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Abstract

Climate change has disrupted agricultural practices worldwide, creating serious
and environmental sustainability. This study examines how smart agriculture systems ca

major challenges: water shortages, pest control, and resilience to
improvements in both efficiency and sustainability. Smart irrigatio 40%, ensuring

of 530 kilograms per unit each year, with stable quality and che

The use of biological pest control
reduced pest outbreaks by 60%, decreasing reliance on syné i

, production costs fell by

30%, and the average payback period for technolog v ] years, indicating that these
innovations are financially viable. The study also s colla i researchers, policymakers, and
farmers has supported the adoption of these techfolog gned farming practices with broader environmental

goals. Overall, this research highlights the ro ¢ in strengthening climate resilience and promoting

sustainable development in rural commu . insi ed can guide stakeholders seeking practical and
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Introduction

Agriculture i utor to the growing climate disaster. Due to the sector's particular
vulnerability to the e of climate change, conventional farming techniques are being challenged by changing
precipitation p s, and shifting temperatures (Gupta et al., 2021). However, agriculture

ributing significantly to greenhouse gas (GHG) emissions worldwide. The
agricultural systems, which provide creative approaches for adaptation and

3.2%, maize yields by 7.4%, and soybean yields by 3.1% for every 1°C increase in global temperature.

ss: Droughts and water shortages brought on by climate change have made agriculture very water-
constrained for an estimated 1.9 billion people worldwide. As a result of rising temperatures and heat stress, milk
duction, reproductive rates, and susceptibility to illness have all suffered (de Lima et al., 2023).

Fundamentally, a smart agricultural system makes use of technology to convert agriculture into an exact,
data-driven science. These systems offer a new paradigm in agriculture through the integration of sensors, drones,
artificial intelligence (Al), and machine learning algorithms with Internet of Things (IoT) devices (Kalbande & Patil,
2023)). They make it possible to monitor and analyze a wide range of agriculturally related variables in real time,
including crop health, weather, and soil moisture and nutrient content. This network of information facilitates well-
informed decision-making, maximizes resource utilization, and increases agricultural yields while reducing
environmental effects (Arthi et al., 2023).




Smart agricultural systems stand at the forefront of mitigating the adverse effects of climate change on
agriculture. By enabling precision farming, these technologies ensure the judicious use of water, fertilizers, and
pesticides, significantly reducing the ecological footprint of farming activities (Ness, 2023). For example, by
precisely adjusting watering schedules and quantities to crops' demands, sensor-based irrigation systems may
significantly reduce water use. Similarly, fertilizer application may be optimized by Al-driven insights, lowering
runoff and the ensuing eutrophication of water bodies. Furthermore, by encouraging the use of techniques such as
cover crops and no-till farming that improve soil carbon absorption, these systems help lower atmospheric CO2 levels
(Casey, 2024).

Smart agriculture systems provide strong instruments for climate adaptation beyond mitd
may use predictive analytics to foresee and prepare for catastrophic weather events, changing

nutrient management ai
With imple 000 to 7,000 baht, these technologies present a viable solution
for household-level fi od security while simultaneously reducing expenditures, boosting

iverse audiences and incorporated into annual budgetary plans, ensuring the scalability and
ility of these tools in facilitating climate adaptation within the agricultural sector.
research team believes that applying smart agriculture systems in response to climate change is a

that involves all stakeholders, including farmers, researchers, policymakers, and technology developers, in the
arch process ensures that the development and deployment of smart agriculture technologies are not only
echnologically sound but also socially inclusive and adaptive to the specific needs of local communities.

Objective
To implement a smart agriculture system that addresses farmers’ challenges related to climate change,
aiming to have a transformative impact on agricultural research for improved farming efficiency and sustainability.




Inputs
1. Climate Change Challenges
2. Smart Agriculture Technologies

Process
1. Data Collection:
2. Analysis and Decision-Making:

Outputs f . ..
1. Implementation Farmers' application of

2. Adaptive Farming Practices —  smart agriculture systems to
3.Efficient Resource Us.e ) climate change
4. Enhanced Crop Monitoring

Outcomes

1. Increased Crop Yields

2. Reduced Environmental Impact
3. Economic Benefits

Impact

1. Resilience to Climate Change
2. Sustainability

3. Scalability

Figure 1 Conceptual Framework

Methodology
Using smart agricultural systems is a revo

posed by climate change. In this context, data collg
hurdles, adaptation strategies, and effectiveness. Prinia aollection entails conducting surveys and interviews
directly with farmers to gain insights int i ¢ and experiences. Focus groups facilitated group

; corducted either face-to-face or virtually with smallholder farmers,
agricultural exgension icultural technology providers. A semi-structured interview guide was

1 impact of smart agriculture in mitigating the effects of climate change. A
3 key informants pa ated in the interviews, including representatives from the District and Provincial
ral Offices, the Community Development Office, Sub district Administrative Organizations, and the
ral Research and Development Center. Additionally, interviews were conducted with
members, model farmers, and general farmers across six districts.

four groups: 1. Model farmers (10 participants) 2. Government agency representatives (10 participants) 3. Rural
ers (10 participants) 4. Urban farmers (10 participants). These discussions provided critical insights into the
roblems and impacts of climate change and the integration of modern agricultural technologies into farming
practices.

3. Participant Observation: Time was spent in the communities and on farms to observe day-to-
day activities and the practical application of smart agriculture technologies. This approach provided firsthand insight
into the practical application of these technologies, including any obstacles faced by farmers in their implementation.

4 . Document Analysis: Reviewed existing documents and reports related to agriculture, smart
farming initiatives, and climate change policies to provide context and background to enrich the qualitative data
collected.




2. Research Steps

The research involved creating a framework that encouraged the active involvement of farmers in applying
smart agriculture technologies to adapt to and mitigate the impacts of climate change. A step-by-step approach is
outlined below:

1. Define Objectives and Scope: Empower farmers to use smart agriculture systems to improve
resilience and adapt to climate change. Define the geographic area, types of crops, and specific climate challenges to
be addressed (e.g., drought, flooding).

2. Stakeholder Engagement: Involve farmers, agricultural technology experts, clim

farming practices, and climate data to measure project impacts over time.
4. Designing the Participatory Action Research Framework: C
create the research agenda, ensuring it addresses real-world challenges and leve

resilient crop varieties).
5. Training and Capacity Building: Develop traini e use of smart

agriculture technologies, tailored to their skill levels and needs.
6. Implementation: Begin with pilot proje

7. Monitoring, Evaluation, and Leag gularly collect data on key
indicators (e.g., crop yield, water usage, adoption rafé ies). e project's impact on farmers'
resilience to climate change and its sustainability refine the project, scale successful interventions,
and share lessons learned.

8. Dissemination and : orums, publish case studies, and leverage social
media to share successes and lessons 1 perit agencies, NGOs, and the private sector to

adaptation among the . The key informants for this research comprise individuals
with significant roles es and the challenges posed by climate change, such as farmers'
difficulties, plant di est“infestations. To obtain a comprehensive and multidimensional
rse group of target respondents as follows:

2. Rgpresentatives from the Community Development Office (3 individuals): Their

into the te change on the livelihoods of the local population.

3. Representatives from Sub district Administrative Organizations across six districts (12
Is): These representatives hold critical responsibilities in managing local resources. They possess a deep
of policies and agricultural support programs related to climate change adaptation.

4. Researchers from the Buriram Provincial Agricultural Research and Development Center (5
individuals): These experts specialize in agricultural research and technological development. They provide scientific
insights into strategies for mitigating environmental challenges in the agricultural sector.

5. Urban Farmers (20 individuals): These individuals represent the urban population who may
experience climate change impacts differently from those in the rural agricultural sector. They provide valuable
information on consumer behavior regarding agricultural products and trends in smart agriculture adoption.

6. Rural Community Members (20 individuals): These individuals represent the rural population
whose livelihoods may be directly tied to agriculture. They offer perspectives on community-level challenges arising
from climate change.



7. Model Farmers (10 individuals): These farmers have actively implemented smart agriculture
practices in their fields. They contribute insights into the advantages, limitations, and future development pathways
for smart agriculture systems.

8. General Farmers from Five Districts (20 individuals): These individuals represent farmers who
have been directly affected by climate change. They provide information on the challenges they face, their needs, and
their strategies for adapting to changing environmental conditions.

In total, 93 individuals from governmental agencies, academic institutions, and the local

community—each with a connection to smart agriculture in Buriram Province—constitute the s
respondents. The data collected from these stakeholders will facilitate the development of practi
strategies for advancing smart agriculture, thereby mitigating the adverse impacts of climate cha:

4. Data Analysis

1. Examination of Climate Change Challenges and Their Impac

multifaceted challenges arising from climate change, with a particular focus on
farming technologies and their perceptions regarding the adoption of such inn
improve agricultural practices by promoting efficient resource utilization, i

critical issues.
2. Evaluation of the Effectiveness of Smart Farmin

Results

Farmers worldwi gricultural systems as a vital adaptation tactic in the face
of climate change. The oT, Al and big data analytics to empower farmers to make
well-informed decisio; while minimizing environmental impact. Smart agriculture
systems integrate sen i ing“algorithms to deliver real-time insights into crop health, weather

nologies enable timely pest management, efficient resource usage, and

nce on chemical inputs. Furthermore, smart agriculture systems support
le farming practices and contribute to global efforts to monitor and reduce carbon footprints. Their adoption
s a significant step forward in achieving food security and agricultural sustainability in the face of climate

f Smart Agriculture System in Climate Change Adaptation: Farmers are increasingly
tural systems as innovative tools to address the complex issues posed by climate change.
vide viable ways to improve agricultural production, resilience, and sustainability in the face of
uncertainty because they integrate cutting-edge technology and data analytics. With an emphasis on the
volved, their effects, and the difficulties encountered, this research investigates how farmers are using
ultural systems to lessen the effects of climate change and adapt to it (Rahman et al., 2022). To maximize
farm management and productivity, smart agriculture makes use of a variety of technologies, including IoT, Al,
ote sensing, and precision farming instruments. With the use of these technologies, farmers may make well-
nformed decisions and implement strategic planning by being able to monitor and react in real-time to a range of
environmental and climatic circumstances. Farmers are able to keep an eye on microclimatic factors including soil
moisture, temperature, and humidity by using sensors and Internet of Things devices (Soheli et al., 202 2 ). By
applying fertilizer and pesticides at the correct times and with precision, this data-driven strategy reduces waste and
its negative effects on the environment. It also makes accurate irrigation, planting, and harvesting possible. Precision
agriculture allows farmers to map field variability and optimize inputs based on crop and soil requirements by using
GPS technology and data analytics. In order to detect early symptoms of illness, insect infestation, or stress in crops
and animals, machine learning algorithms analyze data from drones and satellites. This approach greatly increases



efficiency while lowering the carbon footprint and promoting sustainable agricultural methods (Mahfuz et al., 2022).
Early intervention can prevent significant losses, ensuring food security and the efficient use of resources.

Challenges

Farmers face several challenges related to climate change: 1) insect pests and diseases, 2 ) root rot during
the wet season, and 3) excessive heat.

1. Insect Pests and Diseases: Climate change alters ecosystems, temperatures, and global weather

patterns at a rate never seen before. These changes impact insect populations by altering their lifespan, distribution,
and behavior, which in turn affects the epidemiology of the diseases they carry and spread (Avesani et

Scholars note that "the spread of diseases and pests has i
warming and other changes." Insects can multiply more quickly in warm cli

2. Issues with Root Rot during = : Root rot, a damaging plant disease that favors
excessively wet soil, has become more prevalent during ainy season due to climate change. This phenomenon
has significant implications for food securj and agricultural output. This study explores how

pathogens. Potential adaptation and
The accumulation of has altered global weather patterns, resulting in
increased rainfall intensity and al., 2011). The increasing intensity and unpredictable

nature of rainfall through i e major effects of this shift. These alterations lead to

especially favorable fi root rot pathogens, which thrive in soggy soils with inadequate
drainage (Wakelin et

nstruct an open greenhouse, a raised vegetable patch with a roof, and a suitable drainage
rials to strengthen the roots of the plants.”
ngal and oomycete infections, such as Phytophthora, Fusarium, and Rhizoctonia species,

affects the temperature and moisture content of the soil, which in turn affects the microbial dynamics and improves
environment for root rot pathogens.

3. Excessive Heat: The survival of species and biodiversity is impacted by habitat modification
caused by increased temperatures. It causes temperature zone shifts, coral bleaching, and the melting of polar ice
caps, all of which can upset ecosystems' delicate balance and cause the extinction of fragile species. Heatstroke,
dehydration, and cardiovascular difficulties are among the health problems exacerbated by rising temperatures.
Furthermore, heated air can exacerbate air pollution, worsening respiratory illnesses like bronchitis and asthma and
encouraging the spread of infections carried by vectors (Sugawara et al., 2021). Because it decreases soil moisture,
exacerbates drought conditions, and disrupts crop growth cycles, hot air is a serious threat to agriculture. Particularly



in areas where agriculture plays a major role in sustaining lives, these changes may result in lower agricultural
production and jeopardize food security (Vinoth & Elango, 2021).

The head of the Buriram Agricultural Research and Development Centre claims that “the issue of
decreased crop yields brought on by extreme heat—often referred to as the "hot food" problem—is one way that
climate change is harming agriculture. Plants wilt under extreme heat because it slows down their development and
decreases the effectiveness of photosynthesis. For instance, several vegetables, rice, and maize dislike hot
temperatures, which lowers their yields. In order to avoid plants from withering and dying, farmers must change the
planting season during hot weather, create heat-resistant plant varieties, and ensure a water system is avai

crops. The growth of fruits and seeds, essential for crop yields, might be ha
warmer temperatures can accelerate the life cycles of several pests and disea

has financial and environmental consequences.
Considering the above-mentioned concerns, t

distributes water over the plot; and 3) Construct biologica an insect deterrent. All three
will be completed and connected to the smart ag team to support farmers in
overcoming challenges.

Unprecedented difficulties brough by climate change for agriculture include harsher
weather patterns, a shortage of water, and ease in i ivity. These elements have a significant impact on
agricultural production, endangering fai i ilability of food. This research team has created

smart technology.

1. ntrolled Agriculture: The first pillar of the team’s approach
involves encouraging r crop and vegetable cultivation. Greenhouses offer a controlled
environment that can ect plants from eRtreme weather conditions, including hot weather, heavy rains, and cold

er distribution system that ensures water is delivered evenly and precisely to the areas
Utilizing IoT technology, soil moisture sensors can determine the exact moisture levels

this, the system proposed incorporates tanks of biological substances that repel insects naturally, reducing the reliance
chemical pesticides. These substances can include bio pesticides derived from natural materials like plants,
acteria, and certain minerals. The smart agriculture system controls the distribution of these biological agents,
applying them at optimal times to maximize their effectiveness while minimizing environmental impact.

The core of smart farming innovation lies in integrating these three components into a cohesive smart
agriculture system. This system uses advanced technologies such as IoT devices, Al algorithms, and data analytics to
monitor and manage agricultural processes in real-time. Farmers can access real-time data on weather conditions, soil
health, water levels, and pest activity through a user-friendly interface, enabling informed decision-making and
prompt action. By leveraging this technology, farmers can adapt to the changing climate more effectively, ensuring
sustainable crop cultivation and food security.




2. Transformative Impact of Agricultural Research on Farming Efficiency and Sustainability: New farming
methods have emerged as a result of recent developments in agricultural research, which hold the potential to
improve agricultural production's sustainability and efficiency while also easing some of the difficulties farmers now
face. The novel techniques developed by this research provide farmers with three important advantages: (1) less time
spent watering crops, (2) more consistent and higher crop yields, and (3) cheaper production costs by using locally
available waste resources for cultivation. This article explores these results and shows how agriculture might be
revolutionized for the better by incorporating these study findings into regular agricultural operations.

2.1 Reduction in Time Spent Watering Vegetables: One of the most immediate bene

The research team has developed an advanced intelligent mist irrigati
to mitigate heat stress within agricultural plots. By employing soil moistur:

providing real-time and automated reports on water ai ilizer usage through the LINE application and a web-
based platform. System Requirements: Wi-Ei ivi glectrical power supply, water pumps, and 12V DC
electric valves. The system offers signifi r glucing watering time from 40-50 minutes to
approximately 5—10 minutes. Additi i ili integration of bio products into the irrigation
process, thus saving time and en i ivity. The system also includes alert notifications via
LINE and comprehensive hist®gi i eb platform, empowering farmers to make informed

ment goals and addressing future climate resilience needs.
o accommodate farmers in areas lacking internet access, the
research team develo e intelligent irrigation system, tailored to meet their needs and

capabilities. -daily watering schedules (morning and evening) and customized

te-control interface. Similar to its online counterpart, the offline system

ture crop planning strategies. Farmers interact with the system via a dedicated web
gh a direct link. This platform offers both manual and automatic control modes for
n manual mode, users can activate or deactivate water and fertilizer supplies as needed. In

The research team conducted hands-on training sessions with farmers to ensure proficient use and
tion of the system. For example, a standard configuration includes watering crops at 7:00 AM and 6:00 PM

water flow rates, enabling detailed analysis of water usage per session, and applies fertilizers at a controlled rate of 8
iters per minute. This offline irrigation solution exemplifies a robust approach to resource-efficient and sustainable
gricultural practices. By empowering farmers with technology that is both accessible and practical, the system
fosters resilience to climate change challenges while promoting the efficient management of water and fertilizers.
Such innovations play a pivotal role in advancing agricultural sustainability and supporting farmers in optimizing
productivity under diverse operational constraints.

2.2 Increased and Uniform Crop Production: The research has also led to methods that promote
increased and more uniform crop production. By creating controlled environments, such as greenhouses equipped
with advanced monitoring and climate control systems, and employing scientifically-backed cultivation techniques,
farmers can achieve higher yields while ensuring that their vegetables grow evenly. These technologies and practices



help mitigate the adverse effects of unpredictable weather patterns and pests, common challenges exacerbated by
climate change. The result is a more reliable and consistent production of vegetables, which can help meet the
growing demand for food without compromising quality.

The smart agriculture system manages the uniform distribution of biological agents across the
entire farming plot by integrating with the intelligent water system. This integration enhances efficiency while
minimizing environmental impacts. The smart agriculture system is interconnected, enabling comprehensive
monitoring and management of agricultural operations. Farmers can access real-time alerts and data on_w

conditions, soil quality, water levels, and pest activity through an intuitive interface. This access empg
make informed decisions and take immediate action. By leveraging this technology, farmers can addpt effective
changing climate conditions, ensuring sustainable and resilient agricultural practices.

produced. Vegetables may be cultivated nine to ten times in a greenhouse in
seedlings and trays, in a cultivation plot for 37 to 40 days. Consequently,
kilograms, or 53,000 baht.

2.3 Reduction in Production Costs through S

scraps as fertilizers and soil amendments, farmers can significai i ensive, commercially
produced inputs. This approach not only lowers the cost of i otes a circular economy, where
waste products are repurposed to enhance soil fertility and ve towards more sustainable
agricultural practices that benefit not only the farmers .

The research team deployed thefs gix districts: Lam Plai Mat, Satuek, Chamni, Nang
Rong, Ban Kruat, and Non Din Daeng. The selection p oritized farmers who volunteered and demonstrated a

keen interest in adopting smart agricultural . duals were selected not only for their willingness to

knowledge, and preparedness, both i i Y practices, to act as pivotal knowledge hubs for
others aspiring to engage in adv: i i smart irrigation system embodies a transformative

yields, this system ens T delivery. By maintaining optimal soil moisture levels and
mitigating temperatur uses, the system fosters enhanced crop growth and quality.
setting a new benchmark for sustainable agricultural practices.

alysis of traditional farming methods versus smart agriculture practices
measurable advantages of this technological intervention.

comparative
within gre ightin

Traditional Agriculture Smart Agriculture in Greenhouse
Systems

Initial Cost: Low (5,000 - 20,000 baht per Initial Cost: High (50,000 - 100,000 baht
rai) per rai)
Labor Cost: High, averaging 30-50% per Labor Cost: Reduced to only 5-15% per
production cycle production cycle due to automation
Water Usage: High, averaging 1,500 - Water Usage: Reduced, averaging 800 -
2,500 cubic meters per rai/year 1,200 cubic meters per rai/year

Fertilizer and Chemical  Fertilizer and Chemical Usage: Average Fertilizer and Chemical Usage: Reduced,
cost is 10-20% per production cycle averaging 5-10% per production cycle due

to precise fertilizer application systems,

with increased use of organic fertilizers

for cultivation

Losses from Pests Losses from Pests: Average cost is 10-30%  Losses from Pests: Reduced to

of total yield approximately 5% of yield due to
decreased chemical use, improved
agricultural ecosystems, and increased use
of bio-agents from the Department of
Agriculture to minimize environmental



Comparison Aspects Traditional Agriculture Smart Agriculture in Greenhouse

Systems
impact

Yield per Rai/Year (or Yield per Rai: 1,000 - 2,000 kg Yield per Rai: 4,000 - 5,000 kg

Yield per Unit

Area/Year)

Quality of Produce Quality of Produce: Inconsistent Quality of Produce: High and consistent,
free from chemical residues, with
improved agricultural ecosy;

Risk from Weather Weather Risk: High, including risks from Weather Risk: Minimizedgdue to

Conditions drought, flooding, and temperature controlled temperaturg dity, and

fluctuations lighting systems

Energy Usage Energy Usage: Low, as electricity usage is Energy Usage: E

minimal

Production Cost per Production Cost per Unit: Average of 10-20

Unit baht per kg

Payback Period Payback Period: Short (1-3 years)

Long-term Cost- Long-term Cost-effectiveness: Relatively

effectiveness low (depending on environmental

conditions and labor availability)
Source: Data derived from the analysis of farmer groups engaged

the pro

7 VIRP, L

Figu Farms that Employ Intelligent Agricultural Technologies

ent agricultdral research findings make a strong case for the adoption of clever, sustainable farming
eap a triple dividend by leveraging technology and adopting sustainable practices. They can
dane chores such as watering, boost crop yields, guarantee growth consistency, and lower
ction costs by using locally available, leftover materials. In addition to meeting farmers' immediate needs, this

ng strategy advances the more general objectives of environmental sustainability and food security.

techniqu
save time O

The application of smart agriculture systems by farmers as a response to climate change has demonstrated
significant positive outcomes, reshaping agricultural practices towards resilience and sustainability. These systems
integrate advanced technologies such as IoT, Al, and remote sensing to optimize resource use, improve crop yields,
and reduce environmental impacts.

1. Enhanced Crop Resilience and Yield: One of the most notable results is the enhanced resilience of crops
to climate variability. Smart systems enable precise monitoring and control of environmental conditions, allowing
farmers to adapt to changing weather patterns more effectively. This adaptability has led to more stable and increased
yields despite the challenges posed by climate change, such as unpredictable rainfall and extreme temperatures (Karri



& Nalluri, 2 02 4). The adaptability offered by these smart systems is crucial in countering the adverse effects of
climate change. Unpredictable rainfall and extreme temperatures can devastate crops, leading to food scarcity and
economic losses. However, with smart agriculture technologies, farmers can swiftly respond to such variability (Arthi
et al., 2023). Automated irrigation systems ensure crops receive the right amount of water at the right time, reducing
the risk of drought stress or waterlogging. Similarly, climate-controlled greenhouses and shade systems can protect
plants from extreme heat, cold snaps, and damaging winds. The result of integrating smart agriculture systems is a
marked increase in crop resilience. Crops are better equipped to withstand the stresses of climate change, from
prolonged droughts to sudden frosts. This resilience translates to more stable yields year after yea

measure of security for farmers facing the uncertainty of a changing climate.

2. Water Use Efficiency: Water scarcity, exacerbated by climate change, poses a ant threat ¥

overwatering or under watering (Tace et al., 2022).
Moreover, the benefits of smart irrigation extend b i gs. 1ding crops with the

profound. In regions where water scarcity is a pressing e ability to do more with less water can be a game-
changer. Additionally, by reducing the volu ¢ agriculture, more water can be preserved for other
uses, such as drinking and sanitation, ini igZbenefits of smart irrigation in managing the
world's limited water resources.
riofilture systems contribute to a reduction in the
ing the application of inputs such as fertilizers and

3. Reduced Environ

thereby reducing pollution and preserving soil health.
Additionally, data-driv i i a decrease in GHG emissions by enhancing resource use
efficiency and prom ment practices (Palniladevi et al., 2023). In the quest for
sustainable agricultur ucing the envirofimerntal footprint of farming operations is paramount. Smart agriculture

fertilizers and pesticides in conventional agriculture often exceeds crop requirements,
g into surrounding ecosystems. This excess can contaminate water sources, harm aquatic

eover, smart agriculture contributes to the reduction of GHG emissions, a critical aspect of its
ntal benefits. Traditional farming practices, particularly those involving intensive tillage and over-
application of synthetic fertilizers, are significant sources of GHGs. Smart systems counteract this by facilitating
e efficient resource use. For instance, precision irrigation minimizes water wastage, while targeted fertilizer
pplication prevents the overuse of nitrogen-based products, which can emit nitrous oxide, a potent GHG. By
optimizing input usage, smart agriculture not only conserves resources but also curtails emissions associated with
their production, distribution, and application.

Sustainable land management is another area where smart agriculture makes a substantial impact. Through
data analytics and Al, farmers can gain insights into crop rotation strategies, cover cropping, and conservation tillage
practices that enhance soil health and biodiversity. These practices not only sequester carbon, reducing the amount of
CO2 in the atmosphere, but also improve the resilience of the land to climate change. By promoting healthier
ecosystems, smart agriculture helps ensure the long-term viability of farming lands.




4. Economic Benefits: Farmers adopting smart agriculture technologies have reported economic benefits,
including reduced operational costs and increased profitability. The efficiency gains from optimized input use and the
increase in yields translate into higher income margins. Furthermore, the ability to predict and mitigate the effects of
climate change reduces the risk of crop failure, providing a more stable economic outlook for farmers (Simo et al.,
2022).

One of the most immediate benefits of smart agriculture is the significant reduction in operational costs.
Traditional farming practices often involve a one-size-fits-all approach to the application of water, fertilize
pesticides, leading to wastage and inefficiencies. Smart agriculture technologies, on the other hand, uti

expenses associated with water, energy, and chemical inputs (Acharya et al., 2022).
Additionally, the predictive capabilities of smart agriculture technologie

enable farmers to anticipate adverse conditions, such as droughts, floods, or
measures to protect their crops. This proactive approach reduces the likelih

climate variability.

Despite these positive outcomes, challenges remain, i technology adoption,
the need for technical skills, and the digital divide between region$s Addres e challenges requires concerted

access to affordable technology solutions.

Suggestions
The use of cutting-edge technologi
and it increases productivity, sustainabj
implementing these systems:
1. Accurate Agriculture: i sources more effectively, utilize [oT devices and

roduction is known as “smart agriculture systems,”
e some recommendations for successfully

expenses and have a positive e
2. Water and Sei
information on the heal

g crops the nourishmen
3. Systems utomatic Irrigatipn: InVest in intelligent irrigation systems that can automatically modify
watering schedules in demand, soil moisture content, and weather forecasts. This system can

ent Software: To track crop health and forecast yields, adopt cutting-edge
several sources (sensors, drones, and satellite photos). These platforms have

ing climate change impacts. These recommendations encompass four key areas:

1. Developing Comprehensive Data Systems for Smart Agriculture: Researchers and academics should
spearhead the development of centralized, integrated databases that connect critical agricultural data, such as weather
tterns, soil quality, water availability, and crop conditions. These databases would enable farmers to make informed
decisions, supported by predictive analytics leveraging loT technology and big data. The initiative should also promote
rural farmers' access to these technologies through public-private partnerships, facilitating precise resource
management and climate forecasting.

2. Establishing Regional Smart Agriculture Knowledge Networks: To enhance knowledge dissemination,
regional Smart Agriculture Learning Centers should be established to provide farmers with localized training on
adopting suitable technologies. These centers would emphasize hands-on capacity-building, focusing on resource
management strategies to minimize GHG emissions. Furthermore, academic institutions, researchers, and local
communities should collaborate in co-developing smart agriculture technologies tailored to specific regional needs,
fostering inclusivity and innovation.



3. Implementing Financial Incentives and Support Mechanisms: The government should create financial
support frameworks to assist farmers transitioning to smart agriculture practices. This includes low-interest loans, start-
up grants, and tax incentives for purchasing environmentally friendly agricultural technologies. Additionally,
certification programs for eco-friendly agricultural products should be promoted, enabling farmers to gain market
advantages and increase the value of their produce.

4. Establishing Sustainable Policies and Legal Frameworks: Policies and regulations should be revised to
align with the principles of smart agriculture. This involves updating legislation related to water resource management
and land use to facilitate sustainable agricultural practices. Initiatives such as the development of smart water rese
and renewable energy-powered irrigation systems should be prioritized. Moreover, fostering
collaborations would enable the exchange of advanced technologies and best practices, strengthening
Thailand’s agricultural sector against climate change challenges.

By implementing these recommendations, Thailand can enhance the adaptability and st
agricultural sector, ensuring a tangible reduction in climate change impacts while advancinglong-te

productivity.
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