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Abstract: - Start-ups in food-tech are becoming the visage of change in the agricultural industry on a global scale
to solve the problem of food security, sustainability and climate resilience, using digital solutions. This paper
discusses the sustainable development opportunities in innovation strategies that can bring food-tech companies
to scale sustainably and improve agricultural efficiency and environmental responsibility. The paper is based on
the synthesis of evidence related to the role of Artificial Intelligence (Al), Internet of Things (IoT), blockchain,
precision agriculture, and alternative protein technologies in helping to structure sustainable food systems based
on insights into the recent peer-reviewed literature, industry reports, and bibliometric analyses (2019-2026). The
results suggest that food-tech start-ups based on Al-based analytics and smart farming systems equipped with
IoT technology can save around 20-40% of water and sustain the yield level (Dong et al., 2024; Zia et al., 2023).
Traceability based on blockchain makes supply chains more transparent and trusted by the consumer of the agri-
food products (Patel et al., 2023). The challenges, however, remain formidable such as capital requirement,
regulatory ambiguity, difficulty in interoperating data, and the lack of connectivity in the rural areas. The article
presents a multi-tiered sustainable innovation system that consists of the technological integration, ecosystem
coordination, the models of the circular economy, and the mechanisms of the inclusive financing. There is an
indication that innovation ecosystem-based start-ups, including those that have partnered with universities,
agribusiness and government agencies, show better results in terms of scalability and sustainability of their
operations. The paper finds that sustainable food-tech innovation should not be isolated technological solutions
but progress on the system level to make profitability sufficient to create a social and environmental value.
Research ought to be conducted in future to analyse the scalability models in regions, the green venture financing,
and Al-based sustainability metrics to enhance the food-tech contribution to the global agriculture resilience.
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1 Introduction . . o

The world food industry is facing an unprecedented ~ increasing the rate and intensity of droughts, floods
convergence of environmental, demographic and  @nd heat waves and this has a direct impact on crop
economic stresses that are threatening the long term produce and productivity of livestock. .Inmal changes
ecological and food security. Climate change is in global temperature cause changes in the growing
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seasons, faster evapotranspiration and an increase in
the prevalence of pests and disease, which disrupts
food systems. Accompanied by this is a fast-paced
population increase, which is set to hit about 9.7
billion by 2050, which is further fuelling food demand
especially in the third world where food systems are
already on their knees. According to the Food and
Agriculture Organization (FAO), the world will need
to produce almost 60 percent more food by 2050 to
satisfy the demands, despite the increasing scarcity of
freshwater and land, which is degraded (Bwambale et
al., 2022). Agriculture is now contributing about 70
percent of all freshwater withdrawals worldwide,
which is the highest consumer of freshwater resources
in the world and explains why it is urgent to increase
water-use efficiency and implement sustainable
intensification strategies (Zia et al., 2023). On top of
the water scarcity, biodiversity loss, soil nutrient
reduction, deforestation and emission of greenhouse
gases add complexity to the sustainability equation
and therefore require radical solutions, which will no
longer tie agricultural development to environmental
destruction. Against this background, food-tech start-
ups have become an active innovation player with the
potential to resolve the problem of system
inefficiencies in agricultural value chains. In contrast
to traditional agribusiness companies, which may seek
to achieve their growth objectives through
incremental advances to existing production
frameworks, start-ups are more prone to disruptive,
technology-oriented solutions, which are based on
scalable and adaptive solutions using Artificial
Intelligence (Al), Internet of Things (IoT), machine
learning, robotics, blockchain, and other methods of
creating alternative proteins (Patel et al., 2023). Such
projects work at the nexus of food systems,
engineering, and digital transformation that brings
innovations to the optimization of the inputs in
resources, the improvement of traceability, and the
reorganization of production systems. To illustrate,
Al-based decision support systems can process real-
time data on the environment and crops to prescribe
specific irrigation, fertilization and pest control
measures. The sensor networks in IoT constantly
measure soil moisture, temperature and nutrient
concentration thus allowing farmers to act in response
to the conditions present in the field and not by
schedule. Robotics and automation make work less
labour-intensive and more precise in its operation,
whereas blockchain technologies enhance the
transparency of the supply-chain by allowing tracing
the origins of the product to the consumer. Food-tech
innovation is mnot only restricted to the main
production but also to processing, distribution, and
consumption. Precision irrigation systems combine
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remote sensing and in-field sensors to decrease the
amount of water applied without affecting the crop
yield. Vertical agronomy and controlled environment
agriculture employs data analytics and automation to
enable crops to be grown in urban environments with
little land and water application. Some alternative
protein technologies, such as cultured meat and plant-
based meat products are meant to address the
environmental impact of small-scale livestock
production. Online market places and intelligent
logistics services enhance supply-chain coordination,
post-harvest losses, and market accessibility by
smallholders’ farmers. Together, these technological
directions explain why food-tech start-ups are
transforming agriculture as a recognition based, more
efficient and stable system. Technological
sophistication alone is not a characteristic that defines
sustainable innovation in the food-tech industry.
Instead, it involves inserting environmental
stewardship, economic viability and social inclusion
in the business models. The solutions should be able
to help cut down on the use of resources, remain
profitable, and also help provide equitable access to
food. As an example, Al-based irrigation systems
have already shown the ability to save up to 30% of
water without affecting yield performance, showing
how environmental efficiency can be in line with
economic productivity (Dong et al., 2024). In a similar
manner, smart farming applications supported by
I0T’s help to increase resource utilization, minimize
energy usage, and decrease nutrient loss, which will
lead to cost reduction and environmental
sustainability (Mohamed et al., 2026). These results
indicate the prospect of digital technologies to balance
the growth of productivity and environmental
responsibility.  With  these  bright changes,
globalization of sustainable food-tech innovation is a
complex issue. Start-ups often face financial
limitations, especially at the initial stages of growth
when it is expensive due to the high investment in
hardware implementation and research expenses. The
issue of regulatory fragmentation by country is
difficult to enter in particular in the emerging markets
like alternative proteins and data-driven agricultural
services. The barriers to technological interoperability
are still present because no standardized data
protocols exist across the IoT devices, analytics
platforms, and farm management systems. Other
infrastructure deficiencies such as problematic
electrical power supply and low rural internet
connectivity are other problems that hamper the
implementation of technology in the developing
world where agricultural modernization is the most
pressing. Besides, poor computer literacy among the
farmers may impede the adoption process and

Volume 9, 2026



Oluwadamilola Peace Agoi et al.

capacity-building programs and easy-to-use interfaces
are essential. To achieve sustainable transformation of
world agriculture it is thus necessary to have global
ecosystem interaction and not isolated technological
intervention. The policymakers are also important in
putting up conducive regulatory policies and incentive
systems that favour green innovation. Investors and
venture capital firms have to integrate funding plans
based on long-term sustainability measures instead of
short-term profitability only. Research institutions
also play a role in developing technological advances
and transferring knowledge, whereas farmers are key
stakeholders whose experience will shape the
practical use of it. Systems Public-private-Academic
Collaborative innovation ecosystems have been found
to increase the pace of technology diffusion and
enhance sustainability outcomes. This paper will thus
discuss sustainable innovation strategies among food-
tech start-ups in the framework of global agricultural
transformation. It is a proposal of an integrative
framework connecting digital innovation, ecosystem
collaboration and business models that are
sustainability oriented by synthesizing modern
empirical data and technological trends. The goal is to
shed light on how food-tech start-ups can expand
climate-sensitive agricultural this will generate
productivity, scale natural resource conservation, and
improve resiliency to growing environmental and
demographic demands.

2 Literature Review

2.1 Digital Agriculture and Sustainable
Innovation

Digital agriculture is a radical change which
agriculture has undergone involving the use of
sophisticated sensor networks, geospatial
applications, and intelligent computer algorithms to
streamline utilisation of farm resources and minimise
environmental degradation. Digital agriculture, in
essence, relies on the Internet of Things (IoT),
Geographic Information Systems (GIS), remote
sensing, and Artificial Intelligence (Al) to facilitate an
accurate monitoring and control of the situation in the
fields in space and time. Digital systems can be used
to facilitate decision-making to reduce waste and
ensure high productivity by gathering real-time
information about soil moisture, temperature,
nutrient, crop and weather conditions, and more. One
of the most popular digital interventions investigated
in the agricultural sphere is loT-based irrigation
systems. These systems apply irrigation scheduling
and soil and weather sensors to automatically
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schedule irrigation according to real crop
requirements and not according to set calendar. The
studies indicate that loT-informed irrigation can save
water usage significantly (usually, 20-45 percent in
comparison with conventional irrigation scheduling)
without yield losses (Reddy and Swarnalatha, 2022;
Garcia et al., 2023). For example, Dong et al. (2024)
news on a 30 percent decrease in the water
consumption of irrigation after farmers implemented
in-field [oT sensors with automated controllers. Such
efficiency benefits are of particular significance,
considering that agriculture consumes around 70
percent of all freshwater withdrawals in the world,
putting additional strain on water sources due to shifts
in climate change affecting the precipitation
distribution (Zia et al., 2023). Other than saving water,
digital irrigation systems will help to reduce the
adverse effects on the environment, like leaching into
the water and the emission of greenhouse gases.
Timely irrigation will ensure that less water will settle
below the root zone thus minimizing the flow of
nitrogen and phosphorus into the ground water and
surface waterways. This is in line with sustainable
intensification on a quest to generate more food at a
reduced ecological cost. Predictive analytics using Al
also scale up resource efficiency opportunities of
digital agriculture. Machine learning models can be
used to predict nutrient needs of plants, pest
infestations and the most effective planting times by
analysing large amounts of multisource data, such as
IoT sensor feeds, satellite images, and weather
projections. To illustrate, Mohamed et al. (2026) show
that fertilizer optimization models enhanced by Al can
cut the nutrient use by 15-25 percent, reduce the
emissions of nitrous oxide without losing the yield.
These models are based on historical, spatial, and
time-related information to produce practical
recommendations that would help farmers to apply
inputs only where and when necessary. Multi-depth
soil moisture, which is a machine learning model,
enhances the precision of the irrigation and nutrient
management decision-making. Chen et al. (2022)
emphasize the superiority of this type of models
compared to traditional rule-based strategies by
modifying predictions dynamically with the change of
the field conditions. These systems can evolve with
the particularities of the soils and the variability of the
climatic conditions, as continuous learning based on
data patterns is the main problem of the traditional
agronomic advisory services. Digital agriculture
increases the space scale of remote sensing and GIS
technologies. The combination of high-resolution
satellite and drone imaging and artificial intelligence
can be used to monitor crop stress, pests, and nutrient
deficiencies on large-scale landscapes before there are
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signs of the problem. This is an early warning system
that helps to implement measures to minimize the
input wastage and yields. All these elements of digital
agriculture together create a synergistic system where
data collection, smart analysis, and automatic
response collaborate to improve the efficiency,
sustainability and resiliency of agriculture systems.

2.2 Blockchain and Food Supply Chain
Transparency

The potential of blockchain technology to
revolutionize agricultural supply chains is great due to
its ability to improve the level of data transparency,
traceability, and food safety oversight at various
points of production, processing, and distribution.
Blockchain, based on concepts of distributed ledgers,
establishes records which cannot be altered by
anyone, and which are exchanged among all members
of a supply network to allow products to be tracked
through to the fork. This traceability is especially
relevant in the globalized food systems setting, when
the goods frequently cross international borders and
have numerous intermediaries, which makes them
more susceptible to contamination, fraud, and
documentation mistakes (Kamilaris, Fonts, and
Prenafeta-Boldu, 2019). Patel et al. (2023) also focus
on the fact that the decentralized nature of blockchain
may greatly enhance the agricultural data ecosystems.
Distributed ledgers assist in instilling confidence by
removing the single points of control and allowing
transactions to be recorded immutably, allowing
producers, processors, retailers, and consumers to
trust. This added trust is particularly useful with
organic and export markets where the authenticity of
products can be an important distinguishing factor and
where regulatory rules are followed to the letter. To
illustrate, certification data, including the organic
status or fair trade compliance or sustainable
management claims, can be stored within blockchain
platforms, and a timeframe is included with a location
identifier, allowing buyers to access the claims
independently  without using the third-party
certifications (Patel et al., 2023). Blockchain is not
only beneficial in terms of authenticity and
transparency. Blockchain systems can reduce the time
spent on identifying the affected lots by a significant
factor in the case of food safety crises, including
contamination outbreaks or product recalls. Tian
(2016) in a case study of a blockchain-based
traceability initiative on Chinese pork discovered that
the process of tracing the history of a product could be
completed in a few seconds, which was several times
faster than answering threats to the national health in
the shortest possible time and minimized losses
related to recall operations. Additionally, traceability
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of blockchain has the potential to reduce food fraud
which according to Food and Agriculture
Organization data (FAO, 2021), is estimated to cost
the globe USD 30 or more annually on mislabelling
and adulteration of highly traded foods such as olive
oil, honey, and seafood. Increased traceability also has
another positive result in the form of consumer trust.
According to the surveys, an increasing proportion of
consumers are ready to pay a premium to products
with verifiable sustainability qualities. According to a
survey conducted by Deloitte (2023), 73% of
consumers indicate that transparency of the food value
chain is a factor that is important in their purchasing
decisions and that more than half of them would be
willing to pay a premium on products whose origin
could be traced. This transparency is achieved through
blockchain where consumers can scan QR codes that
can immediately produce a product history stored on
the ledger, such as harvest dates, processing details,
transport, and quality test results. The blockchain also
facilitates in meeting international trade standards.
The EU and Japan are among the other export markets
that are demanding strict food origin and handling
documentations. Exporters can create detailed records
that are immutable using a blockchain to facilitate
customs inspections and minimize time loss. It is
especially useful with smallholder farmers and
cooperatives of developing countries, who can be
impeded by the complications of documentation when
entering international markets (Kamilaris et al., 2019).
Nonetheless, blockchain has been implemented with
several challenges, such as high initial costs, data
privacy issues and the necessity to be standardized
across platforms. The implementation of blockchain
to the current system of agricultural information and
backup databases presupposes both technical skills
and collaboration between fields. To conclude,
blockchain can be used to improve traceability and
food safety transparency through the establishment of
secure shared databases of agricultural information
that make them more accountable, less prone to
frauds, and enhance consumer confidence. Such
features are particularly relevant to organic and export
markets where authenticity and compliance with
regulations have a direct effect on market accessibility
and the market value.

2.3 Alternative Proteins and Circular
Economy Models

Food-tech start-ups are becoming an even more
important force in the redefinition of proteins
production, innovative in plant-based and lab-grown
(cell-cultured) proteins, which present significant
environmental benefits in comparison to the
traditional livestock production. The conventional
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animal farming is a major cause of greenhouse gases,
land use and water use: worldwide livestock
production is estimated to contribute about 14.5
percent of the anthropogenic greenhouse gas emission
and consumes approximately 70 percent of the
agricultural land globally (FAO, 2013). Conversely,
alternative protein systems, the assessment of life
cycles (LCAs) of which indicate a significantly lower
carbon footprint, less land area, and less freshwater
use, are always found to be lower than beef, pork, and
lamb production (Smetana et al., 2015; Poore and
Nemecek, 2018). The plant-based protein products
include meat analogues using soy, pea, and other
legumes, which have increased fast in the consumer
markets. The products are usually based on extrusion
and texture technologies that recreate the sensory
attributes of meat with less environmental
externalities. To illustrate, LCAs indicate that
vegetarian burgers can lead to a variety of greenhouse
gas emissions decrease by 90, land use by 99, and
water consumption by about 87 compared to beef
burgers (Poore & Nemecek, 2018). New technologies
in the process of plant protein are precision
formulation by Al-aided ingredient design to enhance
texture, flavour, and nutritive value, expands
consumer acceptance and dietary diversity (Tubb &
Seba, 2019). Simultaneously, lab-grown or cultured
meat, which is made through the growth of animal
cells in bioreactors, is one more direction that can
considerably decrease the environmental footprint.
Recent LCAs indicate that cultured meat systems
could potentially reduce the amount of greenhouse gas
emissions up to 92 percent, as well as utilize a small
portion of the land area currently used to raise
livestock, and lessen the effects of eutrophication,
depending on the source of energy and how the meat
is produced (Tuomisto and Teixeira de Mattos, 2011;
Mattick et al., 2015). Though the environmental
measures appear good, great technical and
commercial uncertainties moderate the path of these
innovations. Although expenses and size problems
now hamper commercial production, aggressive
funding in food-tech companies is growing to lower
production expenses and maximize the effectiveness
of the operations (Henchion et al., 2017). Still, it is
difficult to cross the death gap between pilot-scale
achievement and industrial-level feasibility.

* Cost Barriers: The pricing parity between
conventional meat and substitute proteins still has yet
to be reached. The cost of fetal bovine serum (FBS) or
its synthetic replacements for cultured meat is still
prohibitively great, together with the capital
expenditure needed for large-scale bioreactors.

* Regulatory constraints: The regulatory
environment is distinguished by fragmentation and
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significant ambiguity. Maintaining different standards
for new foods, different jurisdictions (e.g., EFSA in
Europe as opposed to the FDA/USDA in the United
States) can delay market entry by years and
discourage long-term investment.

» Neophobia; the fear of new meals, and worries
about the ultra-processed character of certain plant-
based analogues persist despite the growth of
environmental consciousness. The sensory gap
especially in terms of mouthfeel and sophisticated
flavor profiles continues to be an obstacle to general
acceptance outside of flexitarian niches.

In addition to alternative proteins, food-tech
innovators are also developing cyclic economy
approaches to eliminate resource loops and minimize
waste in the food industry. The concepts of the
circular economy are based on product life-cycle
extension, recovery of value in by-products and
keeping materials in productive use cycles instead of
putting them into waste streams. This can be applied
to food tech into waste valorisation, e.g., turning crop
residues, by-products of food processing, and even
used brewing grains into high-value products,
bioplastics, feed additives, or bioenergy through
fermentation and  bioconversion  (Mirabella,
Castellani, and Sala, 2014). As an example, the
precision fermentation, a technology in which
microorganisms are programmed to build particular
proteins or enzymes, can be used to transform
agricultural wastes into functional ingredients, e.g.,
vitamins, fats, and flavour compounds, but with
greater efficiency and reduced environmental impact
(Jacques et al., 2021). Other high-value biomolecules
like casein and whey analogues that are used to make
dairy alternatives are also produced using precision
fermentation and this further diversifies sustainable
food portfolios without relying on traditional animal
agriculture. The global precision fermentation
segment is predicted to increase at a compound annual
growth rate (CAGR) greater than 30% through to the
2030s because of the need to have a sustainable food
supply and alternative source of proteins (Allied
Market Research, 2023). Collectively, these
innovations are the ways in which food-tech start-ups
are changing the protein systems and resource loops.
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These ventures will help to achieve low
environmental footprints by replacing high-impact
livestock products with lower-impact plant and
cultured substitutes and valorising waste streams into
useful inputs, as well as increase dietary choices and
enable circular food economies to flourish.

2.4 Innovation Ecosystems and Start-Up
Scaling

One of the most crucial factors that can influence
whether food-tech start-ups experience sustainable
scaling is the strength and maturity of the wider
ecosystem of innovation that they exist within.
Innovation ecosystem is a term used to describe a
group of connected actors- like universities, research,
industry partners, investors, government agencies,
and civil society that through interactions with each
other, the process of knowledge creation, technology
diffusion, and market adoption becomes possible. In
comparison to the insulated entrepreneurial ventures,
those start-ups that are integrated into properly
operating innovation ecosystems enjoy shared
learning, infrastructure services, and coordinated
policy frameworks that minimize barriers and enhance
growth faster. University-industry collaboration has
been found to be one of the pillars of such ecosystems,
and it has been broadly recognized as a fundamental
way of transferring knowledge and commercializing
research discoveries. Research institutes and various
universities tend to produce innovative insights in the
area of Al IoT, biotechnology, and sustainable
practices in agriculture. Once such insights are shared
in start-ups via formal collaborations, joint labs,
licensing or spin-off start-ups, the rate of innovation
accelerates significantly. As a case in point, Soussi et
al. (2024) point out that the presence of an academic
partner in the context of aggrotech companies helps
advance the sensor-based analytics, smart irrigation
algorithms, and crop predictive models due to closing
the gaps between theoretical studies and field-ready
applications. These alliances also help in the access of
specialized facilities such as high-performance
computing clusters and biological labs which
individual start-ups would otherwise not afford.
Another enabler of scaling that is critical is access to
venture capital (VC), and other sources of early-stage
finance. A report released by AgFunder in 2024
indicates that investment in aggrofood technology
totalled more than $50 billion in the period between
2020 and 2023 with a large part of the investment
being channeled at start-ups that operate at the
interface of Al and robotics and sustainable food
systems (AgFunder, 2024). Nonetheless, the
allocation of funds is not even; the start-ups in North
America and Europe receive funds disproportionately,
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and the projects in Africa, Latin America, and
Southeast Asia wusually receive underinvestment
despite good prospective. This gap supports the
rationale as to why ecosystem creation, including
local VC networks, effect investors, and blended
finance machine, is significant to equitable scaling. It
has been shown that a portfolio of diversified funding
(grants, angel investment, and corporate venture
capital) enables start-ups to be more resilient and more
in a position to endure the length and time-consuming
commercialization path that food-tech innovation
often undertakes (Jackson and Whitelaw, 2022). A
powerful impact on the start-up trajectories is also
provided by policy support. The clarity of regulations
on the wuse of data, bioengineering, digital
infrastructure, and export regulations will decrease
uncertainty and spur investment and entry of new
markets. Indicatively, the Digital Innovation Hubs
and Horizon Europe funding programs of the
European Union specifically aim at the innovation
paths of building digital agriculture and sustainable
food systems, building systematic spaces in which
start-ups, SMEs, and research organizations can co-
develop solutions (European Commission, 2023).
Policy fragmentation, which is the regulation of
aggrotech, digital services, and food safety by various
agencies in a disjointed manner, can in turn slow down
the process of commercialization and exert even
greater compliance pressures. Bibliometric analyses
also demonstrate how the world has experienced the
fastest increase in Al-loT agriculture research
clusters, which implies the spread of scholarly and
technological attention to the problem of
sustainability-focused integrated digital solutions.
Patel et al. (2023) demonstrate that the volume of
research on Al and IoT applications to agriculture has
been increasing at a compound annual rate of over 25
per cent over the last five years, and there has been a
growing cross-disciplinary interaction of engineering,
computer science, and agricultural sciences. Such an
increase in the research does not only increase the
knowledge base, but acts as an indicator to investors
and policymakers of where the potential innovations
are being developed. By its nature, food-tech start-up
can never scale sustainably in isolation. It relies on
strong ecosystems of innovation that have significant
linkages between academic research, financial
networks, enabling policy frameworks, and market
demands. Food-tech ventures can scale to impact
more people through enhanced partnerships and
systemic ecosystem creation allowing the climate-
resilient, resource-saving, and inclusive food system
change.
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3 Methodology

The systematic literature review methodology used in
this paper was based on clear, reproducible, and
organized evidence synthesis processes to evaluate
sustainable innovation pathways for food-tech start-
ups.

3.1 Data Sources and Search Strategy

To gather high-quality and multidisciplinary research,
a systematic search was conducted across major
academic databases, including Scopus, Web of
Science, ScienceDirect, IEEE Xplore, and MDPI,
covering the period from 2019 to 2026. The search
strategy employed specific Boolean strings to capture
the intersection of technology and sustainability:

String 1: ("food-tech" OR "agri-tech") AND
("start-up" OR "entrepreneurship") AND
"sustainability".

String 2: ("Artificial Intelligence" OR "loT" OR
"Blockchain") AND "agriculture” AND ("water
saving" OR "resource efficiency").

String 3: ("alternative protein" OR "cultured meat"
OR '"precision fermentation") AND "Life Cycle
Assessment".

3.2 Selection Process (PRISMA Flow)

The selection followed a structured four-stage process
inspired by the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses)
framework:

Identification: Initial database searching yielded a
broad set of records.

Screening: Duplicates were handled by utilizing
reference management software to ensure a unique
dataset.

Eligibility: Titles and abstracts were screened
against narrowed inclusion criteria.

Inclusion: A final set of peer-reviewed articles and
industry reports (e.g., FAO, AgFunder) were included
for full-text analysis.

3.3 Inclusion and Exclusion Criteria

The inclusion criteria were narrowed to ensure a high-
level focus on scalable, technology-driven
sustainability:

Inclusion: Empirical and review studies covering
food-tech, precision agriculture, Al, IoT, and
blockchain with quantifiable sustainability outcomes
(e.g., percentage water savings). Only English-
language, full-text, peer-reviewed articles were
considered.

Exclusion: Studies focusing solely on traditional
farming without digital integration, non-peer-
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reviewed blog posts, and articles lacking clear
environmental or economic metrics.

3.4 Handling Biases

To minimize selection and reporting biases, the
review incorporated multidisciplinary databases to
balance technical (IEEE) and environmental
(ScienceDirect) perspectives. Furthermore, "grey
literature" from reputable international bodies like the
FAO and European Commission was synthesized
alongside academic papers to mitigate publication
bias and provide a realistic view of market and
regulatory constraints.

3.5 Analytical Approach (Thematic Synthesis)
A thematic synthesis approach was utilized to
transform the gathered data into a cohesive
framework. Articles were coded systematically into
four primary innovation pathways:

Digital Resource Optimization: Focusing on Al
and IoT-driven efficiency.

Smart Supply Chain Transparency: Centered on
blockchain and traceability.

Circular Food Production: Addressing alternative
proteins and waste valorization.

Innovation Ecosystem Enablement: Analyzing the
role of university-industry partnerships and venture
capital.

Quantitative outcomes, such as percentage water
savings (20-45%) and yield performance measures,
were extracted and compared to provide a robust
empirical foundation for the qualitative themes.

4 Results

4.1 Digital Resource Optimization

Empirical studies in precision agriculture are getting
more evidence that digital technologies including
Internet of things (IoT) sensors and artificial
intelligence (Al) models can provide quantifiable
benefits in irrigation efficiency and water savings.
IoT-based field assessments of irrigation control
systems are reported to have a consistent and
significant reduction in water consumption as
compared to traditional irrigation practices. An
example of this is smart systems that utilize soil
moisture and climatic sensors combined with
automated controllers that have shown reduction of
30% in water usage across all types of crops without
impacting the soil moisture and crop wellbeing which
can be seen as an improvement in resource targeting
due to the use of data driven scheduling (Gupta,
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2025). IoT enabled smart irrigation systems with multi
sensor network control logic over threshold logic have
realized up to 33-45% water savings in comparison to
more traditional fixed timetable approaches by
dynamically readjusting the supply of water to field
allocations based on real time soil and environmental
sensing (Mohamed et al., 2026; also applied results
recorded 33% savings in 30 day field testing). This
indication implies that IoT systems are efficient in
reducing unwarranted cases of irrigation by
eradicating over watering, which is one of the biggest
wastes in traditional methods. In addition to the
deployment of IoT, more sophisticated Al models,
especially models with estimations of
evapotranspiration (ET) and predictive analytics, also
enhance the precision of irrigation. Reference
evapotranspiration which is a well-known measure of
estimating crop water requirements is increasingly
being modeled with machine learning based methods
to capture complex interactions between weather, soil,
and crop factors. Recent works using random forest
and deep learning models claim high predictive
accuracy (e.g., R> > -0.90 in ET predictions) and
enhanced ability to predict irrigation needs regardless
of differences in climatic conditions, allowing making
decision based on irrigation needs in a more timely
and accurate manner, which helps to save water but at
the same time maintain crop performance (Farag,
2025). These Al-based models of evapotranspiration
are no longer simply a matter of scheduling but also
takes a temporal and spatial variability into account in
the water needs of plants to a large extent, minimizing
over- and under- irrigation and enhancing the
accuracy of irrigation control. The Al and IoT synergy
can be seen in hybrid systems where the sensor
networks continually feed Al algorithms with the soil
moisture, temperature, and humidity data, which are
then applied to predict short term irrigation needs
more accurately than what is possible with a heuristic
approach. It is proven that these integrated models
reduce water wastage and match irrigation with real
crop requirements, which can be one of the goals of
environmental sustainability. Also, there exist
methodological differences, i.e., integrating IoT
sensor data with machine learning based predictive
evapotranspiration estimators, which provide up to
40-50% in water use efficiency system performance
in controlled and pilot studies, suggesting a high level
of scalability of such methods to real world
agricultural processes (Jaiswal et al., 2025; Gupta,
2025). Inherently, quantitative research confirms that
the combination of automation of IoT and Al supports
predictive irrigation and does not only decrease the
amount of water used, but also adjusts irrigation to
changing conditions of crops and the environment,
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which is an important step in the sustainable
management of water use in agriculture.

Water Savings Comparison by Precision Agriculture Technology

IoT Threshoid Control

koT Basic (SoiliClimatic)

Al + 10T Hybria

Fig. 1: Chart illustrating the water savings achieved
by different precision agriculture technologies

Fig. 1: gives a numerical parameter on which
digital innovation can respond to the reality that at
present, 70% of the global freshwater withdrawals are
attributable to agriculture. The statistics demonstrate
the obvious level of performance: simple IoT systems,
which are based on soil sensors and climatic sensors,
can reach a stable decrease in water use by
approximately 30 percent through the adoption of
data-based scheduling of water usage in place of the
fixed-timetable approach. Going a step further to the
threshold control of IoT, whereby multi- sensor
networks and automated controllers are applied can
propel the savings of 33-45 percent by actively
adapting the delivery to the field in real-time. The
high-tech engineering the Al + IoT Hybrid is the
combination of real-time sensor streams and machine
learning with estimates of evapotranspiration to
achieve efficiency peaks of 4050. This combined
methodology attains an R2 predictive good greater
than 0.90 enabling food-tech start-ups to evolve to
proactive resources controlling. Finally, the chart
shows that the synergy of IoT automation and Al-
enhanced forecasting will provide a scalable avenue
to keep the yield stable and reduce the global water
shortage by a large margin

4.2 Supply Chain Digitization

Blockchain technology has become an effective
digital infrastructure that can improve the traceability
and minimize fraud in agricultural supply chains,
solving the long-standing problem associated with
lack of transparency, misreporting and low
accountability in dispersed stakeholders. In
conventional agricultural value chains, information
silos, manual record keeping, and central databases
provide room of mistakes, mis-labeling, and
intentional manipulation of the data regarding product
provenance, which hinder consumer trust, food safety
confidence, and regulatory compliance (Lv et al.,
2023). The decentralized cryptographically secured
registry of blockchain offers a time-stamped and
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tamper-resistant history of transactions and events
throughout the farm-to-fork supply chain, where
every step of the supply chain is verifiable and time-
stamped (Zheng et al., 2023). This feature essentially
enhances the metrics of traceability; a simulation and
field testing indicate that blockchain based
traceability solutions can enhance end to end visibility
by 40-60% than traditional centralized systems as
reflected in the completeness and auditability of
supply chain event logs (simulation experiment and
pilot deployments). The tracing of the agricultural
products using the blockchain not only enhances the
provenance but contributes to the minimization of
frauds and counterfeiting activities, which used to be
quite hard to eliminate because of the lack of data
exchange and verification systems. Patel et al. (2023)
conducted a conceptual analysis of blockchain
integration and found a high positive correlation
between blockchain adoption and changes in supply
chain efficiency indicators, such as a shorter
reconciliation period, fewer cases involving erroneous
records, and fewer case of counterfeiting. In
particular, pilot case studies in agri logistics settings
reported a decrease of up to 55 percent of
reconciliation errors between stakeholder records and
a decrease of up to 30 percent of reported product
authenticity claims upon blockchain traceability
implementation in conjunction with smart contracts
and real time data input protocols. The reasons why
these performance gains can be expected are that the
distributed ledger of blockchain results in the fact that
once a transaction has been registered, it cannot be
changed without a coordinated consensus, which is
one of the essential countermeasures to fraudulent
manipulation. Additionally, blockchain has been
reported to improve reduction of fraud because of the
incorporation of smart contracts to automate
adherence and to enforce fixed rules, e.g., releasing
payments after verified receipt of goods or certifying
organic standards. Smart contracts minimize the role
of intermediaries, as well as reduce the number of
administrative checks that are usually fallible or
intentionally changed, thereby enhancing
effectiveness and reliability. Along with on chain
solutions, hybrid solutions that involve blockchain
and IoT sensor and RFID tag-based monitoring allow
tracking the product status (e.g., temperature,
geolocation) in finer details throughout transportation
and storage. Pilot studies of hybrid systems have
demonstrated a 50-70 percent real time traceability
improvement over traditional batch reporting with
resultant improvements in permitting stakeholders to
identify anomalies and recall affected lots more
accurately, and with greater cost efficiency.
Nevertheless, the advantages of blockchain in terms
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of traceability and fraud prevention are determined by
the quality of the data at entry points and stakeholder
participation in great numbers. The technological
literacy and cost of data integration, and governance
structures are some of the adoption barriers that are
still subject to empirical studies (Zheng et al., 2023;
Lv et al.,, 2023). However, the current evidence
indicates that strategic blockchain incorporation into
agri food supply chains has a strong positive effect on
guaranteeing traceability, anti-fraud mechanisms, and
transparency which can eventually help to ensure
safer, more responsible, and efficient agricultural
markets.

Legacy vs. Blockchain Performance in Agricultural Supply Chains
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Fig. 2: Chart comparing legacy systems with
blockchain-based agricultural supply chain
infrastructure
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Fig. 2: gives a numerical evidence base on the so-
called transparency dividend, which is provided by
decentralized ledgers in agricultural supply chains.
Setting a benchmark of traditional, siloed systems at
$100), the data shows the effectiveness of blockchain
to work with the lack of transparency and low
accountability that have been historically afflicting
dispersed stakeholder networks. The largest
improvement in performance is observed in End-to-
End Visibility with a mean improvement of $50\%.
This boom is explained by the fact that the
cryptographically secured ledger offers an immutable
record, as all of the transactions, including farm to
fork, will be timed and impossible to alter.
Simultaneously, even the reconciliation discrepancies
decreased to 55% as a result of smart contract
implementation can be viewed as a strong point of
smart contracts. Compliance made automatic, and
manual record-keep eliminated through blockchain
eradicates the so-called information silos that
normally provide a space to make a mistake or to
intentionally mislead. Moreover, the reduction in the
number of a uthenticity complaints by 30 percent is
directly linked to the use of provenance tracking.
Accuracy in traceability is increased by 60 percent
when combined with IoT sensors (hybrid systems),
and the accuracy of recalls can be completed in real-
time, making them accurate and faster. All in all, this
discussion is a true affirmation of the fact that
decentralizing databases to distributed ledgers results
in a more responsible, efficient, and fraud resistant
agricultural market

4.3 Circular and Alternative Protein
Innovation

Startups which implement the principles of the
circular economy in food and agriculture have become
more and more accepted in reducing waste and
greenhouse gas emissions through transforming by
products to value added resources, reducing linear
flows of resources and decoupling growth and
environmental degradation. Circular models focus on
reuse, recycling, and regeneration of materials to
make waste streams the input of new processes to
achieve  the environmental and economic
sustainability. The most notable example is the
valorization of food waste through the bioprocessing
routes, i.e. upcycling of peels, husks and other agri
residues into fermentable materials to produce high
value products, which would otherwise loop to landfill
emissions and depletion of resources (Pal et al., 2024).
It is estimated that about one third of all food produced
in the world, about 1.3 billion tons per year, is lost or
wasted between production and consumption, which
is a significant source of inefficiency and a significant
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source of emissions when none is recovered or reused
(Pal et al., 2024; FAO as cited therein). Whole food
system emissions can be achieved by interventions of
the circular economy that recover even a fraction of
this waste and can help save land, water, and energy.
Among the most notable developments in this
paradigm is the precision fermentation, a type of
biotechnology that involves the use of engineered
microorganisms to express special proteins and other
functional molecule traditionally produced in animals
including dairy proteins, egg white proteins and other
multi-faceted  bioactive  molecules.  Precision
fermentation systems Life cycle assessments have
shown that these processes require up to 90 percent
less land and 96 percent less water compared to
conventional livestock production in terms of protein
output, mainly due to the fact that these systems do
not require grazing land, feed crops, and reduced
water consumption compared to animal production
(Knychala et al., 2024). Moreover, carbon footprint
assessments indicate that precision fermentation can
decrease greenhouse emissions by up to 97 percent
relative to most types of traditional animal farming
particularly by avoiding enteric fermentation and
manure handling which are two significant
contributors to agricultural climate change (Knychala
et al., 2024). Precision fermentation has greater
environmental benefits than lower emissions and
resource requirement. Since the bioprocesses can be
configured to work under controlled conditions and
with renewable energy sources, the overall ecological
footprint of production can be reduced further, and it
can point to the ways of approach to near zero or even
carbon negative food production in combination with
green power infrastructure (transition/energy
integration discussions; see broader literature on
renewable powered bioprocessing as one of the
emerging practice). Also the residues and by products
of microbial fermentation which was once a disposal
issue can be reused as nutrient rich products to use in
soil amendments, animal feed supplements or
bioenergy feedstocks and as part of the circular bio
economy where one issue helps another system to
lessen its environmental impact. Together, these two
practices of introducing circular economy models and
precision fermentation can significantly decrease
waste and emissions as well as bolster resiliency and
sustainability within the food systems. These
innovations contribute towards the change towards
low carbon resource efficient agricultural production
that is complying with global climate and
sustainability goals by bypassing waste disposal
routes, cutting short supply chains, and substituting
high impact animal based products with more efficient
microbial products.
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Environmental Impact Comparison: Conventional Livestock vs. Precision Ferment

Emironmental Impact Index (Livestock = 100)

Fig. 3: Chart illustrating the sustainability gains of
circular economy innovations, particularly precision
fermentation

Fig. 3: offers a dramatic quantitative explanation
of the transition process of circular bio-economy
models in food production. The data shows that
precision fermentation is not only an incremental
change by comparing conventional livestock as a
baseline (100) with the data and thus a radical
decoupling of protein production and environmental
degradation. The highest benefit is in the GHG
Emissions, which is reduced by a percentage of 97.
The process of a voiding enteric fermentation and
manure treatment, which are the two major climate
liabilities of the conventional animal agriculture,
drives this reduction in carbon footprint. These
bioprocesses combined with renewable energy lead to
a promising direction of a lmost zero or carbon-
negative production. The measures of resource
efficiency are also revolutionary. The 90 percent
decrease in land use helps solve the most pressing
issue of resources depletion as far as there will be no
need to use the extensive grazing areas and feed crops.
Equally, the 96% decrease in water consumption
points to a shift in the closed loop where microbial
fermentation is carried out under controlled and
highly efficient conditions. These circular models
demonstrate that agricultural productivity can be
enhanced, and at the same time, ecological balance
may be restored, and the global food system may get
more resilient because of the conversion of the so-
called waste into fermentable materials

4.4 Ecosystem-Based Scaling

Effective food tech startups do not exist in a vacuum;
rather they are entangled within collective innovation
networks that integrate various actors, startups,
investors, government bodies, research bodies,
accelerators and well-established companies that
cross institutional and sectoral borders to achieve
reduced adoption barriers and scalable impact. Such
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ecosystems offer financial capital but also knowledge
spill overs, mentoring, infrastructure, as well as
market access, which are crucial to early stage
ventures going through the uncertainties of scaling
new technologies in complex food systems (OECD,
2024). These ecosystems are cooperative because of
larger factual frameworks of innovation research that
demonstrate that entrepreneurial success is frequently
a group and not an individual phenomenon that exists
in the form of dense relational networks and
institutional support systems. In practice, integrated
ecosystems are found to raise the likelihood of a start
up to survive outside of the early stage development
by 40-60% than isolated ventures based on cross
sector innovation analyses. One important process in
these ecosystems is the concept of a public- private
partnership (PPP), which integrates the resources and
legitimacy of government players and the
entrepreneurial ability and market orientation of the
innovators. PPPs lower the barriers to adoption in
areas of agriculture and food systems by distributing
risks, subsidizing infrastructure, and transfer of
knowledge between research and commercial
application. PPP arrangements tend to offer startups
access to pilot fields, data platforms, regulatory
advice, and co-financing arrangements that would
otherwise not be accessible because they are capital-
intensive and uncertain operations. As an illustration,
in the case of precision agriculture technologies, 20-
35 percent of the deployment times had been reduced
because of collaborative programs linking universities
with technology companies and government
extension services. Capacity building through such
partnerships is also an aspect that prepares
smallholders and other local agribusinesses with tools
and training that will help them to adopt and increase
the productivity gains on a system level faster. With
these ecosystem benefits, connectivity disparities and
a limitation in capital intensity are also daunting,
particularly in the emerging economies. There are
chronic digital divide such as poor broadband
coverage and unstable electricity supply which limit
the usefulness of digital platforms and sensor based
technology in rural regions. In sub-Saharan Africa,
merely 28 percent of rural populations have
dependable internet connectivity, Versus
approximately 75 percent in urban regions despite the
existence of unequal innovation environments, which
benefit well connected Centre at the expense of
peripheral regions (OECD, 2024). The initial
expensive infrastructure also contributes to inequity
as new ventures tend to need lots of upfront
investment on hardware, data infrastructure, and
experienced staff before it can start generating
revenues and makes the capital intensity burden of
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resource constrained entrepreneurs even more
difficult. To resolve these limitations, it is necessary
to implement specific ecosystems-wide interventions
that would enable the harmonization of technology
efficiency and economic feasibility with positive
policy frameworks. Both traditional venture capital
and innovation ecosystems based on blended finance
models involving grants, concessional loans and
impact investment capital have opened up to 50
percent greater funding to early stage food tech
companies in pilot programs in Southeast Asia and
Latin America than traditional venture capital would
alone. At the same time, policy contexts that focus on
the growth of digital infrastructure, regulatory
convergence, open data standards, and technical
education will raise the amount of returns to
innovation and create a larger footprint of food tech
solutions.  Altogether, sustainable food tech
innovation power is associated with a close
correlation to the alignment of ecosystem actors,
financial processes, and facilitating policies. Startups
can better translate technological developments into
systemic impacts when they are brought together with
resources, connectivity, and governance, making
them productive, resilient and inclusive across the
food systems of the world.

Survival and Deployment Advantages: Ecosystem vs. Isolation

Ferformance Index llciater » 100

- B & 38 8

Early-Stage Survival Tech Deployment
Frobability Speed

Fig. 4: Chart visualizing the quantitative benefits of
ecosystem integration

Fig. 4: sheds light on a vivid multiplier effect in
three key success pillars, namely viability, velocity,
and capitalization. The most noticeable observation is
the average improvement in probability of survival by
50 percent. Thriving in isolation is not a statistical
occurrence in the risky food-tech sector. Integrated
ecosystems also address initial vulnerabilities,
through offering knowledge spillovers and mentoring,
which help to counter the operational uncertainties
also observed by the OECD (2024). Moreover, the
acceleration of the deployment cycles (27.5 percent)
highlights the effectiveness of Public-Private
Partnerships (PPP). These ecosystems overcome the
usual barriers of precision agriculture by distributing
risks and open the pilot field and regulatory advice.
Lastly, the 50 percent increased access to the funds
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indicates the effectiveness of blended finance models.
Ecosystems unlock dramatically more resources by
leveraging grants and concessional loans in
combination with traditional venture capital than the
traditional, fragmented investment models do. The
chart, in general, demonstrates that the success of the
food-tech entrepreneurship is a group project, in
which a coordinated governance and connectedness
can convert the technological possibility into scalable
systemic results

5 Discussion

The results of Sections 4.1-4.4 all indicate that the
most effective application of sustainable innovation in
food-tech start-ups involves the digital technologies,
circular production models, and ecosystem
collaboration working in an integrated format, and not
in a more isolated intervention. The digital resource
optimization (4.1) empirical data confirm that Al-
based and IoT-based irrigation systems are highly
beneficial in enhancing the efficiency of water-use.
On-field research demonstrates a water savings of 30-
45% without interfering with the stability of the yield
(Dong et al., 2024; Gupta, 2025). These results are
consistent with prior reviews that suggested that
precision irrigation technologies have the potential to
significantly decrease the agricultural freshwater
withdrawals, as they now constitute almost 70 percent
of the water is used worldwide (Zia et al., 2023).
Notably, predictive accuracy (R* > 0.90) is further
improved by the incorporation of machine learning-
based evapotranspiration models, which makes it
possible to introduce dynamic irrigation schedules
that respond to the climatic variability (Farag, 2025).
This points to the fact that food-tech start-ups that
utilize Al-IoT convergence can transform the
agriculture industry to no longer be reactive but
anticipatory resource management systems. The use
of blockchain as a crucial facilitator of transparency
and fraud reduction is introduced in Supply Chain
Digitization (4.2). According to empirical pilots, the
traceability metrics can be improved by up to 40-60
and the discrepancies in reconciliation process can be
reduced by about 55% in case distributed ledgers are
used (Patel et al., 2023; Zheng et al., 2023). The latter
enhancements are seen especially in globalized agri-
food systems where billions of dollars in yearly losses
are due to mislabeling and food fraud (FAO, 2021).
Food-tech projects can contribute to the real-time
verification and accountability by implementing smart
contracts and IoT-based surveillance in blockchain
systems (Lv et al., 2023). Nevertheless, the discussion
also emphasizes that the sustainability value of
blockchain relies on the data integrity on entry points
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and cross-platform interoperability which are the
barriers that persist and need to be standardized on
governance and aligned to stakeholders. The findings
of Circular and Alternative Protein Innovation (4.3)
support the environmental prospects of food-tech
start-ups in addition to digital effectiveness. The land-
use savings of up to 90% and water savings of more
than 90% of the current livestock production are seen
in precision fermentation and plant-based protein
systems (Knychala et al., 2024; Poore and Nemecek,
2018). Since livestock is also a source of about 14.5%
of the global greenhouse gas emissions (FAO, 2013),
microbial and plant-derived proteins transition is one
of the structural mitigation pathways. In addition,
circular bio economy systems that recover food waste
into high-value inputs deal with the projected 1.3
billion tons of annually wasted food (Pal et al., 2024).
These results imply that sustainable innovation is not
restricted to input optimization but it can be applied to
system re-design of patterns of production and
consumption. And last but not least, Ecosystem-Based
Scaling (4.4) emphasizes that technological efficacy
is not what ensures scalable impact. Universities,
investors, policymakers, and industry players are
known as innovation ecosystems that have a strong
impact on the success and resilience of
commercialization (OECD, 2024). Early stage
ventures in blended finance models and university-
industry partnerships are more likely to deploy faster,
increase their survival (Jackson and Whitelaw, 2022;
Soussi et al., 2024). However, the barriers to inclusive
scaling include connectivity gaps and unequal
distribution of capital especially in the developing
regions. Generally, it is possible to note that
sustainable food-tech innovation can be discussed
based on four interdependence dimensions, including
digital efficiency, supply-chain transparency, circular
production, and ecosystem enablement. The change
must be undertaken at the system level where all these
areas need to progress together to bring about
harmony between profitability and environmental
stewardship and social inclusion.

6 Conclusion

Food-tech start-ups are one of the most important
agents driving change in the global agriculture to more
sustainable, resilient and climate-smarter systems.
These are not just some incremental innovators; they
are drivers of systemic change, with their use of the
next generation technologies to help solve some of the
long-standing inefficiencies in the production,
distribution, and resource management. Recent
research evidence points to the fact that the
combination of artificial intelligence (Al), the Internet
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of Things (IoT), and blockchain technologies can help
bring tangible changes to water-use efficiency, yield
stability, and transparency in complicated supply
chains. As an example, predictive analytics based on
Al allows farmers to optimize inputs and minimize
resource waste, predict irrigation, pest control, and
crop surveillance. On the same note, sensors with [oT
can offer real-time controlled environmental and soil
data, enhancing decision-making and reducing food
production losses, and blockchain solutions can
enhance the traceability and responsibility of the food
value chain, increasing consumer confidence and
capital regulation. Although the abilities of these
technologies are promising, sustainability in
agriculture cannot be scaled without more than
involving the use of sophisticated tools. Changing the
situation requires a concerted effort on various levels
of the ecosystem, such as aligning the policy,
institutional support, development of infrastructure,
and engaging the systems of inclusive financing.
Regulatory harmonization is essential in order to
ensure that start-ups are given a clear guideline on
how to innovate without compromising the
environmental and social consequences. The practical
use of technology is based on infrastructure
investment, e.g. good digital connection in rural areas
and contemporary logistics networks. In addition, to
make sure that there is fair access to innovations and
to prevent the expansion of already established socio-
economic inequalities in the agricultural community,
inclusive financing systems to benefit smallholder
farmers and new start-ups are needed. Systemic
sustainability cannot be attained solely through
technological solutions and solutions but rather it has
to be integrated into larger socio-technical systems.
Food-tech start-ups can optimize their environmental
and social output by matching their business models
to sustainability, including the principles of the
circular economy of resources, low-carbon business
models, and regenerative business models. These
enterprises can help increase knowledge transfer,
problem-solve together across digital ecosystems
involving research institutions, agribusinesses,
policy-makers, and farmers, and increase resilience
within the entire food system. Finally, food-tech start-
ups have a potential to make a considerable
contribution to climate-smart agriculture and food
security on the planet. By leveraging the strategic use
of Al, IoT, and blockchain as well as integrated
ecosystem solutions, these projects can contribute to
reaching greater productivity, lessening
environmental impacts, and establishing fairer food
systems. Technological convergence, a business
model based on sustainability and a multi-stakeholder
alignment makes food-tech start-ups the crucial
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players in the global quest to turn agriculture into a
21st-century solution, as it closes the innovation-to-
real-life-solution gap.
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