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BUNGLE IN THE AGTECH JUNGLE: 
Cracking the Code on Precision Farming and Digital Agriculture

By Ken Zuckerberg and Dirk Jan Kennes, RaboResearch

Agriculture has, over the course of its 
history, embraced new technologies that 
improve productivity. ‘Digital agriculture’ 
represents the latest wave of sector 
innovation—and while it offers many 
promising new technologies, farmer 
adoption has remained quite modest. The 
consensus view is that growers will not 
invest in new/unproven technologies during 
a cyclical downturn, but there seems to be 
a bigger limiting factor at work here. This 
nascent industry has been trying to attract 
customers before the ecosystem has been 
properly constructed.

What we believe is missing is a standardized way to gather and interpret 
data, and then translate actionable insights to commercial users—
insights which then, in turn, can deliver value to growers. We believe 
that a standardized system is necessary to drive farmer adoption of 
digital agriculture services—and herein we offer our take on how digital 
agriculture can add value to production agriculture. Yet without a 
common data platform and operating system, it is unlikely that growers, 
or the vendors providing precision farming services, will fully capture the 
value associated with digital agriculture. 

To have articles like this and other timely AgInvesting and AgTech news sent directly to your inbox,  
visit www.globalaginvesting.com/join/
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AGRICULTURAL INNOVATION
THE FOUR WAVES

The complex process of crop and livestock farming has evolved over the 
course of thousands of years, and digital agriculture is simply the latest wave 
of innovation. Advances in farming have historically followed the growth and 
prosperity of civilization, with mechanization playing an especially prominent 
role throughout history. The invention of the horse-drawn seed drill in 1700 by 
Englishman Jethro Tull was notable in that it allowed farmers to plant crops in 
rows more efficiently than could be done by hand. 

Several other useful farm machinery innovations came after the seed drill, 
namely the cotton gin, reaper/binder, combined harvester-thresher, and 
gasoline-powered tractor. Collectively, these advances in machine technology 
fall into a category that we call the first wave of agricultural innovation. 

A second wave began in the 1940s, as chemicals used during the war years 
were repurposed for use in production agriculture. The associated yield benefits 
of applying nitrogen fertilizer and pesticides incentivized many U.S. farmers to 
focus on growing few types of crops, but on a much larger scale, abandoning 
the tradition of farming both crops and livestock. This wave also marked the 
birth of new farming practices—termed the ‘Green Revolution’—that helped 
improve crop productivity through more effective usage of synthetic fertilizers 
and crop production chemicals, as well as field irrigation. 

A third innovation wave started in the 1980s and 1990s, a period considered 
to be the birth of ‘precision farming,’ a precise sustainability-oriented 
approach to farming that sought to produce more with fewer inputs and lower 
environmental impact. The third wave also included gains in plant breeding 
through genetic engineering and controlled pollination, genetics-based animal 
breeding, the use of global positioning systems (GPS) on tractors, and remote 
sensing technologies utilizing satellites, drones, and other UAVs. 

Digital agriculture is the fourth, and latest, wave of agricultural innovation—and 
one that has been largely funded by venture capital (VC) investors, along 
with the VC units of several major F&A and equipment companies. Since the 
beginning of 2014, over US$6.5 billion of capital has been invested in new 
precision farming and data-oriented technologies seeking to modernize 
farming for the digital age. These technologies have taken many shapes, forms, 
and sizes. These range from cloud-based software tools to hybrid hardware/
software products that are ‘smart’ in that they can communicate with other 
connected devices wirelessly and digitally, with minimal human intervention. 

TABLE 1: THE FOUR WAVES OF AGRICULTURAL INNOVATION 
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Table 1: The Four Waves of Agricultural Innovation 

Wave Description 

First wave Mechanization  

(seed drill, cotton gin, reaper/binder, combined harvester-thresher, tractor) 

Second wave Ag chemistry 

(nitrogen fertilizer, pesticides) 

Third wave Precision farming 

(biology, plant and animal genetics, GPS) 

Fourth wave Digital agriculture (smart hardware, analysis of temporal layers of spatial data, weather, and 

remote sensing to evaluate crop conditions) 

Source: Food and Agricultural Organization of the United Nations, USDA, Rabobank 2017 

Another dimension of smart farming involves algorithms, artificial intelligence (AI), and machine 
learning, which, in essence, combines mathematics, data analytics, and predictive modeling to 
produce customized recommendations designed to help growers farm more efficiently, 
sustainably, and profitably. 

Figure 1: Investments in Ag Technology (excluding food e-commerce), Q1 2014-Q4 2016 

 
Source: AgFunder AgTech Investing Report (Year in Review 2016) 2017 

These customized recommendations are intended to be precise and prescriptive (building upon 
the original tenants of precision farming) in that they provide specific advice for managing critical 
tasks that occur throughout the growing/production season. For crop farmers, the prescriptions 
conceptually include instructions on what to plant, where and when to plant, what to apply to the 
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FIGURE 1: INVESTMENTS IN AG TECHNOLOGY (EXCLUDING FOOD 
E-COMMERCE), Q1 2014- Q4 2016
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Another dimension of smart farming involves algorithms, artificial intelligence 
(AI), and machine learning, which, in essence, combines mathematics, data 
analytics, and predictive modeling to produce customized recommendations 
designed to help growers farm more efficiently, sustainably, and profitably.

These customized recommendations are intended to be precise and 
prescriptive (building upon the original tenants of precision farming) in 
that they provide specific advice for managing critical tasks that occur 
throughout the growing/production season. For crop farmers, the prescriptions 
conceptually include instructions on what to plant, where and when to plant, 
what to apply to the soil and the plant (in the form of water, nutrients, and 
crop protection chemicals), how to most efficiently apply those inputs (e.g. on 
a variable rate basis), and when to harvest. For dairy and livestock farmers, 
the prescriptions offer direct guidance on when to feed the animal, provide 
vitamins and/or medicine, guidance on when to milk and/or when to slaughter, 
and other herd management matters. 
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THE PROMISED VALUE

Digital agriculture offers the promise of greater income and lower volatility, 
utilizing data, mathematics, and logic to add value to farm decisions by 
removing human emotion and bias. In crop farming, the ‘promised value’  
for growers consists of optimal financial risk-adjusted returns on the capital 
used to farm. The idea here being that improved agronomic practices, 
coupled with more precise field decisions (e.g. the timing and type of nutrient 
applications) tailored to local field and intra-field conditions, can create the 
promised value through higher crop yields and lower input costs (for example, 
lower and more precise nutrient and ag chemical applications), as well as 
operational efficiencies and time management (automatic, rather than manual 
collection of helpful data to drive decisions can allow farmers to complete  
tasks which cannot be automated). Another consideration is better grain 
quality and consistency, which results in additional value to midstream and 
downstream buyers. 

Below is a partial list of precision and digital technologies currently in use in 
the global farming community. 

TABLE 2: LEADING PRECISION AND DIGITAL TECHNOLOGIES
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Auto-steering and guidance systems 

Farm data management software 

Crop sensing/measurement  

Global positioning systems (GPS) 

Milking robots 

Precision irrigation & water usage monitoring 

Remote sensing (drones, UAVs) 

Satellite imagery (high-resolution) 

Variable rate technologies 

Yield monitors 

Yield maps 

Wireless weather stations 

Source: Rabobank 2017 

Barriers to Adoption 
Despite the strong conceptual foundation for using data-intensive tools in agriculture, farmer 
adoption has been quite low. While there are numerous reasons for this, we highlight five reasons 
that have been validated in our field research over the past three years with growers and data 
scientists: 

 First, many new software technologies lack a clearly articulated value proposition and, in 
fact, are not ‘proven’ in terms of demonstrating a calculated return or payback on investment. 
This contrasts with the situation that occurs when new seed technologies come to market, a 
process in which field trials over multiple growing seasons culminate in a proof of concept, 
helping to ensure customer trust and subsequent product adoption. Furthermore, we have 
observed that certain start-up companies and investors have an imperfect understanding of 
telemetry, artificial intelligence (AI), and data analytics. For example, just because a piece of 
equipment used in farming is SMART—it can collect data and transmit data—such data must be 
further analyzed before it can be translated into an actionable insight.  
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grade business computing networks, with proper/secure cloud storage and backup), beyond the 
missing proof of concept, required to interact digitally with industry farm management software 
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agriculture, farmer adoption has been quite low. While there are numerous 
reasons for this, we highlight five reasons that have been validated in our field 
research over the past three years with growers and data scientists: 

• First, many new software technologies lack a clearly articulated value 
proposition and, in fact, are not ‘proven’ in terms of demonstrating a 
calculated return or payback on investment. This contrasts with the 
situation that occurs when new seed technologies come to market, a 
process in which field trials over multiple growing seasons culminate 
in a proof of concept, helping to ensure customer trust and subsequent 
product adoption. Furthermore, we have observed that certain start-up 
companies and investors have an imperfect understanding of telemetry, 
artificial intelligence (AI), and data analytics. For example, just because 
a piece of equipment used in farming is SMART—it can collect data and 
transmit data—such data must be further analyzed before it can be 
translated into an actionable insight. 

• Second, many farms actually lack the necessary technological 
infrastructure (enterprise- grade business computing networks, with 
proper/secure cloud storage and backup), beyond the missing proof of 
concept, required to interact digitally with industry farm management 
software systems offered by vendors such as Conservis, Farmers Business 
Network, Granular, or SST. Trying to get farmers to purchase both IT 

hardware and software is hard enough in a favorable commodity price 
environment, as farmers are typically resistant to change, given the ‘family 
tradition’ and experience-based nature of farming. Trying to do this during 
a downturn in the crop cycle (which the industry has been experiencing 
since commodity prices and farmer income peaked in 2012/13) is, and has 
been, nearly impossible. 

• Third, selling software as a service (SaaS) to financially strapped 
farm customers has been a very difficult revenue generation strategy, 
given these dynamics. Perhaps a better strategy could be to provide 
growers basic software without charge, to encourage use and adoption, 
while selling premium add-on products and services to independent 
agronomists and crop consultants who advise the growers. 

• Fourth, data ownership and privacy has been a heated, widely debated 
topic ever since big data entered the global farming conversation. 
The matter is actually part of a larger consumer privacy conversation 
involving medical records, web browsing activities, and the resale of 
consumer data for use in marketing. An innovative idea to ensure greater 
privacy is creation of a farmer not-for-profit data cooperative, owned or 
operated by growers or by an unbiased third party such as an agricultural 
university. The industry has already seen examples of these ideas in the 
form of Grower Information Services Cooperative (GiSC), and Ohio State 
University’s Agricultural Data Corporative in the United States. Similar 
ideas have gained traction in Europe, especially the Netherlands, among 
both farmer cooperatives, as well as other groups, with a notable example 
being the Farm-Oriented Open Data in Europe (FOODIE) project in Spain, 
the Czech Republic, and Germany. 

• Fifth, digital agriculture lacks a universal operating platform in which 
to connect the entire ecosystem. At present, digital farming lacks a 
standardized operating system and/or data platform in which the value 
chain can upload, store, validate, refine, cleanse, and analyze data and 
in which relevant stakeholders can easily communicate with each other. 
Based on our research interviews with data scientists from various 
enterprise software and business analytics firms—including EMC, 
IBM, and Verisk—we believe that a data warehouse and data analytics 
structure (which connects all stakeholders: farmers, software vendors, 
equipment manufacturers, and data analytics companies, and can enable 
data sharing) is critical for digital agriculture to add value. 

A FRAMEWORK FOR ADDING VALUE
Creation of a universal data platform is critical. However, going from the 
‘concept’ stage to the ‘blueprint’ stage is a complicated exercise. How 
this happens and who pays for it will depend on which party/parties take 
leadership in organizing and aligning the industry, and how much capital is set 
aside for building, testing, and maintaining required systems. Although it took 
two decades for electronic commerce to evolve after internet access became 
available to the general public, we would expect creation of the necessary 
platforms for digital agriculture to occur much faster. 
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Commercial Users 
Agronomists
Farm Consultants
Professional Farm Companies
Midstream Players (ABCDs)
Brand Owners (Food Companies)
and their supply chains

Margin-Enhancing 
Recommendations

A trusted, secure storage container for historical 
production results and farm practice data. After raw 

data is gathered, it is then curated (i.e. formulated) for 
data analysis by outside vendors. These vendors  

presumably access the data via paid subscription only 
if and when authorized by growers

Vendors consist of farm input providers, retailers, distributors, and 
other service providers seeking to extract actionable insights from 
the data warehouse & vault to ‘commercial users.’ The commercial 

users can then incorporate the insights into the advice and services 
they deliver to growers
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CONCLUDING THOUGHTS
Digital agriculture represents the newest—and perhaps the most promising—
wave of industry innovation that, in our opinion, can help production agriculture 
operate more efficiently and sustainably, both in terms of long-term financial 
success and continued environmental stewardship. 

While here we approach the subject of digital agriculture largely from the 
perspective of upstream farming (crop and livestock) and farm inputs (seeds, 
crop protection chemicals, fertilizer, and machinery) companies, a common 
operating system for data gathering, collaboration, and analytics is of critical 
importance to other players along the value chain. 

Midstream food companies and their supply chains (such as processors, 
storage, and transportation companies) are increasingly demanding more data 
and information. This is largely driven by the end consumer who demands 
greater transparency about the origin of commercially sold food. In our opinion, 
consumer sentiment and regulations governing the interest of consumers will 
ultimately guide the further evolution and adoption of digital agriculture.
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