
sonucu meydana gelen biyokdmiir kullanimi arastirmalart  hiz

kazanmustir.
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Bu yontemlerin disinda son zamanlarda, karbonca zengin organik
atiklarin biyogara doniistiirlilerek tarimsal topraklara uygulanmasi,
tarimsal atik yonetimi ve siirdiiriilebilir tarim agisindan umut verici bir
uygulama olarak goriilmektedir. Biyogar, lignoselliilozik biyokiitlelerin
inert ortamda termal bozunmasindan elde edilen karbonca zengin kati
tirindiir. Cogunlukla, biyogar sadece bir karbon kaynagi degil, ayni
zamanda toprak 1slahi i¢in uygun bir malzemedir. Biyogarin en dikkate
diger islevleri:

(1) bitkiler tarafindan dogrudan emilebilen besinler saglamak,

(2) genis yiizey alan1 ve besin etkinligini artirabilen fonksiyonel

gruplari araciligiyla topragin katyon degisim kabiliyetini artirmak,

(3) toprak yogunlugunu ve pH'ii artirmak ve

(4) gozenekli yapist aracilifiyla mikrobiyal popiilasyonlarin

bliyiimesini destekleyen bir habitat saglamak.

2. BIYOKUTLE

Biyokiitle bitkilerden ve hayvanlardan elde edilen yenilenebilir
organik maddedir. Ahsap ve ahsap isleme atiklari, tarimsal iirlinler ve
atik malzemeler, belediye kati atiklarindaki biyojen malzemeler, hayvan
ve insan giibresi biyokiitle kaynaklaridir. Biyokiitle fosil yakitlara
kiyasla daha az karbondioksit emisyonuna neden olan g¢evre dostu,
yenilenebilir enerji kaynagidir. Lignoseliilozik biyokiitle, seliiloz ve
hemiseliiloz bilesenlerine ek olarak baska bir poliaromatik bilesen olan
ligninden olusur. Seliiloz, bitki hiicre duvarinin yapisina katilan ve
bitkilerde en temel ve en basit yapiya sahip olan bir polisakkarittir.
Seliilozun aktif bozunma sicakligr 300 °C'dir. Hemiseliiloz, seliiloz gibi
homojen olmayan, suda ¢oziinebilen, amorf yapiya sahip bir polimerdir.
Istya kars1 en hassas yap1 olan hemiseliiloz, 200-260 °C aktif bozunma
sicakligina sahiptir. Lignin ise, fenilpropan tipi gruplar, koniferil veya
bunlarin tiirevlerini igeren ii¢ boyutlu bir polifenilen polimeridir. Ug
boyutlu kompleks yapi, mikroorganizmalar ve kimyasallar tarafindan

kolayca pargalanamadi icin yapiya mekanik dayaniklilik ve koruma
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saglar. Ayrica hiicre duvarmi hidrofobize eder. Lignin, seliiloz ve
hemiseliillozdan daha yiiksek sicakliklarda (280 ile 500 °C arasinda)
bozunur.

Biyokomiirii olusturan organik karbon igeren biyokiitle kaynaklar
asagida verilmistir. Bunlar,

Bitkisel maddeler,

Seliilozik maddeler,

Ligninli maddeler,

Hayvansal kaynakli iirtinler,

Organik atiklar,

Kati atiklar,

Tarim atiklar,

Hayvan veya insan kaynakli atiklar,

Diger dogal karbon kaynaklari olarak ifade edilebilir.

Tablo.1. Biyokiitle kaynaklar1

Tarimsal/Klasik Biyokiitle Kentsel/Modern Biyokiitle
Orman atiklar1 ve odun atiklari Kentsel odun atiklar1 (tahta kutular,
paletler)

Tarimsal atiklar (misir, bugday, vb) Atik su
Tarla tirtinleri (yesillik, ¢imen, agaglar) Cop gazi
Ciftlik hayvanlar atiklar Belediye kat1 atiklar1
Gida isletme atiklari
Organik atik ile karigik sanayi atiklar

Biyokiitle, farkli miktarlarda olmak {izere seliiloz, hemiseliiloz,
lignin ve az miktarda pektin, protein, ektsraktifler (¢oziinebilir yapida
olmayan maddeler, azotlu bilesenler, klorofil ve vakslar ) ve kiilden
olusmaktadir. Seliiloz ve lignin oranlar1 biyokiitlenin tiirii hakkinda bilgi
veren onemli bilesenlerdir.

Biyokiitle biyokimyasal ve termokimyasal prosesler ile enerji ve
degerli malzemelere doniistiiriiliir. DOniisiim siirecinin  se¢imi,
biyokiitlenin yapisina, istenen lriine, c¢evre standartlarina ve
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ekonomikligine baghdir. Biyokiitlenin termokimyasal doniisiim
prosesleri; yakma, piroliz, torrefaksiyon, gazlastirma, hidrotermal
karbonizasyon, hidrotermal sivilagtirma ve hidrotermal gazlastirmadir.
Biyokiitlenin biyokimyasal doniisiim prosesleri ise anaerobik ¢iiriitme ve
fermantasyondur-

3.BiYOKOMUR (BIOCHAR)

Biyokdmiir biyokiitlenin (bitkisel artik, odun, giibre vs) kapali bir
ortamda ¢ok az veya hava olmadan belirli sicakliklarda (<700°C ve 200-
900°C) 1sit1lmasiyla termal bozulma sonucu elde edilen karbonca zengin
materyaldir. Biyokdmiir renk itibariyle maden komiiriine benzeyen ve
fakat maden komiiriinden farkli bir materyaldir (Lehman & Joseph,
2009).

Termokimyasal doniisiim siireclerinde (kuru ve 1slak proses)
organik materyalin oksijensiz ya da az oksijen kosullarinda
yakilmasiyla, karbon icerigi yiiksek bir yanma {iriinii olan biyokdmiiriin
elde edilmesinde kuru prosesler olarak; hizli piroliz, yavas piroliz
(karbonizasyon), gazlastirma ve kismi piroliz (torrefaction); 1slak proses
icin ise hidrotermal karbonizasyon Ornek olarak gosterilebilir
(Bridgwater, 2012; Kambo & Dutta 2015).

Biyokomiiriin kimyasal igerigi hammadde, sicaklik, 1sitma hizi,
sicaklikta kalma stiresi, reaktor tipi ve diger iiretim kosullarina baglh
olmakla birlikte yapisinda %60-80 arasinda C bulundurdugu Ca, Mg, K
ve inorganik karbon iyonlari gibi mineralleri de igerdigi (McLaughlin et
al., 2009), ancak bu kadar ¢ok degiskenin etkili oldugu iiretimde
kimyasal bilesimin net bir sekilde tanimlanmasinin miimkiin olmadig1
bildirilmektedir (Lehmann & Joseph 2009). Biyokdmiir, yapisindaki C
iceriginin yiiksek olmasi 6zellikle organik madde icerigi diistik (C igerigi
diisiik ) tarim alanlarinda toprak diizenleyici olarak tercih edilen bir
materyaldir. Biyokomiir uygulamalar1 ile yapilan ¢alismalarda,
biyokdmiiriin topragin karbon igerigini ve iirlin verimini artirdig,
topraktan atmosfere yayilan CO2 yayilimini azalttigi, topragin fiziksel,
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kimyasal ve biyolojik 6zelliklerini iyilestirdigi dolayisiyle siirdiiriilebilir
toprak verimliligi tizerine 6nemli katki sagladigi, biyokémiir kullanimi
ile topragin su tutma kapasitesinde artis oldugu belirlenmistir (Lal, 2015;
Brassard et al., 2016; Lehmann et al., 2011; Ding et al., 2016: Brassard
et al., 2016; Ding et al., 2010; Mukherjee & Lal, 2017; Mulabagal et al.,
2017). Biyokomiirler bitkiler i¢in mutlak gerekli olan besin maddelerini
topraga vermek suretiyle bitki beslenmesine katki saglamaktadirlar
(Laird et al., 2010; Hale et al., 2013).

Biyokomiir uygulamalarinin toprak 6zellikleri tizerine etkisi bazi
faktorlere bagl olarak degiskenlik gosterebilmektedir. Bu faktorler:

1-Uygulanan biyokomiir miktari,

2-Topragin agregat biiyiikliik dagilimi (Omondi et al., 2016),

3-Biyokomiiriin tek basmna yada baska materyallerle birlikte
kullamim1 (Khademalrasoul et al, 2014),

4-Biyokomiiriin topraga uygulama yontemi,

5-Biyokomiir uygulama siiresi (Briggs et al., 2012),

6-Biyokomiiriin partikiil biiyiikligii (Giab et al., (2016),

7-Piroliz sicakligi (Spokas, 2010),

Cevre ve atik yonetimi i¢in biyokdmiir kullanimi dort farkh
hedefin gelismesine katki saglayacagi bildirmistir (Sekil 1).

iklim Degisikliginin
Azaltilmasi

Atik e = Toprak
Yénetimi \ lyilestirme

Enerji Uretimi
faydalar

Sosyal ve Finansal

Sekil 1. Biyokdmiir teknolojisinin motivasyon kaynaklar1 (Lehman, 2007)
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Farkli yontemler ile elde edilen biyokdmiirlerin ozellikleri de
birbirinden farkli olmaktadir. Biyokomiir tiretim yontemi biyokomiiriin
Ozellikleri ve igerigi lizerine etki eden en 6nemli faktordiir (Tablo 2).
Geleneksel yontem olarak bilinen piroliz yontemi ile biyokdmiir tiretim
isleminin tarihi oldukga eskiye dayanmaktadir. Piroliz yontemine en iyi
ornek petrol, dogalgaz, komiir gibi kaynaklarin olusumu gosterilebilir.
Piroliz islemi sirasinda biyokiitle oksijensiz yada az oksijenli bir
ortamda, yiiksek 1s1da yakilir.

Tablo 2. Biyokomiir iiretiminde farkli termokimyasal iglemler (Kambo & Dutta, 2015).

Sicaklik

Uriin Verimi

Piroliz Tiirii Stire oc Isitma Hiz =~ g, Kati Gaz
Urin ~ Urin  Uriin
5dk-12  300-650 10- 25-35  20-30 25-35
Yavas Piroliz saat 30°C/dk
10-20 600-900 50- <10 <5 >85
Gazlastirma sn 100°C/sn
Kuru Kavurma 30dk-4  200-300 10- 60-80 - 20-40
(Dry sa 15°C/dk
Torrefaction)
5dk-12  180-260  5-10°C/dk  45-70  5-25 2-5
HTC saat

4. DUNYA’DA VE TURKIYE’DE BIYOKOMUR PAZARI

Diinya biyokdmiir pazarimin, 2020-2028 yillar1 arasinda gelir
Olceginde %13.57 (4064.50 milyon dolar gelir) ve hacimsel olarak
%11.22'lik (980.26 kilo ton hacim) bilesik yillik biiylime hiz1 ile artig
gosterecegi tahmin edilmektedir (Global Biochar Market Forecast
Raporu). Biyokomiiriin toprak diizenleyici, iyilestirici ve karbon tutma
gibi ozellikleri, sera gazi salinimini azaltarak cevreyi olumlu yonde
desteklemekte, bu o6zellikleriyle biyokomiir giin gegtikge Onemi ve
tiretim miktar1 artan bir iirlin halini almistir. Tiirkiye’de 2015 yilinda
tarimsal artiklarinin biyokémiire doniisiim miktar1 3.942.654 ton olarak
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belirlenmistir. Tirkiye’de biyokomiir iretiminde kullanilan atiklar
arasinda ilk sirada yer alan hayvansal atiklar %77, bag ve bahge budama
atiklar1 %22.5, tarla tarimi atiklar1 ise biyokOmiir iiretiminin %0.6’sin1
karsilamaktadir (Stimer vd., 2016).

5. TOPRAK DUZENLEYICI OLARAK BIYOKOMUR

Toprak diizenleyici olarak biyokoémiir kullaniminda en &nemli
kalite parametreleri yiikksek katyon degisim Kkapasitesi, yiiksek
adsorpsiyon 6zelligi ve bilesenlerin diisiik taginabilirligidir (Glaser et al.,
2002). Sirdiriilebilir biyokdmiir iiretiminde farkli bitkisel artiklar
hammadde olarak kullanilmaktadir (Dias et al., 2010). Biyokomiir,
topraga besin maddesi ilavesi saglamasi yaninda, daha da Onemlisi
bunlar1 toprakta tutarak, topragin fizikokimyasal 6zelliklerini olumlu
yonde etkileyerek bitki gelisiminine direkt etki eden bir toprak
diizenleyicisidir. Biyokomiir topraktaki bitki besin elementlerinin
topraktan uzaklasmasini engeleyip besin elementlerini tutarak tarim
topraklarmin kimyasal giibreye olan ihtiyacini azaltir buda giibreden
tasarruf saglamak anlamina gelmektedir. Biyokdmiir genis yiizey alanina
sahip olmasi sebebiyle topragin su tutma kapasitesini ve havalanma
kapasitesini arttirir. Biyokomiir iceriginde mevcut olan karbonun
yilizeyinde meydana gelen oksitlenme ve ylizeyine tutunan organik
maddeler sonucu, topragin katyon degisim kapasitesi de artmaktadir
(Liang et al., 2006). Biyokomiir biinyesinde mevcut kararli C, goreceli
olarak daha dayanikli, yikim1 oldukga zor olan, dolayisiyla yiizlerce hatta
binlerce yil toprakta kalabilen gii¢lii yapilar olmasina karsin kararsiz C
birkag yil igerisinde ayrisip atmosfere CO2 olarak donmektedir, iyi bir
biyokOmiir, kararli karbon orami yiiksek olan biyokomiirdiir ve bu
biyokomiirdeki kararli C, toprakta binlerce yila kadar bozunmadan
kalabilmektedir (McLaughlin et al., 2009). Biyokomiir igerigindeki kiil,
bitkilere besin maddesi saglayabilmekte ve toprak pH’sin1 arttirici etki
yapmaktadir. Topraga biyokomiir ilavesi toprakta organik maddece

zengin olan agregat olusumunu artirarak CO2 ve CH4 salinimini azaltir
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(Thies & Rillig, 2009). Bu baglamda biyokomiir, bir yandan verim
artigin1 saglayarak tarima hizmet ederken, bir yandan da ¢agimizin en
bliyiik problemlerinden olan sera gazlarimin atmosferde azalmasina
yardimci olmaktadir (Lehmann ve Joseph, 2009). Topraga biyokomiir
uygulamalar1 buharlagsma yolu ile ile topraktan N kaybinin azalmasini
(NH3/NH4’ii adsorbe ederek) saglamaktadir. Giiniimiizde toprak
diizenleyici olarak biyokdmiir kullaniminda kayde deger dlgiide artiglar
meydana gelmistir (Zhang et al., 2015).

6. BIYOKOMUR UYGULAMALARI ILE YAPILAN

CALISMALAR

Glaser (2001), 1980-1990 yillar1 arasinda farkli bitki tiirlerine
uygulanan biyokdmiir ¢aligsmalarini incelemistir. Arastirict biyokomiiriin
diisiik dozlarda (0.5 t ha-1) uygulandiginda bitki gelisimi ve verim
tizerine olumlu etkisi oldugunu, ancak kullanilan oran arttiginda bitki
gelisim ve verimlerinde olumsuz etkiye neden oldugunu bildirmistir.
Daha sonraki ¢aligsmalarda, Avustralya’nin yari-kurak ve tropikal bolge
topraklarinda biyokdmiir ile birlikte NPK giibre uygulamalarinin verimi
artirdig1 belirtilmistir.

Sinclair et al.,, (2008), yari-tropikal topraklara sahip olan
Avustralya'da sehirlerde meydana gelen belediye atiklar1 ve hayvansal
attk olan sigir atiklar1 belli bir sicaklikta (450°C) yavas piroliz
yontemiyle iiretilen biokOmiirler, yem bitkilerinde ve baklagil
bitkilerinde her uygulama igin ayr1 ayr1 10 t ha-1 degerinde topraga
uygulanmistir. Bugdaygillerde ve baklagillerde %7.6 civarinda verimde
bir yiikselisin oldugunu gézlemlemislerdir. Uygulanan bu yontemle yesil
bitkilerin atiklariyla olusturulan biyokdmiiriin arastirmada olumlu yonde
bir artig gostermedigi goriilmiistiir.

Jeffery et al., (2011) yaptiklar1 ¢aligmada, topraga biyokdmiir
uygulandiktan sonra giibre ihtiyacinda yaklasik %10’a varan oranda
azalma, toprak aktivitesinde ve yararli mantar hiflerinde artis oldugu,
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katyon degisim kapasitesinin %50’ye varan oranda yiikseldigi ve toprak
ozelliklerinde iyilesme oldugunu belirlemislerdir.

Upadhyay et al., (2014), biyokomiir uygulamalarinin patates ve
marul bitkilerinin gelisimi tlizerine etkisini belirlemislerdir. Sera
kosullarinda yapilan calisma sonucunda; patates bitkisinin gelisimi
tizerine biyokdmiir uygulamasinin etkili olmadigi, buna karsilik marul
bitkisinin gelisimi iizerine 6nemli diizeyde etkili oldugu ve gelisimi
artirdigr tespit edilmistir. Marul bitkisi gelisimini en iyi artiran
uygulamanin 30 t ha-1 oldugu belirlenmistir.

Ensarioglu (2015), yaptig1 arastirmada %5 ila 10 biyokomiir
uygulanan saksilarda yetisen bugdaylarin gelisiminde belirgin farklar
oldugunu, biyokomiir uygulamalarinin topraklarin  su  tutma
kapasitelerini de artirdigini bildirmistir.

Gunes et al., (2015), tarafindan yiiriitilen calismada tarimsal
biyokdmiiriin beslenme kalitesi lizerine piroliz sicakliginin etkisi, bu
ozelliklerin toprakta bitki besin elementi igerigi ve bitki biiylimesine
etkisi arastirilmistir. Degisik piroliz sicakliklarinda (250, 300, 350 ve
400°C) elde edilen tavuk giibresi biyokomiirleri saksilarda 0 (kontrol) ve
10 g kg-1 (25 t ha-1) olacak sekilde 5 uygulamanin misir ve marul
bitkisinin kuru agirlig1 ve mineral igerigi tizerine etkileri belirlenmistir.
Calisma sonucunda piroliz sicaklig1 artifinda biyokdmiirlerin K ve B
disindaki elementlerin suda ¢dziiniir konsantrasyonlarinin biiyiik dl¢iide
azalmasina ragmen, toplam P, K, Ca, Mg, Fe, Zn, Cu, Mn ve B
konsantrasyonlarinin arttig1 belirlenmistir. Kontrol ile
karsilagtirildiginda 300 ve 350°C’de piroliz edilen biyokdmiir
uygulamalar1 ile marul ve misir bitkilerinin kuru agirliklarinin arttigi,
bununla birlikte 300°C’den yliksek sicakliklarda iiretilen biyokdmiirlerin
giibre etkilerinin  azaldig1  belirlenmistir. ~ Arastiricilar,  diistik
sicakliklarda (250 ve 300°C) firetilen biyokOmiirlerin tarimsal iiriin
acisindan daha iyi sonuglar verdigini bildirmiglerdir.

Bayram (2016) biyokomiir uygulamasi ile yaptigi calisma
sonucunda biyokomiiriin yiiksek katyon degisim kapasitesine sahip
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oldugunu, bu yoniiyle katyon degisim kapasitesi diisilk ve organik
maddece fakir topraklarin iyilestirilmesinde kullanilabilecegini
belirtmistir. Ayrica biyokdmiiriin toprakta gerek su gerekse bitki besin
maddelerinin tutulumunda etkili bir yardimci olabilecegini bildirmistir.

Erglin (2017), findik biyokdmiirii (BK) ve ahir giibresi (AG)
uygulamalarimin domates gelisimi ile toprak enzimleri, mikrobiyal
biyomas, CO2 iiretimi ve toprak ozellikleri ile iliskilerini incelemistir.
Calismada her saks1 i¢in 3 kg toprak ile hektara 0, 5, 10, 15 ve 20 ton
olacak sekilde biyokdmiir ve hektara 5, 10 ve 20 ton olacak sekilde ahir
giibresi uygulanmistir. Sonug olarak, biyokomiir ve ahir giibresinin
topragin organik madde ve basta makro besin maddeleri (N, P ve K)
olmak tlizere faydali besin element igeriklerini artirdig1 belirlenmistir.
Farkli dozlarda kullanilan biyokomiir ve ahir giibresi, bitkilerin kdk
bolgesindeki enzim aktivitesini artirmistir. Ayrica domates bitkilerinin
yas agirligi, kuru madde miktar lizerine en etkili ortam B5+AGS5 ve bitki
boyu i¢cin BK5+AG10 ortami1 oldugu tespit edilmistir.

Zemanova et al., (2017), ilkbahar ve sonbaharda serada yiiriitiilen
caligmada biyokomiiriin 1spanak ve hardal bitkilerinin gelisimi ve besin
iceriklerine etkisini aragtirmislardir. Topraga %35 oraninda uygulanan
biyokdmiiriin kontrole gore 1spanak bitkisinin gelisimini ilkbahar
doneminde %102, sonbahar doneminde %353 artirdig1 saptanmustir.
Biyokdmiir uygulamast hem hardal hem de ispanakta K igerigini
artirirken, Ca ve Mg igerigini azaltmistir. Ayrica biyokdmiir uygulamasi
1spanakta P iceriginin de artmasini saglamistir.

Sietal., (2018), tarafindan tarla kosullarinda yiiriitiilen ¢aligmada;
0 ve 2.25 t ha-1 biyokomiir, 120 ve 180 kg N ha-1 azot, 37.5 ve 67.5 kg
P205 ha-1 fosfor ve giftgilerin geleneksel olarak uyguladigi NPK dozlari
(180 kg N ha-1 + 67.5 kg P205 ha 1 + 67.5 kg K20 ha-1) ayri ayri ve
birlikte uygulanmistir. Calisma sonucunda ciftcilerin geleneksel olarak
uyguladigi NPK dozlari ile biyokomiiriin birlikte uygulanmasinin geltik

verimini 6nemli diizeyde arttirdig1 belirlenmistir.
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Adekiya et al., (2019) tarafindan Nijerya’nin Savana bdlgesinde
yiiriitiilen ¢alismada; ayr1 ve birlikte olacak sekilde 0, 25 ve 50 t ha-1
dozlarinda biyokdmiir ve 0, 2.5 ve 5.0 t ha-1 dozlarinda tavuk giibresi
uygulamalarimin  toprak Ozellikleri ve turp verimine etkileri
aragtirlmistir.  Biyokomiir ve tavuk giibresinin ayr1 ve birlikte
uygulandiginda toprak fiziksel ve kimyasal 6zelliklerini iyilestirdigi,
buna bagli olarak turp verimi ve yaprak bitki besin maddesi igeriklerini
artirdign tespit edilmistir. iki yillik yiiriitiilen ¢aligmada; birinci yil
biyokomiir uygulamasiyla sadece toprak organik madde icerigi ve pH
degerlerinin arttig1, ikinci yi1l ise bu oOzelliklerin yaninda turp
yapraklarinin N, P, K, Mg ve Ca igeriklerinin de arttig1 tespit edilmistir.
Calismada en yiiksek verim biyokomiir ve tavuk giibresinin (sirasiyla 50
ve 5t ha-1) birlikte uygulanmasi ile elde edilmistir. Calisma sonucunda
tek basina biyokomiir uygulamasinin kisa donemde yetisen bitkiler i¢in
yetersiz kalabilecegi belirtilmistir.

Dorak ve Asik (2019), s1vi biyokdmiiriin marul bitkisi ve toprak
ozelliklerine etkisini belirlemek amaciyla yiiriittiikleri ¢alismada farkl
dozlarda (0, 40, 80 ve 160 kg da-1) sivi biyokdmiirii topraga
uygulamiglar, sonuglar1 tam giibreleme (%100 NPK) ve azaltilmis
giibreleme (%50 NPK) uygulamalan ile kiyaslamiglardir. Calismada
topraga uygulanan s1vi biyokomiir miktar arttik¢a, topragin EC ve bitki
besin elementi igeriklerinin arttigi saptanmistir. Topraktaki EC
degerlerinin artmasi, bitki gelisimini olumsuz etkilemistir. Biyokomiir
uygulamalarinda, tam ve azaltilmis glibre uygulamalarina gore topraktan
kaldirilan Na, Ca, Fe, Mn, Cu ve Zn miktarlar1 daha yiiksek bulunmustur.

Uysal (2019), okaliptiis ve yesil atiklardan 450-500°C’de yavas
piroliz islemi ile {retilen biyokdmiir materyallerini inkiibasyon
kosullarinda olgunlastirmistir. Olgunlastirma siirecini hizlandirmak i¢in
torf ile 1:1 oraninda karistirilan biyokomiir 30 giin inkiibe edilmistir.
Daha sonra 0, 10, 20 ve 40 ton ha-1 doz hesabiyla NaCl kaynakli tuzlu
topraga uygulamistir. Bu calismada biyokdmiir topraga uygulanmadan
once laboratuvar kosullarinda inkiibasyon yontemi ile olgunlastiriimistir.
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Saks1 denemesi olarak yiiriitiilen calismada bugday ardindan da misir
bitkisi  yetistirilmistir. Calisma sonucunda en iyl sonuglarin
biyokOmiiriin 20 ton ha-1 dozunda kullanilmasindan elde edildigi ve
biyokOmiiriin toprak 1slahi icin uygun bir materyal olabilecegi
bildirilmistir.

SONUC

Biyokodmiir, topragin fiziksel, kimyasal ve biyolojik 6zellikleri
tyilestiriterek siirdiiriilebilir toprak verimliligininin devamliligina
saglamas1 yaninda saglikli bitkisel tiretime de O©nemli katkida
bulunmaktadir (Evans et al., 2017.) Bu baglamda toprak diizenleyici
olarak diinyada ilk kez Japonya’da onaylamistir. Avrupa’da Isvigre,
biyokOmiiriin tarimsal alanlarda kullanilmasini onaylayan ilk iilke
olmustur.

Siirdiiriilebilir bitkisel iiretimde toprak verimliliginin stabil ve
strdiiriilebilir olmasi i¢cin en Onemli faktdrlerin basinda topraklarin
fiziksel, kimyasal ve biyolojik Oelliklerini bozmadan topraklarin
tiretkenligini arttirmak olmalidir. Artan diinya niifusunun gida
ihtiyacinin karsilanmasi biiyiikk 6nem tagimakta ancak kaliteli gidaya
erisim noktasinda biiyiik sikintilar oldugu goriilmektedir. Bu baglamda
saglikli gidanin, saglikli, kaliteli ve verimli topraklarda yetisebilecegi
siklikla konusulan tartisilan ve giindemde olan bir konu olarak dile
getirilmeye baglanmistir. Saglikli ve kaliteli toprak kosullarinda yapilan
bitkisel iiretim insan ve hayvan sagligi, giivenli ve kaliteli gida ile ¢evre
kalitesi dikkate alinarak yapilan bir iretimi tanimlamaktadir.
Siirdiiriilebilir bitkisel tiretimin devamlilig i¢in toprak o6zelliklerinin
iyilestirilmesi yaninda bitki gelisimini olumsuz yo6nde etkileyen
faktorlerin iyilestirilmesi yoniinde g¢alismalarin yapilmasi gereklidir.
Toprak Ozelliklerinin iyilestirilmesi kapsaminda topraklarin fiziksel,
kimysal ve biyolojik 6zelliklerini iyilestirmek amaciyla toprak organik
maddesinin artirilmasi yoniinde uygulamalarin yapilmasi biiyiikk 6nem

tasimaktadir. Ulkemiz topraklarmin organik madde icerigi oldukea
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diisiik diizeydedir. Topraklarimizin organik madde igerigini arttirmak en
azindan belli bir diizeye getirmek i¢in amaciyla organik giibre
uygulamalariin yapilmasi gerekmektedir. Gilinlimiizde gesitli sekillerde
ortaya c¢ikan organik karbon (C) igerigi yiliksek organik atiklarin
topraklarimiza uygulanmasi da onerilmektedir. Bu baglamda organik
karbon igerigi yiiksek organik bir materyal olan biyokOmiiriin,
stirdiiriilebilir toprak verimliligi ve topraklarin organik karbon igeriginin
tyilestirilmesi amaciyla kullanilabilecegi ¢ok sayida arastirici tarafindan
bildirilmistir (Ni et al., 2006; Lehmann, 2007; Winsley, 2007; Lliffe,
2009). Topraga biyokOmiir uygulanmasi; giibre tasarrufu saglama
yaninda (en az %10), toprak reaksiyonunu diizenleme, topragin besin
maddesi tutma (N-P-K), su tutma, havalanma ve katyon degisim
kapasitesi (%50), topraga besin maddesi ilavesi, C mineralizasyonu, azot
fiksasyonu, gegirgenlik gibi topraklarin fiziksel, kimyasal ve biyolojik
ozellikler lizerine uzun vadede etkisi oldugu belirtilmistir (Jeffery et al.,
2011).
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1. GIRIS

1.1 Kiiresel Isinma

Insanoglunun dogal kaynaklar1 asir1 derecede kullanmasi ve bu
nedenle dogal dengeleri bozmasi ¢ok ciddi sorunlara yol agmistir.
Kiiresel 1sinma ve iklimde meydana gelen degisiklikler, ozon tabakasinin
incelmesi-delinmesine, ¢evre Kkirliligine, bitki oOrtiisii ve topragin
tahribatina, canl tiirlerin yok olmasina ve diinyamizin her gecen giin
daha da yasanmaz hale gelmesine sebep olmaktadir. Yakin bir zaman
once yitirdigimiz iinlii Ingiliz bilim adami, Prof. Dr. Stephen Hawking;
“Niifusun katlanarak arttig1, dogal kaynaklarin asir1 tiiketildigi
diinyamizda, gelecek 100 yil igerisinde felaketlerin ortaya ¢ikacagini,
insanoglunun hayatta kalmasinin tek yolunun diinyada kalmamak ve
yeni gezegenlerde yasamak oldugunu” agiklamistir.

Tarimsal yonden kiiresel 1sinma ve iklimde meydana gelen
degisiklikler, biiyilk 6nem tasimaktadir. Bilim adamlarinin biiyiik bir
boliimii, 20. yiizyil ortalarina kadar iklimdeki degisimlerin dogal
etmenlerden kaynaklandigini varsaymalarina karsin, 1960°lardan sonra
bu yaklasim degismis, iklimdeki degisimlerde insanoglunun
faaliyetlerinin ¢ok daha énemli oldugu goriisti kabul edilmistir. Nitekim
Birlesmis Milletler “Iklim Degisikligi Cer¢eve Sozlesmesi’nde iklim
degisikligi; “Karsilagtirilabilir bir zaman diliminde gozlenen dogal iklim
degiskenlikleri ile dogrudan yada dolayli olarak kiiresel atmosferin dogal
yapisini bazen insan etkinlikleri sonucunda iklimde olusan degisiklerin
biitiini” olarak tanimlanmustir.

Ozellikle sanayi devrimi ile birlikte insanlarin iklim {izerindeki
olumsuz etkileri hizla artmistir. O giinden bugiine olan niifus artis1 ve
sanayilesme, asir1 enerji Uretimi ve tiiketimi, c¢arpik yerlesme ve
kentlesme, ozon tabakasindaki incelme, atmosfere salinan partikiiller,
arazilerin yanhs kullanim1 ve dogal ¢evrenin bozulmasi, ormansizlasma
ve Ozellikle de ¢esitli kaynaklardan ¢evreye salinan sera gazlarindaki
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artisin neden oldugu kiiresel 1sinma, bolgesel ve kiiresel 6l¢ekte iklimi
etkilemistir.

Kiiresel 1sinma; sera gazi emisyonlarindaki artiglara bagli olarak
ortalama yiizey sicakliklarinda artislar1 ifade etmektedir. Atmosferde
sera etkisi yapan CO; ve metan gibi sera gazi emisyonlarindaki hizl
artiglar kiiresel 1sinmanin en 6nemli nedenlerinin basinda gelmektedir.
Sanayilesme ile birlikte fosil yakitlarin tiiketiminin artmasi, arazi
kullanimindaki degisiklikler, ormanlarin tahribi ve ¢arpik sanayilesme
gibi insan faaliyetleri neticesinde sera gazlarinin atmosferde birikmesi
ile sera etkisi meydana gelmis, atmosferin kimyasal o6zelliklerini
olumsuz yonde degistirerek kiiresel 6lgekte iklim degisikligine yol
agcmistir.

Kiiresel 1sinma ad1 verilen diinyamiz1 felakete siiriikleyen olayin
esas sorumlusunun endiistrilesme olmasina karsin, hizli niifus
artiglarinin goriildigi geri kalmis ve gelismekte olan, tarimla ugrasan
tilkeler, kiiresel 1sitnmanin sorumlusu olarak yargilanmak istenmektedir.
Yapilan aragtirmalar diinyamizdaki kiiresel 1sinmaya; enerji kullanimi
katkisinin %49, endiistrilesme katkisinin %24, ormansizlagsma ve yesil
Ortiiniin hizla yok olusunun katkisinin %14 olmasina karsin, tarimsal
tiretimin katkisinin sadece %13 oraninda oldugunu gdstermektedir.

Atmosferde insan kaynakli sera gazlari miktarindaki artisin bir
sonucu olarak ortaya ¢ikan kiiresel 1sinma, yeryiiziinde sicakliklarin
artmasina yol agmaktadir. Bu olay son 50 yildir iyice fark edilir hale
gelmis ve onem kazanmistir. Atmosferde bulunan gazlar, giinesten gelen
1s1nlarin biiyiik boliimiinii gegirmesine karsin, 1sinan cisimlerden yayilan
ve yansiyan uzun dalga boylu isinlarin tamaminin atmosferi gecerek
geriye donmesine izin vermemektedir. Ozellikle atmosferdeki sera
gazlarinin 1sman cisimlerden yayilan ve yansiyan uzun dalga boylu
1sinlar1 biinyelerinde tutmalar1 ve c¢ok daha az gecirgen olmalar
nedeniyle, yeryiiziiniin beklenenden daha fazla isinmasini saglayan ve 1s1

dengesini diizenleyen olaya sera etkisi ad1 verilmektedir.
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Sekil 1. Sera Gazlarina Ait Sera Etkisi (Kaynak: https://www.nkfu.com/sera-etkisi-ve-
kuresel-isinma-nedir-etkileri-nelerdir/)

Atmosferde sera etkisine yol agan, Metan (CH,), Karbondioksit (CO.),
Su buhar (H20), Azot oksitler (NOx), Ozon (Os) ve Kloroflorkarbon (CFC)
sera gazlari olarak adlandirilmaktadir. Sanayi devriminden bu yana atmosferin
yapisinda bulunan ve diinyanin asir1 sogumasini engelleyen sera gazlarinin
salinimi artig gostermistir. Dogal dontisiim siiregleri aksamis ve atmosfer sera
gaz1 konsantrasyonlar siirekli olarak yiikselmis ve sonug olarak da kiiresel
1sinma olarak tanimlanan ortalama sicaklik artist giderek artmigtir. Bilim
insanlar1, cesitli iklimsel senaryolarmn bdlgesel ve ydresel etkilerinin
belirlenmesine yonelik ¢alismalara odaklanmiglardir. Bu baglamda, 1liman ve
yagigl bolgelerin daha fazla yagis alacagi ve sicaklik artiginin tarimsal
iiretimde verim artigina da neden olabilecegi seklinde egilimler bulunmaktadir.
Buna karsilik, tagkinlar ve firtinalar gibi dogal afetlerdeki artiglar da isin
olumsuz yonii olabilecektir.

Kiiresel 1sinma sonucu ortaya ¢ikan belirtiler; buzullarin hacminde
azalma, denizlerin yiikselmesi, gollerdeki su sicakliginin artisi, giincel
Olgtimlerdeki farkliliklar ve atmosferdeki aerosollerin miktarindaki artiglar
olarak sdylenebilir. Iklim; yeryiiziiniin herhangi bir yerinde uzun yillar boyunca
yasanan Yyada goOzlenen tiim hava kosullarinin ortalamasi olarak
tanimlanmaktadir. Yerkiiremizin en karmagsik yapilarindan birisi olan iklim;
atmosfer, kar ve buzullar, diger su kiitleleri, okyanuslar, kara yiizeyleri ve

canlilar arasindaki karsilikli etkilesiminin bir sonucunu olarak ortaya
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cikmaktadir. Bu karsilikli dengede meydana gelen degisim, giiniimiizde hemen
hemen tiim bilim insanlar tarafindan kabul edilen bir durum olarak kargimiza
cikmaktadir. Ancak son yillarda iklim degisikligi iizerinde yogunlasmanin en
onemli nedeni, iklim degisikliginin tiim ekolojik sistemi etkilemeye
basglamasidir.

Iklim degisikligi; genel olarak, kiiresel 1sinma sonucu iklim sistemi
tizerinde meydana gelen degisiklikleri ifade etmektedir (Dolu, 2005). Kiiresel
iklim degisikligi, kiiresel 1sinmaya bagh olarak yagis, nem, hava hareketleri,
kuraklik gibi iklim olaylarinda biiyiik degisimlerin goriilmesidir (Aksay ve ark.,
2005). Iklim degisikligi kiiresel bir sorun olup, ancak etkileri nedeniyle yerel
nitelikler kazanabilmektedir. Giiniimiizde canli yasamini etkileyen en énemli
cevresel problem olan iklim degisikligine yol acan faktorlerin basinda bol
miktarda sera gazi olusturan fosil yakitlarin yogun olarak kullanilmasi
gelmektedir. Ozellikle komiir, petrol ve dogalgaz kullanimm artmasi,
ormanlarin ve diger ekosistemlerin bozulmasi veya hizla yok olmasi iklimde
degisikliklere yol agmaktadir. Ekosistemin dogal isleyis siirecinde meydana
gelen bazi gelismeler de iklim degisikligi {izerinde etkili olabilmekte fakat bu
etki, insanin neden oldugu etkinin yaninda O&nemsiz kalmaktadir.
Yanardaglardaki volkanik patlamalar esnasinda bazi sera gazlarinin ve toz
bulutunun agiga ¢ikist bu duruma 6rnek olarak verilebilir. Yukarida da
belirtildigi gibi tiim diinyadaki yanardaglarm harekete gegme potansiyeli goz
Ontine almdiginda, bu etkinin insandan kaynaklanan etki yaninda ¢ok 6nemsiz
oldugu agikca goriilmektedir.

1960’tan beri atmosferden kaynaklanan felaketler 4 kat, reel ekonomik
kayiplar 8 kat ve sigorta kapsaminda olan ekonomik kayiplar ise 12 kat artmistir
(IPCC, 2001). Bu kadar biiyiikk kayiplarin ortaya ¢ikmasi bu felaketlerin
siddetini gostermesi agisindan dnemlidir. Tiim bu geligmeleri, kiiresel 1sinma
ve iklim degisikligi i¢in delil olarak nitelendirmek miimkiindiir. Diinyamiza ait
detayli sicaklik kayitlari 19. ylizyil sonlarinda tutulmaya baslanmistir. Ortalama
kiiresel sicaklik 20. yiizyilda yaklasik 0.6 0.2 °C artig gostermistir. 1971 yili
ile 2022 yil1 arasindaki 52 yillik sicaklik degisimleri incelendiginde diinyada
ortalama sicakliklar 6zellikle son on yilda siirekli artis gostermis, 14.0 °C altina
diismezken, Tiirkiye’de ise sicakliklar 14.5 °C altina diismemistir (Sekil 2).
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Sekil 2. Diinyada ve Tirkiye’de Yillik Ortalama Sicakliklar (Kaynak: NOAA ve
Meteoroloji Genel Miidiirliigii, 2023)

Sicakligin artmasiyla birlikte buzullarin erimesiyle deniz seviyelerinde
10-20 cm arasinda yiikselme oldugu goriilmektedir. Genel olarak Kiiresel
1sinmanin etkisi, hava sicakliklarinin diinyanin her yerinde artmasi biciminde
olmasi beklenmemektedir. Sicakligin artis orani1 subtropik bolgelerde
kutuplardakinden daha farkli olmasi beklenmektedir. Ornegin ekvatorda bu
artigin diinya ortalamasinin ¢ok altinda olacagi tahmin edilmektedir. Aslinda bu
1sinmanin, diinya iklim sisteminde koklii degisimlere ve asiriliklara yol agmast
muhakkaktir. Oyle ki, diinyanin baz1 blgelerinde kasirga, sel ve tagkinlar gibi
hava olaylarinin artan siddet ve siklikta, baz1 bolgelerde de uzun siireli, siddetli
kurakliklar ve ¢6llesme olaylari etkili olabilecektir.

1960 11 yillardan beri diinyamizin sicakligt her 10 yilda 1 °C
artmaktadir. Kig doneminde ise bu artig 2 °C seviyesine ulasmaktadir (Brass,
2002; Kerr, 2002; Walther ve ark., 2002). Benzer bir durum, geceyle giindiiz
arasinda da gorilmektedir. Gece sicakliklarindaki artis, giindiiz
sicakliklarindaki artistan fazla olacaktir. Bu durumda karalar geceleri eskisi
kadar sogumaya firsat bulamayacaktir. Yagis donemlerindeki miktar ve yagis
tiirlerinin degismesiyle artan sicaklik daha ¢ok buharlasmaya ve buna bagh
olarak da daha ¢ok bulut olusmasina yol agacaktir. Diinyanin ikliminin daha
sicak, daha nemli ve yer yer bol yagish olacagini sdylemek miimkiin
olmaktadir.



SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER) | 270

Kiiresel 1sinmaya yol acan sera gazlarindan su buharinin kiiresel
1sinmaya katkist %50’lere ¢ikmakta ve sera gazlari icerisinde 6nemli yeri olan
karbondioksitin de 1smmmaya katkis1 ¢ok fazla olmaktadir. Matematiksel
bilgisayar modellere gore CO, yogunlugu iki katina c¢iktiginda, kiiresel
sicakligin 3 °C artacagi hesaplanmistir. Karbondioksitin kiiresel 1sinmaya
katkisinin yiiksek olmasinda, karbondioksit molekiillerinin 50-100 y1l gibi uzun
Oomirlii olmalari etkili olmaktadir. Sera gazlarmin olmamasi durumunda
yeryilizii sicakliginin bugiine gore 30 °C daha soguk olacagr tahmin
edilmektedir. Yapilan arastirmalar gostermektedir ki; normal atmosferde 300
ppm olarak bulunan karbondioksit konsantrasyonu indeks olarak 1 ve
yeryliziiniin ortalama sicakligi 0 °C olarak kabul edildiginde; karbondioksit
konsantrasyonundaki artisa bagli olarak yeryiiziiniin ortalama sicakligi Cizelge
1’de goriildiigii gibi katlanarak artmaktadr.

Cizelge 1. Karbondioksit Konsantrasyonundaki Artisa Bagli Olarak Yeryiiziiniin
Ortalama Sicakligindaki Degigim.

CO; konsantrasyonu (ppm) 300 | 450 600 750 900
Indeks 1 15 2 25 3
Ortalama sicaklik (°C) 0 3.4 55 7.2 8.5

Son 50 yilda; diinyanin ortalama sicaklig1 her on yilda ortalama 0.19 °C
artmistir. Gelecek 20 yilda ise ortalama sicaklik artiginin, her on yillik periyod
icin 0.20 °C olacagi tahmin edilmektedir. Yapilan iklim modeli tahminlerine
gore ortalama kiiresel yiizey sicakliginin 21. yiizyilda 1.1-6.4 °C arasinda artig
gosterecegi belirtilmektedir. Yapilan ¢aligmalar 2100 yilina kadar olan doneme
yogunlagsa da 1sinma ve deniz suyu seviyesindeki yiikselmelerin sera gazi
diizeylerinin sabit bir duruma gelmesi ile yeni bir bin yillik siirecte de devam
edebilecegi tahmin edilmektedir (Anonim, 2008).




271 | SOIL HEALTH AND LAST AGRICULTURAL DEVELOPMENTS
(TOPRAK SAGLIGI VE SON TARIMSAL GELISMELER)

Comparacio
con las medias
de 1940 - 1980

2 15 -1 05 0 05 1 15 2

Sicaklik Anormallikleri (°C)
Sekil 3. 1940 ve 1980 normlarina gore 1999-2008 yillar1 arasinda Diinya’da goriilen

sicaklik anormallikleri.

1.2. Kiiresel Isisnmanin Etkileri

Iklimde yasanan degisikliklerin temel nedeni, yerkiirenin 1s1nim
dengesinin degisimidir. Glines 1s1nimu ile yer 1sinimi arasindaki dengeyi
degistiren herhangi bir etmen, iklim de ciddi sekilde etkilemektedir. Bu
etmenler, kimi zaman dogal siireglerle kimi zaman da insan faaliyetleri
nedeniyle ortaya ¢ikmaktadir.

Insan faaliyetlerine bagli olarak atmosferdeki sera gazi
diizeylerinin degismesi, zincirleme etki yaratmaktadir. Ilk asamada
ortaya ¢ikan kiiresel ortalama yiizey sicakliklarindaki artig, basta yagis
rejimlerinde diizensizlikler olmak tiizere iklim sistemlerinde c¢esitli
degisimlere yol agmakta, bu degisimler ise dogal kaynaklarin varligini
ve dagilimim etkileyerek sosyo-ekonomik yapilara yansimaktadir.
Cesitli senaryolara gore atmosferdeki sera gazlarinin birikimlerinde ve
buna bagli olarak kiiresel ortalama sicakliklarda goriilen artiglar
beklenenden hizli bir sekilde gelismektedir. Ayrica, yagis rejimlerindeki
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diizensizlikler gelecekte su kaynaklarinin kullaniminda problemler ile
karsilasilmasina neden olabilecektir. Son zamanlarda kiiresel 1sinma
sonucu meydana gelen iklim degisikliginden dolayr hava ve iklim
parametrelerinde gozlenen degisimler daha sik goriilmektedir.
Hiikiimetler Aras1 iklim Degisimi Paneli (IPCC) tarafindan 2030 y1l1 igin
yapilan senaryolara gore artacak olan olasi iklimsel tehlikeler ise
asagidaki sekilde siralanmaktadir:

1. Sicak hava dalgalar artacaktir.

2. Orman yanginlar artacaktir.

3. Hastalik ve zararli sayisindaki artig sonucu tarimsal savasim
daha da zorlasacaktir.

4. Siddetli yagislar sonucu ani sel felaketleri artacaktir.

5. Tropikal firtinalarin sayis1 ve siddeti artacaktir.

6. Tarim, agro-kiiltiir (tarla tarimi), hayvancilik, tath su
depolamasinin  olumsuz  etkilenmesi sonucu biiylikk zararlar
goriilebilecektir.

7. Sitma ve malarya gibi ¢ok dnemli zararlara yol agan hastaliklari
tagtyan bocekler bulunduklari bolgelerden ¢ikarak diger bdlgelere
yayilacaktir.

Akdeniz kusaginda yer alan ve kiiresel 1sinma ve iklim
degisikliginin olumsuz etkilerinin en yliksek oranda goriilecegi Tiirkiye;
kuraklik, su kaynaklarinin zayiflamasi, orman yanginlarinin artmasi,
yeni hastalik ve zararhilarmin ortaya cikisiyla bas etmek zorunda
kalabilecektir. Samsun’dan Adana’ya bir hat ¢izildiginde bunun
batisinda kalan bolgenin 3-4 °C, dogusunda kalan boélgenin ortalama
sicakliginin da 4-5 °C civarinda artacagi, giinliik yagis miktarinin 0.25
mm kadar diisecegi, buharlagmanin ve yaz kurakliginin artacagi tahmin
edilmektedir. Sicaklik ve kurakligin artmasiyla; orman yanginlarinda
artig, sicaklik ve nemin etkisiyle hastalik ve zararli sayilarinda artis,
isinmanin  etkisiyle de iklim kusaklart kuzeye dogru kayacaktir.
Ulkemizde daha énce goriilmeyen birgok hastalik ve zararlilar ortaya
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cikacak bu da tarimsal miicadeleyi hem daha pahali hale getirecek hem
de daha fazla pestisit kullanimi1 sonucu ¢evre daha c¢ok kirlenecektir.

Kiiresel 1sinma sonucu mutlak yagis miktar1 azalacaktir. Miktar
kadar yagisin mevsimlere dagilis periyodu da ¢ok Onemlidir. Hasat
doneminde diisen yagislar bircok iirliniin kalitesini de olumsuz
etkileyecektir. Yagislarin azalmasi ile yer alti sulariin kullaniminda
artan yogunluk, kontrolsiiz agilan kuyular yer alt1 su seviyesinin daha da
derine inmesine neden olacak, tuzluluk ve kirlenme artacaktir. Kuraklik
Karadeniz ve Marmara gibi i¢ denizlerde sicakligin artmasina, iireme
bozukluklarina, hastaliklarin artmasina ve sonugta liretimin azalmasina
ve hatta Karadeniz’e sikismig olan hamsi baliklar1 daha serin bir yere
girme sansi olmadigindan yok olma tehlikesi ile kars1 karsiya kalacaktir.
Glinlimiizde Tuz Go6li 18 yil icinde %60 oraninda kiiclilmiistiir. Bu
kiiciilmeye iklim degisikligine bagli olarak ortaya ¢ikan kurakligin etkisi
son derece fazladir. Zira, Tuz G6li Havzasi son 35 yilda ortalama 2 °C
isinmistir. Sicakliklardaki 1 °C artig, iklime bagl afetlerin meydana
gelme olasiligint %30 oraninda arttirmaktadir.

Ulkemizin yer aldig1 ekolojide kiiresel 1snma ve iklim degisikligi
sonucu kuraklik artist ve tarimsal verimde biliylik diisiisler
beklenmektedir. Uzun vadede en 6nemli segenegimiz, degisen iklim
kosullarina adapte olarak yasamayi, tarimsal tiretim yapmayi ve suyu
ekonomik kullanmay1 6grenmektir. Bunun yolu da hem topragi hem de
suyu israf etmeden, kirletmeden, bozmadan kullanmaktan gegmektedir.
Cok farkli iklim sistemlerine sahip Tiirkiye, 6zellikle kiiresel 1sinmaya
bagl olarak goriilebilecek bir iklim degisikliginden en fazla etkilenecek
iilkeler arasinda yer almaktadir. Dogal olarak ii¢ tarafinin denizlerle
cevrili yarimada olmasi, degisken bir topografyada bulunmasi nedeniyle
tilkemizin farkli boélgelerinin, iklim degisikliginden farkli bicimde ve
degisik boyutlarda etkilenecegi beklenmektedir. Ornegin, sicaklik
artisgindan daha cok ¢ollesme tehdidi altinda bulunan Giiney Dogu
Anadolu Bolgesi ve I¢ Anadolu Bélgesi gibi kurak ve yar1 kurak
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bolgelerle, yeterli suya sahip olmayan yar1 nemli Ege Bolgesi ve
Akdeniz bolgesi daha fazla etkilenmis olacaktir.

Meydana gelecek iklim degisiklikleri, tarimsal faaliyetlerde
hayvan ve bitkilerin dogal yasam alanlarinda degisikliklere yol acacak,
kurak ve yar1 kurak boélgelerimizde su kaynaklari yoniinden 6nemli
sorunlar ortaya ¢ikacaktir. Iklim bilimcilerinin {izerinde birlestigi ortak
nokta ise gelecekte olabilecek iklim degisikliginin, atmosferdeki sera
gazi emisyonlarindaki artistan kaynaklanan kiiresel 1sinmadan olacagi
seklindedir. Olasi bir iklim degisikliginin yurdumuzda ortaya ¢ikaracagi
sonuglari asagida verildigi sekilde 6zetlemek miimkiindiir:

1. Iklim degisikliginin, yurdumuzda dogal ekolojik sistemlerin
bilesimini ve iiretkenligini bozacagi ve biyolojik ¢esitliligi azaltacagi
kaginilmaz olacaktir.

2. Ormanlar iklimsel degisikliklere olduk¢a duyarlidir. Olas1 bir
iklim degisikligi sonucu ortaya cikacak sicaklik, yagis, zararlilarin
yayilist ve yanginlar nedeniyle ormanlar ile ¢ayir ve meralarin tahrip
edilmesi, milli parklarin yeteri derecede korunamamasi gelecekte
Tiirkiye agisindan biiyiik sorunlar ortaya ¢ikaracaktir.

3. Kiiresel iklim degisiklikleriyle, ozellikle su kaynaklarmin
azalmasi, kuraklik ve ¢ollesme, orman yanginlari ile bunlarin sonucu
olarak ekolojik bozulmalardan {ilkemizin olumsuz etkilenecegi
tartisilmaz bir gercektir. Tirkiye’de, uzun yillar yagis ortalamasi 631
mm iken, yagis miktari, 1999 yilinda %15 ve 2000 yilinda %7 oraninda
azalhs gostermistir. Bu azalis ve sapmalar tarimsal tiretimi olumsuz
yonde etkilemektedir.

4. Pek ¢ok bolgede tarim alanlarimin amag¢ disi kullanimi, su
yonetim eksiklerine bagli su baskinlari, tuzluluk, ¢oraklasma, asiri
pestisit ve gilibre kullanimina bagl kirlilik, tarimsal iiretimde iriin
kayiplarinin %40-50 lere ulasmasina neden olabilmektedir. Meydana
gelecek iklim degisiklikleri hayvan ve bitkilerin dogal yasam alanlarinda
degisikliklere yol acacak; yasam alanlar1 daralacak, biiylik gocler
yasanabilecek, yeni kosullara uyum saglayamayan c¢ok sayidaki bitki,
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bocek ve kus tiirii ortadan kalkacaktir. Iklim degisikligi ¢iftcileri
tirettikleri iiriinleri degistirmeye zorlayacak, ekim ve dikim tarihlerinde
ve iriin deseninde nemli degisikliklere yol acabilecektir. Iklimde
meydana gelen de8isme, sulanan ve sulanmayan alanlarda o6zellikle
bugday, musir, soya fasulyesi gibi daha bir¢ok bitkisel iiriinde verim
kayiplar1 ortaya ¢ikarabilecektir.

5. Tiirkiye’nin ¢ollesme tehlikesi bulunan i¢ Anadolu, Giiney
Dogu Anadolu, Ege ve Akdeniz Bolgeleri gibi yar1 kurak ve yar1 nemli
bolgelerinde o6zellikle tarim, ormancilik ve su kaynaklari acisindan
olumsuz etkiler goriilecektir. Iklimde meydana gelebilecek herhangi bir
degisme ylizey akisi, yagis, buharlasma ve topraktaki kullanilabilir
suyun miktarin1 degistirecektir. Mevsimler ve yillik yagislarda goriilecek
degisimler hem su kaynaklarin depo edilmesi hem de topraktaki nem
dengesinin diizenlenmesi a¢isindan 6nemlidir. Bitkilerin ¢i¢eklenme,
tozlanma, meyve olusumu ve tane dolumu sirasinda meydana
gelebilecek su kisit1 verimin 6nemli 6l¢iide diismesine neden olacaktir.

6. Kuraklik, dogada meydana gelen en biiyiik tehlikeli afettir.
Tiirkiye, son donemlerde en az yagis aldig1 kurak periyodu yasamaya
baslamig ve bu trendin artacagina iliskin tahminler ilgili kuruluslarca
yapilmaktadir. Kuraklik normalin altinda yagis, diisiik toprak nemi, sicak
kuru hava gibi birgok faktdriin bilesiminin bir sonucudur. Ulkemiz
genelinde goriilen yagisin miktar ve dagilimindaki sapmalarin, yer alti
ve yer lstlii su rezervlerinde olumsuz sonuclar meydana getirdigi
goriilmektedir.

Tiirkiye kiiresel iklim degisikliginin potansiyel etkileri agisindan
risk tastyan iilkeler arasinda bulunmaktadir. Iklimde bugiin gdzlenebilen
ve Ongoriilen degisiklikler, bilhassa basta su kaynaklarinda azalma,
kuraklik ve bunlara bagli ekolojik bozulmalar, orman yanginlar,
erozyon, tarimsal tiretkenlikte degisiklik olmak {izere sicak dalgalarina
bagli 6limler ve vektor kaynakli hastaliklarda artislara kadar pek ¢ok

acidan dogamin dengesinin degismesine sebep olmaktadir. Ikliminin
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degistigi ve niifusunun hizla arttig1 dikkate alindiginda Tiirkiye’nin 2050
yilinda su fakiri bir {ilke olacagi tahmin edilmektedir (Kadioglu, 2001).

Diinyadaki birgok iilkede (Avrupa ve Amerika) tiliketiciler
tarafindan kullanilmasina ragmen, tritikale Tiirkiye de yeterli diizeyde
kullanilmamaktadir. Bununda ana nedenleri, tritikalenin yeterince
tanitilmamasi, pisirme degeri, tritikale tanelerinin rengi ve burusuk
goriinlimii gibi Ozellikleri nedeniyle tritikalenin tliketiciler tarafindan
yeterli benimsenmemesinden kaynaklanmaktadir.

Iklim degisikliginin en biiyiik etkisi, tarim alanlarindaki &nemli
degisiklikler seklinde kendini gosterecektir. Lobell ve ark. (2008), iklim
degisikligi nedeniyle bazi 6nemli kiiltiir bitkilerinin 2050 yilina kadar
tiretimden tamamen kalkabilecegi yada tiretimlerinin ¢ok azalacagini,
ozellikle giiniimiizde verimli sekilde tarimi yapilan misirin Giiney
Afrika’da iiretilemeyecegini; yer fistigi, dar1 ve kolza ¢esitlerinin ise
Giliney Asya’da iiretimlerinin ¢ok azalabilecegini 6ngérmiislerdir. Bahge
bitkilerinde de ayni tehlikenin bulundugu, iklim degisikligi nedeniyle
birgok Onemli kiiltiir ¢esidinin {iretiminde O©Onemli azalmalarin
beklenebilecegi bildirilmistir (Antle, 2009).

Iklim degisikliginin bitki yerel popiilasyonlar1 (kdylii cesidi),
yabani akrabalar tiirlerinin neslinin yok olmasina yol agtig1 i¢in tarimsal
biyogesitliligi baski altina aldig1 bir gergektir (Jarvis ve ark., 2008). Iklim
degisikligi nedeniyle tireticilerin yerel popiilasyon (koylii ¢esitler) yada
degisen kosullara daha iyi uyum saglayan yeni gelistirilmis kiiltiir
cesitlerine yonelmesiyle kullanilmakta olan cesitler kaybolacaktir.
Ornegin, son 20 yilda Sudan’in Giiney Mali Bolgesi'nde yetistirilen
sorgum cesitlerinin sayisinda iklim degisikligine bagl olarak yagis
sezonunun kisalmasi nedeniyle O©nemli Olgiide azalma oldugu
bilinmektedir (Weltzien ve ark., 2006).

Bitki hastalik ve zararlilar1 6nemli 6l¢lide iklim kosullaridan
etkilenmelerinden dolay1 c¢evresel degisikliklere karsi son derece
duyarlidirlar. Newton ve ark. (2008), 1slah edilen hastalik ve zararlilara
dayanikli ¢esitlerin stabil iklim kosullarinda etkili olabilecegini,
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degisken ¢evresel kosullarda bu 6zelliklerinde degisimlerin olabilecegini
bildirmislerdir. Ote yandan, iklim degisikliginin bitki hastaliklarina
etkisine iliskin ¢alismalarin sinirli sayida yapilabilecegine dair genel bir
goriis de s6z konusudur. Bir¢ok patojenin tiremesinde en etkili faktor
sicakliktir.  Ornegin; kok ciiriikliigiinii olusturan patojen yiiksek
sicakliklarda daha hizli iiremektedir (Waugh ve ark., 2003). Uzun
biiyiime mevsimlerinde (6zellikle ytliksek bolgelerde) yliksek sicakliklar

patojenlerin gelismesi i¢in zaman kazandirmaktadir.

2. KURESEL iKLiM DEGISIKLiGi YONUNDEN

TRITIKALE

Diinya iizerinde tahillar, genis alanlarda ekimi ve liretimi yapilan
iriin grubunu olusturmaktadirlar. Diinyada en fazla ekimi ve {iretimi
yapilan tahillar arasinda bugday, misir, ¢eltik, arpa ve ¢avdar on siralarda
yer almaktadir. Son yillarda bu tahil iriinlerine ek olarak bugday ile
cavdarin melezlenerek kromozom sayisinin iki katina ¢ikartilmasi
sonucu elde edilen ve Tritikale (xTriticosecale Wittmack) adimi alan tahil
cinsi 6nem kazanmaya baslamistir. Tritikale diinyada bir¢ok iilkede
tarimi1 yapilan yeni bir tahil cinsidir. Tritikale (xTriticosecale Wittmack),
Poaceae (Graminae) familyasindan tek yillik bir C3 serin iklim bitkisidir.

Yeni bir {riin olarak, tritikale, makarnalik/ekmeklik bugday
(Triticum sp.) x cavdar (Secale cereale L.) tiirleri arasinda yapilan
melezleme sonucunda elde edilmistir. Bu yeni bitkiye bugday ve
cavdarin bilimsel isimleri olan Triticum ve Secale’nin kaynastirilmasi ile
Triticale ad1 verilmistir (Varughese ve ark., 1996). Bugday x cavdar
melezinden olan bu yeni tahil cinsi; ABD, Polonya, Kanada ve Meksika
gibi bir¢ok iilkede uzun siire devam eden 1slah caligsmalari sonucu
marjinal, fakir tarim alanlarindan dekardan alinan verimi artirmak
suretiyle, hizla artan Diinya niifusunun gida ihtiyacin1 karsilamak
amaciyla gelistirilmistir. Bugdaydaki verim ve kalite ozellikleri ile
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cavdardaki biyotik ve abiyotik stres sartlarina tolerans ve/veya
dayaniklilik 6zellikleri birlestirilmek istenmistir.

Sekil 4. Tritikale Bitkisinin Goriiniimii.

Bugday ile cavdarin melezlenmesi ilk defa 1875°de Iskog
botanik¢i Stephen Wilson tarafindan denenmis, fakat elde edilen
melezler steril ¢ikmistir. Alman botanik¢i Rimpau 1888°de yaptigi
calismalarda kismi fertil melezler elde etmistir (McGoverin ve ark.,
2011). 1915°1i yillarda dogal tritikale hibritlerine rastlanilmistir. Fertil
melez konusundaki ilk onemli basari, 1938 yilinda bugday x c¢avdar
melezine kolsisin (colchicine) uygulamasiyla kromozom sayisinin iki
katina ¢ikarilmasiyla iiretken tohum veren melez bitkiler elde eden,
Isvecli genetik¢i Miintzing tarafindan elde edilmistir.

Tritikale; ana ebeveyni bugday, baba ebeveyni ise ¢cavdar olan bir
melezdir (Miintzing, 1989; Dodge, 1989). Ebeveynlerinin poliploidi
diizeylerine bagli olarak tetraploid, hekzaploid yada oktoploid
olabilmektedir. Tritikaleler oktoploid yada tetraploid olmasina karsin,
ticari olarak yetistirilen tritikaleler makarnalik bugday ve ¢avdar
melezinden olusan hekzaploid (2n=42) sekonder amfidiploid form olup,
klasik genom dizilimi AABBRR’dir (Lukaszewski ve Gustafson, 1987;
Yildirim ve ark., 2007).

Tritikalenin; kira¢, marjinal alanlara adaptasyonu ve verim
potansiyeli A ve B genomuna sahip makarnalik bugday ebeveyninden,
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soguk, asitli, tuzlu topraklarda yetisebilme 6zelligi R genomuna sahip
cavdardan gelmektedir (Siizer, 2003). Melezlemede makarnalik bugday
kullanilirsa elde edilecek tritikale hexaploid (2n=42), ekmeklik bugday
kullanilirsa oktoploid (2n=56) olmaktadir. Tanesi icin yetistirilen
tritikaleler hexaploid, hayvan yemi olarak yetistirilen tritikaleler ise,
oktoploid’dir. Ikincil hekzaploid tritikale (AABBRRDD) genom
formiiline sahip olup, bu tritikalelerde ekmeklik bugdaydan D
genomunun katilmasi sonucu genetik ¢esitliliginin artmasi avantaj olarak
goriilmektedir (Atak, 2004).

[1k tritikale gesidi 1966 yilinda Avrupa’da tescil edilmis olup, bunu
Kuzey Amerika’da tescil edilen “Kosner” isimli tritikale c¢esidi
izlemistir. Yurdumuzda iiretim izinli olarak ilk kez “Bakir¢ay” tritikale
cesidi yetistirilmeye baslamistir. Daha sonra Tatlicak 97, Tacettinbey,
Presto 2000, Karma 2000, Melez 2001, Mikham 2002, Ege Yildizi,
Alperbey, Umranhanim, Mehmetbey, Aysehanim, Truva, Collegial,
Respekt, Cosinus, Esin, Ozer, Melihbey, NT09423, Ocenia, Bc Goran,
Kinerit, Bera, NT07403, Vardem, Misionero, Toygar, Okkan 54,
Kereon, Tribeca, Sarp, Umranhanim 2, Ahenk, Sileno tritikale ¢esitleri
tescil edilmistir. Yurdumuzda {ireticimizin gergek anlamda tritikale ile
tanismas1 Bahri Dagdas Milletleraras1 Kislik Hububat Arastirma
Merkezi tarafindan gelistirilerek tescil ettirilen ilk kislik tritikale ¢esidi
“Tathicak 97” ile olmustur. Bu c¢esidin yiiksek verim performansi
gostermesi sonucu tritikale tiretim alanlar1 artmaya baglamistir.

Yurdumuzda tritikale ekimi son on yilda 6nemli artig gostererek
35 bin hektardan 110 bin hektara yiikselmistir. Uretim miktar1 ise 110
bin tondan 370 bin tona yiikselmistir. Ilging bir sekilde ise 2014 yilinda
tiritikale verimi 405 kg/da iken 2019 yilinda 571 kg/da yiikselmis, son
tic yilda ise 2021 de 342 kg/da, 2022 yilinda 293 kg/da, 2023 yilinda ise
305 kg/da’a diismiistiir. Tirkiye genelinde 57 ilde tritikale {iretimi
yapilmakta olup Corum, Sivas, Tokat, Samsun, Kirklareli, Usak,

Bayburt, Kiitahya, Amasya ve Denizli iiretimde 6ne ¢ikan illerdir.
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Sekll 6. Bugday ve Tr1t1kalen1n Ara21dek1 Gorlintimdi.

Trltlkale
HSf. N.,‘_,

.3}

Sekll 7. Bugday, Cavdar ve Tritikale Tanelermln Gorilinimleri.

Kiiresel ilim degisiminin tarimsal iiretim iizerine etkilerinin
kuraklik, ekstrem sicaklik artiglari, ani sicaklik degisimleri, hastalik ve
zararlilarda artis gibi bitkilerin yetisme ekolojilerinde istenmeyen
degisimler ve toprak yapisinda bozulmalara neden olabilecektir.

2.1. Tritikale Verim Kapasitesi ve Kullanimi
Tritikale bugday ve c¢avdar melezi bir tahildir. Strese dayamikl
olmasi, kalitesi diisiik topraklarda gelisebilme yetenegi, iklim
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kosullarina  dayanikliligi, kuraklik toleransi, asitli topraklara
dayanabilme yetenegi, diisiik besin ihtiyaci ve yetisme doneminde diisiik
azot gereksinimi gibi avantajlar1 vardir. Diger tahillara kiyasla daha az
giibreye gereksinim duymaktadir. Tritikalenin tane verimi bugdaya esit
veya daha fazla, bitki boyu daha yiiksek, hektolitre agirligi daha az,
basaklanma tarihi ise benzer olarak bulunmustur (Lehman ve ark., 1983).
Islah calismalarinda kendine dollenen bitki olarak kabul edilmekle
birlikte; ¢esitli arastiricilar tarafindan tritikalede %10.1 ile 47.5 arasinda
yabanci dollenme saptanmistir (Demir ve ark., 1978). Bu yabanci
dollenme durumunu goz onilinde bulunduran Zillinsky ve ark. (1980),
kendine dollenen bitkilerde melez azmanligindan yararlanmak i¢in her
yil melezleme yapmak gerektigini; tritikale bitkisinin ise bu
melezlemelere gerek kalmaksizin, melez azmanligini kendiliginden
ortaya ¢ikarabilece8i goriisiindedirler. Tritikalede tane kirisikligi,
hektolitre agirliginin ve un randimaninin diisiik olmasi nedeniyle unu
bugday ununa belli oranlarda (%50-70) karistirilarak kullanilmaktadir.
Tritikale, yillik 300 mm’den az yagis alan elverigsiz alanlar, fosfor
acisindan fakir, kumlu veya asidik topraklara iyi adaptasyon gosteren bir
tahildir. Tritikale hidromorfik kosullara kars1 en dayaniklidir ve olumsuz
yagish ortamlarda yapilan karsilagtirmali denemelerde tritikale verimleri
hem tane hem de saman olarak bugday ve arpanin verimini asmistir
(Mergoum, 1989). Bugiin, tritikale farkli iilkelerde bugday, arpa ve
musirla birlikte ana {irlin olarak kabul edilir ve bu tiirin ekim alanlar
stirekli olarak gelismektedir. Tritikale bazi iilkelerde insan gidasi olarak
kullanilmakta ancak genellikle daha yaygin kullanimi tek bagina veya
baklagilleriyle birlikte yiliksek biyokiitle {iretimi ile hayvansal iiretimde
onemli bir kaba yem kaynagidir. Kiimes hayvanciliginda, tritikale
tavuklarin, 6zellikle de yumurta tavuklarinin yem bilesiminde bugday,
arpa veya misir gibi diger tahillarin yerine kullanilabilir. Yiiksek
biyokiitle iiretme ve sinirlayict kosullarda iyi biiylimeyle otlatmadan
sonra rejenerasyon yetenegi, tritikaleyi miikemmel bir yem bitkisi yapar.
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[lkbahar tipi ve fakiiltatif tritikale gittike otlatilan yem, yesil kesilmis
yem, ¢ift amagli yem (yem/tahil) veya silaj olarak kullanilmaktadir
(Mergoum ve Gémez- Macpherson, 2004). Bu iiriin, 6zellikle kuraklik,
asitlik ve kumlu topraklara sahip bolgelerde farkli ekim sistemlerine
entegre edilebilir. Tritikalenin yem olarak potansiyel kullanimlart
arasinda tahil ve saman i¢in saf olarak yetistirilmesi, yesil yem olarak
veya saman veya silaj olarak saklanmasi veya baklagilleriyle birlikte
kullanilmas1 yer alir (Mergoum ve Kallida, 1997).

Diinya niifusun siirekli artmasi gida talebinin de siirekli olarak
yiikselmesine neden olmaktadir. Ozellikle kiiresel iklim degisiminin de
etkisi ile tarimsal agidan uygun olmayan yada verimsiz alanlarin oraninin
artmas1 giivenilir gida arzim riske etmektedir. Ozellikle abiyotik ve
biyotik streslerin etkisinin daha fazla hissedildigi alanlarda tritikalenin
gida ve yem olmak iizere iki amag i¢in daha yaygin olarak {iretilmesi
gerekmektedir. Tritikale taneleri yiiksek lisin icerigine sahip iyi bir
protein ve vitamin kaynagidir, diisiik gliadin igerigi nedeniyle unu
bugday unu ile karistirarak iyilestirilebilir. Ancak son yillarda islah
edilen tritikale ¢esitlerinin tane kalite 6zelliklerinin iyilestirilmesi ve bu
konuda yapilan caligmalar tritikalenin farkli gida iiretiminde de basarili
olarak kullanilabilecegini ortaya koymaktadir.

Tritikale ununun bugday unu ile %50’ ye kadar karistirilmasiyla
elde edilen ekmek kalitesi sadece bugday unu kullanilmasiyla yapilan
ekmek kalitesine benzer sonuclar vermistir (Pena ve ark., 1991; Pena ve
Amaya, 1992). Yakin bir gecmiste ortaya ¢ikmis olmasina ragmen
tritikale, diinyada olas1 bir aglik sorununa, bugdayin yaninda alternatif
olmaya adaydir (Kiigiikak¢a, 1995). Yapilan caligmalar; tritikalenin yem
verimi, kuru madde orani, lif igerigi, hazim olma derecesi gibi hayvan
beslemede 6nemli olan kalite kriterleri agisindan diger tahillara benzer
yada daha tistiin oldugu sonucuna ulagtirmistir (Atak, 2004). Tritikalenin
hazmolur protein ve lisin miktari, bugday ve arpaya gore daha yiiksek
olup, protein orani ve amino asit icerigi ile amino asit dengesi bugdaya
gore daha iyidir. Ayrica tritikalenin tanelerinin fosfor, mangan, demir ve
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bakir igerigi de yiiksektir (Fernandez-Figares ve ark., 2000). Bu sayilan
nedenlerle tritikale hayvan beslenmesinde arpa, yulaf ve bugdayin yerine
kullanilabilmektedir. Yurdumuzda oldukga yiiksek oranda olan kaba ve
kesif yem agigimin giderilmesinde tritikalenin 6nemli bir rol iistlenmesi
kaginilmazdir. Tritikale tanesinin yem degeri arpa ve ¢avdardan daha iyi,
bugdayla esit durumdadir. Ozellikle kiiciik ve kanatli hayvanlarmn
dogrudan beslenmesinde ve yem rasyonlarina katilmasinda
onerilmektedir (Cift¢i ve ark., 2003). Tritikale unu, bugday ve cavdar
unu ile kanistirillarak kabarma istemeyen ekmek, pasta ve biskiivi
yapiminda kullanilmaktadir. Ayrica hicbir igsleme tabi tutmadan ve
formiil degisikligi yapmadan biskiivi tiretiminde %50, kraker tiretiminde
%?25 ve kepekli biskiivi tiretiminde ise %100 kullanimi fiziksel, kimyasal
ve duyusal kalite sinirlar1 igerisinde miimkiin olabilmektedir (Sertakan
Giindogdu, 2006). Tritikalenin tek basina ekmek yapiminda
kullanilmasinda en biiyiik problem olan yiiksek a-amilaz aktivitesi malt
ve maya yapimi i¢in uygundur. Tritikale yiiksek malt ekstrakti verme
ozelligine ve yiiksek diastatik giice sahiptir.

Bir gida olarak, besinlerin emilimini de diizenleyebilir, bagisiklig
artirabilir ve kan sekeri seviyelerini kontrol edebilir, bdylece
kardiyovaskiiler hastalik ve obezite gibi bazi yaygin hastalik riskini
azaltabilir ve bu da insan saglig1 i¢in biiyiik 6l¢iide faydalidir (Lafiandra
ve ark., 2014). Yapilan cesitli arastirmalar sonucunda tritikale ve
bugdayin tahillardan etanol iiretimi i¢in en uygun se¢cim oldugu ve
benzer kosullarda yetisen cavdara gore daha fazla etanol iiretimine
olanak sagladig1 ifade edilmektedir. Yani tritikalenin i¢eriginde bulunan
amilaz aktivitesi diger tahillara kiyasla daha yiiksektir. Tahilin yiiksek
amilaz aktivitesine sahip olmasi etanol iiretiminde arzu edilen bir
durumdur. Yiiksek amilaz aktivitesi, sakkarifikasyon agamasinda hazir
enzim preparatlarinin kullaniminin %350 oraninda azalmasimi saglar
(Kucerova, 2007). 2009-2010 yillar1 arasinda Dugan (2010) tarafindan
yapilan bir arastirmada; tritikale cesitlerinin ekmeklik bugday dan 40
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kg/da, arpa dan 100 kg/da, ¢avdar dan 110 kg/da, yulaf dan 110 kg/da
fazla tane verimi; ekmeklik bugday dan 1 ton/da, arpa dan 1 ton/da,
cavdar dan 1 ton/da, yulaf dan 0.40 ton/da fazla yesil ot verimi verdigi
belirlenmistir.

2.2. Abiyotik-Biyotik Stres Kosullarinda Tritikale

Makarnalik/ekmeklik bugday ile ¢avdarin melezlenmesi sonucu
gelistirilen tritikale bugdayda bulunan verim ve kalite 6zelliklerinin
korunarak ¢avdarda bulunan abiyotik ve biyotik streslere dayaniklilik
Ozelliginin aktarilmasi amaglanmistir. Giliniimiizde en yaygin olarak
kullanilan hekzoploid tritikale, cevresel kisitlamalarin bulundugu
alanlarda daha yiiksek gelisim kabiliyeti gosterecek onemli derecede iyi
genetik cesitlilige sahiptir. Tritikale soguk, kurak ve marjinal toprak
kosullarina dayanikli, ¢ogu hastalik ve zararlidan etkilenmeyen bir
bitkidir. Yagis miktarindaki azalma ve yagis rejimindeki
diizensizliklerin neden oldugu kuraklik sonucu biiyiime ve gelisme
olumsuz yonde etkilenmektedir. Tritikale, bugday ve arpaya goére bu
olumsuz duruma kars1i daha toleranshi bir yapiya sahiptir. Yiiksek
sicaklik, kuraklik, diistik verimli, kumlu ve asidik toprak kosullarinda,
tritikale bugday ve arpadan daha yiiksek verim vermektedir. Gliniimiizde
kiiresel iklim degisiminin etkileri daha net hissedilmekte, iilkelere ve
bolgelere gore degismekle birlikte her yil kuraklik, yiiksek sicaklik, ani
sicaklik degisimi, yagis dagiliminda diizensizlik gibi abiyotik stres
faktorleri ile pas hastaliklari, kok hastaliklari, zararlilar gibi biyotik stres
faktorleri genis alanlarda iiretimi yapilan bitkilerde 6nemli sorunlara
neden olmaktadir. Bu tip alanlar i¢in hem abiyotik hem de biyotik stres
faktorlerinden etkilenmeyen yada daha az etkilenen tiirlerin ¢esitlerinin
daha fazla oranda yer almasi gerekmektedir. Son yillarda yogun tarimsal
girdi kullanimi, iklimsel degisimler nedeniyle abiyotik ve biyotik stres
faktorlerinin etki alan1 artmakta bunun yaninda diistik verimli alanlar da
genigleme goriilmektedir. Bu tip riskli alanlar i¢inde en 6nemli bitkilerin
basinda tritikale gelmektedir. Ulkemizde tritikale 110 bin hektar alanda
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yetistirilmekte ve daha cok kaba yem ve kesif yem olarak hayvan
beslenmesinde kullanilmaktadir. Insan beslenmesinde kullanim orani ise
diisiik diizeydedir.

Yar1 kurak bolgeyi temsil eden dort farkli alanda yiiriitiilen
denemelerde tritikalede yaklagik arpadan 5 kat daha yiiksek verim
vermistir (Mergoum, 1989). Benzer sonuglar abiyotik stres kosullari
altinda biyokiitle olarak tritikale iiretimi kumlu topraklarda diger
tahillara gore daha yiiksek olmustur. Tritikale, fakir topraklara iyi adapte
olup, diisiik girdilere ve azot gilibrelemesine olumlu yanit vermesi
yaninda elverigli alanlarda, iyi verimi saglar (Aniol, 2002). Tritikale,
cavdarmn iklim ve toprak ozellikleri bakimindan fazla segici olmayan
Ozelligi ile hastalik ve zararlilara dayanikliligini; bugdayin ise yiiksek
verim ve kalitesine sahip bir tahildir. Tritikale; serin iklim tahillarindan
bugday ve arpaya gore olumsuz iklim ve toprak kosullarina daha fazla
dayanabilmesi nedeniyle stres kosullarinda da olsa belirli bir verim
diizeyine ulasabilmektedir. Niifusumuzun hizla artmasi, ekilebilen tarim
alanlarinin son sinirina gelinmis olmasi ve en dnemli sorunlardan biri
olarak kiiresel 1sinmaya bagli iklim degisikliginin meydana gelmesi
gelecek yillardaki olast bir beslenme agiginin 6nemli isaretleridir. Bu
sorun tiim diinyay ilgilendiren bir sonu¢ olup, gelecekte artan diinya
nifusunun gida gereksinimini karsilayabilecek ¢ozlimler i¢in yogun
caligmalar yapilmaktadir. Bilim adamlan aglik sorununa care olmasi
amaciyla mevcut tarim alanlarindaki verimi artirmanin yani sira,
marjinal alanlarda da tiretim yapilabilmesine olanak saglayacak tritikale
lizerinde de arastirmalarini yogunlastirmiglardir (Bage1 ve Ekiz, 1993).
Bugday ve arpanin 200-250 kg/da tane verimi verdigi kosullarda,
tritikaleden 400 ile 500 kg/da arasinda tane verimi alinabilmektedir.
Yetistirime kosullarinin uygun oldugu alanlarda da bugday ve arpa dan
daha yiiksek deger veren tritikale cesitleri olabilmektedir. Son yillarda
1slah edilen tritikale ¢esitlerinde tane verimleri 800 kg ve {lizerine, yesil

ot verimleri de 4 ton ve lizerine ¢ikmaktadir.
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Sulanmayan marjinal alanlarin degerlendirilmesinde oncelikle
tercih edilmesi gereken bitki tritikale olabilir. Farkli 6zellikler tasiyan
yeni tritikale cesitlerinin gelistirilmesiyle ekim alani1 ve iiretiminde
onemli artiglar saglanacaktir (Miintzing, 1989; Mergoum ve ark., 1992;
Kiin, 1996). Tritikale erozyon nedeniyle toprak derinligi azalan, verim
gliciinli yitiren egimi fazla olan topraklarda, bugdaymn iki kati
sayilabilecek bir verim potansiyeline sahiptir. Tarla kosullarinda
bugdayda 6nemli verim diisiikliiklerine neden olan yaprak hastaliklarina
da toleranshdir. Tritikale cavdar ve bugdaya zarar veren pestisist ve
hastaliklara karst daha dayamklidir (Garcia-Aparico ve ark., 2011,
Kucerova, 2007). Tritikale, biyolojik olarak diger serin iklim tahillar1 ile
bircok agroekolojik bolgede rekabet edebilen ve ters ¢evre kosullarina
daha iyi adapte olan yeni bir alternatif lirlin olmustur (Varughese, 1996).
Diger serin iklim tahillarina kiyasla topraktan daha fazla
yararlanabilmesi nedeniyle ozellikle, marjinal alanlarin
degerlendirilmesinde ve artan yem acigimin kapatilmasinda tritikale
onemli bir alternatif bitki olarak dikkati ¢ekmektedir. Tritikale bugday
tariminin yapilamadigi toprak derinligi az, corak ve kiglar1 cok sert gecen
bolgelerde bugdaydan daha verimli olabilmekte, agir kis kosullarina
kars1 bugdaya gore daha iyi dayamim gostermektedir. Almanya’da
yapilan bir arastirmanin sonucuna gore tritikale bugday ve arpaya oranla
daha diisiik sicakliklara daha fazla dayanabilmektedir (Sachs ve ark.,
1999). Tritikalede c¢avdar ebeveyninden kalitimla gelen pas
hastaliklarina dayanma ozelligi, pasin bugday diiretimini sinirladigi
alanlarda bugdayimn yerine yetistirilebilmesine olanak saglamaktadir.
Bugdaya kiyasla daha diisiik girdi ihtiyacinin olmasi, tritikaleyi
ekonomik agidan da distiin kilmaktadir. Tritikalenin biiyiik oranda
hastaliklara dayaniklilik gostermesi, verimi diisiik topraklarda az girdi
ile yiiksek verim elde edilebilme olanaklarina sahip olma 6zellikleri
nedeniyle, organik tarim sistemine de en uygun kiiltiir bitkisi olarak 6n
plana ¢ikmaktadir (Hackett ve Burke, 2004).
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Ulkemizde tritikale tarrminm yayginlasmasi ile yagisin sinirli
oldugu, verimsiz kira¢ alanlar, tuzlu, asitli ve hastalik etmenlerince
bulasik olan yerler de daha iyi degerlendirilecek, boylece bu gibi yerlerin
iilke ekonomisine katkist miimkiin olabilecektir. Ancak iklim
degisikligiyle beraber kendini gosteren yagis miktarindaki azalmalar
tane veriminde ortaya ¢ikacak verim diisiikliigliniin en 6nemli nedeni
olacaktir (Atak ve Ciftci, 2006). Tritikale bugdaydan daha iyi kuraklik
(Hura ve ark., 2012), aliminyum (Niedziela ve ark., 2022) donma
(Rapacz ve ark., 2022) ve su basmasi (Arseniuk, 2015) toleransi
sergilemistir. Tiim bu nitelikler, tritikaleyi Polonya, Almanya, Ispanya
ve Fransa gibi Avrupa lilkesinde yetistirilen degerli ve kokli bir iiriin
haline getirir. Tritikale tanesi esas olarak hayvan yemi olarak kullanilir,
ancak ayni zamanda insan gida tiiketiminde ve biyoetanol ve biyoyakit
iiretiminde de kullanilir.

Yurdumuz, giiniimiiz kosullarinda kendisine yetecek kadar bugday
ve arpay1 Uretebilmekle birlikte, gelecek yillarda bu durumunu
koruyabilecegi tartisma konusudur. Yasanan yiiksek sicakliklar ve buna
bagli olarak ortaya ¢ikan kuraklik, gelecekte bir¢ok bitkinin bu olumsuz
durum kargisinda zarar gérmesine hatta iiretimden kalkmasina neden
olacaktir. Bununla birlikte gilinlimiizde kurak ve yar kurak alanlarin
tarim dis1 kalacagi beklenmektedir. Degisen iklim kosullarinda,
giliniimiizde yetistirilen bir¢ok kiiltiir bitkisinin ve bunlara ait ¢esitlerin
yeni kosullara uyum gdsterememesi sonucu iiretim dis1 kalacaklar
kaginilmaz bir sonug olacaktir. Yakin gelecekte olusacak yeni abiyotik
ortam i¢in yeni bitkilere gereksinim duyulacaktir. Bu kosullarda tritikale
bitkisinin bugiinden daha fazla 6nem kazanmasi beklenmektedir.

Iklim degisikligiyle birlikte ortaya ¢ikacak su sikintisi ve kuraklik
acisindan tritikale, bugday ve arpaya ciddi bir alternatif tahil olarak 6n
plana ¢ikmaktadir. Hastaliklarin ve zararlilarin neden oldugu kayiplar
bitkisel iiretimde ©nemli boyutlara ulasabilmektedir. Hastalik ve

zararlilara kars1 birgok tiirde yeterli dayanikliligin olmamasi bitkisel
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iiretimde yogun herbisit ve insektisit kullanimini ortaya ¢ikarmaktadir.
Bu nedenle bitkisel iiretimde 6nemli bir girdi maliyeti yaninda 6zellikle
canlilarin saghigr ve ekolojik denge lizerine 6nemli olumsuz etkileri
olmaktadir. Genotip dayanikliliginin yeterli olmamasi, biyotik streslerin
etkisinin daha belirgin oldugu marjinal alanlarda bitkisel {iretimi daha
yuksek diizeyde olumsuz etkilemektedir.

Diizensiz yagislar, yagis yetersizliginden kaynaklanan ekim
gecikmesi, pas, septoria ve helminthosporia’ nin neden oldugu yaprak
hastaliklari, yeterli dayaniklilik olmadigi i¢in bugday ve arpada énemli
kayiplara neden olmaktadir. Tritikale, abiyotik ve biyotik streslere karsi
tolerans da ¢esitli genlere sahiptir. Tritikale hastaliklarin ve zararlilarin
dayanikliligr ile bunlarin gelisimini engellemekte bdylece pestisit
kullanimini azaltarak ekolojik ¢evreyi de korumaktadir. Cavdar (Secale
graal L., 2n = 2x = 14, RR), bugday ve diger kii¢iik taneli triinlerle
karsilastinldiginda, kurakliga, tuza ve aliiminyum stresine karsi en
yiiksek toleransa sahip tahildir. Ayrica kiilleme dayaniklilik genleri Pm7
(Heun ve Friebe, 1990), Pm8, Pm17 (Hsam ve Zeller, 1997), Pm20
(Friebe ve ark., 1994) ve Pm56 (Hao ve ark., 2018); kara pas dayaniklilik
genleri Sr27 (Rao ve Ramanujam, 1978) Sr31 (Mago ve ark., 2005), Sr50
(Mago ve ark., 2015) ve Sr59 (Rahmatov ve ark., 2016); kahverengi pas
dayaniklilik genleri L125 (Heun ve Friebe, 1990), Lr26 (Mago ve ark.,
2005) ve Lr45 (Mcintosh ve ark., 1995) ve de sar1 pas dayaniklilik geni
Y19’ a (Mago ve ark., 2005) sahiptir.

Bitki 1slahgilari, c¢avdar kromozomlarint basar1 ile bugdaya
aktararak, farklt kromozom kompozisyonlarina ve ploidisine dayali
olarak tetraploid (AARR, 2n=4x=28), hekzaploid (AABBRR,
2n=6x=42), oktaploid (AABBDDRR, 2n=8x=56) ve dekaploid
(AABBDDRRR, 2n=10x=70) sentetik {irlin olan tritikaleyi yarattilar.
Tritikale, kiilleme, sar1 ciicelik viriisii, kahverengi pas ve diger
hastaliklara kars1 yliksek direng Ozellige sahiptir. Fusarium basak

yanikligi (FHB), tahil tanelerinin mikotoksinlerle kirlenmesine neden
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olabilir. Tritikale de FHB ile enfektedir; ancak basak enfeksiyonuna
bugdaydan daha direnglidir (Goral ve ark., 2021).

Tritikale, daha Onceleri kara, kahverengi ve sar1 pasin yani sira
Fusarium basak yamikligt (FHB) ve kiilleme gibi bir¢cok biyotrofik
hastaliga kars1 direncliydi (Miedaner ve ark., 2022). Ancak ekim alanlart
arttikca, tritikale bu {iriinli enfekte edebilen yeni patojen irklarinin evrimi
nedeniyle bagisikligini kaybetmeye basladi (Liu ve ark., 2018). Bu
nedenle, baslica 1slah hedefleri ayn1 anda bir¢ok stres faktoriine karsi
toleransi/direnci artirmaya odaklanmistir. Basak yanikligi direng genini
tastyan Th. elongatum kromozomlarinin veya kromozom pargalarinin
tritikaleye aktarilmasimin  tritikalenin basak yanikligi  direncini
artirabilecegi ortaya konmustur.

Kiiresel iklim degisiminin etkisi ile iklim kosullar1 ve toprak
yapisinda meydana gelen degisimler, hastalik ve zararh artis1 tarimsal
iiretimi daha riskli hale getirmektedir. Bu nedenle 6zellikle kiiresel iklim
degisiminin daha etkin hissedildigi yada hissedilecegi alanlarda stres
faktorlerinden etkilenmeyecek yada en az diizeyde etkilenecek {iriinlere
gereksinim duyulmaktadir. Bu baglamda da en 6nemli alternatiflerin
basinda tritikale gelmektedir.

Daha yiiksek tane verimi, basak basina daha fazla tane sayisi,
yatmaya dayanikliligi, abiyotik ve biyotik streslere dayanikliligi
nedeniyle bugday ve arpadan daha yiiksek verimler verebilmektedir.
Tritikalenin daha yiiksek 1sin kullanim etkinligi (radyasyon), ekmek
bugdayindan daha yiiksek stoma iletkenligi, asimilasyon orani ve su
kullanim 6zelligi kuraklik, yiiksek sicaklik, toprak asitligi, diisiik
sicaklik toprak alkaliligi gibi abiyotik stres faktorlerine dayanikliligini
saglamaktadir. Kuraklik kosullarinda, tritikalenin bugdaydan daha
yiiksek yaprak bagil su icerigi, antioksidan yetenegi, stoma iletkenligi ve
daha distk bitki ortiisii sicakligr bulunmaktadir. Sapta suda ¢oziinen
karbonhidratlar icerigi ve taneye yeniden mobilizasyonu ekmek bugday,
makarnalik bugday veya arpadan daha yiiksektir ve bu da daha biiytik
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tane boyutu ve basak basina tane sayisi ile iligkilidir. Bunun yaninda
tritikalenin aliiminyuma toleransinin yiiksek olmasi asitli topraklarda
yetistirmeye uygun hale getirmektedir.

Tritikale bitkisel tiretimde 6nemli kayiplara neden olan kahverengi
pas, kara pas, kiilleme, fusarium, kok ctiriikliigii gibi hastaliklara, arpa
clicelik viriisii gibi zararlilara bugday ve arpaya gore daha dayanikli
olmast nedeniyle kiiresel iklim degisimi nedeniyle artmasi beklenen
hastalik ve zararlilar yoniinden tercih edilecek bitkilerden biri olacaktir.
Son yillarda sar1 pas 1rklar1 bugday ve 6zellikle yeni 1slah edilen tritikale
cesitlerinde olduk¢a Onemli zarar oranlarina ulasabilmektedir. Bu
nedenle tritikale 1slahinda da sar1 pasa dayaniklilik 1slahina agirlik
vermek yararl olacaktir.

3. SONUC

Giliniimiizde kiiresel iklim degisimi nedeniyle giin gegtikce
sicakliklar artmakta, kuraklik, ani sicaklik dalgalanmalari, yagisin
diizensiz dagilimi, tarim topraklarinin verimliligin diismesi daha sik
goriilmekte ve tarimsal liretimde 6nemli sorunlar ortaya ¢ikmaktadir.
Degisen iklim kosullar1 nedeniyle tarimsal iiretim yapilan bir¢ok alanda
abiyotik ve biyotik stres faktorlerinin olumsuz etkilerinin artmasi
beklenilmektedir. Bu nedenle abiyotik ve biyotik stres faktorlerinden,
diisik toprak verimliligi kosullarindan etkilenmeyen yada en az
etkilenen bitki tiirlerine gereksinim duyulmakta, bu agidan da tritikale en
onemli alternatif bitki olarak goriilmektedir.
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