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SMART TECHNOLOGIES FOR SUSTAINABLE
AGRICULTURE: CARBON SEQUESTRATION
AND PRECISION NUTRIENT MANAGEMENT

Nese OKUT!

1. INTRODUCTION

There are also several other factors which challenge the
system like climate change, shortage of water, soil degradation
and greenhouse gas emissions. Conventional agricultural
practices which have always focused on increasing productivity
have ignored the longer-term impacts like soil organic carbon
depletion, nutrient runoff, soil fertility loss, and many others.
Nonetheless, the development of smart technologies opens new
opportunities to balance an ever-increasing productivity targets
and caring for nature. This chapter combines the latest
developments in smart technologies for agriculture such as the
enhancement of soil carbon sequestration, precision nutrient
delivery systems, and the steps mitigation techniques are taken
through their mechanisms, applications, limitations, and future
prospects.

L Assoc. Prof. Dr. Nese Okut, Department of Crop Science, Faculty of Agriculture,
University of Yuzuncu Yil, Van-Turkey, neseokut@gmail.com, ORCID: 0000-
0001-7721-6369.



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

The urgent need of addressing climate change while
promoting sustainable agriculture has highlighted the
importance of soil management practices in increasing the
carbon sequestration and lowering the greenhouse gas emissions
Kaur, et al., 2024 Climate change is among the primary
determining factors for the productivity of agriculture globally
as it affects the health and fertility of soils and also intensifies
the loss of organic carbon in soils due to the degradation of
soils. On the other hand, there is great potential for mitigating
climate change by capturing excess carbon in the soils
(Teimoory and Arasalan, 2024). Technologies need to be
developed which aim at enhancing agricultural production,
reducing the impacts of climate change, and sustaining food
security in a changing climate scenario (Tadesse and Ahmed
2023).

2. TECHNOLOGICAL FOUNDATIONS OF
SMART AGRICULTURE

2.1. Sensor Technologies and 10T Integration

The creation of an Internet of Things (IoT) Ecosystem
has remarkably advanced the methods used for data harvesting
in agricultural settings. For instance, modern capacitance and
thermos- resistive sensors allow remote monitoring of soil
moisture, temperature, pH, electrical conductivity, and even
nutrient levels on a spatial and a temporal basis. Multi-sensor
systems that are remotely controlled, miniaturized, and low-
power drain optimized are becoming the norm. Such
possibilities allow sensor placement in diverse types of
agricultural regions to form temporally and spatially resolved
datasets that assist in effective management. In the context of
loT ecosystems, these devices can send their intelligence
through 1oT plots to be processed and analyzed, including
automatically (Reza, et al., 2025).
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The evaluation of soil nutrition and its value is crucial
for increased agricultural output and productivity. The use of
Internet of Things (IoT) technology, which enables real-time
measurements, has enabled the impressive advancement of
measuring and carrying out tasks in smart farming (Fauziah, et
al., 2024).

To assess and examine the gaps, including the potential
future scope of loT integration for nutrient management smart
farming, Fauziah, et al. (2024) conducted a systematic review. It
was evident from their research that many nutritional
management strategies are still in the experimental design and
prototype stages before undergoing rigorous plant trial testing
and agricultural validation.

2.2. Imaging Technologies and Remote Sensing

New imaging technologies have greatly enhanced the
capacity to assess crop and soil health at a variety of spatial
scales. Proximal sensing platforms, including hyperspectral and
multispectral cameras, provide for the early detection of plant
stress indicators and nutrient deficiencies prior to visible
symptoms. Satellite remote sensing complements these
techniques by providing large-scale vegetation indices and soil
moisture levels. Unmanned aerial vehicles (UAVSs) equipped
with specialty cameras bridge the sensing gap between proximal
and satellite sensing through the delivery of high-resolution
imaging at the field scale. Agrahari, et al. (2021) describe how
the imaging technologies make it possible to detect plant
biomarkers that indicate nutrient status, facilitating site-specific
application of fertilizers.

Remote sensing data-based time series analysis, i.e., the
Normalized Difference Water Index (NDWI), will show higher
soil moisture content under climate-smart agriculture treatment
compared to the control (Tadesse and Ahmed, 2023).These
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technologies derive useful information regarding the effect of
management practice on soil condition through landscapes and
in time.

2.3. Data Analytics and Machine Learning

Advanced analysis is required to process the vast and
varied volumes of data produced by farm sensors and imagery.
Machine learning algorithms are effective means of extracting
useful knowledge from agricultural data. Supervised learning
algorithms can predict crop yields from historical data and
current conditions, whereas unsupervised learning algorithms
identify trends and anomalies in crop and soil parameters
(Soussi, et al., 2024). Disease and crop classification via image
analysis is a perfect task for convolutional neural networks and
other deep learning models. Reza, et al. (2025) explain that such
digital procedures grant decision-making systems access to raw
data for effective management and planning of intervention.

Reza, et al. (2025) highlight the significance of machine
learning (ML) and artificial intelligence (Al) in supplementing
predictive modeling of nutrient management. These higher-
order analysis procedures enable complex environmental data
processing to be translated into beneficial information for
farmers, with a view to enabling better-informed decision-
making in open-field and hydroponic crop production systems
(Figure 1).
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Figure 1. Data Analysis and Al Applications in Agriculture

3. SMART APPROACHES TO SOIL CARBON
SEQUESTRATION

3.1. Monitoring Soil Organic Carbon Dynamics

Smart technologies enhance monitoring capabilities of
Soil Organic Carbon (SOC) level in real time, unlike in past
centuries. SOC levels can now be evaluated more quickly and
easier through methods like Infrared (IR) Spectroscopy and
Middle Infrared (MIR) Spectroscopy. Along with machine
learning algorithms, these techniques can produce high-
resolution SOC maps that target specific zones with unique
management plans (Figure 2). Additionally, advanced isotopic
techniques help in tracking the carbon fluxes, illuminating the
processes that govern the carbon sequestration and the release in
agricultural systems. Using monitoring technologies with
Process-Based Models assists in predicting the changes in SOC
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due to various management actions or climate changes toward
SOC (Elbasiouny, et al, 2022).

Oy Soil Profile

IR & MR with SOC

Real-Time Monitoring

Machine Learning
Algorithms

Figure 2. Smart Technologies for Soil Organic Carbon (SOC)
Monitoring

For Kaur, et al., the focus in 2024 reached to include the
accurate measurement and assessment of carbon sequestration
potential of various soil management practices such as
chemical-free cultivation of soil organic matter. This particular
SOC research consists of multidisciplinary approaches with field
experiments of various agroecological zones that are analyzed
for their type of soil, agricultural systems and other management
methods for SOC level impacts and greenhouse gas emissions.
This research adopts an interdisciplinary approach and conducts
field experiments in several agroecological zones with different
soil and crop systems to assess the impact of varied practices on
soil organic carbon concentration, greenhouse gas emission, soil
health indicators, and crop yields.
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4. SMART MANAGEMENT PRACTICES FOR
ENHANCED CARBON SEQUESTRATION

Technological advancement has enabled the optimization
and scaling-up of management practices favoring soil carbon
sequestration. Precision conservation agriculture, involving
reduced tillage, multiple rotations, and cover crops, is optimized
by smart technologies that adjust the timing and application of
these practices (Figure 3). For instance, sensor-based systems
are able to compute optimal dates of cover crop termination
based on soil moisture and temperature regimes. Similarly,
variable-rate technology offers the chance for organic
amendments to be applied to low-SOC fields. Blockchain-based
carbon markets are in development as means to promote and
verify carbon sequestration in agricultural soils via the use of
smart technologies for tracking and measurement of
sequestration impacts (Elbasiouny, et al., 2022).

loT Integration

Remote Sensing

SOC Monitoring

Climate-Smart Ag

Sensor
Networks

Sequestration

Smart Agricultural

Management

Blockchain

Real-time Sensing

"
ML Models

p

Variable-Rate Tech
Nutrient
Management

Learning

'
Sustainable Agriculture
Productivity + Environmental Benefi

Figure 3. Conceptual Framework of Smart Technologies for
Sustainable Agriculture
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Teimoory and Arasalan (2024) established that climate-
resilient soil management practices such as conservation
agriculture and agroforestry have been adopted on a large scale
to increase soil organic carbon sequestration and reduce
greenhouse gas emissions in an attempt to enhance crop
productivity.  Similarly, Tadesse and Ahmed (2023)
demonstrated that the implementation of climate-smart
agriculture practices such as soil and water conservation
practices and biological control practices, hedgerow planting,
residue management, grassland management, crop rotation, and
perennial crop-based agroforestry system increases more carbon
sequestration in soils compared to traditional farming practices.
Their study found that carbon stock at a 1-meter soil depth was
between three and seven times greater beneath climate-smart
agricultural landscapes than in control areas.

4.1. Climate-Smart Agriculture and Carbon
Sequestration

The term "climate-smart agriculture™ describes practices
that boost productivity, reduce greenhouse gas emissions, and
strengthen resilience to climate change. Smart technologies are
crucial to operationalizing this concept because they provide the
data and analytical tools needed to optimize management
decisions. For example, integrated sensor networks can monitor
soil moisture and temperature to inform irrigation scheduling
that maximizes agricultural productivity while consuming the
least amount of water. Similarly, remote sensing methods can be
used to track vegetation indicators that indicate crop health and
carbon uptake. These technologies enable adaptive management
strategies that respond to changing climatic circumstances while
maintaining or enhancing soil carbon sequestration capacity
(Elbasiouny, et al., 2022).
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Tadesse and Ahmed (2023) investigated the effects of
integrating different climate-smart agricultural practices on crop
production, soil fertility, and carbon sequestration after being
practiced continuously for up to 10 years. Their results showed
that wheat yields were 30-45% higher under climate-smart
agriculture practices than under conventional farmers' practices.
Furthermore, their practices moderately improved soil pH and
indicated 2.2-2.6 and 1.7-2.7 times higher total nitrogen and
plant-available phosphorus content, respectively, than in the
control locations. These findings show the high potential for
integrating climate-smart agriculture practices to improve
climate change resilience among poor farmers by increasing
crop vyield, reducing nutrient depletion, and mitigating
greenhouse gas emissions through soil carbon sequestration.

5. PRECISION NUTRIENT MANAGEMENT
5.1. Real-Time Nutrient Sensing and Monitoring

The development of real-time nutrient-sensing
technologies has transformed the precision with which fertilizers
are being applied in agronomic systems. lon-selective
electrodes, spectrophotometric sensors, and biosensors provide
continuous measurements of nutrient concentrations in soil
solutions and plant tissues (Bacenetti, et al. 2020 and Bulacio
Fischer, et al. 2025). Upendra, et al. (2021) highlight the
requirement for sensor-based approaches for estimation of soil
fertility, particularly for key nutrients like nitrogen, phosphorus,
and potassium. Such sensor technologies, merged with loT
platforms, provide dynamic reports on nutrients' availability to
utilize in precision fertilizer applications (Figure 4). Real-time
observational monitoring systems are of utmost relevance in
hydroponics and Controlled Environment Agriculture (CEA)
where nutrient solution is recurrently manipulated in a bid to
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enhance growth at a minimal level of wastage (Reza, et al.,
2025).

Efficient soil nutrient management is essential in order to
maximize crop production, sustainable agriculture, and solving
the pressures caused by population growth and environmental
degradation. Reza, et al. (2025) emphasize that smart
agriculture, by adopting high-technology developments, has an
important role to play in these endeavors since it makes real-
time monitoring and precise control of nutrients possible. For
open-field cultivation of soil, local spatial heterogeneity of the
properties of soil requires site-specific nutrient management
coupled with variable-rate technology to enhance fertilizer
application to the maximum extent, reduce losses of nutrients to
a minimum, and ensure optimum crop yields. For hydroponic
solution growth, careful control and monitoring of nutrient
solutions to supply optimal growth conditions to plants is
required efficiently using water and fertilizers.

loT Platforn

Figure 4. Precision Nutrient Management System Architecture
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Variable-rate technology (VRT) allows fertilizers and
amendments to be applied in rates that are proportional to
specific soil or crop requirements across fields (Figure 4). It is
made more effective through smart technologies by providing
high-resolution spatial data on soil properties and crop
conditions. For instance, proximal soil sensors generate high-
resolution maps of soil organic matter and texture that determine
the availability and retention of nutrients. Similarly, imaging
technology has the capacity to detect changes in crop vigor
resulting from deficiencies or excesses of nutrients. When
coupled with GPS guidance systems, the said technologies allow
an individual to pinpoint nutrients exactly where they are needed
most, with minimal fertilizer consumption overall and in
maintaining or even enhancing crop yield (Agrahari, et al.,
2021).

Kaur, et al., 2024 research highlights precision
agriculture as a key practice being researched to optimize carbon
sequestration without sacrificing farm production. It involves
extensive soil sampling, greenhouse gas flux assessments,
evaluation of soil health and soil property measurements, and
crop yield monitoring over multiple seasons of crops to ascertain
rates of carbon sequestration and estimate the net environmental
and agronomic benefit of various regimes of soil management.

5.2. Machine Learning for Nutrient Recommendation
Systems

The algorithms for machine learning are increasingly
better at nutrient advice systems. In conjunction with such
different data sets like soil testing results, crop growth models,
weather predictions, and yield histories, the systems offer
fertilizer recommendations considering interdependence of
climatic, soil, and crop parameters. Reinforcement models of
learning are capable to tune recommendations in view of what

11
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happened, iterating for optimal management of nutrients. In
addition, ensemble techniques integrating multiple prediction
models are more accurate than single-model-based methods in
heterogeneous agricultural environments. Such data-driven
advisory platforms supplement conventional soil testing
techniques in being dynamic and contextual in supporting
nutrient management choices (Reza, et al., 2025). Recent
research have used statistical and modeling techniques to
quantify the rate of carbon sequestration, the effects of treatment
on soil quality and greenhouse gas emission, and the agronomic
and environmental value of soil management practices (Kaur, et
al., 2024). In order to increase the adoption of sustainable soil
management practices that retain soil carbon while preserving or
enhancing agricultural productivity, these data-intensive
approaches provide crucial input into evidence-based solutions.

5.3. Blockchain and Traceability in Nutrient
Management

Blockchain technology holds promising possibilities in
nutrient management with enhanced traceability and verification
potential. Distributed ledgers allow tracing of the use and source
of fertilizers, with transparent and unalterable records of the
application of nutrients. Traceability supports sustainability
certification schemes and compliance verification for
environmental policy. Blockchain-based smart contracts can
also enable automation of transactions across fertilizer supply
chains, potentially reducing costs and enhancing efficiency.
Although blockchain use in agriculture is still in its infancy, it is
an area of frontier innovation in digitizing nutrient management
approaches with potential to increase accountability and
sustainability throughout the industry (Reza, et al., 2025).

Reza, et al. (2025) specifically call blockchain
technology a new technology to promote transparency and

12
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traceability of nutrient management, promoting environmental
regulation compliance and sustainable management. The
technology can provide an untampered record of uses of
nutrients such that authentication of sustainable management
activities and carbon market entry can be facilitated.

6. INTEGRATION OF CARBON
SEQUESTRATION AND NUTRIENT
MANAGEMENT

6.1. Synergies and Trade-offs

The wunion of precision nutrient management and
sequestration targets for soil carbon has synergies and trade-offs
that smart technologies can manage. Soil organic matter
construction practices such as the use of crop residues and
organic amendment applications have the tendency to promote
nutrient retention and cycling. Intensive tillage practices, which
would yield available nutrients in the short term, have the
capability to enhance organic matter decomposition and carbon
loss on the other hand. Smart monitoring systems that track both
carbon and nutrient dynamics enable producers to choose
management practices that optimize both objectives. For
instance, sensor networks that monitor both soil carbon stores
and nutrient availability simultaneously can enable practices that
optimize carbon sequestration without lowering the availability
of nutrients to crops (Elbasiouny, et al., 2022).

These synergies were demonstrated by Tadesse and
Ahmed (2023) in their long-term climate-smart agriculture
management experiment. They recorded that management
treatments for enhancing soil carbon sequestration also
increased indices of soil fertility, including total nitrogen and
phosphorus content available to plants. This indicates the

13
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potential of using integrated approaches in solving a wide range
of agro-environmental issues concurrently.

6.2. Decision Support Systems for Integrated
Management

Integrated carbon and nutrient management issues built
into holistic decision support systems (DSS) are a future of
intelligent agriculture. These systems integrate several streams
of information, from soil sensor readings to weather forecasts
and crop growth model predictions to economic indicators, and
generate recommendations for management to accomplish
multiple goals. Advanced DSS platforms include scenario
analysis capabilities that allow farmers to estimate the
prospective impact of multiple management strategies on soil
carbon, nutrient use efficiency, crop yields, and profitability. By
articulating interacting linkages between agroecosystem
performance and management choices, such platforms facilitate
farmers to make decisions that support productivity as well as
sustainability goals (Agrahari, et al., 2021; Reza, et al., 2025)
(Figure 5).

Data Sources
eo0oceeee
Data Processing & Integration

Advanced Analytics

Btatistical AnalysigliMachine Learning Predictive Models| m

Decision Support System

Figure 5. Date Analytics Pipeline for Agricultural Decision
Support Systems

14
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Kaur, et al., research in 2024 aims at offering beneficial
details on evidence-based practices that could ensure optimum
carbon sequestration in sustainable management of soil in a way
that neither jeopardizes nor maximizes agricultural productivity.
The research directs agricultural policy, informs farm
management, and directs climate-smart agriculture research. By
situating a figure on the carbon sequestration potential of
different soil management systems, this research is contributing
to the general mission of achieving climate resilience,
environmental sustainability, and food security in food systems.

7. CHALLENGES AND FUTURE DIRECTIONS
7.1. Technical Challenges

The complications tied to the practical use of smart
technology for managing carbon and nutrients still retain a
considerable barrier to overcome even with all the
advancements made. Mechanical, thermal, and moisture
saturation conditions of an agricultural environment have
temperature controlling challenges constrained surface per
desiccation and sensor endurance. Moreover, experience and
effort work is performed like calibrating and validating sensors
in soils of different types and conditions. Issues with sensor
integration also stem from lack of uniformity regarding format,
resolution, quality benchmarks, and other sensing systems
within a single platform. Self-contained sophistication of
analytical processes pose an additional burden to resources
available for most agribusiness firms. Sensors, data handling
methodology, and analysis software design present red flag
challenges that still need sculpting to enable solution (Upendra,
etal., 2021).

According to systematic review by Fauziah, et. Al
(2024), most nutritional management loT systems reside under

15
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the prototyping and experimental design phases. These new
technologies are void of large-scale agricultural plant trials and
traditional agricultural experimental design techniques. This
makes the transition from laboratory innovation to field
application extremely challenging. In addition to achieving such
robust sensor design. This makes scaling up such innovations
from the lab to the field extremely difficult. Furthermore,
creating robust sensors that accurately measure complex soil
properties in a variety of field circumstances is still a difficult
technological task that calls for interdisciplinary cooperation
among data specialists, engineers, and soil scientists.

7.2. Implementation Barriers

Cultural, educational, infrastructural, and socioeconomic
factors slow the uptake of smart technologies in agriculture. The
majority of smallholder farmers in developing regions
economically struggle to afford the costs related to sensor
networks, imaging systems, and analytical platforms. Even
where funding exists, gaps in knowledge regarding the
operation, maintenance, and data interpretation of the
technology may hinder adoption. Furthermore, rural areas with
insufficient infrastructural facilities pose additional drawbacks
for loT-systems reliant on continuous data flow. The
development of dedicated policies aimed at encouraging
technological adoption, investment in industrial and basic
research pilot projects, knowledge dissemination programs, and
publicly funded digital infrastructure development could
alleviate the barriers to rural smallholder farmers improving
access to agricultural smart technologies (Agrahari, et al., 2021;
Elbasiouny, et al., 2022).

Though Tadesse and Ahmed (2023) study climate-smart
agricultural practices and their impacts on crop yield, soil
fertility, and carbon sequestration, adoption remains complex

16
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due to several barriers. The document identifies the limited-
access resources available to smallholder farmers, insufficient
technical knowledge, and little to no extension services as the
major hindering factors for scaling climate-smart agricultural
practices. Besides, the waiting period between practice
implementation and apparent benefits poses another barrier
because farmers will be unwilling to adopt practices where
returns are not evident as soon as investments are made.
Overcoming such barriers demands targeted policy measures,
innovative financing arrangements, and comprehensive
capacity-building  programs cognizant of the diverse
environments and needs of farming communities.

7.3. Future Research Directions

New directions in smart agriculture include the
integration of edge computing capabilities that enable on-site
data processing, reducing connectivity requirements and
enhancing system responsiveness. Advances in nanotechnology
can lead to more sensitive and discriminating nutrient sensors,
and biodegradable electronics can assist in reducing sensor
disposal and environmental pollution issues. Quantum
computing for agriculture modeling can enhance the capacity to
simulate complex soil-plant-atmosphere dynamics to a greater
degree. Second, the integration of sensor technology with
synthetic biology will make new biosensors using genetically
engineered microorganisms quantitate soil parameters with
unprecedented sensitivity and selectivity. These technologies are
groundbreaking and possess the potential to revolutionize soil
carbon sequestration and fertilizer management practices (Reza,
etal., 2025).

Kaur, et al., (2024) study emphasizes the necessity of
long-term and multidisciplinary research to fully quantify the
carbon sequestration capacity of different soil management

17



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

systems. Future research needs to follow this up by developing
standardised protocols for measuring and tracking soil carbon
across different agroecological zones so that there is greater
comparability and synthesis of findings across studies.
Moreover, Teimoory and Arasalan (2024) advocate for the
development of technologies and practices that, on one hand,
enhance farm productivity, mitigate the impacts of climate
change, and enhance food security under a changed
environment. This necessitates research that bridges the gap
between technological innovation and practical application, with
particular emphasis on adaptability to diverse farming systems
and socioeconomic contexts.

8. CONCLUSION

The intersection of smart technologies with precision
nutrient management and soil carbon sequestration is a
paradigm shift in agricultural management that reconciles
productivity imperative with environmental sustainability.
Through enabling real-time monitoring, data-driven decision-
making, and precise application of resources, the technologies
enhance the effectiveness and efficiency of management
interventions. The complementary implementation of carbon
sequestration and nutrient management strategies, facilitated by
emerging sensing and analytical technologies, opens pathways
to agricultural systems that are simultaneously productive,
resilient, and ecologically sustainable.

The evidence synthesized in this chapter demonstrates
the huge potential of integrated climate-smart agricultural
practices in enhancing both environmental sustainability and
agricultural productivity. Tadesse and Ahmed (2023) provide
strong evidence that climate-smart agricultural practices can
increase wheat yields by 30-45% compared to conventional

18
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practices while, simultaneously, enhancing soil fertility
indicators and carbon sequestration. These findings emphasize
the capacity of agricultural systems to serve as large carbon
sinks without diminishing, and even increasing, productivity,
thereby contributing to climate change mitigation while
sustaining food security.

The multimdisciplinay research approach emphasized in
the Kaur, et al., (2024) stresses the requirement for
comprehensive assessment techniques that involve soil
sampling, measurement of greenhouse gas fluxes, analysis of
soil health, and monitoring of crop yield. Such integrated
approaches enable measurement of rates of carbon sequestration
and establishment of overall environmental and agronomic
benefits associated with various soil management approaches.
The conclusions that come from these holistic assessments can
inform agricultural policy, drive farm-level management
decisions, and climate-smart agriculture research.

However, to unlock the full potential of smart
agricultural technologies, technical barriers, adoption hurdles,
and knowledge gaps need to be addressed. Together with
researchers, technology developers, farmers, and policy makers,
collective action is required to spur innovation, trigger uptake,
and enable equitable access to these game-changing tools. While
the world's agriculture is challenged on two fronts of supporting
an increasingly large global populace and being among the tools
needed to reduce the effects of climate change, wise technology
for carbon sequestration in soil and precision management of
fertilizers will remain instrumental to advancing sustainable
food systems.

The confluence of sensor networks, digital technologies,
and analytical platforms, Reza, et al. (2025) contend, hold
unprecedented possibilities for optimizing nutrient use and

19
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sequestering soil carbon. As the technologies enhance and
become cheaper, they stand the chance of transforming
agricultural systems to higher levels of sustainability, resilience,
and productivity. By embracing these innovations and
surmounting the resultant challenges through multi-disciplinary
and collaborative interventions, the agricultural industry can be
in a position to make a substantial contribution to global climate
change mitigation while feeding current and future generations.

20



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

REFERENCES

Agrahari, R. K., Kobayashi, Y., Tanaka, T. S. T., Panda, S. K.,
& Koyama, H. (2021). Smart fertilizer management: the
progress of imaging technologies and possible
implementation of plant biomarkers in agriculture. Soil
Science and Plant Nutrition, 67(3), 248-258.

Elbasiouny, H., EI-Ramady, H., Elbehiry, F., Rajput, V. D.,
Minkina, T., & Mandzhieva, S. (2022). Plant nutrition
under climate change and soil carbon
sequestration. Sustainability, 14(2), 914.

Fauziah, N. O., Fitriatin, B. N., Fakhrurroja, H., & Simarmata,
T. (2024). Enhancing Soil Nutritional Status in Smart
Farming: The Role of IoT-Based Management for
Meeting Plant Requirements. International Journal of
Agronomy, 2024(1), 8874325.

Kaur, M., Nagabhooshanam, N., Sharma, P., Singh, S., &
Krishna, R. V. V. (2024). Quantifying the carbon
sequestration potential of different soil management
practices aimed at increasing organic content in soil and
reducing the usage of chemical inputs. GLOBAL NEST
JOURNAL, 26(7).

Reza, M. N., Lee, K. H., Karim, M. R., Haque, M. A,
Bicamumakuba, E., Dey, P. K., ... & Chung, S. O.
(2025). Trends of Soil and Solution Nutrient Sensing for
Open Field and Hydroponic Cultivation in Facilitated
Smart Agriculture. Sensors, 25(2), 453.

Bacenetti, J., Paleari, L., Tartarini, S., Vesely, F. M., Foi, M.,
Movedi, E., ... & Confalonieri, R. (2020). May smart
technologies reduce the environmental impact of
nitrogen fertilization? A case study for paddy
rice. Science of The Total Environment, 715, 136956.

21



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

Bulacio Fischer, P. T., Carella, A., Massenti, R., Fadhilah, R., &
Lo Bianco, R. (2025). Advances in Monitoring Crop and
Soil Nutrient Status: Proximal and Remote Sensing
Techniques. Horticulturae, 11(2).

Soussi, A., Zero, E., Sacile, R., Trinchero, D., & Fossa, M.
(2024). Smart sensors and smart data for precision
agriculture: a review. Sensors, 24(8), 2647.

Teimoory, N., & Arasalan, T. B. (2024). Assessment of Smart
Strategies for Mitigating Climate Change Impacts on
agricultural Soils. Nangarhar University International
Journal of Biosciences, 511-514.

Tadesse, B., & Ahmed, M. (2023). Impact of adoption of
climate smart agricultural practices to minimize
production risk in Ethiopia: a systematic review. Journal
of Agriculture and Food Research, 13, 100655.

Upendra, R. S., Ahmed, M. R., Omkar, A. V., Goyal, J., Chaitra,
V., Muskan, H., ... & Akash, K. T. (2021, December).
Smart Approaches to Measure Soil Fertility for
Sustainable Agriculture. In 2021 Second International
Conference on Smart Technologies in Computing,
Electrical and Electronics (ICSTCEE) (pp. 1-6). IEEE.

22



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

KETEN (Linum usitatissimum L.) TOHUMU: COK
AMACLI GIDA OLARAK KULLANILMASI VE
ONEMI

Mehmet Zeki KOCAK!

1. GIRIS

Diger bir adiyla linseed olan leten tohumu, Linaceae
familyasina ait olup yaklasik 60-100 cm boylanabilen tek yillik,
otsu bitki olan keten (Linum usitatissimum) bitkisinin tohumudur.
Latince ad1 “en faydali” anlamina gelen keten bitkinin tohumlari
kahverengi ve sar1 olmak tizere iki farkli renkte bulunur. Keten
tohumu genellikle ti¢ farkl sekilde tiiketilmektedir: biitiin tohum,
ogiitilmiis toz ya da yag formunda. Bunun yani sira ilk kez
Misir’da kiiltiire alinmig olmakla birlikte, glinlimiizde basta
Hindistan, Cin, Amerika Birlesik Devletleri, Etiyopya ve Kanada
olmak tizere diinyanin birgok yerinde yetistirilmektedir. Ticari
olarak, 1990’11 yillara kadar kagit ve keten gibi tekstil iirtinlerinin
tiretiminde kullanilmis; ayrica keten tohumu yag1 ve yan {iriinleri
hayvan yemlerinde degerlendirilmistir (Nag ve ark., 2015;
Kocak, 2024). Keten tohumu, insanlik tarihi boyunca tiiketilen bir
besin olmustur. Ancak, igerdigi bazi biyoaktif bilesenlerin sagliga
olan onemli katkilar1 nedeniyle son 30 yilda beslenme ve
hastaliklarin arastirilmasi alanlarinda yeniden ilgi odag: haline
gelmistir (Mueed ve ark., 2022).

Yaklasik %40-50 oraninda yag iceren keten tohumunun
bu yagi, biiylik ol¢iide faydali ¢oklu doymamis yag asitlerinden
olusmaktadir. Omega-3 yag asitleri, ¢oziiniir ve ¢oziinmez lifler,
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fitodstrojenik lignanlar, proteinler ve antioksidanlar gibi ¢esitli
besin Ogeleri bakimindan olduk¢a zengindir. Vejetaryen
bireylerin beslenmesinde alfa-linolenik asit agisindan potansiyel
bir kaynak olarak 6ne ¢ikmaktadir (Al-Madhagy ve ark., 2023).

Keten tohumu; yag (%41), diyet lifi (%28), protein (%20),
su (%38) ve kiil icerigi (%3) olmak lizere cesitli besin 6geleri
icermektedir. Keten tohumu, 100 gramda 37-45 gram arasinda
degisen lipid ve 25-30 gram arasinda degisen karbonhidrat
icerigine sahiptir. Glutamin, Arginin, Valin, L&sin, Tirozin ve
Fenilalanin gibi amino asitler ile seluloz, hemiseliiloz ve lignin
gibi ¢oziinmeyen lif bilesenleri keten tohumu, keten tohumu
kiispesi ve izole proteinlerinde bol miktarda bulunmaktadir.
Cozundr lifler ise blylk oranda musilaj (suyla ¢6zunebilen
polisakkaritler) yapisindadir. Keten tohumu musilaji, yiiksek su
tutma kapasitesi ve guar gamina benzer fizikokimyasal 6zellikler
gostermesiyle dikkat ¢cekmektedir (Pramanik ve ark., 2023)

Keten tohumu, ii¢ ana fenolik bilesik grubunu igerir:
fenolik asitler, flavonoidler ve lignanlar. Yagi alinmis keten
tohumunda en yaygin bulunan fenolik asitler ferulik asit,
klorojenik asit ve gallik asittir. Flavonoidler arasinda en c¢ok
Flavon C- ve Flavon O-glikozitleri bulunur. Keten tohumunda en
baskin lignan bilesigi ise seksoizolaricirezinol diglikozittir (SDG)
(Mueed ve ark., 2022). Toplam lipid igeriginin yaklasik %53’u
alfa-linolenik asitten (ALA) olusurken, %17’si linoleik asit,
%19’u oleik asit, %3’l stearik asit ve %5’i palmitik asitten
olugsmaktadir. Bu nedenle, keten tohumundaki n-6/n-3 yag asidi
orani genellikle 0.3:1 diizeyindedir (McCullough ve ark., 2011).

Ayrica keten tohumu, fosfor (P), magnezyum (Mg),
kalsiyum (Ca), demir (Fe), ¢cinko (Zn) ve diistik diizeyde sodyum
(Na) gibi mineraller ile A, C, tiamin (B1), riboflavin (B2), niasin
(B3), B6 ve E vitaminlerini igermektedir. Sekil 1’de keten
tohumunun besin bilesimi detayli bir sekilde sunulmaktadir
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(Egbuonu, 2015). Faydali fitokimyasallarin yani sira, keten
tohumu antinutrient bilesikler de igermektedir. Bunlar arasinda
fitik asit, linatin ve siyanojenik glikozitler yer almaktadir. Ayrica,
bu bitkinin topraktan kadmiyumu absorbe etme ve tiol iceren bitki
proteinleriyle selatlar olusturma yetenegi 6nemli bir sorun teskil
etmektedir. Ancak, keten tohumu tiikketimine bagli olarak
literatiirde herhangi bir gida zehirlenmesi ya da toksik etkiye
rastlanmamustir (Talwar ve ark., 2025).

ﬁ%l

Enerji Yag asitleri Diyet lifi Yaglar Proteinler

Iﬁﬂﬂ

Tekli Coklu A, C,B,E Ca,Fe,Na,K,
Doymus Doymus Mg,P,Zn,Cu,

COzunemez

;|

Hemiseliiloz Lignin

Doymus

‘ Cozunur

‘ Muslla]

‘ Seliiloz

Sekil 1. Keten tohumunun besin profili

Keten tohumu, dislipidemi, obezite, diabetes mellitus,
cesitli kanser tiirleri, bobrek yetmezligi, irritabl bagirsak
sendromu, bagisiklik fonksiyonlar1 gibi ¢ok sayida fizyolojik
rahatsizlik ve bulasici olmayan hastaliklarin Onlenmesi ve
tedavisinde etkili olan birgok biyolojik olarak aktif bilesen
icermektedir. Keten tohumunun saglik tizerine olumlu etkileri
biiyiik 6l¢iide icerdigi omega-3 yag asitleri, lignanlar ve diyet
liflerinden kaynaklanmaktadir (Mueed ve ark., 2022).

Bitki kaynakli alfa-linolenik asit (ALA) yag asitlerinin
inme riskini azaltma ile iligkili oldugu ve kalp saghigini
tyilestirdigi gosterilmistir. Antioksidan ve Ostrojenik 6zelliklere
sahip lignanlar ise diyabet, meme ve prostat kanseri basta olmak
Uzere gesitli kanser tiirlerinin 6nlenmesinde fayda saglayabilir.
Tohum musilajinin agizdan gastrointestinal yolla aliminin;
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yemek sonrasi glisemik ve insiilin yanitlarinin diizenlenmesi,
hiperlipidemi 6nlenmesi, tokluk hissinin artirilmasi ve bagirsak
mikrobiyotasinin islevinin dilizenlenmesi gibi c¢esitli saglik
yararlart ile iligkili oldugu bildirilmektedir (Talwar ve ark., 2025).
Son yirmi yilda, saglik tizerinde olumlu etkiler saglayarak kronik
hastaliklarin riskini azaltabilen fonksiyonel gidalara olan ilgi
onemli Olciide artmigtir. “Fonksiyonel gidalar” terimi, tibbi
faydalar1 bilimsel olarak kanitlanmis gidalari tanimlamak i¢in
ortaya atilmigtir. Arastirmacilar, son yillarda diabetes mellitusun
cesitli yonlerinin yonetiminde fonksiyonel gidalarda bulunan
biyoaktif bilesiklerin 6zelliklerine odaklanmig; bu bilesiklerin
bazi terap6tik potansiyelleri lizerine hem in vitro hem de in vivo
caligmalar yiiriitilmiis ve bir¢ok analitik c¢alisma bu etkileri
diyabet hastalarinda dogrulamistir. Pek ¢ok fonksiyonel gidada
hipoglisemik ve hipolipidemik 6zellikler tespit edilmistir (Essa ve
ark., 2023).

Fonksiyonel bir gida olan keten tohumunun da
hipoglisemik ve hipolipidemik etkiler gdsterdigi ve bu sayede
tiketildigi gidalarin  glisemik indeksini diistirdigii ¢esitli
caligmalarla ortaya konmustur. Yiiksek oranda diyet lifi, omega-
3 yag asitleri ve antioksidanlar icermesi; buna karsilik diisiik
karbonhidrat igerigiyle diyabet karsit1 bir gida niteligindedir. Bu
nedenle, keten tohumunun cesitli gida iriinlerine eklenmesi,
diyabet hastalarinin  biyokimyasal profillerinde olumlu
degisiklikler olusturarak metabolik durumlarini iyilestirmektedir
(Mueed ve ark., 2022; Duarte ve ark., 2025).

2. KETEN TOHUMU iLE HAZIRLANAN KATMA
DEGERI YUKSEK GIDA URUNLERI

Yiizyillar boyunca dogal bir tedavi edici olarak kullanilan
keten tohumu, giiniimiizde fonksiyonel gidalar alaninda yeniden
on plana ¢ikmis ve genis klinik faydalar sunan potansiyel bir
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fonksiyonel bilesen olarak degerlendirilmektedir. Keten tohumu
ilavesiyle liretilen gida trtinleri, yliksek diizeyde doymamis yag
asitleri, protein, ¢ozunebilir lif ve fitobesinler icermeleri
nedeniyle giderek daha popiiler hale gelmektedir. Keten tohumu;
kavrulmus ve 6giitiilmiis tohum formunda kullanilabilecegi gibi,
yag1 da bitkisel yag, stabil emiilsiyonlar ve mikroenkapsiile toz
formunda cesitli gida formiilasyonlarinda
degerlendirilebilmektedir (Arslanoglu ve Aytag, 2020; Kogak ve
ark., 2023).

Fonksiyonel icecekler ve atistirmalik iirtinlerinde keten
tohumu yagr veya ekstraktlarinin  kullanimi, antioksidan
kapasitenin  artirllmasmma ve metabolik  fonksiyonlarin
desteklenmesine olanak saglamaktadir. Ayrica, keten tohumu
bilesenlerinin et iiriinlerinde baglayici ve besin degeri artirict
ozellikleri, hem geleneksel hem de bitkisel bazli alternatif
tirtinlerin gelistirilmesinde dnemli bir avantaj sunmaktadir. Keten
tohumu, zengin besin icerikleri ve biyolojik aktif bilesenleri
nedeniyle gida teknolojisi alaninda katma degeri yiiksek,
fonksiyonel {irtinlerin  gelistirilmesinde  kritik  bir  rol
oynamaktadir. Gelecek ¢alismalarda keten tohumunun
biyoyararlannminin artirilmasi ve farkli gida matrikslerinde
kullaniminin optimize edilmesi, sektdrdeki uygulamalarinin
yayginlasmasina katki saglayacaktir (Ayelign ve Alemu, 2016).

3. KETEN TOHUMUNUN KARSILASTIGI
ZORLUKLAR

Bolgedeki insanlar daha saglikli yasam tarzlarini
benimsemekte olup, bu durum g¢esitli saglik yararlar1 ile
iliskilendirilen keten tohumuna olan talebin artmasinda onemli
etkenlerden biri olarak 6ne ¢ikmaktadir. Bununla birlikte, keten
tohumu goéz ardi edilemeyecek bazi zorluklarla da karst
karsiyadir. Chia tohumu, pazarda keten tohumuna alternatif
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olarak One ¢ikan bitkisel kaynaklardan biridir. Besin igerigi ve
saghk faydalar1 acisindan benzerlik gosterdiginden, chia
tohumlar1 keten tohumlarma yakin bir ikame iirlin olarak
degerlendirilmektedir. Her iki tohum da besin 6geleri bakimindan
zengindir ve kan sekeri seviyelerinin diistiriilmesi, kalp sagliginin
desteklenmesi ve kanser riskinin azaltilmasi gibi saglikla iliskili
olumlu etkilerle iliskilendirilmektedir. Keten tohumlar1 ile
karsilagtirildiginda, chia tohumlar1 besin istegini azaltmada daha
etkili olup ayni zamanda yiiksek lif icerigine sahiptir (Essa ve
ark., 2023; Kogak ve ark., 2023).

4. GELECEKTEKI YONELIM

Yaglik ve lifli bir bitki olan keten (Linum usitatissimum
L.), 6000 y1l1 agkin siiredir insanlar tarafindan kullanilmakta olup,
evcillestirilen ilk bitkilerden biri olmustur. Ancak giiniimiizde
keten tohumu, yiiksek besin degeri nedeniyle, bireylerin saglik
faydalar1 ve gida endiistrisindeki kullanim alanlart konusunda
bilinglenmesiyle birlikte nutrasotik (besin destekleri) alaninda
giderek daha fazla ilgi gormektedir. Bununla birlikte, bu alanda
hala yeterince arastirilmamis bazi yonler bulunmaktadir. Bu
makalede, s6z konusu eksik kalan noktalara da 151k tutulmaya
cahsilmistir (Jhala ve Hall, 2010 ). Ginumizde insanlar,
beslenme ile saglik arasindaki onemli iliskinin farkindadir.
“Gidan ilacin olsun” ilkesine inanan bireylerin sayist artmaktadir.
Bu nedenle fonksiyonel gidalara olan talep arttikga, bu rlinlerin
tiretimiyle birlikte olusan atik miktar1 da artmaktadir. Bu atiklarin
uygun sekilde bertaraf edilmemesi durumunda cevreye zarar
verebilir, ayrica beslenme ve ekonomik ac¢idan da olumsuz etkiler
yaratabilir. Bu nedenle bu yoniin de dikkate alinmasi
gerekmektedir (Daliri ve Lee, 2015).

Ancak, yag c¢ikarimi sonrasi elde edilen keten tohumu
kiispesinde dogal olarak bulunan anti-besin bilesikleri, 6zellikle

28



Akademik Perspektiften Tarla Bitkileri Yetistirme ve Islahi

siyanojenik glikozitlerin varligi, bu yan iriiniin gida ve yem
olarak kullanimini sinirlamaktadir. Bu anti-besin bilesiklerini
azaltmaya yonelik bircok laboratuvar dlgekli  yontem
gelistirilmigtir. Bunlar arasinda suda kaynatma, mikrodalga
kavurma, 1slak otoklavlama, asit ile muamele ve ekstriizyon
pisirme gibi teknikler yer almaktadir. Bu yontemler keten tohumu
kiispesindeki siyanojenik bilesikleri etkili bir sekilde azaltabilse
de, ayn1 zamanda lignan gibi faydali polar bilesikler iizerinde de
6nemli 6lglide olumsuz etki yaratmaktadir (Huang ve ark., 2023).
Soguk preslenmis keten tohumu kiispesi, siyaniir igeriginin
azaltilmasiyla birlikte protein, yag, lif ve lignanlar gibi faydali
bilesenlerin korunmasi agisindan uygun bir segenek olabilir.
Yapilan bir ¢aligmada, soguk presleme yontemiyle elde edilen
keten tohumu kiispesi, diisiik yagl salata sosu formiilasyonunda
yag ikamesi olarak kullanilmistir. Bu yaklasim, atiktan degere
(waste-to-wealth) doniistiirme stratejisine ornek teskil etmektedir
(Imran ve ark., 2013).

Eikosapentaenoik asit (EPA) ve dokosaheksaenoik asit
(DHA) insan viicudu tarafindan sentezlenemedigi i¢in disaridan
alinmali ya da omega-3 yag asitlerinden, 6zellikle linolenik
asitten, metabolik yollarla elde edilmelidir. Gunimiz beslenme
aligkanliklar, gunlik omega-3 yag asidi alimmin Onerilen
seviyelerin altina diismesine yol agmistir. Bu da, omega-3 yag
asitleriyle zenginlestirilmis gidalara olan gereksinimi artirmigtir.
Giincel saglik stratejilerinden biri, omega-3 yag asitlerinin
medikal ve saglik odakli yeni iriinlere entegre edilmesidir (Qin
ve ark., 2023).

Ancak alfa-linolenik asidin (ALA) bazi dezavantajlari
mevcuttur: Isiya karsit son derece hassas olup, oksijen ve metal
iyonlarina kars1 reaktiftir. Isleme ve depolama sirasinda
acillasmaya neden olan bilesiklerin olusumuna yol acar. Bu
nedenle keten tohumu yagi, dogasi geregi, gida ve siit lrlinleri
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endiistrisinde kullanim agisindan kisitlamalara sahiptir (Bush ve
ark., 2019).

Son yillarda ¢esitli arastirmacilar, keten tohumu yaginin
stabilizasyonuna  yonelik  olarak  ultrasonikasyon  ve
mikroenkapsiilasyon gibi teknolojiler {izerinde calismakta, ayrica
emiilsiyon ve mikrokapsiil gelistirme yollarini aragtirmaktadir.
Bununla birlikte, kapsiilleme isleminin maliyeti, omega-3
bileseninin maliyetinin iki katindan fazla olabilmektedir. Ayrica,
depolama siiresince ALA igerigi kolaylikla azalabilmektedir. Bu
nedenle, ALA’nin gidalara eklendikten sonraki stabilitesini
artirmak ve miktarimin dogru sekilde belirlenmesini saglamak
amaciyla daha fazla ¢alismaya ihtiyag vardir (Tontul ve Topuz,
2014; Hamed ve ark., 2022).

5. SONUC

Bu ¢alismanin amaci, keten tohumunun firincilik tiriinleri,
stit Uirlinleri, ekstriidde iriinler ve atistirmaliklar da dahil olmak
tizere ¢esitli  gidalarin  zenginlestirilmesinde  kullanimini
Ozetlemek ve diyabet hastalar1 lizerindeki etkilerini
degerlendirmektir. Keten tohumu, gidalardaki tuz, seker ve
doymus yag igerigini azaltirken; omega-3 yag asitleri ve diger
biyoaktif bilesenlerin icgerigini artirarak besin degerini
yiikseltmekte ve bu sayede saglikli alternatiflerin gelistirilmesine
katki saglayabilmektedir. Bu biyoaktif bilesenlerin diyabet
hastalarmin hastaliklarin1 yonetmelerine yardimci olabilecegi
diistiniilmektedir. Ancak, keten tohumu yan drunlerinden
biyoaktif bilesenlerin elde edilmesine yonelik ¢evre dostu ve
maliyet etkin teknolojilerin gelistirilmesi i¢in daha fazla
aragtirmaya ihtiya¢ vardir. Ayrica, alfa-linolenik asidin (ALA)
deger katilmis keten tohumu ile zenginlestirilmis {iriinlerin
gelistirilmesi stirecindeki stabilizasyonuna yonelik uygulamalar,
gida endiistrisi i¢cin umut verici bir yaklagim olacaktir.
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MODERN TARIMIN YENI ARACI DRONLARIN
GELISIMi VE UYGULAMA OLANAKLARI

Birol TAS!

1. GIRIS

Tarimsal tiretim, bir {ilkenin ekonomik kalkinmasinda ve
gida giivenliginin saglanmasinda stratejik bir 6neme sahiptir. Bu
baglamda, tarim sektérinun temel hedefi; bitkisel ve hayvansal
uretim faaliyetlerinde ekonomik verimlilik, strdirtlebilirlik ve
iretkenlige dayali isletme modellerinin gelistirilmesidir. Bu
baglamda tarimda dijital teknolojilerin kullanimi giderek
yayginlagsmakta, 0Ozellikle dron teknolojisi bu teknolojik
gelismelerin  neredeyse en basinda gelmektedir (Dutta ve
Goswami, 2020). Dron teknolojisi, son yillarda tarimsal {iretim
siireglerini  doniistiiren devrim niteliginde bir ara¢ haline
gelmistir. Bu yenilik¢i teknolojiler, tarim sektorii igin verimliligi
artirmak, maliyetleri diisirmek, ve cevresel siirdiiriilebilirligi
saglamak bakimindan biiyiik bir potansiyel tasimaktadir. Dronlar,
kameralar, multispektral ve termal sensorler, GPS, yapay zeka
algoritmalar1 ve uzaktan kontrol sistemleri ile donatilmis insansiz
hava araclaridir.  Dronlar genis alanlarda hizli veri toplama,
yuksek hassasiyetle analiz yapma ve midahale planlama
kabiliyeti sayesinde modern tarimin dijital doniisiimiinde stratejik
bir rol Ustlenmektedir( Ojaca ve ark.,2016) Dronlar ile elde edilen
veriler, tarimsal karar alma siireglerinde biiyiik deger tasirken,
veri analitigi ve yapay zeka ile desteklenen ¢oziim Onerileri,

L Prof. Dr., Bursa Uludag Uni. Ziraat Fak. Tarla Bit. Blm., Bursa, Tiirkiye,
biroltas@uludag.edu.tr, ORCID: 0000-0003-4975-0278.
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tarimin gelecegine yon veren stratejileri gelistirmede yardimci
olmaktadirlar (Demiryirek ve Ceyhan, 2020).

2. DRONUN BILESENLERI VE CALISMA
PRENSIBI

Dronun temel bilesenleri, mekanik ve elektronik
bilesenler olmak iizere ikiye ayrilmakta olup, bu bilesenler Sekil
1’de gosterilmistir. Tiim bu bilesenler, dronun herhangi bir yonde
ucabilmesi, manevra kabiliyeti artirmasi ve stabilitesinin
saglanmasi, diisiik hizlarda ucabilmesi gibi bir¢cok yonden
sagladig1 avantajlar ile dronun daha hizli, ekonomik ve daha
verimli caligmasini saglamaktadir.

Inis
dayanakian

Sekil 1. Dronun Temel Bilesenleri

3. TARIMSAL UYGULAMALARDA DRON
TEKNOLOJISININ GELIiSIMi VE KULLANIM
ALANLARI

Dron teknolojisi, tarimsal iiretimde ilk olarak 1990-1995
yillar1 arasinda Japonya’da kullanilmaya baglanmistir. Bu
donemde Yamaha markasina ait uzaktan kumanda ile kontrol
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edilen helikopter tipi hava araglari, ozellikle genis c¢eltik
tarlalarinda ilagclama amactyla kullanilmistir. 2009-2012 yillari
arasinda dron teknolojisinde yasanan ilerlemeler sonucunda,
elektrikle ¢alisan ve “quadrotor” olarak adlandirilan dort kollu
doner kanatli dronlar gelistirilmistir. Bu yeni nesil dronlarin
tarimsal amaglarla kullanimi ilk olarak 2012-2013 yillarinda
goriilmiis; 6zellikle Cin ve diger Uzak Dogu iilkelerinde hem
tiretim hem de kullanim agisindan hizli bir artis gdstermistir
(Tripicchio ve ark., 2015).

Tarim sektoriinde dron teknolojisinin yaygin olarak
kullanilmaya baslanmasi, ¢ok ¢esitli uygulama alanlarinin oniinii
acmistir. Bu teknolojinin sundugu olanaklar sayesinde, bitki
hastaliklarinin ve zararli organizmalarin tespitinden pestisit ile
gibre uygulamalarina, yabanci otlarin haritalanmasindan {iriin
verim tahminine kadar bircok tarimsal faaliyet daha verimli ve
hassas bi¢cimde yiriitilebilmektedir. Ayrica, bitki stres
diizeylerinin  belirlenmesi, fenolojik gelisim  evrelerinin
izlenmesi, tiir ayrimi, otomatik tohum ekimi, su kaynaklarinin
etkin yonetimi ve hayvancilikta siirii takibi gibi konularda da
dronlardan etkin bigimde yararlanilmaktadir.

3.1. Bitki Hastaliklar1 ve Zararlhlarinin Erken
Tespitinde Dronlar

Tarim arazilerinde bitki sagligin1 izlemek amaciyla
dronlara entegre edilen hiperspektral ve RGB kameralar
sayesinde, hastalik ve zararli etkenlerin neden oldugu belirtiler
hentiz gozle gorilur hale gelmeden dnce saptanabilmektedir. Bu
sayede midahaleler hem zamaninda hem de yalnizca gerekli
alanlarda uygulanarak kimyasal kullanim miktari
azaltilabilmektedir (Bendig ve ark., 2014).

Dronlarin kullanimiyla elde edilen veriler, ¢esitli spektral
indekslerin hesaplanmasma da olanak tanimaktadir. Ornegin
NDVI (Normalized Difference Vegetation Index), GNDVI
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(Green NDVI) ve PRI (Photochemical Reflectance Index) gibi
indeksler kullanilarak bitki oOrtiisindeki farkliliklar analiz

edilmekte ve hastalik ya da zararli kaynakli stres belirtileri tespit
edilebilmektedir (Dutta ve Goswami, 2020).

Altas ve calisma arkadaslarn (2018), seker pancari
tarlalarinda yiiriittiikleri arastirmada, dronlar aracilifiyla elde
ettikleri goriintiileri 6zel olarak gelistirilen gorlintii isleme
algoritmalar1 ile analiz etmislerdir. Bu sayede, yaprak lekesi
hastaligina (Cercospora beticola Sacc.) iliskin belirtiler basariyla
tespit edilmis; hastaligin varligt ve siddet seviyesi ortaya
konmustur (Sekil 2).

Sekil 2. Yaprak Leke Hastahg Tespiti 1: Orijinal goruntd, 2:
Piksel etiketleme, 3: Yesil segment, 4: Kahverengi segment, 5:
Kontrast gelistirme (Altas ve ark., 2018).

Kerkech ve ekibi (2020) ise, bag alanlarinda mildiy6
hastaliginin  teshisinde dronlara entegre edilen RGB ve
multispektral ~ kameralar1  kullanmiglardir.  Elde  ettikleri
goriintiilerde piksel renkleri farkli yiizey oOzelliklerini temsil
etmektedir: yesil pikseller saglikli bitki alanlarini, kahverengi
pikseller toprak yizeyini ve siyah pikseller golge bolgeleri ifade
etmektedir. Hastalik semptomlar1 ise; RGB goriintiilerde sari,
kizil6tesi spektrumda ise turuncu piksellerle belirlenmis, bu iki
rengin kesistigi alanlar kirmiziyla gosterilerek mildiyd etkisinin
yogunlastig1 bolgeler tanimlanmistir (Sekil 3).
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Chen ve arkadaslarinin (2021) gercgeklestirdigi calismada
ise, meyve agaglarinda zararli organizmalarin bulundugu bolgeler
dronlar yardimiyla belirlenmis ve bu veriler dogrultusunda en
uygun pestisit uygulama giizergahi olusturulmustur. Zararlilarin
tespit edildigi noktalarin gevresinde, 5 metrelik yarigaplar i¢inde
pestisit uygulamas1 gereken alanlar sar1 noktali dairelerle
isaretlenmis, dronlarin her ucusta konum dogrulugunu saglamak
icin kullanilan referans koordinat noktalari ise kirmizi yildizlarla
gosterilmistir(Sekil 4).

.'

Sekil 4. Pestisit Uygulanacak Alanlar (Chen ve ark., 2021)
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3.2. Tarimsal Tlaclama ve Giibrelemede Dron
Kullanim

Tarimsal {iretimde dronlarin en sik kullanildigi alanlardan
biri bitki koruma uygulamalaridir. Modern dron sistemleri,
Ozellikle erisilmesi gii¢ veya egimli arazilerde hizli, homojen ve
hassas ilaclama yapabilme kabiliyeti sayesinde énemli bir avantaj
saglamaktadir. Bu teknolojiler, tarim ilaglarinin daha etkili ve
verimli kullanimini desteklemekte; cevresel etkileri azaltarak
strddriilebilir tarimi tesvik etmektedir (Oljaca ve ark.., 2016).

flaglama dronlarinin etkin bir sekilde kullanilabilmesi icin
bazi teknik ve wuygulama esaslarina dikkat edilmesi
gerekmektedir. Bunlar su sekilde 6zetlenebilir:

« Etkili bir ilaglama i¢in, hedef ylizeye ilacin yeterli dozda
ulagmast saglanmalidir. Bu dogrultuda damlacik c¢ap,
uygulama dozu, damla yogunlugu, damlacigin temas agisi
ve kaplama orani gibi parametreler biiylik 6nem tasir.

e Uygulamanin verimli olabilmesi i¢in piiskiirtme sistemi
uygun sekilde yapilandirilmalidir. Bu, meme sayisi ve tipi,
puskiirtme bic¢imi (bos konik, dolu konik, diiz yelpaze gibi),
memeler aras1 mesafe, egim agisi, hiizme agisi, basing
seviyesi ve meme yiiksekliginin dogru ayarlanmasi ile
mumkundr.

e Damlaciklarin diizgiin ve homojen bir sekilde dagilmasi
saglanmali; uygulama boyunca dozda dalgalanma
olmamalidir.

e ilaclama zamanlamas: da basarty1 dogrudan etkileyen bir
faktordiir. Riizgarsiz, serin hava kosullar tercih edilmeli;
sabah erken saatlerde ya da aksam serinliginde uygulama
yapilmalidir. Ayrica uygulamaya baslamadan 6nce uygun
bir ilerleme hiz1 belirlenmelidir.
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e ilaglama karari, ihtiyag dogrultusunda verilmelidir.
Kullanilacak ilag tiirli, dozu ve karisimin homojenligi
dikkatle degerlendirilmelidir. Hazirlanan karisim 1iyice
karistirilarak uygulamaya hazir hale getirilmelidir.

Wang ve arkadaslar1 (2020), diisiik hacimli dron
uygulamalarinda tercih edilen ince ve ¢ok ince damlacik
boyutlarinin, kullanim kolaylig1 ve yiiksek operasyonel verimlilik
gibi avantajlartyla 6ne c¢iktigim1  bildirmislerdir. Yaptiklar
deneylerde, santrifij memelere sahip ticari bir kuadkopter
kullanilarak farkl riizgar hizlarinda 100, 150 ve 200 mikrometre
hacimsel medyan ¢apmna sahip damlaciklarin siiriiklenme
potansiyelleri karsilastirnllmistir (Sekil 5). Sonuglar, riizgar
hizinin artmasi1 ve damlacik ¢apinin kii¢iilmesiyle birlikte
stiriiklenme miktarinin da 6nemli dl¢lide arttigin1 géstermistir.

3¢ Track 2 Track 1% Track Collector of
* : UAV Sprayer | Monofilament | |
% — line ‘ Collector
Main wind direction % a ‘ of Mylar
3 > | } ! pl\ntc
) ol V) \

berrl B

|
0 10 20 30 40 50
Distance inm

In-swath and downwind depaosition (log-linear axis) | | Airborne drift at different heights

Sekil 5. IHA ile Tarimsal flaclamada Siiriiklenmenin Belirlenmesi
Cahismasinin Sonuclar: (Wang ve ark., 2020)

3.3. Bitki Gelisimini izlemede Dron Kullanim

NDVI, GNDVI ve PRI gibi ¢esitli spektral indeksler
kullanilarak, bitkilerde su yetersizligi ya da besin eksikligine
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bagli stres belirtileri heniiz erken asamalarda belirlenebilmektedir
(Dutta ve Goswami, 2020). Ayrica, termal goriintiileme
sensorleriyle donatilan dronlar sayesinde bitki ylizey sicakliklari
Olculerek evapotranspirasyon dizeyleri analiz edilebilmektedir.
Bu tiir veriler, 6zellikle hassas sulama yonetimi acisindan son
derece degerlidir (Zhang ve Kovacs, 2012). Smirli su
kaynaklarmin stirdiiriilebilir bigimde kullanilmasinin gerektigi
kurak iklimlerde, bu teknolojiler vazgeg¢ilmez bir tarimsal arag
haline gelmistir.

Gago ve ark. (2015) tarafindan bag alanlarinda su stresi
yonetimi i¢in yapilan calismada, dron ile bir bagdan c¢esitli
yansitma indeksleri elde edilmistir. Bu yansitma indekslerin su
potansiyeli ve stoma iletkenligi gibi su stresi gostergeleriyle ilgili
pozitif korelasyonlar gésterdigi bildirilmistir. Sekil 6’daki sar1
alanlar su stresinin oldugu bolgeleri gostermektedir .

A

Sekil 6. Su Stresinin Belirlenmesi (Gago ve ark., 2015)

Ore ve ark. (2020) tarafindan musir bitkisinin biiyiime
tahmini i¢in model olusturulmasi ve biiyiime haritasinin
hazirlandig1 ¢alismada, SAR ile donatilmis dron kullanilmustir.
SAR, ayni ugus yolunu takip eden farkli zamanlarda iki ugus
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arasindaki arazi yiiksekligi yer degistirmesi hakkinda bilgi
saglamistir. Arastiricilar, SAR ile veri toplama isleminde
oncelikle zemin ve radyometrik kalibrasyon icin test alanina iig
kose reflektdrii monte etmislerdir. Ug farkli tarih araliginda elde
edilen misir bitkisi biiylime haritalar1 Sekil 7°de verilmistir.

Sekil 7. Misir Bitkisi Biiyiime Haritalari (Ore ve ark., 2020)

Toprak ve tarla analiz dronlari, daha sonra siirprizlerin
ortaya ¢ikmasini dnlemek i¢in biiylime sezonu boyunca toprak ve
bitki yogunlugunun izlenmesine yardimci olabilir. Bu proaktif ve
Ongoriicii izleme, ciftcilerin beklenmeyen sorunlarin Oniinde
kalmasina, gerektiginde degisiklikler yapmasina (6rnegin, azotlu
gubre ekleme, sulamayi ayarlama vb.) yardimci olarak iiriin
sagligini en st diizeye ¢ikarabilir (Tsouros ve ark., 2019).

3.4. Yabanci Otlarin Belirlenmesinde Dron
Teknolojisinin Kullanimi

Yabanci otlar, 6zellikle tahillar, baklagiller ve endiistriyel
bitkiler gibi ekonomik dneme sahip Urlinlerde 6nemli diizeyde
verim kayiplarina yol acabilmektedir. Geleneksel miicadele
yontemlerinde ¢ogu zaman genis spektrumlu herbisitler rastgele
sekilde uygulanmakta, bu durum hem cevresel olumsuzluklara
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hem de artan liretim maliyetlerine neden olmaktadir (Christensen
ve ark., 2009). Son yillarda uzaktan algilama teknolojilerinin
tarimsal uygulamalara entegrasyonu ile birlikte, dronlar yabanci
otlarin erken teshisi ve detayli haritalanmasinda etkili bir arag
haline gelmistir (Lottes ve ark., 2017).

Nesne tabanli goriintli analizine (OBIA) dayanan
yontemlerle, yabanci otlarla kiiltiir bitkileri arasindaki morfolojik
farkliliklar degerlendirilebilmektedir. Ayrica, derin 6grenme
algoritmalari, 6zellikle Evrisimli Sinir Ag1 (CNN) gibi modeller
kullanilarak, goriintiiler {izerinde yliksek dogrulukla yabanci ot
siiflandirmasi yapilabilmektedir (Dos Santos Ferreira ve ark.
2017). Elde edilen analiz sonuglar1 dogrultusunda tarladaki
yabanci ot yogunluklar1 haritalandirilir. Bu haritalar sayesinde,
gerek traktor gerekse dron tabanli ilaglama sistemleri kullanilarak
yalnizca gerekli alanlara miidahale edilmesi saglanir. Boylelikle
hem iiretim maliyetleri diisiiriiliir hem de ¢evreye olan kimyasal
baski azaltilir (Dutta ve Goswami, 2020).

Mattivi ve ark. (2021) musir bitkisinde yabanci otun
mekansal dagilimini belirlemek ve haritalamak amaciyla
yaptiklar1 ¢alismada yer seviyesinden 35 m yiikseklikten 120
cografi referansh fotograf elde etmislerdir. Arastiricilar, elde
edilen goriintiileri yabanci otun tespit edilmesi i¢in {i¢ farkli
yontemle islemislerdir. Bu yontemler Maksimum Olabilirlik
Smiflandiricis1 (MLC), SAGA GIS'de uygulanan OpenCV
kitapliginin Yapay Sinir Agi modeli (ANN), Nesne Tabanli
Goriintli Analizi (OBIA)’dir. Sekil 8’de bu (¢ yéntem ile elde
edilen yabanci ot haritalar1 gosterilmistir.
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MLC ANN OBIA

Sekil 8. Solda; MLC, ANN ve OBIA Yodntemi ile Elde Edilen
Yabanci Ot Haritalar1 ve Sagda; Haritalarin Detayr
Referans Verileri, B) MLC, C) ANN, D) OBIA (Mattivi ve
ark., 2021).

3.5. Meyve Verim Tahmini

Multispektral goriintiiler kullanilarak bitkinin genel
sagligr degerlendirilebilir. Saglikli bitkilerde meyve verimi
genellikle daha yiiksektir. Derin 6grenme modelleri (6r. YOLO,
Faster R-CNN) kullanilarak meyveler tespit edilir ve sayilir.
Agaglarin hacmi ve yaprak yogunlugu gibi yapisal ozellikleri,
meyve yogunlugu ile iliskilendirilebilir. Bu islem, 6zellikle
LIDAR ya da fotogrametri ile 3B modellemelerde etkilidir. Farkli
renk/ebatlara gore siniflandirma yapilabilir. Toplanan veriler,
geemis yil verimleriyle ve yerden yapilan Ornekleme
(kalibrasyon) caligsmalariyla iligkilendirilerek makine 6grenmesi
modelleri (6rnegin regresyon analizi, yapay sinir aglar1) egitilir
(Sekil 9). Bu modeller, farkli agaglarda gozlenen benzer
ozelliklerden yola ¢ikarak tiim bahge veya tarlanin tahmini
verimini hesaplar. Ticari olarak Pix4Dfields, DroneDeploy,
Agremo, Plantix gibi yazilimlar bu uygulamay destekler (Apolo-
Apolo ve ark. 2020 )
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Sekil 9. Faster R-CNN Mimarisi (Apolo-Apolo ve ark., 2020)
3.6. Suru Yonetimi

Glinlimiizde tarim ve hayvancilikta dijitallesmenin
artmastyla birlikte, verimliligi artirmak ve maliyetleri azaltmak
amaciyla cesitli teknolojiler kullanilmaktadir. Bu teknolojilerden
biri olan insansiz hava araglar1 (IHA), 6zellikle siirii yonetiminde
onemli avantajlar saglamaktadir (Yallop ve ark., 2021). Genis
alanlarda hayvan takibini kolaylastiran dronlar, hem yer is
giiclinii azaltmakta hem de hayvan refahini izlemek i¢in 6nemli
bir ara¢ haline gelmektedir. Siirii yonetimi amactyla kullanilan
dronlar genellikle ylksek ¢ozunurlukli RGB kameralar, termal
goruntuleme sistemleri, GPS modiilleri ve bazi durumlarda
hoparlor sistemleriyle donatilmistir (Barwick ve ark., 2020). Bu
ekipman sayesinde hayvanlarin yerinin tespiti, saglik
durumlarinin izlenmesi ve yonlendirilmesi miimkiin olmaktadir.
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Sekil 10. Sigir Bulma ve Sayma Algoritmasinin Yapisi (Xu ve
ark., 2020)

Dronlar ile siirli yonetimi, 6zellikle biiylikbas ve kiiciikbas
hayvancilik  yapan isletmelerde hayvanlarin  izlenmesi,
yonlendirilmesi, sagliklarinin degerlendirilmesi ve
giivenliklerinin ~ saglanmast i¢in kullanilan modern bir
teknolojidir. Bu uygulama, 6zellikle genis mera alanlarinda ya da
ulasilmast zor boélgelerde verimliligi artirmakta ve is giicl
ihtiyacin1 azaltmaktadir. Dronlar, siri icerisindeki bireylerin
otomatik olarak sayilmasini ve yerlerinin belirlenmesini saglar.
Termal kameralar, 6zellikle gece veya yogun bitki ortiisii bulunan
bolgelerde kayip ya da saklanan hayvanlarin tespiti i¢in kullanilir
(Anderson ve Gaston, 2013). Goriintii isleme algoritmalariyla
hayvanlarin tiirlerine, biiyiikliiklerine gore siiflandirilmas: da
mimkiindiir. Bazi dron modelleri, siiriiye sesli uyarilar
gondererek yonlendirme yapabilir. Coban kdpegi sesi, diidiik sesi
veya insan komutlari, hayvanlarin belli bir istikamete dogru
ilerlemesini saglar (Barwick ve ark., 2020). Ayrica yapay zeka
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destekli dronlar, siiriiniin davranis kaliplarina gore otonom
manevralar gergeklestirebilir.(Sekil 10)

4. DRON TEKNOLOJISININ TARIMSAL
UYGULAMALARDA YAYGINLASMASININ
ONUNDEKI ENGELLER VE COZUM
ONERILERI

4.1. Ekonomik Erisim ve Tesvik Politikalar:

Dron teknolojisinin tarimsal alanda
yayginlastirilmasinin  6niindeki temel engellerden biri, ilk
yatirrm maliyetlerinin yiiksekligidir. Bu durum, ozellikle
kiiciik ve orta dlgekli tarim isletmeleri acisindan teknolojinin
benimsenmesini zorlastirmaktadir. Bu engelin asilabilmesi
icin dislik faizli finansman segenekleri, dogrudan devlet
destekleri ve siibvansiyonlar gibi tesvik mekanizmalarinin
olusturulmasi gerekmektedir. Ayrica, tarim kooperatifleri ve
tiretici birlikleri aracilifiyla ortak ekipman kullanimi gibi
modellerin  yayginlastirilmast  da  teknolojiye  erigimi
kolaylastiracaktir (Akkamig, 2020; Ercan ve ark., 2019).

4.2. Egitim ve Teknik Kapasite Artirimi

Dronlarin  etkin  bir  bicimde  kullanilmasi,
kullanicilarin bu alandaki teknik bilgi diizeyine dogrudan
baghdir. Ancak pek cok bolgede ciftcilerin yeterli bilgiye
sahip olmadig1 goriilmektedir. Bu nedenle, {iniversiteler,
kamu kurumlar1 ve 6zel sektor is birligiyle uygulamali ve
sertifikali egitim programlarinin hayata gegirilmesi, bu
teknolojinin verimli kullanimini destekleyecektir

4.3. Mevzuat ve Yasal Diuzenlemeler

Tarim amaghi dron kullaniminin yayginlastirilmasi
icin, ucus izinleri ve lisanslandirma  siire¢lerinin
sadelestirilmesi Onem tasimaktadir. Hava sahasiyla ilgili
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mevcut kisitlamalarin yeniden gozden gegirilmesi, kullanim
alanlarinin  genisletilmesine katki saglayacaktir. Ayrica,
dronlar aracilifiyla elde edilen tarimsal verilerin gizliligini
korumaya yoOnelik yasal diizenlemelerin olusturulmasi da
gereklidir (Akkamig, 2020).

4.4, Ar-Ge Yatirnmlarinin Desteklenmesi

Tartmda  dron  teknolojisinin ~ daha  etkin
kullanilabilmesi i¢in, teknik kapasiteyi artirmaya yoOnelik
aragtirma ve gelistirme faaliyetlerine oncelik verilmelidir.
Daha dayanikli, genis tagima kapasiteli ve uzun dmiirlii dron
modellerine duyulan ihtiyagc devam etmektedir (Turkseven,
Goksoy ve Yaganoglu, 2016). Ayn1 zamanda, yapay zeka ve
makine Ogrenmesi gibi ileri diizey teknolojilerin
entegrasyonu, veri isleme ve analiz yeteneklerini gelistirerek
karar destek sistemlerini guclendirecektir.

4.5. Cevresel Etkiler ve Geri Doniisiim

Dronlarin yaygin kullanimi ile birlikte elektronik atik
yonetimi de 6nem kazanmaktadir. Kullanim 6mrii sona eren
parcalara iligkin geri doniisiim altyapilarinin olusturulmasi ve
cevre dostu geri kazanim yoOntemlerinin uygulanmasi
gerekmektedir. Buna ek olarak, giines enerjisi gibi
yenilenebilir enerji kaynaklartyla ¢alisan c¢evreci dron

modelleri gelistirilerek karbon salimi azaltilabilir (Akkamuas,
2020).

4.6. Hizmet ve Paylasima Dayah Modeller

Teknolojinin daha genis kitlelere ulagabilmesi igin
kiralama ve hizmet tabanli kullanim modelleri hayata
gecirilmelidir. Dron hizmeti sunan firmalarin sayisinin
artirilmasi, 6zellikle kiigiik 6lgekli isletmeler i¢in ekonomik
erisimi miimkiin kilacaktir (Tiirkseven ark., 2016).
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4.7. Stratejik Planlama ve Uluslararas: Is Birlikleri

Dron teknolojisinin tarimsal alana entegrasyonu,
sadece teknolojik bir yenilik olarak degil; ayn1 zamanda
tarimsal tiretim, gida giivenligi, kirsal kalkinma ve ¢evresel
stirdiiriilebilirligi kapsayan stratejik bir yaklasim olarak ele
alinmalidir. Bu dogrultuda, ulusal diizeyde uzun vadeli
politikalar gelistirilmeli, ayn1 zamanda uluslararas1 diizeyde
bilgi ve deneyim paylagimini iceren is birlikleri tesvik
edilmelidir (Ercan ve ark., 2019; Tirkseven ark., 2016).
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