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Abstract

From the Neolithic era, when human communities first began practicing agriculture, to the present day, there has
been a significant shift in the agricultural production process from traditional farming to 3D printing. Throughout
the course of history, all industrial revolutions have inevitably influenced the agricultural sector. It is well-known
that agriculture has faced significant pressures related to demographics, natural resource scarcity, climate
change, and food waste. With the rapid growth of the world population, the risk of agricultural production,
especially food production, falling short has increased, making it increasingly important to address agricultural
production issues. To address these issues, new methods and production technologies have been required in the
agricultural sector.

The purpose of this study is to investigate to what extent Industry 4.0 applications will be effective in solving the
existing problems in agricultural production. The study discusses the challenges that adversely affect global
agricultural production. The literature on Industry 4.0 applications currently used in the agricultural sector is
reviewed, and the possible future effects of these applications on the agricultural sector and overall economic
growth are examined.

In this context, the study explores the areas in which Industry 4.0 applications are currently being used in
agricultural production, their contributions to production, and their potential effective role in solving problems.
These applications are expected to have a positive impact on economic parameters such as production, efficiency,
and competitive advantage, ultimately benefiting economic growth. Furthermore, with the use of other new
agricultural production methods such as vertical farming and automation, it may be possible to ensure sufficient
food production for the world's population in the future. Industry 4.0 applications contribute to solving problems
such as preventing an increase in food prices by increasing production, eliminating the risk of scarcity, reducing
costs by using fewer inputs in precision farming, reducing environmental pollution, and transitioning to robotic
applications in areas where labor supply is challenging. The result of digitization in the agricultural sector due to
these applications is leading to unprecedented major economic changes with significant economic impacts.

Keywords: Industry 4.0, Agriculture, Food supply, Economic growth, Economic impacts.
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Insan topluluklarinin ilk kez tarim yapmaya basladigi neolitik ¢agdan giiniimiize kadar, geleneksel tarimdan 3D

yazicilara tarimsal iiretimin kurgulandigi oldukca farkly bir endiistriyel tarim siireci yasanmaktadwr. Tarihsel
stire¢ icerisinde yasanan tiim sanayi devrimleri kaginilmaz olarak tarim sektoriinii etkilemistir. Bilindigi tizere
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tarumsal iiretim tizerinde yogun bir sekilde demografi, dogal kaynaklarin kithgi, iklim degisikligi ve gida israfinin
baskilart olmustur. Diinya niifusunun hizla artmasi karsisinda tarimsal iiretimin, ozellikle gida tiretiminin yetersiz
kalmas: riski ve tarimsal iiretimde sorunlarin ¢oziimii, giderek daha énemli hale gelmistir. Sorunlarin ¢éziimii igin
tarim sektériinde yeni yontemlere ve yeni iiretim teknolojilerine ihtiyag duyulmustur.

Bu ¢alismanin amaci; Endiistri 4.0 uygulamalarmin, tarimsal iiretimde karsilagilan mevcut sorunlarin ¢oziimiinde
ne olgiide etkili olacaginm arastirmaktir. Calismada diinya tarimsal iiretimini olumsuz etkileyen sorunlar
tartistimistir. Giintimiizde tarim sektoriinde kullaniimakta olan Endiistri 4.0 uygulamalarma iliskin literatiir
incelenmis, bu uygulamalarin gelecekte de tarim sektorii ve genel olarak ekonomik biiyiime iizerindeki olast
etkileri tizerinde durulmustur.

Bu ¢ergevede giiniimiizde Endiistri 4.0 uygulamalarmin tarimsal tiretimde hangi alanlarda kullanildig, tiretime
katkist ve sorunlarin ¢éziimiinde oynayacagi etkin rol aragtirimistir. Bu uygulamalarin, iiretim, verimlilik, rekabet
tstiinliigii gibi ekonomik parametreleri ve ekonomik biiyiimeyi olumlu etkilemesi beklenmektedir. Ayrica dikey
tarum, tiretimde otomasyon gibi diger yeni tarimsal tiretim yontemlerinin kullanilmasiyla gelecekte gida iiretiminin
insan niifusuna yetecek diizeye ulasmast miimkiin olabilecektir. Uretimi artirarak gida fiyatlarinin yiikselmesinin
ontine gegilmesi, kithk riskini ortadan kaldwrmasi, hassas tarimla iiretimde daha az girdi kullanarak maliyetlerin
diistiviilmesi, ¢evre kirliliginin azaltilmasi, is¢i temininde zorluk yasanan alanlarda robotik uygulamalara
gecilmesi gibi sorunlarin ¢oziimiine katki sunan Endiistri 4.0 uygulamalari; isgiiciine duyulan ihtiyact azaltarak,
yeni bir tiretim bi¢imini ortaya ¢ikarmaktadwr. Bu uygulamalarin sonucunda tarim sektoriinde ortaya ¢ikan
dijitallesme, onemli iktisadi etkilerle tarihte esi goriilmemis biiyiik degisimlere yol agmaktadur.

Anahtar Kelimeler: Endiistri 4.0, Tarim, Gida arzi, Iktisadi biiyiime, Iktisadi etkiler.
1. Introduction

Agricultural production holds significant importance for various reasons, including meeting the essential
food requirements for human survival, providing input for other industries, generating employment,
positively impacting income distribution, and reducing poverty.

The world is facing the risk of not being able to meet the increasing demand for agricultural production
due to reasons such as waste, global climate change, and conflicts. To address the decreasing agricultural
production and fulfill the growing food demand, more efforts and new methods are required. In this
context, the importance of Industry 4.0 applications, also known as the Fourth Industrial Revolution,
becomes even more pronounced.

While Industry 4.0 is built upon innovations and inventions from previous revolutions, it significantly
diverges from them in many aspects. Artificial intelligence applications, the Internet of Things (1oT),
excessive computing power, and full automation have started to exclude labor and human control in
Industry 4.0 applications. Technological developments in this process continue to enhance the power
and control of artificial intelligence.

Today, the impacts of Industry 4.0 applications on global agricultural product supply, whether
agricultural production will be sufficient to feed the population, whether it will meet the input needs of
other sectors, and its effects on economic growth, employment, and poverty reduction, have become
increasingly important.

Revolutionary new methods and inventions have led to four industrial revolutions since the 1700s.
Industry 4.0 has begun to profoundly impact the world economic system. Industry 4.0 has begun to
deeply affect the global economic system. In agriculture, along with new knowledge and methods, the
production process has also changed with the use of new tools, artificial intelligence applications, and
robots, resulting in significant increases in production.

With Industry 4.0 applications, the agricultural sector worldwide is rapidly digitalizing. The direct
positive effects on economic growth are evident due to increased productivity, production quantity, and
production quality. It is anticipated that production will continue to increase in the future.

2. Objective and Method

In the future, the quantity of production inputs and production volume in the agricultural sector will be
crucial. Among the topics covered in this study are the dimensions of unemployment that will be reached
in this sector, as in other sectors, as well as the economic effects of productivity, production guantity,
and new production methods.
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The aim of this study is to reveal the effects of Industry 4.0 applications in solving the problems affecting
global agricultural production negatively. The literature related to Industry 4.0 applications in the
agricultural sector has been reviewed, and the economic effects of these applications have been
examined.

In this regard, the study is not only important for changing economic structures but also for its impact
on food security, economic growth, and national economies. In addition to the economic importance of
the agricultural sector, the study is expected to be beneficial in proposing suitable measures for potential
problems and recommending appropriate precautions concerning the potential positive and negative
outcomes of new agricultural practices on a global scale.

3. The Importance of The Agricultural Sector in Terms of Economic Growth

The concept of agriculture is defined by the Turkish Language Association (TDK, 2023) dictionary as
"the production of agricultural and animal products, the improvement of their quality and yield, their
proper preservation, processing, and marketing, agriculture, culture.” In another definition, agriculture
is expressed as "activities undertaken in a certain biological and socio-economic environment to obtain
the animal and plant products necessary for human nutrition” (Uzundumlu, 2012, p. 35). As indicated
in this definition, activities aimed at nutrition are not only essential for the continuation of human life
but also crucial for the functioning of the economic system.

Agriculture is a sector of strategic importance in terms of national security (Ozertan, 2014, pp. 210-
211). The need to ensure food security and eliminate the risk of hunger and famine is a matter of national
security for countries. Every nation prioritizes efforts to attain economic self-sufficiency, fostering self-
reliance in the production of essential agricultural goods, and diminishing reliance on other countries.
These objectives are crucial for bolstering both national security and economic independence.
Additionally, the agricultural sector is known to have functions such as providing the workforce from
the population it feeds, contributing to the increase in the country's GDP, enabling exports, having a
positive impact on income distribution, and reducing poverty (Dogan, 2009a, p. 366; Byerlee et al.,
2009, p. 3).

Agricultural production has positive effects on economic growth due to its contributions to increasing
food supply, agricultural product exports, income, and foreign exchange income (Johnston & Mellor,
1961, p. 571). The necessity of nutrition for the continuity of life makes the agricultural sector important,
and countries support the agricultural sector by channeling significant resources when needed to make
the production of food items possible (Acar, 2006, p. 23).

Under the United Nations' Millennium Development Goals adopted in 2000, agriculture holds a central
position in reducing poverty, promoting gender equality, and ensuring sustainable environmental
management (Byerlee et al., 2009, p. 3). The contributions and economic importance of the agricultural
sector emerge in four main categories: products, markets, production factors, and foreign exchange
(Dogan, 2009a, p. 367; Byerlee et al., 2009, p. 15).

3.1. Contribution to Escaping Dependency and Achieving Self-Sufficiency Strategy

In today's world, risks such as inadequate global food supply and famine as seen in the Russia-Ukraine
War, natural disasters, decreases in product supply caused by global climate change, and the failure of
food product supply to increase in parallel with the growth of the world population, coupled with the
depletion of agricultural stocks, have led to rising food prices and concerns among nations. To avoid
dependency on other countries for meeting their agricultural product demand, all countries set the
production of a self-sufficient quantity of agricultural products as a strategic goal (Acar, 2006, p. 23).
In terms of allowing the economic structure to continue functioning without succumbing to these risks,
the agricultural sector is an important sector that eliminates security vulnerabilities for the country
(Tutar, 2021, p. 121; Lowenberg-DeBoer, 2022, p. 1).

3.2. Contribution to Poverty Reduction

The increase in the number of labor force working in the agricultural sector and the increase in their
income have an important role in economic growth and in reducing poverty in the country (Byerlee et
al., 2009, p. 15). Since a significant portion of the impoverished population resides in rural areas and is
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part of the agricultural workforce, the income generated from food production has a substantial effect
on reducing poverty (Dogan, 2009Db, p. 26).

3.3. Product Contribution

Agriculture not only meets individuals' consumption needs but also provides input to the industrial
sector (Thirlwall, 1999, p. 128; Erbay, 2013, p. 8). In other words, the forward linkage effect of the
agricultural sector is quite high. For example, leather required in sectors like shoemaking; grains and
similar cereal products needed for ready-made foods; tomatoes and beans for canning production; and
cotton and silk required for the textile industry are supplied from the production in the agricultural
sector.

3.4. Market Contribution

The importance of the purchasing power of the agricultural sector is significant in terms of creating a
market for products produced by the industry and other sectors. The purchasing power of the population
in the agricultural sector enables the purchase of goods and services produced in other sectors. The
monetary expenditures made by the population in the agricultural sector for goods and services
constitute the revenues of these firms (Dogan, 2009a, p. 369). Equipment produced for use in the
production of food products, such as tractors and machines, as well as fertilizers and chemicals, are also
purchased by the agricultural sector. The sale of these goods and services produced in the industrial
sector and the continuation of their production depend on the sustainability of production in the
agricultural sector. All these effects directly impact economic growth.

3.5. Contribution as a Production Factor

The agricultural sector makes significant contributions to providing labor, capital, and natural resources
to other sectors. Some inputs required for production, such as raw materials needed by the industrial
sector, are provided by the agricultural sector. Due to rapid population growth and mechanization in
developing countries, surplus labor in the agricultural sector is shifting to other sectors. Therefore, the
labor demand of other sectors is met by this sector. Large companies and individuals engaged in
production in the agricultural sector, when transformed into investments in the industrial sector, allow
the sector to invest more and grow further (Winters et al., 1998, p. 75; Karli et al., 1996, p. 208-209).

3.6. Contribution to Foreign Exchange

Especially developing countries need foreign exchange for the import of intermediate and capital goods
for production purposes. However, the foreign exchange resources of developing countries are limited.
A country that produces the agricultural products needs for its citizens' consumption, primarily
eliminates the need to import these products. This means saving on foreign exchange payments for
imports. Similarly, a country that produces the agricultural products needed for industrial production
purposes also saves on the foreign exchange required for the import of these products. To increase
limited foreign exchange resources, countries need to produce and sell these products to other countries.
The production and export of agricultural products provide an opportunity to supply the foreign
exchange input that the economy needs (Byerlee et al., 2009, p. 15).

To understand the place of agriculture in the world economy, it would be useful to consider data related
to global agriculture. In 2020, only 4.3% of the world's Gross Domestic Product (GDP) was generated
by the agricultural sector. As seen in Table 1, the highest share, 64.8%, belongs to the service sector.
The low share of agriculture in GDP is also related to the low prices of agricultural products in those
years.

Table 1: Sectoral Ratios of World Gross Domestic Product (%)

Years Agriculture Industry Manufacturing Services
2010 3,9 27,5 15,9 62,7
2020 4,3 26,0 15,9 64,8

Source: World Bank, 2022a.
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During the years 2000-2002, the agricultural sector, which accounted for 39.3% of total global
employment, had decreased to 28.3% of total employment during the years 2014-2016 (World Bank,
2022b). Despite the declining employment rate due to mechanization in agriculture, the sector still
employs nearly one-third of the global workforce and contributes to income generation. Therefore, the
agricultural sector plays a significant role in reducing poverty.

4. Problems in Agricultural Production and The Causes of Insufficient Product Supply to Meet
Demand

There are four main challenges that exert adverse pressure on agriculture in terms of meeting humanity's
future food needs: demographics, scarcity of natural resources, climate change, and food wastage (De
Clercq et al., 2018, p. 5). In addition to these four issues, other problems that hinder the current food
supply from satisfying the growing food demand should also be considered. When these additional
problems are taken into account, the factors contributing to the insufficiency of food supply are as
follows:

1. Population growth
. Depletion of natural resources
. Global climate change

. Covid-19 global pandemic

. Shortage of labor force in agriculture

2
3
4
5. Russia-Ukraine war
6
7. Increased energy demand
8

. High costs
9. Food wastage

The increase in the world's population leads to an increase in demand for agricultural products and, as a
result of allocating agricultural lands to residential areas, a decrease in cultivable agricultural land and
thus a decrease in supply. With the world's population approaching 8 billion and a decreasing amount
of agricultural land worldwide, there is a risk that future agricultural production may not meet the global
food demand. It is projected that by July 2023, the world's population will be close to 8 billion, reaching
8.5 billion by 2030, 9.7 billion by 2050, and 10.9 billion by 2100 (UNFPA, 2023, p. 12; UN, 2019, p.
5).

The increase in the world's population leads to two effects, resulting in the agricultural product supply
being unable to meet product demand:

1. The need for more space for the increasing population's housing and other requirements leads to
the allocation of land suitable for agriculture to residential purposes. The decrease in cultivable
land then results in reduced production and, consequently, inadequate food supply.

2. The growing population leads to an increased demand for agricultural products, which in turn
results in an insufficient supply.

In order to feed a world population approaching 10 billion in 2050, it is necessary to increase global
agricultural production by 70% from the level in 2005 (FAO, 2009, p. 2). Some measures need to be
taken to reduce this inadequacy in food and other agricultural product supply. Among these measures
are reducing the increase in demand, increasing food supply without expanding agricultural land,
increasing fish supply as an alternative food source, preserving natural ecosystems to protect production
and nature, and reducing greenhouse gas emissions caused by agricultural production (Ranganathan et
al., 2018, p. 1).

As a result of the inability of the world food supply to meet the increasing food demand, food prices
have increased significantly. This situation has raised the risk of hunger and famine worldwide.
Currently, events such as the Russia-Ukraine war, the Covid-19 global pandemic, global climate change,
insufficient labor force in agriculture, depletion of natural resources, increased energy demand, high
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costs, and food waste are causing a decrease in global food production, while the increasing world
population is driving up global food consumption.

The natural resources required for agricultural production are decreasing (Tutar, 2020, p. 843). Among
these natural resources, arable agricultural land and water are of utmost importance. The quantity of
arable land in the world is decreasing (Ritchie, 2022, p. 1). Reasons for the reduction in arable land
include urban expansion, the establishment of factories and similar production units on agricultural land,
and the use of suitable areas for housing due to the growing population. The reduction in agricultural
land leads to a decrease in agricultural production. Additionally, improper use, unbalanced fertilizer use,
decreasing water resources, and climate change also result in a decrease in agricultural production
(Kilavuz & Erdem, 2019, p. 134).

The temperature increase and fluctuations above the seasonal average caused by global climate change,
as well as an increase in carbon emissions in the atmosphere, lead to a decrease in both plant and animal
production. Moreover, excessive rainfall above seasonal norms affects plant production negatively due
to soil erosion, while drought results in a decrease in the quantity and productivity of different
agricultural products (Basoglu, 2014, p. 180).

Starting from March 2020 due to the Covid-19 pandemic, measures such as lockdowns within countries
and border closures between countries were implemented worldwide to minimize human contact and
prevent the spread of the pandemic. These measures, which aimed to keep human contact at a minimum,
such as lockdowns within countries and border closures between countries, also resulted in the inability
of the workforce to continue production. During this period, just like in other sectors, there were
difficulties in supplying the necessary workforce for the agricultural sector, leading to reductions in
agricultural product supply (Narin, 2021, p. 52). Furthermore, problems and disruptions in the supply
chain, as seen in other sectors, have not yet been resolved.

In 2020, which marked the beginning of the global pandemic, world food supply only grew by an annual
rate of 1.9%, which is one of the factors causing food supply inadequacy (World Bank, 2021). The
Covid-19 pandemic has rapidly brought artificial intelligence (Al) applications related to machine
learning (ML) to the forefront of the business world (Ragazou et al., 2022, p. 1).

The Russia-Ukraine war, which began in 2022, significantly affects global food production. Ukraine,
Russia, and Belarus are important agricultural producer countries in global agricultural production.
Russia and Ukraine are among the top five global exporters of many important agricultural products
such as wheat, barley, sunflower, and maize. With the war, a decrease in wheat shipments has emerged,
causing importing countries to seek wheat from other sources at higher costs. Considering that Ukraine
exports about 90% of its products from ports, the risk of Ukrainian farmers' products being spoiled, and
the risk of scarcity in countries importing these products, is more apparent. Due to the war, the future of
agricultural product production is uncertain. The death and migration of Ukrainian citizens due to the
war also result in an unmet demand for labor in the agricultural sector. The refusals of Russia to allow
agricultural products to exit Ukrainian ports and problems in agreements affect agricultural product
supply negatively. Due to these problems, the inability of food supply to meet demand has led to inflation
by increasing food prices (Istikbal, 2022, p. 4). Additionally, Russia, Ukraine, and other countries are
imposing sanctions and restrictions on the export of certain agricultural products. Problems in global
supply chains, which were already problematic since 2020 due to the Covid-19 global pandemic, are
beginning to intensify further.

Difficulties in labor supply are experienced in some areas of the agricultural sector. In the United States,
a 2017 study by the California Farm Bureau Federation (CFBF) stated that 55% of responding farmers
faced problems in labor supply. It is also noted that 69% of farmers employing seasonal workers
experienced difficulties in labor supply (CFBF, 2017, p. 1). The difficulty in labor supply (lack of labor
supply) in agriculture negatively affects agricultural product supply.

Energy is required in all stages of food production processes (Martinho, 2016, p. 544). The energy
requirement for all food chain processes from field to transportation, industrial transformation, and
commercialization is increasing (Pereira, 2017, p. 2987).
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In the future, high labor costs are expected in the agricultural sector (McCalla, 2001, p. 5). Due to the
low supply of labor in the sector, the inability to meet labor demand will lead to high wages in the
market. Both the depletion of natural resources and high-energy demand result in high costs and high
prices.

Food waste occurs in all stages of food production and consumption. These wastes can be classified as
food products lost for various reasons during the production process, such as collection and
transportation, and edible food waste lost during consumption but preventable (Nordin et al., 2020, p.
1).

5. Industry 4.0 and The Digital Transformation of The Agriculture Sector

Efforts to increase food production quantity and efficiency have always held a significant place in human
history. In 1974, electronic identification was introduced for farm animals in the United States, and in
1983, the government allowed civilian use of GPS. Computer-controlled VRT (Variable Rate
Technology) fertilization was implemented in 1987, a milking robot was developed in 1992, and in
2006, automatic sprayer boom section controllers were introduced. In 2011, a weeding robot was
invented, followed by the development of a combine harvester operator assistance system in 2013. In
2017, the production of the first completely autonomous field crop was achieved. In 2018, autonomous
guidance systems began to be used in production, and by 2022, large-scale autonomous tractors became
ready for use. These developments and similar ones have constituted significant stages in the transition
to digital automation in agriculture (Lowenberg-DeBoer, 2022, p. 5).

Today, increasing efficiency and utilizing next-generation Industry 4.0 technologies will be crucial. In
this context, the importance of preventing food waste, preserving the soil, slowing down the ripening
process in agricultural products, and finding solutions for sustainable choices is evident. The use of
Industry 4.0 applications in the implementation and monitoring of each stage of the measures to be taken
offers the possibility of achieving highly effective results (Akay, 2018, p. 3).

The digital transformation brought about by Industry 4.0 applications has profoundly affected the
production process and continues to do so. Smart farming applications are continuously evolving at an
increasing pace (Mumtaz & Nazar, 2022, p. 23). During the Covid-19 pandemic, the need to minimize
interpersonal contact has underscored the importance of Industry 4.0 applications, making the pandemic
a "catalyst" for Industry 4.0 applications.

To increase efficiency in agriculture, it is necessary to collect production process data and analyze this
data. As a result of the analysis, production is carried out with the help of artificial intelligence and
robots managing complex structures, using the emerging technology of the Internet of Things (loT).

5.1. Industry 4.0 Applications in Agriculture

Industry 4.0 applications are currently being used in the agriculture sector, enabling digital
transformation. Precision farming applications that will continue to lead significant transformations in
agriculture in 2023 and beyond include the following (StartUs, 2023):

1. Satellite technology,

Internet of Things (1oT),

Acrtificial intelligence (Al),
Variable Rate Technology (VRT),
Agricultural robotics,

Drones,

N o g bk~ DN

Big data and analytics,
8. Emission reduction technology.

Access to secure and high-quality data, real-time analysis over large areas, and live livestock tracking
have greatly benefited from satellite technology.
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The Internet of Things (loT) is revolutionizing the agriculture sector by enabling machines to
communicate and work together continuously (Aldag et al., 2018, p. 3). IoT not only increases
agricultural production but also enhances agricultural product quality, reduces labor costs, and boosts
farmers' income by facilitating agricultural modernization (Xu et al., 2022, p. 1). loT applications lead
to water conservation in irrigation, monitor crop development, and track animal and plant life data.
Additionally, loT-connected smart agricultural machinery ensures continuous monitoring of production,
including planting, cultivation, sowing, fertilization, pest control, feeding, irrigation, harvesting, and
collection, to ensure agricultural product safety (Xu et al., 2022, p. 16-18).

In contrast to the previous decision-making process based on the farm manager's prior experience,
artificial intelligence (Al) applications assist farmers, including real-time decisions, using data,
including big data (Aldag et al., 2018, p. 5). Al applications make data-driven, smart decisions in all
stages of production, such as harvest management, crop management, pest and disease detection, soil
and irrigation management, and weed control, reducing costs, increasing productivity, and minimizing
post-production losses (Giizel & Okatan, 2022, p. 204-211).

Variable Rate Technology (VRT) is a technology that allows various applications to be made at different
levels and in different areas in agriculture. For example, the water, fertilizer, and pesticide requirements
of the soil vary in each region. Sensors at the front of the tractor, which determine these needs, allow
the tractor to apply varying amounts of water, fertilizer, or pesticides as needed (Giiler & Kara, 2005, p.
113). This practice increases efficiency, reduces costs, and minimizes environmental impact by using
less water, fertilizer, and chemical pesticides (FAO, 2022, p. 63).

In smart agriculture, drones play a vital role in assessing the condition of agricultural products using
aerial and near-infrared imaging techniques (Mumtaz & Nazar, 2022, p. 23). Robots instead of human
labor now perform labor-intensive and repetitive tasks in the agricultural sector. Robot-assisted tasks
include product harvesting and collection, disease and weed control, soil cultivation, irrigation,
fertilization, and pesticide application, reducing the use of chemicals by up to 90% (Ozgiiven et al.,
2022, p. 70). Robots can perform intensive processes in the production process, such as supervision and
data collection, which can be more efficiently performed by computers. Robots with sensors and camera
systems that remove weeds growing among plants also reduce the use of chemical pesticides.

To achieve better quality and higher yields in agriculture, reliable and adequate information is required.
Smart decisions, such as which crops to plant to increase profitability and when to harvest, are crucial.
These data, collectively referred to as big data (BD), are essential. Big data includes vast amounts of
data generated from sensors and other devices, as well as data produced by social media and users.
Developments in machine learning (ML), deep learning (DL), artificial intelligence (Al), and data
science, combined with advances in computing power, have allowed for the performance of real-time
analytical learning models and automated decision-making (Misra, 2020, p. 6306).

Incorporating Industry 4.0 practices in farming methods contributes to carbon sequestration, reduces
emissions in the use of precise raw materials and storage areas, and promotes emission reduction (Misra,
2020, p. 6320).

Today, robots and artificial intelligence applications manage the process autonomously in solving
various problems related to agricultural activities. These include product harvesting and collection, fruit
processing, data collection and transformation, pest reduction, classification, sorting, and harvesting to
prevent food waste, greenhouse production, weed control, autonomous harvesting, pruning, sowing,
spraying, dilution, sorting, and packaging. Artificial intelligence monitors the process, makes decisions,
and provides solutions, while tractors and other devices connected to the system perform the production
(Wakchaure et al., 2023, s. 2). The application of artificial intelligence technologies in agricultural
activities is illustrated in Figure 1.
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Figure 1: Implementation of Artificial Intelligence Techniques for Agricultural Activities

Planting Stage Monitoring Stage Harvesting Stage

Planning of the crop to Continuous Monitoring Segmentation
ISR Data Collection Cutting

M LETIE Disease ldentification Crop and Fruit
Preparing the land Weed Control Harvesting
Irrigation planning Fertilizer Usage Storage
Seeding Sales

Insecticide Spraying

Source: Wakchaure vd., 2023: 2.

Artificial intelligence methods such as fuzzy logic, artificial neural networks, genetic algorithms,
particle swarm optimization, artificial potential fields, simulated annealing, ant colony optimization,
artificial bee colony algorithm, harmony search, bat algorithm, cell decomposition, and firefly algorithm
are applied during the planting, monitoring, and harvesting stages (Wakchaure et al., 2023, pp. 2-7).
These methods aim to improve product quality, increase production quantity, reduce costs, and
significantly minimize product losses, thus enhancing the profitability of farmers.

5.2. Agricultural Robots and Agricultural Production Worldwide

Digital technologies enable the analysis of large volumes of data that would be impossible to process
manually and allow for the continuous monitoring of processes. Furthermore, digital technologies
eliminate human error, ensuring the acquisition of consistently accurate data (Nezamova et al., 2022, p.
1). With these advantages, digital agriculture paves the way for producing more with lower costs and
contributes significantly to solving issues in the agricultural sector. When advanced connectivity is
established with devices used in agricultural production, the agriculture sector is one of the seven sectors
that will increase the global GDP by 2 to 3 trillion dollars in the next ten years (Goedde et al., 2020, p.
2).

Robots that perform many tasks in agricultural production are machines that are injury-free, faster,
capable of working for longer durations, and highly productive. They prevent product losses by
harvesting products when there is a labor shortage. Today, robots are being increasingly used in
agricultural fields due to many advantages such as waste reduction, error-free and precise operation
capabilities, and low costs (Cope, J., 2023, p. 1).

The main areas of use for robots in the agricultural sector include vineyards, orchards, and fruit gardens,
field crops, and livestock farming. In livestock farming, robots can perform tasks such as milking,
feeding, feed pushing, bedding scraping, slurry scraping, bedding disinfection and ventilation, load
carrying, grazing, and animal welfare operations (CEMA, 2022, p. 7).

In today's world, the technological connections between drones used in production, automatic
agricultural machinery, and other devices are increasing with connections such as fiber networks, wide
area networks (LPWAN), Wi-Fi 6, 5G, and radio frequency identification (RFID). These
communication links between devices accelerate the digital transformation of agriculture in many ways,
increasing GDP (Goedde et al., 2020, p. 2).

The use of connectivity in agricultural production improves the operation and maintenance of machines
contributes to increased efficiency in production, optimization of inputs, and reduced overall expenses.
Figure 2 predicts a global value increase of between 85 billion and 115 billion dollars in the agricultural
sector by 2030 with the use of drones in production. Continuous monitoring of animal health and growth
conditions will contribute between 70 billion and 90 billion dollars to agricultural production by 2030
(Goedde et al., 2020, pp. 2-6).
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Figure 2: Estimated Global Potential Value Through the Use of Integrated Systems in
Agricultural Production (By 2030), billion dollars
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By 2030, the total value of additional production obtained through the use of connected systems in
agricultural production, along with direct and indirect results, will exceed 620 billion dollars, in an
agricultural production industry with an estimated cost of around 120 billion dollars (Goedde et al.,
2020, p. 9). The global market size of the agricultural equipment industry, which has a high level of
internationalization, is estimated to be around 145 billion euros. Globally, agricultural machinery
accounts for 46%, agricultural tractors for 35%, and parts and components for 19% of the global
agricultural machinery market (CEMA, 2022, p. 4).

As seen in Figure 3, the annual sales of agricultural robots worldwide are on the rise. Agricultural robot
sales, which were 10,000 units in 2019, reached 19,000 units in 2022, and it is expected to be 22,000
units in 2023 (CEMA, 2022, p. 7).

Figure 3: Annual Sales of Agricultural Robots Worldwide (Number of Units Sold)
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Source: CEMA, 2022, 7.

According to a market research report, the agricultural robot market is expected to reach 83 billion US
dollars by 2030, up from 8 billion US dollars in 2022, with an annual compounded growth rate of 33.70%
expected during the forecast period of 2023-2030. The report lists countries covered by the agricultural
robot market as the United States, Canada, Mexico, Germany, France, the United Kingdom, the
Netherlands, Switzerland, Belgium, Russia, Italy, Spain, Turkey, China, Japan, India, South Korea, and
other countries (DataBridge, 2023).
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6. The Impacts of Industry 4.0 Applications in Agriculture on Economic Growth

The use of artificial intelligence applications resulting in smart agricultural automation, combined with
sensors and agricultural machinery, leads to the digitization of production. New systems that enable
machines to dominate production through the Internet of Things reduce human labor to a minimum. In
this process of digitization that enables more production with fewer errors, various results affecting
economic growth emerge. These impacts can be analyzed under two main headings: positive and
negative effects.

6.1. Negative Effects

The increasing digitalization in agriculture has various negative effects in different areas. The primary
and significant negative effect of digitalization is the reduction in employment (Lowenberg-DeBoer,
2022, p. 27; Ocal & Altintas, 2018, p. 2078). With digitalization, there will be less need for the workforce
involved in manual, mechanized, or partially automated production in agriculture (Susskind, 2020, p.
259; Sergi et al., 2019, p. 8). The developments in this field will not create new job opportunities for the
existing workforce (Acemoglu, 2023, p. 7). Non-working individuals will have more time for
themselves (Brynjolfsson & McAfee, 2014, p. 286). The implementation of smart technologies across
sectors will lead to a gradual reduction in employment (Rifkin, 2019, p. 336). As a result of the
integration of artificial intelligence, sensors, and machines, extensive data is analyzed, and production
is optimized under the most suitable conditions. Consequently, the need for labor decreases significantly,
and the system is controlled by artificial intelligence. This leads to a permanent reduction in employment
in the agricultural production process.

Agriculture not only contributes to economic growth but also plays a crucial role in reducing poverty
and inequality (Dogan, 2009b, p. 26). Income inadequacy is often associated with areas with a high
concentration of impoverished individuals due to factors such as lack of education and the absence of
social support systems (Mhlanga, 2021, p. 10). With the achievement of digitalization in agriculture, the
demand for labor decreases. Therefore, the second negative effect of digitalization is the increase in
poverty due to the permanent reduction in employment, leaving the previously salaried agricultural labor
force without this income. While the decline in employment in the wage-earning sector resulting in a
loss of income has negative consequences, it is possible to view positively the potential reduction of
poverty in the future by providing a basic income for all unemployed individuals, especially in the
contemporary discussions regarding universal basic income.

6.2. Positive Effects

The positive effects brought about by digitalization in agriculture through Industry 4.0 applications
include the resolution of labor shortage, increased productivity, environmental impacts, cost reduction,
enhanced competitiveness, increased production, more efficient functioning of logistics and supply
systems, and poverty reduction.

The achievement of digitalization in agriculture provides a solution to the problem of labor shortage
(labor supply inadequacy) and the difficulties encountered in labor procurement (Fao, 2022, p. 9).

The growing global population and the resulting issues of hunger and nutrition require increased
productivity in agricultural production. Industry 4.0 applications enable the enhancement of productivity
to address these challenges.

6.2.1. Environmental Impacts

Industry 4.0 applications in agriculture contribute to environmental preservation by promoting water
conservation, reducing the use of harmful chemicals, and preventing soil erosion. This results in less
harm to the environment in agricultural production processes (Bucci et al., 2018, p. 6; Aricioglu et al.,
2020, p. 6).

6.2.2. Cost Reduction

Digitalization at every stage of agricultural production leads to reduced use of inputs such as labor, fuel,
seeds, water, and chemicals, thereby lowering unit costs. Software enables precise cost calculations that
farmers can use to plan their production by understanding how various inputs affect costs. Increased
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productivity per unit area reduces unit costs. Furthermore, price control, along with monitoring sales
prices and profit margins at each stage, is tracked through barcode readers and integrated systems.
Employers use Industry 4.0 applications to reduce production costs by employing fewer workers. For
example, in 2015, in the city of Dongguan, China, there were only three employees responsible for
controlling and monitoring the production lines. Just a few months earlier, 650 workers were employed
to perform these tasks on the same production line (The Economic Times, 2015, p. 1). The use of robots
in production has significantly reduced costs, equivalent to the payments made to 650 workers.

6.2.3. Increased Competitiveness

The agriculture sector, where digitalization is extensively applied, has higher competitiveness compared
to other countries and regions due to reduced costs and higher product quality.

6.2.4. Increased Production

Several advantageous Industry 4.0 applications, such as increased production per unit area through more
efficient combat against plant diseases and pests, obtaining more products from a unit area with big data,
less spoilage and decay in agricultural products harvested by robots, and opening previously
unproductive areas to agriculture through new information technologies, significantly enhance
productivity in agriculture (Borowski, 2021, p. 10). Vertical farming and soilless agriculture practices
also achieve higher yields with fewer resources.

6.2.5. More Efficient Logistics and Supply Chain Operations

Companies are focusing on creating value in response to increasingly informed customer requirements
in terms of delivery times, product availability, and reliability. Industry 4.0 applications offer
opportunities to meet customer needs by providing the latest solutions and contribute to the development
of logistics and supply chain management (Witkowski, 2017, p. 769; Aricioglu et al., 2020, p. 6).

6.2.6. Poverty Reduction

While the digitalization of agriculture may lead to reduced demand for labor, resulting in increased
poverty, it also has several positive effects that can alleviate poverty. Low costs and low selling prices
can increase the purchasing power of lower-income groups, reducing poverty (De Janvry et al., 2000, p.
2).

Additionally, the promotion of Industry 4.0 applications may encourage individuals who have migrated
from rural to urban areas and are not using their land to return to their villages and engage in agriculture.
This can lead to increased income and, consequently, a reduction in poverty. The increase in poverty
due to the decrease in employment in the agricultural sector can potentially be offset by the
implementation of a universal basic income, a concept widely discussed and debated in the literature.

Discussion and Conclusion

The world's population is continuously increasing. The agricultural sector is under pressure to feed the
most dense population in history, which is expected to reach 10 billion by 2050. To feed this population
in 2050, we need to produce more agricultural products than have been produced in the past 8,000 years
of human history. It is essential for agriculture to be sustainable and compatible with nature in this
production process. Otherwise, food problems will present even more severe consequences in the future.

The most significant challenges preventing the supply of agricultural products from meeting the demand
include population growth, dwindling natural resources, global climate change, the COVID-19 global
pandemic, the Russia-Ukraine conflict, labor shortages in agriculture, increasing energy requirements,
high costs, and food wastage.

The components of the Fourth Industrial Revolution, Industry 4.0, continue to evolve and affect not only
all sectors but also the agricultural sector. Artificial intelligence and robotic applications, in their new
forms, continue to reshape and transform the production process, with both positive and negative effects
such as increasing the quality and quantity of agricultural products, reducing raw material usage, and
lowering costs, but also contributing to increased unemployment. The COVID-19 pandemic has
highlighted the growing importance of Industry 4.0 applications in agriculture and accelerated their
integration into the production process. The Russia-Ukraine conflict has led to a global food crisis,
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demonstrating the validity of concerns about food security. These concerns provide a basis for countries
to turn to new agricultural policies using new technologies to produce the agricultural products they
need.

To feed the population, five main measures are essential in agriculture: robotic farming, soil
preservation, ending food wastage, making smart choices, and slowing down the ripening process.
Robots are used for repetitive tasks in agriculture. For example, three robots are used in planting,
analyzing data obtained through monitoring, and spraying pesticides. These robots minimize the use of
production inputs and reduce pollution. Robots used for soil preservation help retain air and water,
allowing for efficient nutrient use and increased productivity.

To end food wastage, software programs that enable the sale of remaining but still edible products at
reasonable prices to consumers are necessary. Industry 4.0 applications make it possible to prevent food
wastage in both production and consumption stages. Food products lost during collection, transportation,
and other stages, as well as food waste in consumption, can now be prevented. Slowing down the
ripening process also helps reduce food wastage. Making smart choices involves governments and
businesses making changes to planting, cultivation, production, harvesting, transportation, storage, and
sales models. Taking these measures will increase food supply.

In areas where there are difficulties in providing for the agricultural sector and production disruptions,
Industry 4.0 technologies have eliminated the need for labor with devices such as robots and drones.
This has not only prevented labor shortages but also reduced costs and increased efficiency. While
scarcity of natural resources, high energy and input requirements, and high costs have been associated
with agricultural production inputs, new technologies have made it possible to reduce the quantity of
inputs used and lower costs.

Collecting and analyzing data during the production process now enhances agricultural efficiency. loT
applications provide water savings from agricultural inputs, increase agricultural product quality, reduce
labor costs, and increase farmers' income. 10T is used for product development and monitoring animal
and plant life information. Smart agricultural machines are used for planting, cultivating, sowing,
fertilizing, spraying, feeding, irrigating, collecting, and harvesting. They ensure the safety of agricultural
product quality, increase the quantity of products produced, and enable savings by using inputs in line
with the region's needs in areas with different water, fertilizer, and pesticide requirements.

Methods for increasing food production without converting more land into agriculture are also under
consideration worldwide. Scientific research is being conducted at universities to genetically modify
plants for more effective photosynthesis. These studies aim to reduce soil and water use while increasing
productivity.

The primary economic impact of the use of Industry 4.0 applications in agriculture is the reduction of
employment and, consequently, the increase in poverty. However, with the income that has already
begun to be implemented as unemployment benefits and will inevitably be implemented in the future as
a basic income for citizenship, people will have more time, and poverty will be reduced by equalizing
incomes. The use of these new technologies in agriculture, which is carried out with robots, artificial
intelligence, and other Industry 4.0 applications, provides solutions to the problem of labor supply
shortages in some areas. It ensures precision in agricultural production, increases efficiency, reduces
adverse environmental effects, lowers costs with reduced labor, fuel, seed, water, and chemicals, and
increases competitiveness. It also enhances food supply, ensures more efficient operation of logistics
and supply systems, and reduces poverty. With the use of robots in production, the risk of human injury
is reduced, and risks in occupational health and safety are also minimized.

The development of agricultural technologies will make the agricultural technology market profitable
and encourage more investment in this field. This will further the development of agricultural
technologies and, consequently, increase agricultural productivity.

To solve the problem of hunger worldwide and eliminate the inadequacy in food supply in the future,
certain measures need to be taken. It is necessary to reduce the rate of population growth and, at least,
slow down the increase in demand. Increasing the supply of fish as an alternative food is essential, and
measures to protect production and the natural ecosystem are necessary. Preventing the reduction of
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land allocated to agriculture and increasing food production are crucial. Reducing greenhouse gas
emissions caused by agricultural production is also essential for increasing sustainable production
without harming the ecosystem. Besides the full implementation of Industry 4.0 applications, vertical
farming in cities, soilless farming, and new lighting systems are expected to increase agricultural
production.

In the future, agriculture will be based on interconnected machines and elements such as artificial
intelligence, leading to a production structure that is entirely dependent on automation and requires no
human labor. In such a scenario, there is a need to address important risk factors such as malicious
individuals exploiting software vulnerabilities and uncontrollable robots that may disrupt agricultural
production and impact the economy.

Countries and regions that still rely on traditional methods of inefficient production and are dependent
on imports should give due importance to agriculture by using these new technologies to solve global
food and hunger problems.
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Genisletilmis Ozet

Tarimsal tiretimdeki azalmanin 6niine gegilmesi ve artan gida ihtiyacinin karsilanmast i¢in, daha fazla
cabaya ve yeni yontemlere ihtiya¢ duyulmaktadir. Bu yonden bakildiginda, tarimsal tiretimin yetersizligi
sorununun ¢oziimiinde Dordiincii Sanayi Devrimi olarak da adlandirilan Endiistri 4.0 uygulamalarinin
onemi daha da artmaktadir.

Giliniimiizde Endiistri 4.0 uygulamalarinin diinya tarimsal {irlin arzina etkileri, tarimsal {iretimin niifusu
besleyebilecek seviyede gerceklesip gerceklesmeyecegi, diger sektdrlerin girdi ihtiyaglarini karsilamada
yeterli olup olmayacagi, isttihdam ve yoksulluga iliskin etkileri gibi konular 6nem kazanmaktadir.

Ekonomik yapida {i¢ sektorden birisi olan tarim sektdriiniin gelecekte alacagi bigim olduk¢a 6nemlidir.
Diger sektorlerde oldugu gibi bu sektdrde de igsizligin ulasacagi boyut, verimlilik, iiretim hacmi ve yeni
iiretim bi¢imlerinin iktisadi etkileri, bu ¢alismada ele alinan konular arasinda yer almaktadir. Tarim
sektorlinlin ekonomik 6neminin, diinyada yeni tarim uygulamalarmin gelecekteki olumlu ve olumsuz
sonuclarinin {ilke ekonomilerini nasil etkileyeceginin ortaya koyulmasi ve ortaya ¢ikmasi olasi sorunlar
icin uygun dnlemlerin dnerilmesi bakimimdan ¢aligmanin yararli olacagi dngoriilmektedir.

Tarimin iilke giivenligi bakimindan stratejik bir sektdr olmasinin yaninda; besledigi iilke niifusunun
emek piyasasinda yer almasi dolayisiyla isgiicli temin etmesi, iilke GSYH’sinin artigina katki saglamasi,
ihracata imkan vermesi, gelir dagilimma pozitif etki yapmasi ve yoksullugun azaltilmasi gibi
fonksiyonlara da sahip oldugu bilinmektedir.

Bunlarin yaninda; gida giivenligini saglama ve aglik/kitlik riskini ortadan kaldirma ihtiyaci, tilkelerin
ulusal giivenlik sorunudur. Ekonominin kendi kendine yeterliligini saglamak amaciyla; kendi ihtiyaci
olan tarimsal {irlinlerin iiretiminde yeterli hale gelerek bagka iilkelere bagimli olmaktan kurtulma
cabalari, 6nemli bir ulusal giivenlik ve ekonomik bagimsizlik konusudur.

Tarimsal iretim; gida arzini, tarimsal tiriin ihracatini, geliri ve doviz girdisini artirict etkileri nedeniyle,
iktisadi bliyiimeye olumlu etkilerde bulunmaktadir.

Tarim sektoriiniin katkilar1 ve iktisadi 6nemi; iiriin, pazar, liretim faktorii ve doviz olmak iizere dort ana
baslikta ortaya ¢ikmaktadir. Tarim, bireylerin tiiketim ihtiyaglarini karsiladigi gibi, sanayi sektdriine de
tiretim girdisi saglamaktadir. Diger bir ifadeyle tarim sektoriiniin ileriye baglanti etkisi oldukga
yiiksektir. Ornegin ayakkabicilik ve benzeri iiretim alanlarinda ihtiyag duyulan deri, iiretilen hazir
gidalar i¢in ihtiya¢ duyulan un ve benzeri tahil tiriinleri, konserve iiretimi i¢in domates, fasulye, tekstil
sektorii i¢in ihtiya¢ duyulan pamuk ve ipek gibi girdiler tarim sektdriiniin iiretiminden tedarik
edilmektedir.

Tarim sektoriinde yer alan niifusun satinalma giicii, diger sektorlerde iiretilen mal ve hizmetlerin satin
alinmasina imkan saglamaktadir. Zira tarim sektoriinde yer alan niifusun mal ve hizmetler i¢in yaptiklari
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parasal harcamalar, bu firmalarm gelirlerini olusturmaktadir. Sanayi sektoriiniin iiretimde ihtiyag
duydugu baz1 girdiler, tarim sektorii tarafindan saglanmaktadir.

Insanligin gelecekte ihtiyag duyacagi gidanin karsilanmas gergevesinde tarimin iizerinde olumsuz bask1
olusturan dort ana sorun, demografi, dogal kaynaklarm kitlig1, iklim degisikligi ve gida israfidir. Bu dort
soruna, gilinlimiizde gida arzinin artan gida talebini karsilamasini engelleyen diger sorunlari da
eklenmesi gerekir. Bunlar;

1. Diinya niifusunun artisi,

Dogal kaynaklarin azalmasi,

Kiiresel iklim degisikligi,

Covid-19 kiiresel salgini,

Rusya-Ukrayna savast,

Tarimdaki isgiiciiniin yetersizligi (emek arz yetersizligi),

Artan enetji ihtiyaci,

© N o g bk~ w DN

Yiiksek maliyetler,
9. QGida israfidir.

Diinya niifusunun artig1; tarimsal tiriinlere olan talebin artmasina, tarimsal arazilerin yerlesim yerlerine
tahsis edilmesi sonucunda da ekilebilir tarimsal alanlarin ve dolayisiyla arzin azalmasina yol agmaistir.
Dogal kaynaklarin azalmasi, kiiresel iklim degisikligi, Covid-19 kiiresel salgin1 ve Rusya Ukrayna
savasl ise tarimsal iirlin arzinin azalmasina neden olmaktadir.

Diinya niifusunun 8 milyara yaklagmasi ve diinyada tarim alanlarinin giderek azalmasi nedenleriyle;
artan niifusa oranla tarimsal tretimin gelecekte diinya gida ihtiyacim1 karsilayamamast riski
bulunmaktadir. 2023 yili1 temmuz ayinda 8 milyar olan diinya niifusunun; 2030’da 8,5 milyar, 2050
yilinda 9,7 milyar, 2100 yilinda ise 10,9 milyar olacagi 6ngoriilmektedir.

Diinya niifusunun artisi iki etkiyi ortaya ¢ikararak, tarimsal {riin arzinin riin talebini
karsilayamamasina yol agmaktadir;

1. Artan niifusun barinma ve diger ihtiyag¢lar1 nedeniyle daha ¢ok alana ihtiya¢ duyulmasi; tarima
uygun alanlarin da yerlesime agilmasina, ekilebilir alanlar1 azalmasina, iiretimin azalmasina ve
dolayisiyla gida arzinin yetersiz kalmasina yol agmaktadir,

2. Artan niifus nedeniyle tarimsal iirlinlere olan talep artmakta, bu da arzin yetersiz kalmasina yol
agmaktadir.

2050 yilinda 9 milyar1 agacak olan diinya niifusunun beslenebilmesi i¢in, 2005 yilindaki diinya tarimsal
tiretiminin %70 oraninda artirilmasi gerekmektedir.

Dijital teknolojiler; manuel olarak iglenmesi miimkiin olmayan biiyiik miktarda veriyi analiz etmeye ve
siiregleri siirekli olarak izlemeye imkén saglamaktadir. Ayrica dijital teknolojiler ile insan hatasi ortadan
kaldirilmakta ve her zaman kesinlikle dogru veriler elde edilmektedir. Bu avantajlarla dijital tarim daha
diisiik maliyetle daha ¢ok iiretmenin Oniinii agmakta, tarim sektoriindeki sorunlarin ¢éziimiine 6nemli
katkilar saglamaktadir. Tarimsal iiretimde kullanilan aygitlarla gelismis baglanabilirlik saglandiginda
tarim sektorii; kiiresel GSYIH'ya éniimiizdeki on yil icinde 2 trilyon ile 3 trilyon dolar artiracak yedi
sektorden birisidir.

Tarimsal {iretimde robotlar pek ¢ok islem i¢in kullanilmaktadir. Siiriiciisiiz tohumlama iglemleri, olgun
tiriinleri isgiicline ihtiya¢ olmadan toplama, en iyi iiriinleri tiirlerine gore paketleme, forklifte ihtiyag
duymadan paletleme, bitki budama, yabani ot temizleme, bocek ilact ve besin uygulama, sulama,
ineklerin beslenmesi ve sagilmasi, otlatma i¢in arazilerin izlenmesi gibi pek ¢ok islemi insan giiciine
ihtiya¢ duymadan tarim robotlar1 yapabilmektedir. Bu islemleri yaparken robotlar; yaralanma riski
olmayan, daha hizli ve uzun siire calisabilen ve verimlilikleri oldukga yiiksek olan araglardir. Isci
temininde zorluk yasandiginda {iriinleri toplayarak iirlin kaybini engellemektedir. Atik azaltma, hatasiz
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ve hassas iglem kabiliyeti ve diigilk maliyet gibi pek ¢ok avantajlariyla robotlar giiniimiizde tarim
alanlarinda ¢aligmakta ve giin gectikce daha yaygin olarak kullanilmaktadirlar.

Tarim sektoriinde robotlarin ana kullanim alanlari; bag, bostancilik ve meyve bahgeleri, tarla bitkileri
ve hayvanciliktir. Bostancilik ve meyve bahgelerinde ¢im yonetimi ve hasat islemleri robotlar tarafindan
yerine getirilmektedir. Hayvancilik alaninda; sagim, besleme, yem itici, altlik kazima, bulama¢ emme,
altlik dezenfeksiyon ve havalandirma, yiik tasima, hayvan refah1 igslemleri robotlarca yapilabilmektedir.
Tarla bitkileri alaninda; giibreleme, ilaglama, sulama, toprak isleme (ot temizleme) islemlerini robotlar
yerine getirmektedir. Bag islemlerinde ise; bigcme, tomurcuklanma, budama, yaprak soyma vb. bag
isleri, piiskiirtme, otlatma vb. toprak isleme, yiik tagima gibi islemleri robotlar yapabilmektedir.

Giliniimiizde her gecen giin fiber ag, genis alan aglari (LPWAN), Wi-Fi 6, 5G ve radyo frekansi
tanimlama (RFID) gibi baglantilarla, iiretimde kullanilan drone, akilli mahsul izleme, otomatik tarim
makineleri ve diger aygitlar arasinda teknolojik baglantilarin kullanim alanlar1 artmaktadir. Bu aygitlar
arasindaki iletigim baglantilart pek ¢cok yonden tarimin dijital doniistimiini hizlandirmakta, GSYH’y1
artirmaktadir.

Diinya ¢apinda tarim robotlarinin yillik satiglar giderek yiikselme egilimindedir. 2019 yilinda 10 bin
adet olan tarimsal robot satis1, 2022 yilinda 19 bin adede ulasmis, 2023 yilinda ise 22 bin adet olmasi
beklenmektedir.

Yapilan bir pazar aragtirmasinda; 2022'de tarim robotu pazar1 8 milyar ABD dolar1 iken, 2030'da 83
milyar ABD dolarina ulasmasi ve 2023-2030 tahmin doneminde yillik birlesik biliylime oraniyla
%33,70'lik bir biiylime artis1 Ongoriilmektedir. Raporda; tarimsal robot pazarmin kapsadig: iilkeler
ABD, Kanada, Meksika, Almanya, Fransa, Birlesik Krallik, Hollanda, Isvicre, Belgika, Rusya, italya,
Ispanya, Tiirkiye, Cin, Japonya, Hindistan, Giiney Kore vb. iilkelerdir.

Uretim siirecinde verilerin toplanmasi ve analizi ile tarimda verimliligi artirmak artik miimkiindiir. IoT
uygulamalari tarimsal girdilerden suda da tasarruf saglamakta, tarimsal tiriin kalitesini artirarak iscilik
maliyetini azaltmakta ve liretimi artirarak ¢iftgilerin gelirini artirmaktadir, loT ile iiriin gelisimi, hayvan
ve bitki yasam bilgileri izlenmektedir. Akilli tarim makineleri kullanilarak ekim, yetistirme, dikim,
giibreleme, ilaglama, besleme, sulama, toplama ve hasat yapilmakta, tarimsal iirlin kalite giivenligi
saglanmakta, Uretilen iirlin miktar1 artirilmaktadir. Su, giibre ve ilag ihtiyaci farkli olan bdlgelerde,
bdlgenin ihtiyaci kadar girdi kullanilarak, tasarruf saglanmaktadir.

Diinyada gida ve aglik sorununun ¢6ziimii i¢in, tarimda hala geleneksel yontemlerle verimsiz iiretim
yapan ve disa bagimliligi olan tilkeler ve bolgeler, bu yeni teknolojileri kullanarak tarima gereken 6nemi
vermelidirler.

Gelecekte tarim; birbirine bagli makineler ve yapay zeka gibi unsurlardan olusacagindan, tamamen
otomasyona bagli, insan giicii gerektirmeyen bir iiretim yapisi ortaya ¢ikacaktir. Bu durumda tilkelerin
yazilimla ilgili glivenlik agiklarimi kullanabilecek koti niyetli kisilerin ve kontrol edilemeyebilecek
robotlarin tarimsal iiretimi durdurmalar1 ve ekonomiyi etkilemeleri de, iizerinde c¢alisilmasi gereken
onemli risk konular1 arasinda yer alacaktir.
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