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In 2015 “Digital Agriculture” (IGREEN ®evolution) was the title of a paper from the author
published by ISPSW: Strategy Series: Focus on Defense and International Security, Issue No.
331, 1-8, March 2015 (Kern, M., 3/2015; 9/2015). The abstract is quoted as follows:

Abstract, Anno 2015:

“Do more with fewer resources and with better results — and do it in time!” this should
be a vision for all of us.

“Today, at the beginning of the 3 Millennium, agriculture is confronted with a wide range of
complex challenges. The task is to meet the growing demand for food, pet food, feed, fiber,
fuel, industrial products and products based on ‘functional’ plants and improved agricultural
production systems. By 2050, world food, feed, and biofuels requirements will more than dou-
ble as a result of population growth and dramatically changing consumption patterns. Sustain-
able solutions are requested more and more.

By pressing the IGREEN ®evolution forward in agriculture through implementation of digital
systems such as smartphones, apps, global positioning systems (GPSs), sensors, robotics,
drones, unmanned autonomous vehicles (ULVs) such as unmanned ground vehicles (UGVs)
and unmanned aerial vehicles (UAVs), and others, the changing world will be able to address
challenges in front of us.



Relevance and impact of digital systems on agriculture as well as data ownership, big data
documentation and e-learning is addressed in order to improve sustainability of agriculture.
Agriculture will become more like an exact science documenting and using data covering yield,
energy uses, plant health status, biodiversity patterns, water use efficiency, nutrient use effi-
ciency, GHG emissions, pollination, distribution of pest and diseases, welfare, soil qualities,
soil fertility, water quality, water flow, profits, costs in real time.

The analog world in agriculture is becoming increasingly digitized, and last but not least: a
digitized Ag-World and implementation of IGREEN ®evolution will enable key resources to
be preserved sustainably — more than 30 percent by 2050.”

10 Years Later

In 2025, “Decision Agriculture” using Artificial Intelligence (Al) (AIGREEN ®evolution)
will revolutionize the agricultural landscape directly or indirectly all over the world.

The focus of this paper is on an analysis of the current state of the art and an outlook to
2030/2040/2050, reflecting the pros and cons of Al in transforming agricultural practices, crop
production and food production. State-of-the-art Al will enable autonomous production
decisions by optimizing resource use, reducing risk and waste, increasing efficiency,
effectiveness, food safety and sustainability.

Kumari, K. et al. (3/2025) are describing the evolution of agriculture and technology like that:
“There have been four major phases in the development of agricultural technology. Beginning
around 10,000 BC, agriculture 1.0 relied on manual labor, animal power, and simple
equipment, which resulted in ineffective operations with low productivity.

The 19"-century emergence of agriculture 2.0 included mechanical equipment like harvesters
and tractors, as well as chemical inputs, which increased productivity but had drawbacks due
to poor resource usage.

Through automation, robots, and computer-based systems, agriculture 3.0 improved farming
throughout the 20" and 21 centuries. However, the comparatively low intelligence of these
technologies resulted in limited precision.

To improve resource management and decision-making, agriculture 4.0 now emphasizes
smart devices and systems that integrate technology like drones, the Internet of Things, and
Al-driven analytics. However, this modern phase introduces additional concerns, particularly
in terms of data security and privacy. This timeline highlights the evolution of agricultural me-
thods, demonstrating the ongoing transition to intelligent and automated solutions while
addressing the inefficiencies and difficulties of each stage.”

To get a global overview of the number of topics on Al and its advantages and disadvantages
in agriculture, a GOOGLE search was conducted on March 30, 2025. The number of hits was
determined by combining Al with 32 different keywords such as agriculture, crop production,
crop protection, ... as well as advantages and disadvantages. In all areas, there were more
hits for advantages than disadvantages! On average, there was a factor of 1.3
advantages/disadvantages. Interestingly, there are 10 relevant fields that were significantly
higher than the average factor of 1.3: “agriculture” 1.4, “zero hunger’ 1.4, “agricultural
productivity” 1.5, “crop production” 1.6, “plant breeding” 1.6, “weed control’, 1.7, “sustainability’
1.7, “environment” 1.9, “costs” 2.0, “jobs” 2.2 (Fig. 1, 2). Al plus “climate change” plus
advantages or disadvantages resulted in the most hits (>1 million), but the ratio was only 1.1
below average. From this simple overview, it can be concluded that Al brings more advantages
than disadvantages in the area examined.
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Fig. 1: Hits via Google Recherche, 30" March 2025, “Al + Agriculture”, 2000-2024, 3/2025
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However, it is more relevant and important to assess the value of Al and “decision agriculture”
and to evaluate the advantages and disadvantages in relation to various indications, e.g. for
farmers, smallholders, the environment, food security, developing countries, consumers,
societies, crops etc. and the enormous dynamics and consequences of implementation.

Key Factors Leading to the Adoption and Implementation of
‘Decision Agriculture’ in Agricultural Farming Systems

A. Advantages of Al in ‘Decision Agriculture’:

1.

Data-driven ‘decision agriculture’

Improving the range of agricultural production methods (De Oliveira, R.C. and De
Souza e Silva, R.D., 6/2023).

Combining Al with Industry 4.0 technologies in agriculture

Optimisating of multiple objectives simulatiously

Operating faster and enabling more precise work

Enabling autonomous predictive decision-making

Making decision-making processes more efficient, resilient and profitable
Improving calculation and monitoring of resource efficiency and resource saving
potentials in agriculture

Covering all agricultural systems

Contributing to global sustainable development

Leaveraging to achieve political goals — SDGs (Mac Pherson, J. et al., 7/2022),
whith most of the 17 SDGs are not on track to be achieved by 2030 (Kern, M.,
4/2025)

Improvements in Plant Breeding

Improving the range of plant breeding methods

Accelerating and streamlining plant breeding and genetic improvements
Shortening steamlining the breeding cycles and improving accuracy in varietal se-
lection

Contributing to the development of beneficial traits and reducing off-target effects
Predicting correlations between phenotypes and geneotypes under different en-
Vironment conditions

Providing machine learning programs enabling breeders to develop new crops/va-
rieties

Improving seed quality throught Al-driven learning platforms for machine learning,
computer vision and data analysis, less time-consuming, improved accurancy, effi-
ciency, and cost-effectiveness (Sairone, 2/2025)

Improvements in Crop Management

Fine-tuning all aspects from seeds to harvest

Improving the safty of agricultural production

Improving the efficient use of nutrients, saving on fertilizers
Reducing the risks of errors

Eliminatig inefficiencies

Increasing the profitability of crop production

Improvements in Crop Rotation Planing (Sairone 2/2025)

Optimizing of crop rotations

Selecting the most suitable crops on farms

Facilitating ultra-multicropping, permaculture, and the growing of hedgerows
(Daum, T., 2021)



Improvements in Pest and Disease Management

Improving the monitoring and prediction of pest and disease outbreaks (De Oli-
veira, R.C. and De Souza e Silva, R.D., 6/2023)

Providing real-time information on crop growth and health (Escriba-Gelonch, M. et
al., 5/2024)

Reducing the need for manual labour, and lowring operational costs (Raksha,
4/2025)

Reducing pesticide use by 30% through Al-based insect monitoring (Tamanna, Y.,
3/2025)

Improving the effectiveness of pest and disease control, 50% less pest-caused
losses (Tamanna, Y., 3/2025)

Through the global use of 3000,000 commercial drones on more than 500 million
hectares of farmland drones have helped to save over 210 million metric tonnes of
water, and 47,000 metric tones of pesticides, and reduce emissions by over 25
million metric tons (DJI Agriculture Drone Industry Insight Report 2023/2024)
Enabling optimal combinations of agronomic measure

Enabling alternative weed control

Enabling chemical-free farming by robots using lasers (Knutsson, K., 3/2025)
Reducing the use of chemicals and runoff

Diagnosting and curing plant diseases — new ‘farm doctor’

Designing peptides (APP3-14) that can block ‘cancer of citrus* (Zhao, P. et al.,
4/2025)

Improvements of Precision and Resilience of Agriculture

Detecting biotic and abiotic stress

Utilising real-time data

Assessing the yield and quality potential

Using nanotechnology in agriculture (nanoertilizers, nanopesticides, nanosensors,
plant sensors

Improving the classification and sorting of products

Predicting harvest potentials

Prediction of agricultural production

Avoiding overproduction or shortages

Reducing post-harvest losses (Zadok, A.O., 7/2025)

Optimizing transportation routes to ensure product quality

Enabling market prediction analysis

Improving connection with markets and buyers

Contributing to economic, environmental and social sustainability (Mana, A.A. et
al., 2/2024)

Enabling weather-indexed crop insurance products for accurate farmer compensa-
tion (Gautam, L., 1/2025)

Improvements in Resource Management

Reducing waste/input waste (De Oliveira, R.C. and De Souza e Silva, R.D., 6/2023)
Reducing pollution

Reducting the demand of natural resources (Kern, M., 2010, 2011)

Reducing the environmental costs of conventional practices (Zurner, S. et al.,
1/2023)

Enableing more harvests with fewer resoures

Improving resource efficiency (Tamanna, Y., 3/2025)

Enabling the monitoring of incorrect use of of more nitrogen (N) fertilizers
Enabling the detection and monitoring of micro- and nanoplastics, an invisible and
neglected epidemic pollution in crops, soils, water, environment and all ecosystems
(Kern, M., 4/2025)
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Maintaining healthier ecosystems

Reducing compaction of topsoil in agriculture (Sparrow, R. and Howard, M.,
10/2020)

Improving soil quality by automated identification of nematodes

Improving water management through Al-powered irrigation schedules (Mana, A.A.
et al., 2/2024

Improving biodiversity

Providing systems to identify, monitor and track endangered species (Gautam, L.,
17“025)

Enabling a balance between agribusiness and environmental ecosystems (Mana,
A.A. et al., 2/2024; Zeddies, H.H. et al., 7/2024)

Improvements in Climate Change Adaptation

Providing improvements in monitoring and forecasting the impacts of climate
change

Contributing to the protection of the environment and the planet (Perch Energy,
9/2024)

Enabling predictions of regional and global disasters (flood, storms, droughts,
locusts) and environmental changes

Providing improvements in monitoring and managing water use efficiency
Mitigating the adverse effects of climate change and socio-economic impacts in
agriculture (Gautam, L., 1/2025)

Offering recommendations to address climate change and crisis management
Enabling fossil fuel free agro-systems

Contributing to the reduction of greenhouse gas emissions and carbon footprint
(Kern, M., 4/2011; Mana, A.A. et al., 2/2024)

Supporting farmers to participate in carbon credit markets by verifying carbon se-
questration in soils

Enabling more accurate and reliable climate models (Gautam, L., 1/2025)

Improvements in Food Security/Safety

Helping to ensure food security/safety (Ahmad, A. et al., 2024; Mana, A.A. et al.,
2/2024; Mmbando, G.S., 1/2025)

Providing a tool to increase the stagnating crop yields in sub-Saharan Africa (Woll-
burg, P.T. et al., 5/2024)

Enabling the production of cost-effective and affordable food

Improving agricultural logistics

Helping to reduce food insecurity for two billion people (Kern, M., 4/2011)
Recommending measures before hunger escalates into a human crisis
Supporting the monitoring of safety standards

Ensuring compliance with environmental and health regulations

Providing specific programs to reduce fraud and corruption in agricultural systems

Automation of Labor-Intensive Tasks

Replacing jobs that are “dull, dirty, and dangerous” (Sparrow, R. and Howard, M.,
10/2020)

Reducing the need for low-skilled labor

Compensating labour shortages (Rose, D.C. et al., 5/2021)

Improving the speed of operations/processes

Enabling round-the-clock work without breaks

Improving the quality and accuracy oft he harvest

Reducing labor costs

Autonomous Farming Systems
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14.

- Streaming the agricultural operations (planting, irrigating, monitoring, weeding, har-
vesting)

- Increasing the efficiency of crop production (De Oliveira, R.C. and De Souza e
Silva, R.D., 6/2023)

- Replacing chemical pest control

- Sowing crops by drones (Sairone, 8/2024)

- Focusing on fossil fuel free systems

- Triggering robot functions to ensure day and night operations

- Providing multifunctional robots, drones, driverless tractors

- Acting like a personal ‘human‘ agronomist and empowering farmers with precise
data-controlled systems (Gautam, L., 1/2025)

- Minimising human interventions

- Reducing accidents and improving the safety of farm workers

Machine Learning Models

- Predicting of optimal planting and harvesting time

- Enabling combinations with other technologies

- Providing advanced functions for spraying, planting and harvesting

- Using “Digital Twins* offers the possibility to replicate the functionalities of objects
and plants in real time and can support decision making in farm management
(Escriba-Gelonch, M. et al., 5/2024)

- Improving yield predictions

- Improving the detection of pests, nematodes (Marston, J., 4/2025) and diseases

- Optimizing resource allocation (soil, water, pesticides, fertilizers)

- Enabling deep learning models, trained on huge datasets of seed images combined
with quality data (Sairone, 2/2025)

- Democratizing access to expert-level diagnostic tools (Gautam, L., 1/2025)

- Providing enormous potential to analyze the small farm sector (Michelson, M.,
4/2025)

Fossil Fuel Free Farming

- Contributing to a “Fossil Fuel Free Farming Future” (Kern, M., 2011, 2018, 2023)

- Enabling field operations without the use of fossil fuels (Mana, A.A. et al., 2/2024)

- Using renewable energy provided by agriculture itself (biomass, biogas, photovol-
taics, solar panels, wind turbines, etc.) can provide energy for electricity and data
processing as well as for data centers

- Encouraging innovators to develop environmentally friendly data processing (Har-
vard International Review 1/2020)

- Improving the fight against climate change

Improvements in Developed Countries

- Improving agricultural productivity in a significantly more sustainable way

- Contributing to safeguard food security and food safety by more sustainable crop
yields

- Improving the profitability of agricultural production systems

- Transforming agriculture in an revolutionary way

- Improving the live of farmers and rural communities

- Minimizing the risk of crop failiures

- Reducing the environmental impact (Zeddies, H.H. et al., 7/2024)

- Reducing the gap of labor shortage

- Offering qualifyied jobs

- Enabling new agri-business segments

- Opening a new agro-based commercial industry

- Enabling to combat climate change
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Improvements in Developing Countries

Reducing the risk of crop production

Improving yields (+25%) and farmers‘ income (Tamanna, Y., 3/2025)
Improving logistics

Reducing costs, increasing profitability, adapting to climate change, improving
food security in agriculture (Farming in Kenya Consultancy, 9/2024)
Overcomining outdated agricultural practices

Revolutionizing floriculture in Kenya (Toolify.ai, 2/2024)

Enabling ‘decision-making systems* in agricultural administrations

Reduction of Production Costs

Saving significant costs (AJ, 3/2024, Agricline, 3/2024)

Increasing operational efficiency and effectiveness

Enabling the use of autonomous agricultural equipment to reduce labor costs
Using drones to replace large tractors, conventional agricultural engineering and
many human workers (DJI Agriculture Drone Industry Insight Report 2023/2024)
Reducing production and environmental costs by not compacting soil and
buring diesel (DJI Agriculture Drone Industry Insight Report 2023/2024)
Achieving environmental and social goals in a cost-effective way (Lowenberg-De-
Boer, J. et al., 5/2019)

Education, New Jobs, Start-Ups, Entrepreneurship

Making farmers to be ‘Agents of Change‘ (Mana, A.A. et al., 2/2024)

Creating new types of jobs, because work does not disappear due to technology,
its nature changes skilling (Modi, N., Prime Minister of India 2/2025)

Requiring urgent investment in skilling and re-skilling (Modi, N., Prime Minister of
India 2/2025)

Leading to re-skilling and up-skilling (Marinoudi, V. et al., 11/2021); Daum, T.,
4/2025)

Revolutionising the education system in farming systems as well

Improving the education tools for farmers living in developing countries

Involving women in new forms of agricultural work

Demanding hybrid, interdisciplinary teams (Shah, N., 12/2024)

Offering high-tech careers for young peolpe

Addressing a bottleneck as access to expertise e.g. in nematodes, becomes in-
cressingly difficult (Marston, J., 4/2025)

Using drones in agriculture, implicates the creation of more than 100,000 new jobs
in the U.S. by 2025 (DJI Agriculture Drone Industry Insight Report 2023/2024)
Enabling young entrepreneurs to develop and sell innovative agritech solutions
(Kern, 2018, Farming in Kenya Consultancy, 9/2024)

Providing opportunities for investors/investments and partnerships (Kern, M.,
2/2001, 4/2011)

Rise of Attractiveness of Farming

Bridging the gap to the cutting-edge world of Big Data and universal Al

Triggering the transformation of agriculture to a new level

Encouraging young people to work in agriculture (Kern, M., 2013, 2014; Farming
in Kenya Consultancy, 9/2024)

Empowering young people to adapt, develop and implement appropriate agritech
solutions (Kern, M., 2018, 2019)

Increases the image of agriculture in societies

New Business

Paving the way for farmers to enter agribusiness
Opening up an attractive field for entrepreneurs



Establishing new information and education centers

Setting up advisory services for ‘Dicision Agriculture’

Establishing contractors for ‘Dicision Agriculture’

Developing a global Al market in agriculture that will reach USD 4.7 by 2028
(CAGR: 23.1), and USD 11.14 by 2032 (Market.Us Report, 2/2024; Tamanna, Y.,
3/2025)

Providing Al-technologies for 21% of farmers by 2025 (Tamanna, Y., 3/2025)
Adressing the readiness among farmers to adopt Al-based technologies by large
scale farms (>5000 acres) 81%, medium farms (2000-5000 acres) 76%, small
farms (<2000 acres) 36% (Tamanna, Y., 3/2025)

Enabling a return on investment (ROI) of 120% for small farmers and 150% for
large-scale farmers (Tamanna, Y., 3/2025)

Developing a global market for agricultural robots to reach USD 34.0 by 2028
(CAGR: 20.5%) and USD 86.5 by 2033 (Market US Report, Robot Market, 11/2023)
Developing a global market for controlled environment agricultural (CEA) robots
(hydroponics, aeroponics, aquaponics, other growing methods) to grow from USD
125.1in 2025 to USD 194.0 by 2028 (CAGR: 18.1%) and USD 377.6 by 2032 (Mar-
ket US Report, CEA Market, 3/2025)

B. Disadvantages of Al in ‘Decision Agriculture’:

1.

Lack of Familiarity and Experience with Al-Driven Technologies

Lack of established modern agricultural education systems and infrastructure
Unequal access to necessary resources and appropriate solutions

Culturally unadapted solutions

No linkage with traditional knowledge and technology (Mmbando, G.S., 1/2025)

Investment Costs

High investment costs

Unequal access to finance

Insentives, subsidies or low-interest loans to offset high costs are rare
Not affordable for many farmers

Discrimination against certain types of farms or crops

Specific Job Displacement in Agriculture

Lack of skills

Lack of skills to work with Al-driven technologies - “digital literacy” (Zscheitschler,
J. et al., 4/2022)

Aversions to cutting-edge technologies - “technology phobia“

Leads to job losses in agricultural labor

Impacts rural communities and livelihoods (Meghwanshi, S., 4/2024)

Increased competition between farmers and agribusiness - “winners and losers*
Widening gap between commercial and subsistance farmers

Dependence on Technology and Expertise

High dependency on internal and external experts and experise

No absolut substitute for human expertise, there is no all-or-nothing decision (Le-
ech, K., 2/2025)

Loss of autonomy and identiy (Mana, A.A. et al., 2/2024)

Increase in ‘technostress' (Mana, A.A. et al., 2/2024)

The need for special protection of data centers and satellites, networks, energy
supply - because agricultural production is part of the vital critical infrastructure

Over-Reliance on Al-Predictions
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Inconsistencies, biases, errors, failiures, no crop fails due to downtime (Shalwa,
9/2024)

Bias, i.e. Al-driven systems learn what they have been taught, judgements should
be strictly impartial (perch energy, 9/2024)

Uncertainty of Data Sets and Interpretability

Data limitations and quality issues

Calibration of data models

Measurements errors

Temporal inconsistencies (storms, earthquakes), unobservable variables (Wuep-
per, D. et al., 3/2025)

Inconsistent, insufficient and outdated data

Inherent complexity of agricultural operations

Lack of user-friendly tools and interfaces (Sairone, 1/2025)

Loss of Traditional Knowledge

Traditional knowledge is not sufficient to douple crop production by 2050
Over-reliance on cutting-edge technologies is causing traditional knowledge to be
forgotten in some cases

Triggering the erosion of traditional farming knowledge and practices accumulated
over generations (Meghwanshi, S., 4/2024)

Traditional knowledge and skills are necessary when digital systems fail
Traditional knowledge is a prerequisite for the development and implementation of
decision agriculture

Limited Access for Small-Scale Farmers, especially in Developing Countries

Development and adoption in developing countries is delayed and varies by region
High initial costs and lack of access to captial

Lack of valid data sets and infrastructure (Michelson, H., 4/2025)

Most traditional farmers are overwhelmed to understand data, use and manage
software, and solve problems (Farming in Kenya Consultany, 9/2024)

Lack of confidence in new technologies

Resistance to change

Lack of trained personnel, skills

Limited access to good internet and electricity, e.g., only 30% of rural areas in Ke-
nya have access to reliable internet,

Sixty percent of young people in sub-Saharan Africa are not online, compared to
only four percent in Europe (Vinvent-Lancrin et al., 2022)

Regulatory Uncerntainty

Lack of coherent policies and legal frameworks concerning data ownership (Kern,
M., 2015)

Lack of data sharing policies

Lack of trust between stakeholders

Pace of regulation lags behind technological development and hinders adaptation
of Al-powered agriculture

Data Privacy and Security Concerns

Vulnerability to cyber attacks on sensitive agricultural information (Leech, K.,
2/2025)

Need for help from ‘White Hat Hackers' (Tzachor, A. et al., 2/2022)

High dependence on power, energy, electricity esecially

Ethic Concerns

Lack of transparency
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- Programed hidden bias in decision making

- Potential risks and ethical objectives (Ayris, K. et al., 2/2024) are often not consid
- ered from the beginning of technology development (Tzachor, A. et al., 2/2022)

- Changing landscapes

- Hindered by cultural and social barriers (Mmbando, G.S., 1/2025)

- Hindered by “Scientific Apartheid"

- Political unrest, war

Misuse (e.g. Drones, Apps)
- Data misuse

- Use as weapons

- Destruction of crops and agricultural production
- Destruction of agricultural resources

- Dissemination of fake news

Some farmers voices from Germany are quoted here from a recent report (6/2024) titled: “This
is how digital agriculture is" published by Rohleder, B. (Bitkom) and Meinel, T. (DLG) in
June 2024. Results were based on a computer-assisted telephone interview (CATI) and online
survey of 500 farmers in Germany. Some answers from farmers are the following:

Al is a challenge for agricultural businesses (54%)

The majority of farmers see digitalization and Al as an opportunity (79%) rather than a
risk (15%)

Confirming to save fertilizer, crop protection products and other resources (91%)
Confirming a more environmentally friendly agricultural production (80%)

Convinced that their farms can reduce costs in the long term (67%)

Convinced to improve the quality of agricultural products (60%)

Confirming to use at least one digital technology on their farm (90%) - mostly GPS-
controlled agricultural machinery

Confirming the use of Al technologies (9%), and field robots (5%)

Explaining that the biggest advantages at farm level are time savings (69%), higher
production efficiency (61%) and physical relief (57%)

Explaining that they are very interested in Al training, many have already taken part in
further training (34%), many have not yet but are interested, (43%), or are not interested
in further training (24%)

Mentioning that agricultural businesses (45%) have problems finding employees with
digital know-how

Worrying about loss of data sovereignity (49%) and IT-security (47%)

Declaring to invest in digital / Al technologies after 2025 (33%).

“The use of Al is not a trend, but rather a necessity due to the many increasing burdens on
farm management.” in Germany was summerized by Meinel, T. (Rohleder, B. and Meinel, T.,
6/2024).

C. Conclusions:

Back to the beginning and the GOOGLE research where only the quantitative number of hits
on Al and 32 different keywords were registered. The average ratio of advantages and
disadvantages was 1.3. It was found that Al brings more advantages than disadvantages when
looking only at the number of hits but not reflecting the content and value of the hits.

Advantages and disadvantages of Al-supported ‘decision agriculture’



In the 32 selected clusters in the advantages of Al section, 171 advantages were found from
various publications - mostly scientific papers and reviews. Of the 12 selected clusters in the
area of disadvantages of Al, only 63 disadvantages were identified. The ratio between
advantages and disadvantages based on qualitative parameters is 2.7, showing that Al will
bring immense benefits and sustainable innovations to the world's agricultural systems.

Nevertheless, it is important not to neglect the disadvantages. There are still significant barriers
and challenges (limited digital literacy, inadequate infrastructure, insufficient government
support and regulation) to the adoption of Al in agriculture to catch up with cutting-edge
technologies in developing countries, especially in Africa. Most of these obstacles can/must
be overcome, otherwise the gap between Africa and Europe will widen and inequalities in
Africa and towards Europe or the industrialized countries will increase.

In February 2025, a World Al Action Summit was held in Paris on the safety of Al in general
and did not specifically address agriculture. Some key priorities were: "Promoting accessibility
to Al to reduce the digital divide; avoiding market concentration; ensuring that Al is open,
inclusive, transparent, ethically safe and trustworthy, taking into account international
frameworks for all; making Al sustainable for people and the planet" (Service de Presse de
la Presidence de la Republique, France, 2/2025). End of 2025, Prime Minister N. Modi will host
the next Al Action Summit in India, a country of 1.4 billion people that has built a low-cost digital
infrastructure and is the world's largest talent hub. One focus will be to address the needs of
countries in the Global South. Another focus should be a high priority: Al and agriculture.

The up-and-coming youth in many African countries are looking for work, and if the young
people can't get it, they go to the cities or emigrate abroad. Africa needs more jobs, and Europe
needs more workers. The introduction of artificial intelligence can drive economic growth and
innovation, but it can also lead to high unemployment rates (Marinoudi, V. et al., 11/2021), and
social unrest (El Louadi, M., 3/2024).

An UN statement by the World Population Fund on inequalities in Africa and Europe was in
2023: "Too many young people? Destabilizing. Too many old people? A burden. Too many
migrants? A threat" (UNFPA, 2023).

All'in all, there are no real knock-out factors that speak against the use of Al; all disadvantages
can be eliminated if the necessary measures are taken.

Al in agriculture has the unique characteristic of enabling leapfrogging, which means that Al
can skip several generations and stages of technological development in all countries and
societies. A broad spectrum of practical Al based applications worldwide is given by the
company Farmonaut® (2025).

The most important building blocks of Al application in the respective clusters are presented
and summarized here:

Ad Advantages: More efficient, resilient and profitable decision-making processes; provide
machine learning programs that enable breeders to develop new crops/varieties; increase
profitability of crop production; select the most suitable crops on farms; improve effectiveness
of pest and disease control, predict agricultural production; reduce demand on natural
resources; enable balance between agribusiness and ecological ecosystems “Industrial
Ecology’; provide recommendations to respond to climate change and crisis management
issues; helping to ensure food safety; reducing labor costs; using robots to ensure 24/7
operations; optimizing resource allocation; using renewable energy “Fossil Fuel Free Farming
Future”; improving the living conditions of farmers and rural communities; improving farmers'
yields and income; reducing production and environmental costs; encouraging young people
to work in agriculture, become entrepreneurs and find better jobs; preparing farmers to enter
agribusiness.



Ad Disadvantages: Lack of established modern agricultural education systems and
infrastructure; high investment costs that are not affordable for many farmers; lack of skills to
work with Al-driven technologies; high dependence on internal and external experts and
expertise; inconsistencies, biases, errors, failures, no crop left undone due to downtime; data
limitations and quality issues; traditional knowledge is a prerequisite for the development and
implementation of decision agriculture; most traditional farmers are overwhelmed when it
comes to understanding data, using and managing software and solving problems; the pace
of regulation lags behind technological development and hinders the adoption of Al-powered
agriculture; vulnerability to cyber-attacks on sensitive information on farms; potential risks and
ethical objectives are often not considered from the outset when developing technology.

14 Take Home Messages:

1. ‘Decision Agriculture‘ will improve decision making in the field/on the farm and enable
the goal of more efficient crop production.

2. The correct application of ‘Decision Agriculture' can significantly improve agricultural
adaptability, crop resilience, productivity, quality, food security/safety, resource ma-
nagement, carbon footprint, profitability and sustainability.

3. ‘Decision Agriculture will promote plant breeding and enabling the production of new
crops and varieties, that are a prerequisite for future human life on Earth and on Mars.

4. ‘Decision Agriculture* empowered by Al will make it possible to enable ‘fossil fuel free'
production systems and reduce the carbon footprint of agriculture.

5. Al-enabled ‘Decision Agriculture® will be a key tool for the necessary “dematerialization,
decarbonization and reorganization of resources” in agriculture worldwide (Kern, M.,
4/2011).

6. ‘Decision Agriculture’ will help to analyse, monitor and offer solutions concerning im-
pacts of agriculture in different agricultural production systems as well as ecosystems
worldwide.

7. If decision-makers in industrialized and developing countries do not recognize the value
of ‘Decision Agriculture’ and do not ensure that appropriate guidelines, the necessary
provision of the corresponding digital infrastructure and the promotion of local imple-
mentation are in place in good time, the use of this key technology will not benefit far-
ming societies and will significantly hinder the modernization of more sustainable agri-
culture. “No one will be left behind’ will then remain an ethical phrase and pure utopia.

8. Knowledge sharing, education and training to empower farmers, programs to support
Al-supported ‘Decision Agriculture’, interdisciplinary collaboration, partnerships
between the public and private sectors, and smart regulatory standards are important
prerequisites for the introduction of ‘Decision Agriculture®.

9. The development and implementation of ‘Decision Agriculture® will revolutionize agri-
culture in more or less all countries worldwide and catapult agriculture to a top level,
especially in those countries where the necessary skills for an appropriate and tailored
use of Al are available, e.g. India, The Netherlands, Indonesia, China, Australia, USA,
Canada, Argentina, Brazil, Europe, Ukraine and Kenya.

10. ‘Decision Agriculture’ will cause loss of autonomy and partial identity, can trigger tech-
nostress, cut jobs but also creates new ones, can lead to de-skilling, re-skilling, or up-
skilling, need to be responsibly regulated in time and be protected from cyber-attacks,
disinformations and abuse.

11. Areas of concern need to be addressed in a serious way, whereby the large amount of
advantages of ‘Decision Agriculture‘ need to be shown and communicated to the public
at large.

12. ‘Decision Agriculture' using Artificial Intelligence (Al) (AIGREEN ®evolution) will trans-
form the global landscape of agriculture.

13. ‘Decision Agriculture’ is expected to make it possible to sustainably conserve important
resources worldwide by around 40 percent by 2050.



14. ‘Decision Agriculture‘ / ‘Agriculture 5.0° will become mainstream and help farmers to do
more with less, better and - in less time.

D. Outlook: Controlled Environment Agriculture (CEA)

Controlled Environment Agriculture (CEA) is a farming technique that involves growing
crops in a fully regulated environment using high tunnels, greenhouses, vertical farms, plant
factories with fully autonomous and automated systems, or agri-technology parks to ensure
crop production in a safe and sustainable manner. These systems are a beacon of hope,
offering sustainable, stable, resilient and space-efficient alternatives to traditional agriculture.

Installed where fertile arable land is limited or unavailable, these farming systems are a
valuable option to combat climate change, food insecurity, geopolitical tensions, and global
supply chain disruptions by enabling year-round supply with consistent quality, lower
transportation costs, and reliance on renewable energy sources ("fossil fuel free"). The
integration of Al, machine learning, predictive analytics and automation technologies, as well
as other cutting-edge technologies, will take crop production to a new and necessary level.

Controlled Environment Agriculture (CEA) is operational on Earth. CEA on Mars is in the
research phase, partially under development, and is hampered by many unresolved
challenges. Relevant activities and developments supported by Al will be presented and
discussed by Kern, M. (2026, in preparation).

From:

- 1927: “Hinsbergs Friihkultur’ (“Hinsberg’s Early Culture”), Fa. Otto Hinsberg, Erste
und alteste reine Pflanzenschutzmittelfabrik, Nackenheim am Rhein,
Rheinhessen, Germany (Dr. Reichwein, 1927) via

- 2027: “Vertical Farming”, “Controlled Environmental Agriculture” to

** Admin, 2023

- 2127: “Mars Agriculture” on Mars ...

*** | lorente, B. et al., 2018
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