The AgBiz Today E-Magazine Vol. -3 Issue-1, January 2026: 021 -029
ISSN: 3049-2491 (Online)

https://sabm.scholics.in/

;W@:“w l\(JB 4

FOnAY

Agriculture 4.0: Redefining the Future of Farming and Agribusiness

Kajal Sharma’, Kartike Sharma®, Yashwant Singh', Kapil Kathuria®

'Research scholar, Department of Agribusiness Management, Dr. Yashwant Singh Parmar University of

Horticulture and Forestry, Nauni, Solan, India

2 Professor & Head, Department of Agribusiness Management, Dr. Yashwant Singh Parmar University of

Horticulture and Forestry, Nauni, Solan, India

ABSTRACT

Agriculture 4.0 marks a transformative shift in the global agribusiness landscape by integrating digital technologies such as
the Internet of Things (loT), artificial intelligence (Al), big data analytics, robotics, and blockchain into agricultural systems.
This article examines how these technologies address pressing challenges—including climate change, rising food demand,
labour shortages, and supply chain inefficiencies—while enabling precision, sustainability, and data-driven decision-making
across the value chain. Agriculture 4.0 enhances productivity through sensor-based monitoring, predictive analytics, and
automation, which together optimize crop management, reduce input wastage, and increase profitability. The article
highlights global and Indian case studies such as Fasal, CropIn, DeHaat, arya.ag, John Deere, Bayer’s FieldView, and IBM
Food Trust, illustrating the real-world impact of digital innovation on farm operations, supply chain transparency, and market
linkage. Additionally, it critically examines adoption challenges, including inadequate infrastructure, high investment costs,
skill gaps, and regulatory uncertainties, particularly in developing economies. Emerging trends such as edge computing,
generative Al, 5G-enabled smart farming, and supportive policy frameworks are identified as key drivers shaping the future
trajectory of Agriculture 4.0. Overall, the article emphasizes that the success of this new agricultural revolution will depend
on inclusive digital access, localized technological customization, and integrated public—private collaboration. Agriculture
4.0 represents not only a technological transition but a strategic necessity for ensuring global food security, environmental
resilience, and sustainable agribusiness growth.
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Systems

1. Introduction Green Revolution (1930s-1960s), leveraged high-yield crop

varieties, chemical fertilizers and pesticides to avert famine

Agriculture is considered a key sector, providing food for
the growing population and ensuring the viability and
resilience of rural areas. The evolution of agriculture has
been defined by transformative revolutions that have
reshaped human societies and food systems. The First
Agricultural Revolution, or Neolithic Revolution, around
10,000 BC, transitioned humanity from nomadic hunter-
gatherer lifestyles to settled farming, establishing permanent
settlements and early civilizations (Diamond, 1997). The
Second Agricultural Revolution, ranging from the 17" to
19" centuries, introduced innovations like crop rotation,
selective breeding, and mechanization, gradually boosting
productivity in Europe, particularly in Britain (Overton,
1996). The Third Agricultural Revolution, known as the
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and increase global food production (Evenson and Gollin,
2003). Despite these advancements, modern agriculture
faces unprecedented challenges, necessitating a new
approach. Today, the global agricultural sector must address
a projected population of 9.7 billion by 2050, requiring a
70% increase in food production (FAO, 2017). Climate
change exacerbates these challenges, with 2024 recorded as
the warmest year, impacting crops like maize, rice, and over
one-third of productive topsoil, and water scarcity threatens
irrigation-dependent regions (UNCCD, 2022). Economic
volatility, including fluctuating commodity prices and trade
disruptions, further complicates farmer’s livelihoods.
Agriculture contributes approximately 25% of global
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greenhouse gas emissions, necessitating sustainable
practices to mitigate environmental impact (World Bank,
2021). Agriculture 4.0, the fourth agricultural revolution,
integrates smart technologies to address these challenges,
building on mechanization (Agriculture 1.0), the Green
Revolution (Agriculture 2.0) and precision agriculture
(Agriculture 3.0) (Rose and Chilvers, 2018). By leveraging

IoT, Al, big data, robotics, and blockchain, it enables
precision agriculture, data-driven decision-making, and
automation, promoting efficiency and sustainability. This
article  explores the technological foundations and
applications, benefits, challenges, regional case studies, and
future directions of Agricultural 4.0, emphasizing its
transformative potential for agribusiness.

Table 1. Evolution of agricultural systems and key characteristics

Outcomes/ Changes Sources

Low productivity; high
labor demand; limited

Cema (2017); Zhai
et al. (2020)

Type of Agriculture Period Main Features
Agriculture 1.0 Pre- Predominantly manual
(Traditional Farming) work supported by
1950 animals; basic tools,
reliance on indigenous
knowledge.
Agriculture 2.0 From 1950 - Introduction of machinery,
(Mechanized Farming) = 1990 synthetic fertilizers,
pesticides, and improved
crop varieties.
Agriculture 3.0 From 1990 - Use of GPS, GIS, remote
(Precision 2015 sensing, and site-specific
Agriculture) management
Agriculture 4.0 From 2015- Integration of sensors, data
Present analytics, automation,

(Digital Agriculture)

cloud computing, drones,
blockchain, 10T, and Al

capacity to meet growing
food needs.

Higher yields and
efficiency but
accomplished by soil
degradation, pollution, and
heavy energy use.

Input savings, improved
targeting of chemicals, and
higher accuracy in field
operations

Shift from conventional to
data-driven systems;
reduced resource wastage;
cost and time savings;

Cema (2017); Zhai
et al. (2020)

Cema (2017); Zhai
et al. (2020).

Cema (2017); Zhai
et al. (2020); Saiz
Rubio & Rovira-
Mas (2020); Liu et

2. Technological Foundations of Agriculture 4.0

Agriculture 4.0 relies on interconnected technologies that
enable real-time monitoring, automation, and optimization
of farming practices. These technologies consist of IoT, Al,
big data analytics, robotics, and blockchain, thus each
contributing uniquely to modern agriculture.

2.1 Internet of Things

loT in agriculture involves networks of connected devices
that continuously gather information from soil, crops,
livestock, and environmental conditions. These systems
convert routine farm activities into data-centric processes,
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enhanced productivity and  al. (2020);
quality Maffezzoli et al.
(2022)

providing farmers with timely insights that support precise
interventions. Smart irrigation systems, for example, adjust
water delivery based on real-time moisture or micro-climatic
conditions, and thus substantially lower wastage (Li et al.,
2020). loT success cases reported from countries like
Thailand and Taiwan show measurable improvements in
crop performance and resource savings (Farooq et al., 2020).
Some of the recent advancements that have expanded IoT’s
role in farming include:

e Soil and crop monitoring: Platforms like CropX deploy
soil probes to measure moisture, nutrient levels, and
temperature, thus helping farmers in tuning their
irrigation schedules (CropX, 2023).
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e Aerial monitoring: Drone-based imagery from
companies such as DJI or PrecisionHawk is used to
monitor plant stress, detect disease patches, and assess
crop vigor (Eastern Peak, 2023).

e Livestock monitoring: Wearable tags like Allflex
SmartTag track movement and physiological indicators
to flag early signs of illness (Global Ag Tech Initiative,
2025).

e Smart Greenhouses: Automated systems (e.g., Argus
Control Systems) regulate growing conditions to
optimize photosynthesis and plant development (Argus
Control Systems, 2024).

e Hardware-software integration: Tools such as FarmBot
link robotic systems with loT-based data flows to
automate planting, watering, and weeding (Cropin,
2022).

2.2 Artificial Intelligence (Al) and Machine Learning
(ML)

Al strengthens digital agriculture by processing large
datasets and identifying complex patterns that are not easily
visible to farmers. Machine learning algorithms support
early diagnosis of crop stress, whether caused by pests,
nutrient deficiencies, or weather fluctuations. Deep-learning
models trained on drone imagery have demonstrated high
accuracy in distinguishing healthy and stressed vegetation
(Sharma et al., 2021). A systematic review noted that
convolutional neural networks and computer vision remain
the most frequently applied Al techniques in agriculture
(Fragomeli et al., 2024). The key advancements involve:

e Crop and pest diagnostics: Applications like Plantix
allow farmers to upload pictures of affected crops and
receive instant disease identification and management
advice (Plantix, 2024).

e Yield prediction and planning: Platforms such as The
Climate Corporation combine soil, weather, and
management data to help farmers anticipate yield
outcomes and plan planting windows (V7 Labs, 2021).

e Robotic operation: Tools like Blue River Technology’s
See & Spray integrate Al with computer vision to detect
weeds and apply herbicides only where necessary (Blue
River Technology, 2024).

e Livestock health: Al-enabled collars and sensors
monitor feeding patterns and mobility, alerting farmers
to potential health issues well before symptoms are
visually noticeable (Neethirajan, 2020).

2.3 Big Data Analytics

Big data aggregates information from satellites, sensors,
farm machinery, and weather platforms, giving farmers an
integrated digital perspective of the farm ecosystem. By
analyzing long-term trends and real-time conditions, farmers
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can make decisions that optimize inputs and mitigate risks.
The recent developments include:

e Data integration platforms: Systems such as Granular
consolidate diverse datasets into a unified dashboard
that supports operational planning (Intellias, 2022).

o Field-level insights: Tools like Climate FieldView
generate customized seed or fertilizer recommendations
based on historical yield maps and real-time crop
conditions (Wolfert et al., 2017).

e Precision planting: John Deere’s Precision Planting
enables accurate seed placement, improving
germination rates and reducing seed waste (Emerging
India Group, 2024).

e Supply Chain analytics: Retailers like Walmart use big
data to streamline inventory planning, reduce spoilage,
and improve the efficiency of logistics networks
(Agmatix, 2022).

e Market insights: Big data provides information to the
farmers about consumer preferences and market trends,
thus enhancing their pricing strategies and helping them
make better decisions (Boursianis et al., 2022).

2.4 Robotics and Automation

Automation reduces dependence on manual labor while
maintaining high levels of precision across farm operations.
Autonomous machines equipped with GPS, cameras, and
sensors carry out activities ranging from land preparation to
harvesting (Lowenberg-DeBoer et al., 2020). The key
advancements include:

e Self-driven machinery: John Deere’s autonomous
tractors navigate fields with precise autonomous
navigation across field plots (Fresh Consulting, 2025).

e Harvesting Robots: Devices like Harvest CROO
Robotics automate delicate activities such as strawberry
picking with great precision (Built In, 2025).

e Laser-based weed removal: Carbon Robotics’ systems
identify weeds and eliminate them sing directed laser
beams, avoiding chemical herbicides (Agritecture,
2024).

e Drone automation: Aerial robots from platforms like
DroneDeploy assist mapping, stand counting, and post-
storm damage assessments (DroneDeploy,2024).

2.5 Blockchain

Blockchain introduces transparency and verifiability
throughout the agricultural supply chain by storing
transactions in tamper-proof digital records. Recent
applications are:

e  Traceability: IBM Food Trust enables stakeholders to
track produce from origin to retail within a shared and
secured ledger (Eden Green, 2024).
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e Smart Contracting: Platforms such as AgriDigital use
blockchain to manage grain transactions, ensuring
secure and automated settlements (LeewayHertz, 2018).

e Insurance and claims: Blockchain-based systems allow
insurers to verify weather or crop data rapidly, speeding
up the claim processing (Appventurez, 2024).

e Land records: Pilot projects in states like Maharashtra
use blockchain to maintain transparent and secure land
ownership documents (Appinventiv, 2025).

3. Benefits of Agriculture 4.0

Agriculture 4.0 offers several benefits that are transforming
the sector. This transformation is further driven by the
adoption of the technologies mentioned above, which
enhance productivity, sustainability, and efficiency. The
following section explains the key benefits of Agriculture
4.0.

3.1 Increased Productivity and Efficiency

Agriculture 4.0 tools help farmers coordinate inputs more
efficiently and reduce the burden of manual work.
Technologies such as drones and loT devices allow farmers
to observe crop conditions closely, leading to better yields
and reduced wastage (Barros et al., 2020; Gyamfi et al.,
2024). Data-driven decision-making enhances operational
efficiency, providing timely interventions and improved crop
management practices (Yap, 2024; Barros et al., 2020).

3.2 Sustainability and Resource Optimization

The integration of smart technologies helps in achieving
sustainable agricultural practices by minimizing the wastage
of resources and promoting efficient use of agricultural
resources like water and fertilizers (Yap, 2024; Gyamfi et
al., 2024). By using big data and Al, Agriculture 4.0
supports the development of sustainable food production
systems that can meet the demands of a growing population
while also preserving the natural resources (Reis et al., 2024;
Gyamfi et al., 2024).

3.3 Enhanced Food Safety and Transparency

Technologies such as distributed ledgers and automated data
collection systems allow every stage of the supply chain to
be recorded and verified, thus ensuring food safety and
quality. Automated treatment records and remote auditing
capabilities reduce the need for physical inspections, thus
enhancing the efficiency of food safety monitoring.

3.4 Economic and Social Benefits

Agriculture 4.0 contributes to economic savings by reducing
unnecessary workforce and addressing occupational health
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risks, thereby optimizing human resources (Yap, 2024). The
modernization of agriculture through technology adoption
also enhances the overall performance of the agricultural
sector and can open new pathways for employment in tech-
driven roles (Reis et al., 2024).

4. Impact on Agribusiness Components

Agriculture 4.0 transforms agribusiness by integrating digital
technologies across its core components, which include
production, processing, distribution and supply chain,
marketing and retail, and financial aspects. This section
further explains these impacts.

4.1 Production (Farming)

Digital farming techniques allow producers to manage fields
with greater accuracy and responsiveness. loT-based soil
and weather sensors provide continuous environmental
information that helps farmers calibrate irrigation and
nutrient application more precisely, reducing unnecessary
input use and supporting healthier crop growth (Li et al.,
2020; Finger et al.,, 2019). Al and machine learning
applications contribute by identifying patterns related to crop
stress or disease much earlier than traditional methods
(Sharma et al., 2021). Automated equipment, including
autonomous units and small-scale robotic systems, helps
address labor shortages by handling repetitive or physically
demanding tasks (Lowenberg-DeBoer et al., 2020).
Augmented reality (AR) tools are increasingly used for skill
development and equipment training, providing hands-on
learning environments for farm workers (Hossain et al.,
2023). Collectively, these innovations contribute to more
resilient and productive farming systems.

4.2 Processing

Digitalization introduces higher standards of precision in
food processing. Al-enabled sorting and grading systems
maintain uniformity by identifying imperfections rapidly and
reducing otherwise avoidable losses (Javaid et al. 2019).
Blockchain application strengthens traceability, enabling
processors to verify raw material origins and comply with
food safety regulations more effectively (Kamilaris et al.,
2019). Predictive maintenance, driven by sensor data and
analytics, helps companies to anticipate equipment failures
and reduce interruptions in production workflows (Wolfert
et al., 2017). As a result, processors can maintain better
quality control while improving operational efficiency.

4.3 Distribution and Supply Chain

Agriculture 4.0 revolutionizes distribution and supply chain
management through 10T and blockchain. 10T devices allow
companies to observe transport conditions, such as
temperature during cold-chain movement, helping limit



https://sabm.scholics.in/

spoilage of perishables (Verdouw et al., 2016). Blockchain
systems enhance trust among stakeholders by recording
transactions securely and enabling seamless traceability
across the chain (Kamilaris et al., 2019). Al applications aid
logistics firms by anticipating demand fluctuations and
recommending more efficient delivery routes (Javaid et al.,
2022). For example, Cargill’s blockchain initiatives have
connected suppliers and clients, thereby ensuring
transparency (Nijhuis and Hermann, 2019). E-markets and
apps connect producers directly to buyers (from exporters to
retailers to end consumers), by passing many middlemen.
Platforms like DeHaat in India illustrate how digital tools
can coordinate procurement, advisory services, and sales for
a large number of producers in real time

Marketing and Retail

Digital platforms and data analytics transform marketing and
retail. Online marketplaces allow farmers and agribusinesses
to access a wider customer base, often at better price
realization compared to traditional marketing channels
(Javaid et al., 2022). Retailers use data analytics to
understand consumption patterns and tailor offerings
accordingly, improving the relevance of their marketing
efforts (e.g., McDonald’s menu optimization) (Wolfert et al.,
2017). Such tools help agribusinesses remain competitive in
a marketplace increasingly influenced by digital interactions.

4.4 Financial Aspects

Agriculture 4.0 supports broader financial inclusion by
connecting farmers with new forms of credit, insurance, and
payment options (Javaid et al., 2022). Blockchain ensures
secure transactions, reducing fraud and building trust
(Kamilaris et al., 2019). Also, platforms that collect farm-
level data allow lenders and insurers to evaluate risks more
accurately, creating opportunities for customized financial
products (Nijhuis and Hermann, 2019). Financial incentives
for modern storage facilities further support adoption,
especially in emerging economies (Hossain et al., 2023).
Digital payment systems (mobile wallets, UPI, etc.) help
streamline transactions, making it easier for producers to
receive payments or subsidies on time. Farm management
platforms often integrate microcredit and insurance services:
for example, banks can use the sensor data from a farm (e.g.,
soil moisture trends) to define the crop loans or parametric
insurance with greater confidence. Fintech apps can combine
farm data to assess creditworthiness beyond land records,
thus making loans available to smallholders who lack
collateral.
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5. Challenges
5.1 Infrastructure Gaps:

In many developing regions, the pace of digital
transformation is slowed by weak rural infrastructure.
Limited broadband coverage, high internet costs, and
unstable electricity supply restrict the functioning of loT
devices, automated machinery, and cold-chain systems that
underpin Agriculture 4.0 (Fragomeli et al., 2024). These
constraints create an uneven technological landscape in
which smallholder farmers are unable to use the tools that
are increasingly common in developed agricultural systems
(Ahmed et al., 2024).

5.2 Economic constraints:

Adopting digital technologies often requires substantial
initial investment, which can be prohibitive for resource-
constrained farmers. Many smallholders lack access to
affordable credit or financial incentives that would support
such modernization efforts (Fragomeli et al., 2024). Limited
public funding and inconsistent government subsidies
further widen the affordability gap, slowing the transition
toward digitally supported farming (Costa et al., 2023).

5.3 Cultural and educational barriers:

A major obstacle to digital adoption is the lack of technical
skills and awareness among farmers. Many producers
remain unfamiliar with the operation and potential benefits
of tools such as Al-based advisory systems or sensor-driven
irrigation (Costa et al., 2023). Cultural preferences for
established, traditional farming practices also contribute to
hesitation in adopting new technologies (Chanchaichujit et
al., 2024). Addressing these barriers requires capacity-
building programs that provide hands-on training and
encourage confidence in digital tools.

5.4 Technological gaps:

Digital agriculture technologies are often developed for
large, industrial farming systems, making them difficult to
adapt to the smaller, fragmented landholdings typical of
developing countries. Tools designed for large-scale farms,
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such as high-end drones or advanced variable-rate machines,
may not be economically viable or technically compatible
with diverse agroecological settings (Ahmad et al., 2024).
With an average farm size of just over one hectare in India,
many technologies remain impractical without customization
to local needs and affordability levels (Beriya, 2020).

5.5 Regulatory and Data Issues:

The policy environment of Agriculture 4.0 is still evolving,
and unclear regulations often discourage farmers and
companies from adopting digital systems. Concerns about
data ownership, privacy, and the use of farm-level
information create hesitation among users (Natchev, 2023).
Regulatory frameworks need to evolve to balance data
protection with open innovation. On the other hand,
inconsistent subsidies or fragmented policies can also
undermine the digital uptake. One of the analyses found that
India’s many independent subsidies and outdated market
rules have left farmers “losing out” despite tech (Jain, 2022).
Thus, more coherent regulations, along with simplified
digital governance, are essential to support widespread
adoption of Agriculture 4.0 tools.

6. Case studies
6.1 India Innovations

6.1.1 Fasal:

It is an Indian precision agriculture service that combines
loT-based sensors with Al-driven crop models. The system
collects continuous measurements, such as soil moisture,
temperature, and humidity, and translates them into crop-
specific recommendations delivered through a mobile
application. According to reported outcomes, farmers using
Fasal have experienced meaningful improvements in water
management and crop performance, with many users noting
better yields and reduced input use (Ruban and
Santoshkumar, 2024). Its deployment across multiple states
and horticultural crops illustrates how digital tools can
support smallholder decision-making.

6.1.2 Cropln:

Cropln operates as a software-as-a-service platform offering
digital farm management and analytics solutions. The
platform integrates satellite data, Al algorithms, and field-
level observations to support crop monitoring, traceability,
and pest management. Cropln collaborates with private
agribusinesses, government, and development agencies,
enabling the technology to reach millions of farmers. Studies
indicate that the system has supported improvements in yield
performance and contributed to reductions in production
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costs through more informed farm-level decisions

(Fragomeli et al., 2024).

6.1.3 DeHaat:

DeHaat provides integrated agricultural support services
through a network that links smallholders with input
suppliers, market buyers, and financial service providers. Its
advisory services rely on Al-generated recommendations,
while digital tools facilitate soil testing and information
delivery. The platform connects farmers to a wide range of
inputs and markets and offers financial products such as
microcredit and insurance. Earlier operational reports show
that DeHaat’s service model has helped farmers improve
productivity, lower input costs, and secure better prices for
their produce (Javaid et al., 2022). The platform’s hybrid
model, combining a digital interface with local
entrepreneurs, has expanded rapidly across multiple states.

6.1.4
6.1.5 arya.ag:
arya.ag is an agritech platform that focuses on post-harvest
management by integrating storage, finance, and market
access. The company operated thousands of warehouses
across India, using loT tools to monitor temperature and
humidity conditions in real time. Al-based forecasting
supports decisions related to commodity movement and risk
assessment. The platform has reached millions of farmers
and contributed to reductions in storage losses while
improving price realization by linking producers more
efficiently to buyers (Sharma et al., 2022). Its model
demonstrates how digital innovations can bridge persistent
gaps in post-harvest supply chains.

These initiatives reflect how India’s agritech ecosystem is
expanding access to digital solutions for smallholders.
National programs such as Digital Agriculture Mission (PIB,
2024) further strengthen this trend by promoting data-driven
agriculture, digital land records, and support for farmer-
producer organizations. These developments indicate that
digital technologies are being leveraged to overcome long-
standing challenges in connectivity, advisory delivery, and
market access.

6.2 Global context

6.2.1  John Deere:

John Deere has transitioned from being primarily a
machinery manufacturer to a provider of integrated digital
agricultural services. It's MyJohnDeere platform connects
tractors, harvesters, and implements, enabling the continuous
collection of operational data such as seed rates, fertilizer
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applications, and vyield outcomes. These data are
synchronized with cloud-based management tools that help
farmers analyze field performance and adjust their practices
accordingly. The company also collaborates with data
providers and technology firms, creating an open ecosystem
that allows developers to integrate complementary solutions
(Yu, 2024).

6.2.2 Bayer Digital Farming:

Bayer’s ClimateFieldView platform combines geospatial
imagery, environmental data, and advanced modelling to
support precision agriculture. Farmers can examine intra-
field variability, design prescription maps, and tailor input
applications to specific field conditions. Field-level
experiences reported by users show improvements in yield
and resource-use efficiency, particularly for major crops
such as soy and maize (Bayer, 2025). Bayer has emphasized
the role of digital tools in promoting conservation-oriented
practices and aims to extend these technologies to
smallholders globally (Natchev, 2023).

6.2.3  IBM Food Trust and Walmart:

The IBM Food trust uses blockchain technology to create
transparent and secure supply-chain records for food
products. In pilot collaborations with Walmart, the system
was used to trace products such as mangoes and pork,
demonstrating that digital ledger systems can accelerate
traceability and improve responses to food-safety incidents.
The platform now supports traceability for a wide range of
commodities, enabling stakeholders across the chain to
verify product movement and authenticity (Singh and
Sharma, 2022). This case highlights how digital
documentation  strengthens trust among producers,
processors, and retailers.

Among the global examples, a consistent pattern emerges:
digital tools help firms collect and analyze data, streamline
supply chains, and strengthen decision-making. Whether
through precision machinery, Al-powered platforms, or
blockchain-based traceability systems, these innovations
show how Agriculture 4.0 is reshaping food systems at
multiple scales.

7. Conclusion

Agriculture 4.0 is reshaping agribusiness by integrating
digital technologies that enhance efficiency, sustainability,
and transparency across the value chain. Tools such as 10T,
Al, big data, robotics, and blockchain support better
decision-making, optimize resource use, and strengthen
market linkages. Despite this potential, persistent challenges,
limited infrastructure, financial constraints, low digital
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literacy, and unclear regulatory frameworks continue to
restrict widespread adoption, especially in developing
economies. Case studies from India and other countries
show that supportive policies, private innovation, and
targeted capacity-building can help bridge these gaps. As
global food demand and environmental pressures intensify,
the shift toward Agriculture 4.0 becomes increasingly
essential. A coordinated effort that promotes digital
inclusion, local adaptation of technologies, and coherent
regulations will be crucial for creating resilient and future-
ready agricultural systems.
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