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Agriculture today faces increasing pressure from climate fluctuations, rising input costs,

and stricter sustainability requirements. To feed a growing global population under

these challenges, growers and agribusinesses need to increase yields from fewer

resources, reduce waste throughout supply chains, and predict environmental stress

more effectively. Quantum technologies, particularly quantum-enhanced sensing,

optimization, and molecular simulation, are beginning to enter this field as tools for

enhancing fertilizer and chemical formulation, routing and logistics, precision sensing,

and decision support. However, the industry is still in early stages: most efforts are

limited to pilot projects, laboratories, or consortium initiatives, rather than being

deployed at a commercial scale. This report maps validated activities through 2025,

highlights opportunity zones relevant to buyers, compares global programs, and

outlines risks and strategic moves that agricultural stakeholders (growers, cooperatives,

input companies, and logistics providers) should monitor over the next decade.

Key Opportunity Areas: 

Use quantum chemistry and improved modeling

to design fertilizers, inhibitors, and soil amendments that are more efficient, targeted,

and lower-emitting. BASF's Limusurease-inhibitor pilot  is one example of deploying

chemical innovation to reduce emissions. 

Soil & Crop Health / Input Efficiency: 

 Utilize optimization engines (quantum
or quantum-inspired) to allocate water, labor, scheduling, equipment movements, and
crop rotations under constraints such as weather, soil, and labor availability. Many such
problems are combinatorial �NP-hard). Quantum-inspired solvers may win early
adoption. 

Yield & Risk Planning / Field-level Optimization:

Cold-Chain & Logistics / Routing:
Optimize multi-stop transport, refrigeration settings, packaging flows, and storage
allocation to minimize spoilage and reduce delivery costs. The EU’s plans to invest in
infrastructure-level sensing that supports routing/terrain-aware modeling.
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 Deploy 
(gravimetry, magnetometry, atomic
clocks) and 

 to improve local
environmental feedback (soil moisture,
subsurface water, microclimate shifts).

Sensing & Microclimate / Weather
Integration: quantum sensors

integrate them with
satellite and IoT data

 calls on quantum
sensing for market uptake �IA� target
TRL 6�7 devices in sectors including
agriculture. 

Horizon Europe’s

Pest / Disease Detection:
Utilize spectroscopic, magnetic, or
quantum-optical sensors to detect
plant stress, pathogen presence, or
pest activity before visual symptoms
become apparent.

Genomics / Breeding:
Use quantum-enhanced ML or
quantum-inspired subroutines to
accelerate breeding decisions,
genotype–phenotype modeling, or
variant search.

Why this matters now:
 Using less fertilizer

per ton of crops grown. This cuts both
emissions and costs.

Input efficiency:

 Even a slight percentage
increase in crop yield can make a
significant difference on large farms or
with high-value crops.

Yield uplift:

 Smarter transport
routes can cut food waste during shipping
—especially important for perishable
goods.

Spoilage reduction:

Shortening the time it
takes to develop new chemicals or crop
traits—from years down to months.

Faster R&D cycles: 
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Detailed Application Area
+  Pilot �China) In June

2025, BASF ran a pilot project with the
Chinese fertilizer company Yuntianhua. They
tested BASF’s Limus urease inhibitor, a type
of stabilized urea, and confirmed that it
reduced emissions by approximately 46,500
tons of CO₂-equivalent compared to
untreated fertilizer during the trial. 
This wasn’t a quantum computing project,
but it shows the real-world impact that
chemical innovations can have at scale. It
also highlights the kind of molecular
challenges—like optimizing fertilizers—that
quantum chemistry is being developed to
tackle more efficiently in the future.

 & Data Systems BASF’s
xarvio FIELD MANAGER and related tools,
such as SeedSelect, are digital systems that
help farmers make better crop decisions.
They are not quantum-based, but they serve
as the kind of digital infrastructure that
quantum technologies could eventually plug
into. In 2024, BASF demonstrated how these
tools can guide seed variety choices by
analyzing soil conditions, land topography,
and results from field trials.

 / 
 �Japan) national quantum

program, , covers a wide range of
research. Its work includes developing
quantum software and control methods that
can support tasks in chemistry, materials
science, and data analysis.

BASF Yuntianhua

BASF Digital Tools

Q�LEAP Quantum Chemistry Software
Research Japan’s 

Q�LEAP
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Optimization & Operations
Routing, Scheduling, Allocation Many farming logistics challenges, such as planning routes
from harvest sites to packing houses, scheduling equipment, or assigning workers across
fields, are combinatorial optimization problems. These problems grow very complex, very
quickly, as variables multiply.

, such as annealing and hybrid methods, offer a practical
starting point. They can already run on classical computers, making them an accessible
entry point while actual quantum hardware continues to mature.

Quantum-inspired solvers

 Keeping food from spoiling depends on
carefully managing factors such as refrigeration routes, cooling schedules, and packaging
sequences. Currently, these are handled using rule-of-thumb methods and heuristics.
Quantum and quantum-inspired optimization could offer improvements by finding more
efficient solutions than today’s approaches.

Temperature-line Optimization in Cold-chain

In indoor or controlled-environment farming, success
depends on precisely managing climate factors, including humidity, temperature, and CO₂
levels, as well as light schedules. These must also be balanced against energy costs.
Advanced optimization tools can already handle this, but quantum-enhanced solvers could
deliver improvements beyond today’s rule-based systems.

Greenhouse & Energy Control 
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 These systems must
capture real-time sensor data and convert it into
actionable schedules within timeframes that are
relevant to farm operations—typically minutes to
hours. The main challenges are maintaining fast
enough systems (low latency), ensuring consistent
dependability (reliability), and making them easy to
understand (explainability).

Integration Challenges

Sensing & Data Assimilation

 In
November 2023, Horizon Europe launched a €15
million program called “Quantum Sensing and
Metrology for Market Uptake �IA�.” The goal was to
support the development of devices at technology
readiness levels �TRL� 6�7, intended for practical
use across various sectors, including agriculture.

Horizon Europe Quantum Sensing Calls

 The European
Commission has committed €40 million to create a
network of at least eight quantum gravimeters
across Europe. These instruments can support
Earth observation. Subsurface mapping and terrain
modeling—capabilities that are directly relevant to
areas like agriculture and water management.

European Gravimeter Infrastructure

 diamond NV-center sensors
for magnetometry and metrology. While these
devices are not currently targeted at agriculture,
they could one day be utilized to detect subtle
magnetic or electromagnetic signals in soil, or even
monitor moisture gradients that impact crop growth.

At the  ,
the   �Quantum Metrology and Sensing)
flagship is developing

Tokyo Institute of Technology
QMS
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 UKRI has made
funding calls for quantum sensing in environmental
science.

UK / UKRI �Environment Sensing)

 Most quantum sensors are still
at the laboratory stage. Making them practical for
real-world farming is a significant challenge. They
need to be rugged enough to handle dust,
temperature shifts, and humidity, and they require
reliable calibration for accurate results. Other
hurdles include integrating them into existing farm
data networks, ensuring they operate on low
power, and reducing the cost of sensors per acre
to make them affordable.

Challenges & Gaps

,  will serve as
the European Union’s main R&D program, with a
total budget of approximately €95.5 billion. Within
this framework, there are substantial funding
streams directed toward quantum technologies,
sensing, energy, and digital industry applications.

From 2021 to 2027 Horizon Europe

The country’s national quantum strategy places
strong emphasis on building infrastructure,
fostering industry partnerships, and developing
quantum sensing and computing capabilities. 

Quantum Delta NL / Netherlands
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Several European countries, including Germany, France, and the UK, have built

quantum testbed facilities, such as the Fraunhofer centers in Germany. While these

sites are not dedicated to farming, they could serve as platforms for developing and

testing quantum sensors and tools that may later be applied to agriculture.

National Testbeds & Clusters 

UK / UKRI UK Research and Innovation �UKRI� has funded programs in quantum

sensing for environmental science. The country is also investing in quantum clocks and

timing technologies, which could have direct applications in agriculture through more

precise positioning and navigation.

United Kingdom & Canada 

Asia �Japan, China, Israel)

 Japan’s flagship quantum program, , is run under the Ministry
of Education, Culture, Sports, Science and Technology �MEXT�. It covers quantum
information processing, quantum sensing, and next-generation laser technologies.
Within Q�LEAP, the Quantum Metrology and Sensing �QMS� branch, led by the Tokyo
Institute of Technology, is developing solid-state sensors such as diamond NV centers.

Japan / Q�LEAP Q�LEAP
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 pilot with in
 shows how chemical

approaches can deliver measurable
impact at scale, even though this work
is not quantum.

China BASF’s  Yuntianhua 
China

China itself has made heavy
investments in quantum
communications and sensing.

Quantum platform / tech firms
Quantinuum, IBM, Google Quantum AI
Active in quantum chemistry, general-
purpose algorithms — potential
platform providers for agriculture use
cases. 

Timeline

progresses to awards. 
○ inaugurates 

 in

BASF Catalyst
Development & Solids Processing
Center

 (enables advanced
chemical R&D� in December 2024—
foundation for improved input design.

Ludwigshafen

○  + pilot registers
CO₂-equivalent emission reductions. 
○  commits €40M to a
quantum gravimeter network. 
○ ’s quantum
sensing/metrology IA call �Nov 2023 →
March 2024�

�2025�2032�
BASF Yuntianhua 

 Horizon Europe

Horizon Europe

○ Winners from  calls deploy
sensing prototypes �TR 6�7� into real-
world test environments. �Implicit from
program design)

2026�2028
Horizon

○ 
 systems

may commence in EU test farms /
agritech demonstration zones.

Pilot projects integrating quantum
sensor data into farm decision

○  in EU and Japan 
for terrain, water,

soil monitoring via quantum gravimetry or
magnetometry.

Testbeds scale
sensor infrastructure 

○ 
devices become fieldable (i.e. field-
deployable, ruggedized).

2029�2032
Commercial-grade quantum sensor

○ 
 are adopted in

perishable ag supply chains in Europe,
possibly North America.

Broad quantum-enhanced
routing/logistics systems

○ 
 (chemistry + soil +

climate) reach adoption among leading
ag-chemical and digital farming firms.

 (e.g.,, gravimeter nets)
supports continent-scale agriculture
calibration and Earth observation.

Quantum-enhanced agronomic
simulation suites

Cross-border quantum sensing
infrastructure
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●  soils,
weather, yield maps, and satellite data
already exist, making hybrid systems
feasible.

SWOT Analysis 
Strengths
Agriculture is data-rich:

● 
 map directly

into quantum or quantum-inspired
problem classes.

Many tasks (chemistry design,
optimization, routing)

● 
 create strong incentives

(such as input reduction and emissions
targets) for the adoption of disruptive
technology.

Sustainability and climate
pressures

● Quantum
sensors and computing are still limited
by noise, calibration, size, cost, and
field robustness.

Weaknesses
Hardware maturity: 

●  Merging
quantum outputs with legacy
agronomic systems, heterogeneous
sensors, and farm workflows is high-
friction.

 Integration complexity:

● until field pilots deliver
ROI, growers will resist adopting
quantum layers.

ROI proof: 

● few firms
understand both agronomy and quantum;
bridging that gap is nontrivial.

Talent and ecosystem: 

● better sensing and
modeling can help farmers adapt to
droughts, floods, and extreme weather.

Opportunities
Climate resilience: 

●  perishable crop
chains are high-value — minor
percentage improvements in spoilage
yield considerable cost savings.

Waste reduction:
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 Quantifying
input reduction or soil carbon changes
could be monetized.

● ESG/carbon markets:

● 
Governments may subsidize quantum-
ag pipelines for food security.

National/regional sovereignty:

 if quantum-
driven agriculture fails early, investor or
farmer disillusionment may curtail further
funding.

Threats
● Overpromising and hype:

● quantum platform vendors
might lock agriculture firms into proprietary
stacks.

Vendor lock-in: 

●  lacking sensor
calibration/interoperability standards could
slow acceptance.

Regulation & standards lag:

●  other non-
quantum advances (classical AI, photonics,
new sensors) may outpace quantum in many
use cases.

Technological divergence:
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The nascent intersection of quantum technologies and agriculture shows real promise

—but is not yet a mature domain. What is visible today are the building blocks: chemical

innovation pilots, decision-support systems, and sensor R&D with cross-domain

potential. For growers, input firms, and logistics providers, the takeaway is this: now is

the time to observe, pilot, and position, not bet the farm. Quantities of quantum

hardware remain challenging, but integrating quantum-inspired optimization into

existing platforms presents a lower barrier to entry. Those who engage early through

pilot programs, data partnerships, and sensing testbeds may gain an advantage before

broader adoption is rolled out, circa 2029�2032. But success hinges on rigorous ROI

proofs, open standards, ecosystem alignment, and cautious promise rather than hype.

Final Reflection
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where cutting-edge quantum developments are translated

into actionable insights. Serving both the Quantum Curious

and senior executives, the podcast bridges technical

innovation with business strategy. By engaging leading voices

across science, technology, and industry, it equips audiences

with the knowledge required to anticipate disruption, assess
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quantum-enabled world.
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