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With climate change and growing populations, the world faces unheralded demands upon a 
safe, reliable, and sustainable food supply that nourishes a healthy global population without 
exhausting finite resources. In decades past, farmers and their supply chain partners have 
risen to food production challenges through the rapid adoption of technology and scientific 
innovation, vastly increasing the productivity of food systems. Overcoming today’s agricultur-
al challenges requires a similar step change in innovation. 

However, a recent history of agricultural technological (AgTech) innovations that failed to 
achieve widespread consumer acceptance underscores the importance of consumer buy-in 
for technical innovation in agricultural production. We will need to apply key learnings and 
generate new strategies in rebuilding consumer trust of new technology in food production, 
streamline and coalesce processes that expedite innovation, and ensure new innovation is 
accessible and profitable for growers. 

This white paper explores the current development, challenges, and potential of emerging 
AgTech innovations with the potential to radically improve the sustainability, profitability, and ac-
cessibility of US-produced food. This paper concludes with action recommendations designed to 
remove barriers and expedite the next generation of AgTech integration in US food production.
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Navigating the Path in Adopting Emerging Agricultural Technological 
Innovations
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US farmers, ranchers, and fishers contribute nearly $330 billion1 annually to the US economy 
($750 billion when adjacent food-service and agricultural industries are included), providing 
nearly 90 percent2 of the food purchased by US consumers. Additionally, the US agricultur-
al system is essential to global food needs, supplying nearly 25 percent of the global grain 
market (corn, wheat, and rice) and contributing significantly to the global supply3 of livestock 
products, tree nuts, fruits, and vegetables.

However, after decades of increasing productivity rates, the global agricultural output growth 
rate, i.e. the ability of farmers to produce more food while using fewer resources such as land 
and fertilizers, is falling. 

Why AgTech Innovation Is Needed
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According to a 2022 US-
DA’s Economic Research 
Service report10 the global 
agricultural productivity 
rate has dropped to its 
lowest rate of growth in 
six decades, due to:

• Climate change-in-
duced weather shocks 
like drought, extreme 
heat, or flooding.

• The rise of new pests 
and weeds resistant 
to traditional control 
methods.

• A slowing rate of new 
technologies with the 
ability to rapidly in-
crease productivity.
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In US agriculture, the Total Factor Productivity growth rate, or the measurement of produc-
tivity efficiency calculated by how much output is produced from inputs, has declined signifi-
cantly in the past 20 years. 

But while agricultural productivity rates are trending downwards, the need for more food is 
trending up. Demographic projections estimate an additional 60 percent more food produc-
tion4 will be needed by 2050 to support a projected 9.3 billion global population. 

Converting new land into agricultural productivity, a historical solution to producing more 
food, is not a sustainable option, jeopardizing native ecosystems such as forests and grass-
lands critical to maintaining species biodiversity and mitigating carbon emissions. Additional-
ly, global water use, essential to food production, is projected to increase5 between 20 to 50 
percent by 2050 to support increasing populations. US agriculture consumes 80 to 90 per-
cent6 of our total consumptive water use (water that is drawn but not returned to its source), 
and globally, 70 percent of the world’s freshwater supply7 is used for food production. 

Adding to the intensity of the problem, slowing crop productivity rates have been exacerbat-
ed by rising production costs, resulting in farmers struggling to operate within reliably profit-
able margins and contributing to the loss of farm businesses and farmland. 

• Over the last 20 years, US farmer income levels have remained essentially stagnant. Even 
though farm cash receipts more than doubled so have production costs, according to the 
American Farm Bureau Federation.11

• Between 2007 and 20208 the US lost 200,000 farms and 22 million acres of farmable land 
was taken out of agricultural production. 

All told, a new era of rapid innovation bolstering agricultural productivity is critical to future 
food security.

Challenges to the AgTech Adoption Pathway 
Barriers exist at each step of getting innovations to market and achieving widespread con-
sumer acceptance. 

Prior to reaching the market, cost and affordability can prohibit the development of new tech-
nologies, especially considering recent high prices and underinvestment in agriculture R&D. 
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Although the American public trusts farmers as a group, ironically they do not trust farmers 
to farm, creating a potential barrier to the acceleration of AgTech adoption. 

A 2020 American Farm Bureau survey12 found that 88 percent of Americans trust farmers, 
but only one in five have a high level of trust in modern agriculture, with about half indicating 
skepticism in modern agriculture. This disconnect is attributed to an unrealistic and nostalgic 
view of farmers, a lack of education about modern farming techniques, a mistrust of ‘Big Ag’ 
companies and their motives, and concerns about the environmental and health impact of 
specific farming techniques. 

Furthermore, many consumers mistrust or lack proper knowledge of agricultural technology. 
Consumers are also more likely to have expectations around the sustainable production of 
food than in the past. These views can limit market acceptance and opportunity to scale vari-
ous innovations.

• In a 2018 study,13 only 33 percent of survey respondents indicated that they “strongly agree” 
that they are confident in the safety of the food they eat, which is down from 47 percent in 2017.

• Only 24 percent of survey respondents indicated a “high degree of trust” in the food they 
eat and decreased to seven percent when only Generation Z responses were considered, 
according to a 2022 survey of 1,022 consumers.14

However, US and global consumers look to farmers and producers as potential leaders in 
global sustainability improvements, a key factor in their decision-making process which can 
lead to more acceptance of technology. A 2023 NielsenIQ study found that a high percentage 
of consumers indicated they are more interested in understanding production practices as a 
part of their purchase decision, and want to learn more. 

• 55 percent of consumers are willing to try products produced through indoor vertical 
farming technology.

• 54 percent of consumers are willing to try products grown using regenerative practices, 
which is associated with environmentally sustainable farming practices.

• The number of environmentally-conscious consumers 18 to 35 years old is greater than all 
other age groups, and growing.

The Role of Consumer Social License in AgTech Innovation

Social license is a concept developed for gaining community acceptance of projects (such 
as a new building, a mining operation or a power plant) that also applies in the development 
and introduction of new technologies. In the case of technology, social license represents an 
implied contract between technology developers and society based on a set of underlying 
assumptions, such as trusting the new technology will be safe, fair, and beneficial. 

Although it is important for social license to be granted during the early stages of develop-
ment, social license can be lost either during the adoption process or long after technology 
has been diffused throughout society. Reasons include notable events, conflicting science, or 
changing values. For instance, autonomous driverless vehicles were on the path to generating 
social license until notable fatalities raised consumer concerns. And combustion engines, once 
widely accepted by society, are now losing social license due to the climate change impacts of 
fossil fuel use. 
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Consumer Trust Matters

Restrictive regulatory processes can also slow down the adoption of agricultural technologies. 
At the adoption phase, implementers need the appropriate infrastructure and access to re-
sources to utilize innovations at scale. Food system challenges often vary in unique contexts, 
and thus solutions must be locally available and adaptable.
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Grower-Focused Technology Versus Consumer-Focused Technology

When considering future AgTech adoption, it is noteworthy to differentiate between AgTech 
innovations that are primarily grower-focused versus technologies that prioritize consum-
er-focused innovations with benefits that consumers care about. For example, traits for 
drought-resistant crops are more grower focused, while traits related to nutrition, taste, and 
shelf-life are more consumer focused. Innovations in the past have primarily targeted farm-
er productivity and efficiency, but future innovations will need to ensure that the benefits 
will also appeal directly to shoppers. With gene editing, there is an opportunity to develop 
a product which combines traits that benefit both producers and consumers.  For instance, 
Pairwise is developing a higher yielding, thornless blackberry (traits valuable for producers) 
that also will be seedless and consistently taste great (traits valuable for consumers).  By po-
sitioning the interests of consumers at the center of AgTech innovation, there is an opportu-
nity to increase public awareness and to defuse potential distrust of new technology in food 
production by focusing on and highlighting consumer-level benefits.  

In AgTech innovation, there have been notable examples of social license barriers. For exam-
ple, the failure of the developers of genetically modified crops to establish trust with consum-
ers led to policy regulations, market influence and a ‘NonGMO’ labeling campaign. 

• In 2004, Monsanto dropped the development of genetically modified wheat15 due to US 
farmer concerns over endangering wheat exports to countries that had banned GM crops.  

• In 2014, McDonalds announced16 they would not purchase USDA-approved genetically 
modified potatoes developed by J.R. Simplot based on assessments of down-stream mar-
ket consumer concerns,

Similar issues have occurred with consumer acceptance of glyphosate, an innovation that 
replaced less-effective and more toxic chemical herbicides and enabled the adoption of 
improved soil erosion and crop management practices (e.g reduced tillage practices) in US 
crop production.

Figure 417 
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Case Study: US Corn Production - The Tremendous Potential (And Need) For 
AgTech Innovation

In the US ‘Corn is King,’ historically topping total value and land-in-production aver-
ages. In 2022, the US corn crop was worth $88 billion,18 more than 32 percent of the 
US total cash crop receipts. Yet corn’s position as a top US crop wouldn’t be possible 
without a 100–year period of rapid technical and scientific innovation.

protection products and nitrogen fertilizers, and improved soil and crop management 
practice. In the 1980s, the adoption of herbicide and pesticide-resistance transgenic 
traits added more predictability and reliability to corn production. 

But, while overall annual US corn yields continue to grow at nearly two bushels per acre 
a year, the overall productivity gains have stagnated in the last 20 years. 

When put in the context of growing climatic impacts on agricultural productivity and 
global population demand for more food, corn stands as an example of not only what 
can be achieved through innovation, but the dire need for a new boost of technological 
and science-based innovation in food production. 

Figure 619 20

Between the 1930s 
and today, annual 
corn production 
increased by 590 
percent,20 from an 
average yield of 30 
bushels an acre to 
180 bushels. The 
productivity increase 
was due to an ongo-
ing series of inno-
vations, including 
improved genetics, 
agricultural mechani-
zation, the advance-
ment of crop
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Source: Author’s calculations based on data from USDA NASS Quickstats.
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Precision Agriculture: The Last 20 Years of US AgTech Innovation 

Even though the overall productivity growth rates have slowed, the last 20 years of US agri-
culture has seen multiple AgTech innovations and ongoing adoption. 

Technologies like Global Positioning Systems (GPS), Geographic Information Systems (GIS), 
aerial and satellite-based remote sensing capabilities, and data collection have enabled a new 
era of technology-enabled food production deemed “precision agriculture.” Many US farmers 
today use technologies that allow them to adjust within inches their seeding, fertilizing, crop 
protection, and irrigation inputs allowing them to optimize their productivity while minimizing 
their inputs. Additionally, advances in biotechnology such as genetic modification of crops like 
corn, soybeans, and cotton have helped farmers reduce chemical pesticide use22 while increas-
ing yields and profitability.

• Between 2001 and 2016 the use of auto-steer and guidance systems on US row corn acre-
age increased from 5.3 to 58 percent.23 

• In 2019, GPS-enabled applications were used on 40 percent of all US farm and ranch-
land acreage. 

• At least half of large-scale US row crop farms rely on digitally-enabled yield maps, soil maps, 
VRT (variable rate technology), and/or guidance systems in their production systems.

Meanwhile, according to a 2022 McKinsey and Company global survey24 of 5,500 farmers, 79 
percent of North American (US and Canadian) farmers say they are already using or planning 
to adopt yield monitoring and mapping, and variable rate fertilizer applications; 77 percent 
are already or planning to adopt sprayer-section control technology; and 56 percent are al-
ready using or planning to adopt in-field soil sensors. 

The AgTech Innovation Investment Ecosystem 

Public and private investments into research and development (R&D) spur the development 
and adoption of AgTech innovation. Research supported by the USDA Economic Research 
Service (ERS) shows that every $1 invested in public agricultural research and development 
(R&D) from 1900 to 2011 generated $20 in benefits to the US economy, on average.

The Current State of Agricultural Innovation 
The US agricultural sector has experienced remarkably rapid productivity increases, despite a 
widely held misconception that farmers are slow adopters of new technologies. 

From 1947 to 2017, new machinery, growing practices, and greatly-improved crop and animal 
genetics led to US farm production nearly tripling over a 70 year period,21 despite a 76 percent 
decline in farm labor and 26 percent decline in total land farmed during the same period.

7
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However, new innovation-enabled productivity gains lag years, sometimes several decades, 
behind initial R&D effort and US public agricultural expenditures in R&D have declined by 
about one-third since 200225 with those funding decreases impeding the ability to support 
domestic public research projects.

Private investment can offset public R&D investment. Over the past 20 years, global venture 
capital (VC) investment in agricultural and food tech has grown from practically nothing to a 
record-breaking $51.7 billion in VC investment in 2021.26 The VC market is particularly import-
ant for supporting technologies at the startup level, helping foster the growth of innovation 
considered to be too risky and early stage for established agribusinesses to invest in. 

However, the VC market cultivates high-value opportunities, generally investing in a limited 
set of areas with high potential for returns, such as technologies supporting major row crops. 
Smaller commodity crops and production areas with less likelihood of monetary returns do 
not experience the same level of VC investment or returns, even though they may be ripe for 
productivity gains with the potential of significant public benefits. 

Private investments are also susceptible to market pressures. Agricultural and food tech 
investments in 2022 dropped by nearly 44 percent over 2021, following the same trend as de-
clining global venture capital markets.

Critical Challenges AgTech Innovation Can Address
But what does a well-funded, innovative AgTech ecosystem fostering the productivity im-
provements needed to support a sustainable US agricultural system look like? 

A resilient, sustainable food system solves the following critical challenges currently jeopar-
dizing the future of US food security:

30 Years of AgTech Innovation

1990       1995       2000       2005       2010       2015       2020       2025

Artificial intelligence
AI in agriculture trans-
formed data analysis 
and decision-making 

processes.

Genetically modified 
organisms

GM technology allows the 
transfer of genes for spe-

cific traits between species.

Gene editing
Gene editing allows sci-
entists to precisely and 

selectively modify the DNA 
of plants, animals, and 

microorganisms. 

Guidance systems
Equipment that reduces 
field overlaps or skips by 
either (1) instructing the 

operator, or (2) fully auto-
mates nearly all steering 

operations. 

Telematics
The wireless transfer of 

data between farm equip-
ment, connected devices, 
and/or the cloud via cel-

lular systems or local area 
networks.

Internet of things and 
sensors

Internet of things and sen-
sors integrate connected 
devices and sensors into 
agricultural practices and 

equipment to collect, send, 
and analyze data.

2020: first fully 
electric tractor 

released

2022: first 
gene-edited 

trait approved 
for human 

consumption in 
livestock

1) Nutrition Security
Nutrition security is a critical component of any successful food production system. Effective 
nutrition security ensures consistently available, accessible, and affordable nutritious foods 
promoting well-being, health, and preventing diet-driven diseases. 

Figure 729 29



• Nearly 13 percent of US households were food insecure at some point in 2020,27 a jump 
from 10 percent the year before.

• Only one in 15 US adults have optimal cardiometabolic health, an issue linked to poor nutri-
tion diets and the rise of diet-related diseases including obesity and adult-onset diabetes. 

• One in four US youth have prediabetes or are overweight. One in eight US youth have di-
et-related fatty disease. 

• Only one in ten American adults eat the recommended daily amount of fruits and vegetables.28

To improve nutritional security, producers need technologies that support more nutritional-
ly-dense crops, humanely-raised livestock, and agricultural products that are accessible and 
appealing to consumers. Innovations are needed for that improving food accessibility across 
all populations, including technologies that streamline and avoid waste and disruption in the 
supply chain as well as innovations supporting localized crop production in populations tradi-
tionally highly dependent on food imports.

2) Rural Livelihoods and Farmer Profitability

Resilient and thriving rural communities are integral to supporting a sustainable  agricultural 
system. The rural communities surrounding and supporting agricultural lands need to be able 
to effectively improve their own social, economic, and environmental benefits. 

3) Climate Change 
Climate volatility — including prolonged droughts, flooding, and temperature extremes — are 
threatening the current and future productivity of US agricultural production. The 2018 Fourth 
National Climate Assessment30 identified two key impacts of climate change on US agriculture as:

  (1) Reduced US agricultural productivity.
 (2) Degradation of US soil and water resources.
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Figure 931 
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Poor economic conditions, including the 
lack of reliable, living wage employment, 
the inability to access benefits such as 
high-speed internet services, locally avail-
able health care, and nutritious food ham-
per the ability of rural, food-producing 
communities to support agricultural inno-
vation at the local level.
 
To foster successful AgTech adoption, 
agricultural production ecosystems need 
to be incentivized and supported to build 
an infrastructure that bolsters services and 
social growth at the community level.

Projected increases in number of days over 90°F between now and 2090 according to two climate change scenarios. 
Even in the less severe RCP 4.5 scenario, there will be many more 90-degree days in important farm states such as Iowa, 
Missouri and Kansas. Map source: EPA report.
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Emerging Technologies to Address Challenges
Three AgTech innovations – artificial intelligence (AI) including agricultural robotics, controlled 
environment agriculture (CEA), and gene editing (e.g. CRISPR) – have great potential for solv-
ing the problems of nutrition security, rural livelihoods, farm profitability, and climate change 
mitigation. While other innovations, such as sustainable packaging, quality control automa-
tion, and waste-reducing and climate-friendly operations, could enhance the entire agricultur-
al supply chain, the advancement of these three technologies have the greatest potential for 
transformative change of the US food chain.

1) Artificial Intelligence Including Robotics
A broad spectrum of Artificial Intelligence (AI) and robotic applications, from automation to gen-
erative AI, will have great transformative impacts and affect all new technologies in agriculture. 

Artificial intelligence (AI) allows machines to mimic human intelligence by acting upon information 
gathered in the process of executing tasks or making decisions and it spans multiple disciplines 
and application areas essential to agricultural production. AI in agriculture has progressed natural-
ly out of the advancement of data collection and analytics in agriculture (i.e. digital agriculture). 

How Artificial Intelligence Solves Key Agricultural Challenges

A general-purpose technology that fosters a wide range of innovations, AI enables innova-
tion across almost every aspect of agriculture production, helping to solve numerous chal-
lenges including:

• Speeds up modeling used for breeding more climate-resilient crops and livestock.
• Rapidly analyzes vast data-bases of information, identifying new modes of action in chem-

ical and biological processes useful for agriculture.
• Combines historical crop and soil data with real-time information such as satellite imagery and 

field sensors to help farmers know the most resource-effective time and to deploy the most 
effective tools to conduct tasks such as irrigation, fertilization, and pesticide application.

• AI-enabled autonomous machinery, including driverless tractors and robotic farm imple-
ments, can perform routine tasks at high-levels of precision, offsetting high labor costs 
and mitigating farm labor shortages. 

• Generative AI can be used to facilitate agronomic education helping solve grower chal-
lenges leading to increased crop yields and quality and increased farm profitability. 

• Can be used to prevent health and disease outbreaks in livestock production, ensuring a 
safer and more reliable supply of meat and dairy products while reducing producers’ vet-
erinary costs and improving animal productivity. 

• Forecast inventory management, preventing supply chain disruptions and reducing food 
waste, benefits that help keep food affordable and accessible. 

The Current State of Artificial Intelligence and Agricultural Robotic Adoption and Future 
Challenges

Artificial intelligence (AI) has already been deployed for at least a decade in agricultural prod-
uct development and services, used for modeling of advanced breeding of crops and livestock, 

Changing precipitation and temperature patterns will lead to increasing incidents and more 
severe droughts, floods, and temperature extremes, and will also contribute to rising pest, dis-
ease and weed management outbreaks.

In adapting to climate change, US producers need more climate-resilient crops and livestock, 
and more climate-resilient cropping systems that better utilize farmland and other inputs. 
They also need technologies that enable enhanced conservation of limited resources like wa-
ter and topsoil without limiting productivity as well as new innovations in food production that 
mitigate the risk of weather extremes.



precision spraying and irrigation, and satellite-based information governing in-season ag-
ronomic responses. AI is used extensively in academic and private sector agricultural R&D, 
enabling faster and much more comprehensive analysis of datasets, particularly in genetics 
where enormous data sets must be explored to find traits that are of interest for breeding. 
Additionally, particularly in specialty crop production, high labor costs, and a lack of labor is 
driving the rapid adoption of AI-enabled automation for labor-intensive tasks such as weed-
ing, thinning plants, and the harvest and transportation of crops. 

The sheer complexity of Big Data in agriculture and the lack of legal and common operational 
frameworks, however, has impeded integration and poses a challenge to the most effective fu-
ture use of AI in agriculture. In addition, farmer and consumer concerns pose a risk that the use 
of AI in agriculture will be constrained. Questions linger over requirements and liabilities related 
to data ownership and privacy, particularly when a mix of public and private entities are sharing 
data. Additional barriers include cybersecurity attacks (e.g. computer hacking of food system 
functions) and data interoperability (silos) between systems, entities, and institutions. 

While growers are generally favorable to many aspects of AI on their farm, such as task au-
tomation, farmers remain skeptical of the accuracy of next-generation AI functions such 
as generative AI, and are concerned about the privacy of their data. Farmers and ranchers 
question how their data will be used, who will see it, and who profits from it? Farmers are also 
distrustful of the safety and efficacy of autonomous tractors and implements. Who is liable in 
the event of an error that impacts crop production or jeopardizes human safety? Additional 
barriers to AI integration from the grower perspective include high adoption costs and the 
lack of high-speed wireless networks in rural areas. 

Consumers have a high awareness of what AI and automation is (unlike gene editing and 
CEA), but also have a general distrust of AI, a byproduct of their experience with AI in other 
industries and well-publicized failures, such as ChatGPT making up fictitious court cases.32 
The public is wary of how their personal food decisions and purchase data are collected, used, 
and monetized. They are also concerned that AI decisions will favor morally unethical choices, 
either by design or through unconscious bias incorporated in AI systems. What prevents AI 
from sacrificing environmental resources for high yields? Or favoring ‘Big Ag’ over smaller, less 
tech-enabled farmers? The elimination of agricultural jobs due to AI-enabled automation (ag 
robotics) is also a well-cited public concern. 
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2) Controlled Environment Agriculture 
CEA is a set of application tools in which part, or the entire, process of plant growth occurs in 
an environment wholly or partially sheltered from the environment. 

For the purposes of this paper, CEA applications concentrate on crops grown in ‘soilless’ envi-
ronments, eliminating the need for arable land for crop production.  Examples include high-
tech glass greenhouses (permanent, glass-covered structures with climate control that may 
be combined with artificial light) and vertical farms or indoor farms (wholly indoor production 
systems with total climate control, including complete light control using artificial lights and 
with plant-growing structures typically stacked vertically for dense configuration).



Gene editing and other genetic innovations are key to optimizing production using less water, land, and 
pesticides while ensuring a product that is resistant to drought, pests, and other biotic and abiotic risks. 
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How CEA Solves Key Agricultural Challenges

As an alternative to the traditional outdoor production for food products, without the need 
for soil, CEA solves multiple food issues prevalent in agriculture, including:

• Ensures food production despite climate extremes.
• Conserves water, especially for heavily water dependent crops such as salad greens, ber-

ries, and fresh vegetables, and in highly water-scarce regions.
• Unlocks new opportunities for food production in environments previously not conducive 

to growing food, such as urban areas or in regions where weather extremes have made 
agricultural production unsustainable.

• Increases productivity while reducing resource use through the use of automated, preci-
sion-controlled growing systems. 

• Mitigates the risk of global supply chain disruptions impacting food availability by allow-
ing localized food production. 

• Is a reliable, year-long source of highly nutritious, but perishable, seasonal crops such as 
salad greens, tomatoes or berries, improving consumer accessibility to nutrient-dense, 
healthy food sources.

• Reduces the transportation cost and fossil fuel impact of transporting food. 
• Creates new, high-skilled jobs in horticulture, technology, software, engineering, market-

ing, and sales. 

The Current State of CEA Adoption and Future Challenges

CEA adoption is experiencing two simultaneous trends and sectors: (1) a mature, multi-billion 
dollar, hi-tech glass greenhouse value chain and sector reaching its peak of technological in-
novation, and (2) an emerging, early-stage vertical ag/indoor farm sector dependent on arti-
ficial light control. In the former, unit costs of production enable reasonable prices for today’s 
consumer, whereas in the latter case high unit costs are a barrier to adoption, at least in part 
due to the very large energy requirement.

In the United States, a period of hype and investment in CEA startups began in 2016, resulting 
in nearly $6 billion invested. However, early investor support imploded in 2022 with a series 
of high-profile bankruptcies, lay-offs, and company closures. Early stage, tech-focused in-
vestors who anticipated emerging value in CEA hardware innovations were not prepared for 
the steep capital intensity of scaling production facilities. Promises of 100-times productivity 
gains, ‘Farmer-in-the-Cloud’ (FaaS) and robotic crop management innovations have yet to 
emerge as functional and economically-viable solutions. Combined with a downturn in the 
economy, higher interest rates, and rising energy costs, CEA operations in both greenhouse 
and vertical/indoor farm categories are struggling to raise capital despite growing demand 
for indoor-grown crops like tomatoes and leafy greens.

Despite high profile CEA failures in the United States, there are market indicators pointing 
to clear signs of future potential. Successful indoor farm operations have been established in 
Canada, Japan, and Singapore. Additionally, new funding opportunities are emerging for CEA 
projects in the Middle East and Asia. 

To support CEA adoption, consumers need to clearly understand the benefits of CEA-grown 
food products, including improved sustainability, longevity, taste, dependability, and region-
al food security as well as the industry must continue to innovate to address the remaining 
major hurdle associated with high energy costs. Differentiating CEA-grown versus tradition-
ally-grown foods in the marketplace will help CEA operators build relationships with retailers 
and create value in the category. 

3) Gene Editing
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Gene editing is a method of selective breeding that allows for precise DNA changes in plants 
or animals by removing or altering existing genetic material. Gene editing is different from 
genetic modification (GM), or transgenic technology, which introduces DNA from a different 
organism into the genetic code of a plant or animal, because it only works within an organ-
ism’s existing genetic structure.

Multiple methods33 can be used for gene editing, but iterations of CRISPR-based technologies 
offer the most potential for rapid agricultural innovation as they are faster, less expensive, and 
more reliable than other methods of genetic modification.

How Gene Editing Solves Key Agricultural Challenges

Gene editing offers multiple pathways to solving agricultural challenges including:

• Plant cultivars and livestock that are more resilient to abiotic stresses such as drought or 
extreme temperatures. 

• Improved resistance to diseases and pests.
• Increased productivity by enhancing photosynthetic ability in plants or feed to weight 

gain conversion processes in livestock.
• Improved nutrient value in crops. 
• Increased flavor, palatability, and storage life of food products. 

The Current State of Gene Editing Adoption and Future Challenges

The current state of integration of gene editing in US agriculture has been impacted by regu-
latory policy as well as public confusion about the process of gene editing and a conflation of 
gene editing with genetic engineering (transgenic) biotechnology. 

In the United States, gene editing is regulated by a Coordinated Framework structure consist-
ing of three agencies: the Food and Drug Administration (FDA), the Environmental Protection 
Agency (EPA) and USDA. The Coordinated Framework is tasked with ensuring the human 
health and environmental safety of biotechnology products in plants, animals, and food prod-
ucts. Set up in 1986, before the advent of genetic engineering, the Coordinated Framework 
structure34 has been widely criticized for not being applicable to genetic engineering or gene 
editing technologies, creating a regulatory framework that is expensive and difficult for technol-
ogy providers to navigate.

In 2018, USDA announced35 they would not regulate gene-edited plants if the end product 
“does not regulate or have any plans to regulate plants that could otherwise have been de-
veloped through traditional breeding techniques as long as they are not plant pests or devel-
oped using plant pests,” accelerating market commercialization of gene edited plant-based 
foods. In animal production, however, gene editing has not been separated from genetically 
engineered (transgenic) processes and is still tightly regulated under the auspices of the FDA. 

AP Photos
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In May 2023,36 EPA announced that it will, like USDA, exempt gene-edited plants with changes 
that could be achieved through conventional breeding from an in-depth review. However, for all 
plants gene-edited to resist pests and pathogens, the agency will require developers to submit 
data showing the plants will not harm humans or the ecosystem. Industry experts worry this new 
rule could slow innovation and discourage conventional breeders from adopting gene-editing.  

A quagmire of international regulations governing genetically modified and gene edited 
food products have also conspired to dampen US integration of gene edited crops under 
the concern that gene edited crops may face export restrictions. In 2018, the European 
Union (EU) issued a ruling that gene edited plants would fall under the same laws governing 
transgenic plants. However, a proposal37 to deregulate gene edited crops was introduced in 
the EU in July of 2023.

Opponents of genetically modified crops have confused the public on the difference between 
genetic engineering and gene editing. For instance, the Non-GMO Project argues that gene 
edited crops or animals are fundamentally no different than genetically engineered (transgenic) 
food products, posing potential health and environmental risks. The consumer backlash against 
genetically engineered (transgenic) crops has dampened and continues to threaten the poten-
tial of securing, and maintaining, social license for gene editing in US agricultural production.

Case Study: Pairwise Conscious™ Greens

Transparency and Appealing to Consumer Desires to Build Trust in AgTech Innovation

Pairwise is a food and ag startup that uses gene editing to build new crop varieties. In 2022, 
Pairwise launched ‘Conscious™ Foods,’ a consumer-focused brand with a commitment to 
public-facing transparency and education about the process and benefits of gene editing. 

Pairwise’s market research indicated that while the majority of the US public does not 
know much about gene editing, when they are given information they tend to view gene 
editing positively and that public perceptions are shifting toward a more positive view of 
new technology in food. This is especially true of younger adults. A Pairwise consumer 
survey showed that 77% of Gen Z adults are “likely to try food grown with technology.”

Pairwise Consumer Field Tests

In the summer of 2022, Pairwise participated in public events in Seattle, Washington, 
Palo Alto, California, and Austin, Texas. They served over 6,000 samples of a salad 
blend developed using gene editing to improve flavor while retaining high levels of 
nutrition and freshness. In addition to samples, consumers were given information via 
brand ambassadors, booth signage and access to QR codes for additional information 
about how gene editing was used to develop the salad mix.

Result: Out of more than 3,000 consumer surveys completed after eating a salad less 
than one percent of respondents indicated anything negative about the use of gene 
editing or technology in food. Some survey respondents noted they were enthusiastic 
about finally being able to taste foods developed using gene editing technology. 

The Pairwise experience shows that transparent, clear communication about how 
technology is used in food production to directly benefit consumers is an effective way 
to generate trust and gain social license for technological innovation. As the company 
moves the salad greens toward retail stores, the Conscious™ Greens packaging con-
tains a voluntary icon that reads, “Better Flavor by CRISPR” in addition to QR codes 
that helps consumers learn more, noting that 79 percent of produce buyers want more 
information on gene edited produce. 



Policy Recommendations

The food system is multi-layered and complex, with numerous and overlaying touch points 
of economic, societal, and environmental impacts. “Fixing” the food system by means of 
accelerated AgTech innovation is thereby similarly complex, requiring a harmonization of 
messaging and the building of alliances across the industry, including public, private, and 
academic stakeholders.

The following policy recommendations aim to break-down barriers and solve issues between 
consumers and farmers for the advancement of a more sustainable food supply. These rec-
ommendations are meant to be actionable, leaning into current public initiatives and private 
sector momentum, and to identify key stakeholders and partners for the purposes of building 
a groundswell of support for AgTech innovation as a pathway to a more resilient and sustain-
able food system. 

Calls to Action  

With a long, often multiple decade, lag-time between the onset of R&D investments and 
eventual productivity gains, the amount invested today in AgTech innovation, including both 
public and private investments, will chart the course of future productivity. To bolster strug-
gling innovation, the public and private sectors must increase R&D investment levels.

• Increase Investment into the Climate-Smart Commodities Initiative. In 2022, the Biden 
administration allocated $3.1 billion to 141 selected public and private projects under the 
USDA’s Partnerships for Climate-Smart Commodities,38 an initiative to expand markets for 
US-grown climate-smart commodities and support climate-smart commodity production. 
Additional financial commitment will ensure these projects come to fruition and the im-
pacts of successful projects can be expanded. 

• Making Funding Agricultural Research a Priority in Farm Bill Updates. The Farm Bill is re-
authorized every five years and includes funding appropriations, generating opportunities 
for new R&D funding commitments for agricultural research at land-grant universities and 
other public sector institutions. For funding priorities specific to the 2023 Farm Bill reau-
thorization see the joint report from the Chicago Council on Global Affairs and the Farm 
Journal Foundation entitled Prioritizing Agricultural Research in the 2023 Farm Bill. 

1) Increase Public & Private R&D Funding for Climate-Smart AgTech Solutions 
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For the food industry and agriculture to be most effective, US regulatory agencies govern-
ing agriculture must be able to keep up with the pace of innovation. Agency and regulato-
ry processes not structured to accommodate the rapid pace of technological development 
delay and even prevent AgTech innovation. A clearly communicated regulatory and agency 
framework that is predictable and efficient is a crucial component of gaining social license for 
innovation adoption and inspiring R&D investment and entrepreneurship. 

• Coordinated Framework for Consistent Policy Formation Among Agricultural Governing 
Agencies. A coordinated framework among all regulatory bodies overseeing food and 
agriculture is critical for ensuring consistency. Commit and build an infrastructure for in-
novation based on a shared set of principles, developed and applied across all regulatory 
agencies governing food and agriculture, including EPA, FDA, and USDA.  

• Reverse EPA’s regulatory decision on gene editing. EPA’s recent gene editing regulatory 
announcement is inconsistent with USDA’s exemption on gene-edited plants. EPA’s regu-
latory decision will stifle innovation, decrease competition, and make commercialization 
of gene edited products possible only for companies with significant resources. By dis-
proportionately impacting small- and medium-sized entities – particularly in fruits, vege-
tables, and other small acreage crops – EPA’s burdensome regulations will more directly 
impact these companies as well as public sector scientists working to develop innovative 
crops.  The new regulation will unintentionally limit the diversity of choices available to 
farmers and limit the overall utility of these critical tools. Congress should reassess and 
potentially reverse EPA’s decision on gene editing regulations. 

• Keep Agriculture at the Table For Regulatory Discussions. Agriculture needs to be at 
the table for regulatory discussions that can impact agricultural innovation, for instance, 
AI regulations. In 2020, the National Science Foundation and USDA’s National Institute of 
Food and Agriculture established seven new AI institutes across America to accelerate 
research into AI.39

2) Modernize Agricultural Agencies in Preparation for Technological Innova-
tion and Consumer Expectations for Tranparency

Unlocking the promise of AI in agriculture needs regulatory attention to data privacy. Farmers 
who give up data will need to be protected from predatory practices and legal liabilities while 
opportunities for data sharing will need to be preserved. Consumers need to be able to trust 
that their food purchase data will be used responsibly.

• Explore Data Sharing. Explore the use and feasibility of a data repository for AgTech 
stakeholders similar to Figshare,40 an online open access platform for sharing academic 
research. Figshare includes a structure of community best practices, standards for per-
sistence, provenance and discoverability while maintaining the ability to share multiple 
types of files and research documents and ensure work is properly cited and credited. 

• Leverage the Climate Smart Initiative to Develop Data Standards. The ongoing Climate 
Smart Initiatives creates an opportunity for the USDA to spearhead the development of 
new ag-focused data standards, creating a structure that supports the sharing of data and 
creates value between public agencies, NGOs and private sector partners.

• Establish Structure for Voluntary Data Use. Agricultural data is fragmented and not easily 
accessible, and will need to be FAIR (findable, accessible, interoperable, reusable) to be 
able to be useful. The Foundation for Food and Agriculture Research41 is exploring ways to 
establish a voluntary data use rights structure for agriculture that would apply in both the 
public and private sectors.

3) Harmonize Data Standards to Build Grower and Consumer Trust



Legislative efforts supporting AgTech innovation have already been made but are languishing 
in the political process. Stalled legislation should be reviewed and a new multi-stakeholder 
effort made to influence their adoption. 

• Support the Precision Loan Act. The Precision Loan Act42 was introduced in 2021 to the US 
Senate by Senators Deb Fischer (R-NE) and Amy Klobuchar (D-MN). The bill would allo-
cate financing for precision agriculture technology, making technology and climate mitiga-
tion more accessible to farmers. Farmers could also “retrofit existing equipment with new 
technology,” helping to reduce overall waste. A twin bill was introduced to the US House in 
March of 2023 by Representatives Jimmy Panetta (D-CA) and Randy Feenstra (R-IA). 

4) Advance Legislation Providing Financial Support to Accelerate Farmer 
Tech Adoption

Generating consumer trust, i.e., consumer social license, in AgTech innovations requires an on-
going, multi-stakeholder and multi-layered approach, including committed efforts from public 
agencies, NGOs, academia, industry groups, innovation developers, agribusinesses and food 
manufacturers. All stakeholders in the food system have a critical role with educational out-
reach and transparency to the public about AgTech innovation, focusing on the benefits that 
engage consumer interest and trust. 

• Develop a Sustainable Food Seal.  A “sustainable food seal” standardizing a food prod-
uct’s eco-score and using comparable metrics involving all parts of the food value chain 
– from farm to fork – would reduce consumer confusion, build transparency and offer the 
opportunity to validate practices and empower stakeholders to support a more sustain-
able food supply chain. For more information on recommendations specific to the sustain-
able food seal, see the Chicago Council on Global Affairs report entitled Bridging the Gap: 
A Sustainable Food Seal.

5) Multi-Stakeholder Commitment Increasing Transparency and Education to 
Consumers About Tech Innovation in Food Production
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Endnotes

Food is a basic necessity of life and the ability to grow food is a foundational element of 
human civilization. Thanks to innovation, US growers have been phenomenally successful 
in increasing food productivity rates, especially in the past 100 years. But between climate 
change and growing global populations, the US and global agricultural systems face unprec-
edented challenges jeopardizing food production. The planet’s resources are finite. We must 
find ways to use those resources more efficiently and sustainably. 

Globally there is building momentum up and down the food value chain, from farmers to 
consumers, in support of practices growing more, healthier food while conserving critical 
resources and reducing the environmental footprint of agriculture. 

Technology innovation offers a clear and proven pathway to achieving the goals of agricultur-
al sustainability and resiliency. But change does not happen in a bubble. Developing, adopt-
ing, and integrating AgTech innovation requires a complex set of stakeholders and systems 
built to support and facilitate new technologies. Farmers will need to be incentivized to adopt 
new technologies, and consumers need to be able to trust that innovations will be safe and 
beneficial for them, as well as the community and ecosystem in which they live.  

While we have barely skimmed the surface of the complexity of AgTech innovation, the 
recommendations generated from this paper are designed to help generate momentum for 
bridging the gap between food producers’ needs for better solutions and consumers’ trust in 
the food supply, and for ensuring the integration of AgTech innovation for a more sustainable 
and resilient future food system. 

Conclusion
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The Chicago Council convened a Roundtable on AgTech Adoption on June 26, 2023, to bring 
together groups representing consumers, farmers and AgTech innovators to deepen under-
standing of how to accelerate AgTech adoption on US farms and throughout the agricultural 
supply chain, including current consumer expectations and perceptions of trust and regulato-
ry and economic barriers. We identified areas of opportunity, considered how policy and pri-
vate sector actions can be unified to support AgTech integration and proposed recommenda-
tions for actionable steps forward for stakeholders. We thank the Center on Global Food and 
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serving as Co-Chairs for the Roundtable.
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