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THE FUTURE OF FOOD

By Teena Maddox

Agriculture 4.0: How digital  
farming is revolutionizing the  
future of food

The next step 
in feeding 

the world’s 
rapidly growing 

population 
involves self-

driving tractors, 
precision 

farming, and 
Internet of 

Things sensors 
to quantify 

agriculture in 
vast new ways.



In Tennessee, the owners of a farm dating back to the mid-1800s are changing how they grow 

food in dramatic ways. Drones, satellite imagery, and precision farming are part of the technolo-

gy being used to improve costs, yield, and other key factors at the 2,500-acre Crafton Farms in 

Portland, TN. 

Technology is changing the world, and farming is catching up. The introduction of everything from 

automated farm equipment to a wide array of Internet of Things (IoT) sensors that measure soil mois-

ture and drones that keep track of crops have changed the business of agriculture. Some experts 

even call this movement “Agriculture 4.0”—a term used by the World Government Summit.

A digital farm is more efficient and sustainable than its counterparts of the past. On a smart, digital 

farm, crops are likely grown using precision agriculture, tractors might be self-driving, the harvest 

could be determined by digital imagery of the fields, and the farmer is typically working with an 

agronomist to provide technology know-how.

Some of the places leading the revolution include:

• At Purdue University in West Lafayette, IN, the Agronomy Center for Research and Education  

 (ACRE) is constantly assessing better ways to farm to increase yields and improve efficiency,  

 with sensors collecting 1.4 petabytes of data daily. 

• Land O’Lakes is sending out technology specialists from its subsidiary, WinField United, to  

 show co-ops such as Crafton Farms in Tennessee better ways of farming. 

• Indoor farms such as Plenty in San Francisco and Jones Food in Europe are farming on vertical  

 racks in massive indoor facilities that significantly reduce the carbon footprint needed to  

 grow food.
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Purdue University in Lafayette, IN.

https://www.worldgovernmentsummit.org/api/publications/document?id=95df8ac4-e97c-6578-b2f8-ff0000a7ddb6


Feeding 9 billion people
With more than 9 billion people predicted to 

populate the planet by 2050, finding better 

and smarter ways to grow food is essential.

Patrick Smoker, department head and 

senior director of IT for the colleges of Ag-

riculture, Information Technology and Vet-

erinary Medicine at Purdue University, said, 

“Our bottom line really is to feed the world. 

To do that, to feed an estimated nine billion 

people by 2050, we have to significantly 

increase our productivity in terms of food 

generation.”

At Purdue, that means finding solutions that 

increase productivity for farmers. 

“Like in many other vertical markets, technolo-

gy plays a big role,” Smoker said. “These technol-

ogies, if you think about if you’re measuring any 

observable trait of a plant, we call that phenom-

ics, how do you do that? You do it with sensors of 

all types. You do it with everything from handheld 

devices that measure the color in a plant to UAVs 

[unmanned aerial vehicles] that fly over and take 

LIDAR and hyperspectral images because those 

spectrums of color provide information.”

The role of big data in farming 
At Purdue, on a 1,408-acre research farm, IoT 

sensors assess what the plants are revealing by 

their molecular responses and how it impacts 

growth and color. 

“Our job is to understand what every input, 

whether that’s water, fertilization, the soil types, 

etc., whatever input there is, we need to know 

what its impact has on the plant, both in terms of 

nutritional value because we’ve got to increase 

the nutritional value of the same amount of bio-

mass than we have now if we’re gonna feed the 

world,” Smoker said.

He added, “If you put all that together in two 

specific areas, there’s the farm management side, 

which uses technology to help farmers make in-

formed decisions and management decisions in 

terms of producing high yields with low input, all 

the way to research, which means you’re collect-

ing, analyzing, visualizing, modeling, and all the 

compute that has to be behind that. 

Testing variables in plant growth at the Agronomy Center for 
Research and Education at Purdue University.
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“Society will always 
have to answer those 
questions: Is it safe? 
Is it moral? Does it 
have value?” 
Jim Beaty, superintendent of the  
Purdue Agronomy Center
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https://oceanservice.noaa.gov/facts/lidar.html


“We’re talking about big data, connected to 

everything, just like our consumer market. Our 

refrigerators, our light bulbs, etc., are all con-

nected today, and the same is true for farm im-

plements and even the plants themselves will 

one day be connected in some way in terms of 

embedded sensors or telling their story through 

imagery or any other one of a thousand differ-

ent phenomic observations. That’s the whole 

of what we’re trying to do, and the technology 

plays many roles in that,” Smoker said.

One of the first things Purdue had to do was 

install Wi-Fi connectivity across the 1,408 acres 

of fields in order to collect the data. So Purdue 

worked with Aruba, a Hewlett Packard Enterprise 

company, to understand the challenges and fig-

ure out how to engineer a solution at that scale. 

But it was necessary to have the Wi-Fi in 

place for vehicles with sensors, such as ACRE’s 

PhenoRover. “We’re working on that being au-

tonomous, but right now it’s a manned vehicle 

and you’re collecting all that data, and if we want 

to send that real time to compute resources, as 

an example, you gotta have connectivity to do 

that,” Smoker explained.

“And so imagine a machine running over 

rows and taking in all that data and then pushing 

it somewhere, the compute happens automat-

ically, creates us a stream of data and it goes 

through all its algorithms, its data transformation 

and at the end, the researcher has visualized 

data or modeled data waiting for them...so it’s 

really about timeliness of data collection and an 

entire stream of transport, translation, and con-

sumption of data,” Smoker said.

How satellite imagery and 
drones are used on a farm
Land O’Lakes teaches its co-op farmers to use 

WinField United’s Answer Plot system, which 

serves as a data warehouse for crop informa-

tion. The R7 tool that is part of the system col-

lects data from 200 specific fields around the 

US in order to provide data on which hybrid 
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Testing high-tech farm equipment at the Agronomy Center for Research and Education at Purdue University.

https://www.answerplot.com/


crops will do best in a given area. 

Crafton Farms uses this satellite technol-

ogy to improve cost efficiency.

Austin Crafton is the one who spearhead-

ed having his dad’s farm use satellite imag-

ery. He said his family has been farming the 

same fields since the mid-1800s, but they 

were doing it in similar ways as their ances-

tors until the new technology was added. 

The way that the Crafton family decid-

ed to add technology was fairly tradition-

al—Austin begged his dad to try something 

new. Now that neighboring farmers see the 

technology improving profits for the Craftons, 

they’re considering it as well, Austin said.

Andrew Laney, senior technology manager 

lead for WinField and Land O’Lakes, said that 

type of response is common in farming. Farming 

is a traditional industry, and farmers are loathe 

to change the way they manage their crops, but 

once they see a neighbor doing something that 

works, they’re much more likely to adopt the 

same technique. 

At Crafton Farms, Austin, who runs the farm 

with his dad, Johnny Crafton, sits down with a 

cup of coffee in the morning and looks at his 

iPad to review satellite imagery to see which 

fields need attention that day; areas with dam-

age are highlighted on the imagery. With more 

than 40 fields, it would be impossible to go over 

every row of every field each day, but by pin-

pointing which fields might have problems, Craf-

ton can narrow it down to a handful to visit. 

“So, if you’re looking at it from a satellite im-

age, you’ve got a red spot in the middle of that 

field, and you can track yourself and make sure 

that you’re in that particular spot in the field. 

Then, the agronomy takes over,” Laney said.

In the past, farms had to send scouts to look 

“Our bottom line really is to feed the world.  
To do that, to feed an estimated nine billion people 
by 2050, we have to significantly increase our  
productivity in terms of food generation.” 
Patrick Smoker, senior director of IT for the colleges of Agriculture, Information  
Technology and Veterinary Medicine at Purdue University

Farm equipment at the Agronomy Center for Research and 
Education at Purdue University.
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at every field, which still didn’t 

show what was going on in the 

midst of a huge field.

Once a problem is iden-

tified, the farmer can deter-

mine whether to try to repair 

the damage, which could be 

caused from too much rain, or 

assume the area is a loss and 

stop spending money on it. 

Since fertilizer is expensive, it’s 

better to avoid spending mon-

ey on a field that isn’t going to 

produce a healthy crop. 

“If we know a field is not going to meet pro-

duction costs, we can pull back a little bit on 

spending and tailor that to whatever we think 

the field is going to make,” Laney said.

Comparing current fields to those of previ-

ous years allows for more accurate data analy-

sis as well.

Drones come in handy when farmers need 

to see the field in its entirety without walking the 

distance. 

“For example, if one of these fields is 200 

acres, and walking through head-high or chest-

high corn is hard and at that time of year it is re-

ally hot, that’s where a drone starts making you 

a lot more efficient,” Laney said. “If you know 

this field has a problem, and you know it’s in the 

back part of the field and you don’t really want 

to walk to the back side of it, you could take 

a drone, fly out there, get a snapshot of what’s 

going on, and look at it really close. If it’s some-

thing you can tell from the snapshot, you don’t 

really have to walk out there. It’s just making ev-

erybody more efficient.”

The benefit of precision 
agriculture
Technology such as crop modeling 

is used for precision agriculture. 

WinField began offering a crop mod-

el in 2018 that uses remote sensing. 

The farmer simply plugs in informa-

tion such as the soil type, how much 

fertilizer was used, and what day it (right) Jim Beaty, superintendent of the Purdue Agronomy Center, doing 
a tour of his facility.
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Technology in place at the Agronomy Center for Research and Education at 
Purdue University.
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was planted. The software models the crop and 

gives the farmer information on when to expect 

the crop to be at a particular growth stage, and 

what the expected yield will be, Laney said.

This type of technology can reduce costs by 

$15 to $20 an acre, which is significant when a 

farmer, such as the Craftons, are working with 

thousands of acres. 

While it’s easy math, it’s still difficult to get 

some farmers to adopt new technology. “You 

have to take the technology out to them, and 

you show it to them and a lot of times you’ll get 

pushback because it’s different from the way 

they’ve always done it,” Laney said.

“One of the technologies that pretty much 

most farmers use now that was kind of foreign 

15-20 years ago was grid sampling. Soil sam-

pling on a grid instead of going out and tak-

ing one sample of a hundred acre field, and 

that representing what fertilizer you should put 

down. Now they’ll take a GPS and they’ll put a 

grid on the field and they’ll pull from individual 

points. So, you’ll have roughly 30 to 40 samples 

on a hundred acre field,” he explained.

Now farmers plug that info into software that 

gives them info on how much fertilizer is need-

ed for a particular field, he said. 

IoT sensors in the field
The IoT sensors at Purdue are used for collect-

ing the aforementioned big data to create better 

plants.

“We use a lot of sensors in the field. So we’ll 

record the typical things that a weather station 

at an airport might record, like air temperature, 

wind speed, rainfall, but we also record the 

amount of solar energy that we’re receiving 

from the sun because the sun is the engine of 

photosynthesis,” Jim Beaty, superintendent of 

the Purdue Agronomy Center, said. “We’ll come 
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The barn at the Agronomy Center for Research and Education at Purdue University.



out and record the photosynthetic 

activity of individual plants. We want 

to create plants that are very effi-

cient in capturing that solar energy 

and turning it into traits that we’re in-

terested in.”

Research on improving 
crop production and 
more at Purdue
At Purdue University, the Agronomy 

Center for Research and Education 

has a farm for testing that serves as an outdoor 

laboratory and research facility. The team of re-

searchers study genetics and genomics as well 

as crop production and environmental research. 

The addition of technology has accelerated 

production agriculture in the last few years, ac-

cording to Beaty. 

“We’re kind of entering a new phase where a 

lot of the technology is going into the genetics 

of the plants. What can we do to improve crops 

genetically? And in order to do that we’re also 

utilizing a lot of other technology like GPS to re-

cord yields in fields, or where we make treat-

ments [to improve a crop]. And then on the re-

search side of that, we’re using that technology 

to help us identify plants that have value to the 

plant breeders so that we can develop useful 

traits in plants more quickly,” Beaty explained.

Purdue’s test farm is a unique location be-

cause, Beaty said, “this particular farm was se-

lected because it’s situated right where the 

great hardwood forest that stretched from here 

to the Atlantic Ocean met the Grand Prairie. 

The Grand Prairie is a tall grassy ecology that 

stretched from here all the way through Nebras-

ka up to Saskatchewan, Canada, and around 

the Ozarks to Texas. So two completely differ-

ent ecologies came together at this location and 

because of that, our soils are very different on 

Testing high-tech farm equipment at the Agronomy Center for Research 
and Education at Purdue University.
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“You have to take the technology out to them, 
and you show it to them and a lot of times you’ll 
get pushback because it’s different from the way 
they’ve always done it.” 
Andrew Laney, senior technology manager lead for WinField and Land O’Lakes
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one side of the farm versus the other, whether 

they were developed under the leaf litter of a 

forest or developed under the sod of a prairie.”

Beaty said, “We’re using technology to im-

prove the efficiency of agriculture, the accura-

cy, the safety of the food supply that comes out. 

We now have recording instruments and assist-

ed steering planting. We can record where we 

plant items, where we put on pesticides. We 

can prove where we shouldn’t have put on pes-

ticides with our recording devices. We can use 

that technology to create a better record for our 

agriculture production, and we’re really hoping 

that for the consumers that want to know where 

their food is coming from, that we can create 

a better path on this is where your food came 

from all the way back to the field.”

How drones lead to smarter 
farming
“As an agronomist, I’m interested in the plants 

that may have the most value for me,” Beaty 

said. “If I have 10,000 plants in the field in my 

breeding program, I could have a lot of peo-

ple out there taking notes every day or once a 

week, but if I use instruments to help me identify 

how plants are growing and surviving and how 

healthy they are, I can use a recording device 

to do that.”

“I don’t care how that device goes through 

the field. In other words, a student might have a 

selfie stick with a recording device on the end of 

a selfie stick, walking over each individual plant, 

or we might have a device flying over the fields 

like a drone or an unmanned aerial vehicle. We 
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Technology in place at the Agronomy Center for Research and Education at Purdue University.



could have recording devices on a wheeled de-

vice that goes up and over the crops. We could 

have instruments on a Cessna or a satellite. We 

can collect the data in a lot of ways. We’re work-

ing with the engineers at Purdue to help us de-

termine the most efficient and the best way that 

we can collect our data,” he explained.

Increased crop yields and 
reducing costs are key for 
farmers to buy into tech
The way to get farmers to buy into this technolo-

gy is to make it worth their while, and increasing 

crop yields and reducing costs are key ways to 

get their attention.

Beaty said, “You always have to have yield, 

but a lot of the traits that we may be looking for 

may be value-added traits. We may be able to 

improve the vitamin level of a plant that a com-

pany’s interested in. We’ve worked on modify-

ing the starch in an individual corn plant so that 

maybe when there was processing it made a 

better product for the processor. We’re always 

trying to create value.”

Smoker concurred, and said, “We have to 

show value. Although any given farmer may be 

resistant to change because he’s got a known 

practice that produces a known result, the value 

proposition there is lowering their costs of in-

puts, increasing their outputs, decreasing labor, 

or increasing the value of their product.”

Beaty said, “The great thing about the uni-

versity system in America is we’re trying to use 

unbiased research, science to help advance 

that technology and prove that it’s more produc-

tive and safe. Society will always have to answer 

those questions: Is it safe? Is it moral? Does it 

have value?”

About Teena Maddox  
Teena Maddox is a Senior Writer at TechRepublic, covering hardware 

devices, IoT, smart cities, and wearables. She ties together the style and 

substance of tech. Teena has spent 20-plus years writing business and 

features for publications including People, W, and Women’s Wear Daily.
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Glossary: Smart farming
WRITTEN BY TEENA MADDOX

Aerial imagery: Photos taken from the air, often 
with UAVs in smart farming. Used to assist farm-
ers to determine the condition of a field.

Agriculture 4.0: An analogy to Industry 4.0. It is 
the integrated internal and external networking 
of farming operations as a result of the emer-
gence of smart technology in agriculture.

Agro-chemicals: Chemicals used in agriculture, 
which include fertilizers, herbicides, and pesti-
cides.

Agronomic data: Data derived from activities 
and conditions on farm fields. The data can in-
clude soil analysis, nutrient information, hybrid 
selection, plant populations, and yield data.

Agronomist: A person who specializes in the 
science of agronomy.

Agronomy: The science of field-crop produc-
tion and soil management.

Algorithm: A mathematical formula that may be 
used to control variable rate applications.

Artificial intelligence (AI): The computer sim-
ulation of intelligent behavior such as decision 
making. AI can refer to anything from a com-
puter program playing a game of chess, to a 
voice-recognition system like Amazon’s Alexa 
interpreting and responding to speech. 

Big data: Information collected in large and var-
ied data sets, typically from IoT sensors and de-
vices.

Big data analytics: Examining large and varied 
data sets, known as big data, to reveal hidden 
patterns, unknown correlations, market trends, 
and customer preferences that can be used in 
decision making

Center pivot irrigation systems: Typically apply 
a relatively uniform amount of water to a field.

Farming-as-a-service: Known as FaaS, this is 
when farmers use a subscription or pay-per-use 
basis to technology and data. It’s ideal for small- 
to medium-size farms to access data-driven de-
cisions to boost productivity and efficiency, in-
cluding farm management solutions, production 
assistance, and access to markets.

Geographic data: Information about the spatial 
location and the item being monitored, whether 
it’s yield, seed population, or something else.

Georeferencing: Adding geographic data to 
yield data or other field attributes either in re-
al-time or after data is gathered.

Global Positioning System (GPS): A system us-
ing satellite signals to locate and track the posi-
tion of a receiver/antenna on earth.

Grid mapping: Predetermined locations in a 
field where soil or plant samples may be ob-
tained for analysis. The test information can be 
used for assessing fertility needs and determin-
ing approximate locations for varying fertilizer 
and lime applications.

Grid sampling: The collection of samples from 
small, uniform-sized cells based on a systematic 
grid laid out across a field.

IoT: The Internet of Things (IoT) includes billions 
of devices connected to the internet through 
sensors or Wi-Fi. Each device collects data, and 
this data, known collectively as big data, is ex-
changed and analyzed.

LANDSAT (LAND SATellite): US satellites used 
to study the earth’s surface using remote sens-
ing techniques.
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Machine data: Information on how equipment is 
functioning. This can include fuel consumption, 
machine health indicators, diagnostic codes, 
and engine performance.

Machine learning: Machine learning is a sub-
field of AI. The core principle is that machines 
take data and learn for themselves.

Phenome: The set of physical and biochemical 
traits belonging to an organism.

Phenomics: The measurement of phenomes.

Precision agriculture: Also called smart farming 
or precision farming. It includes a range of tech-
nologies, including remote sensing, IoT devices, 
robotics, big data analytics, and artificial intelli-
gence, to form an integrated crop production 
management system on a site-specific basis to 
increase profits, reduce waste, and maintain en-
vironmental quality.

Production agriculture: A series of activities 
that result in a product that will ultimately be 
sold at retail.

Remote sensing: Scanning an object by satel-
lite or high-flying aircraft in order to obtain infor-
mation without direct contact between the sen-
sor and the object.

Row-crop tractor: A tractor with an adjustable 
tread width to allow the tractor to pass down 
rows of corn, tomatoes, or other crops without 
crushing the plants.

Self-driving tractor: This driverless tractor is 
an autonomous farm vehicle that delivers high 
torque at slow speeds.

Smart farming: The use of new technologies to 
change centuries-old methods of farming. 

Soil map: A map showing differences in soil 
properties such as texture, fertility, organic mat-
ter, and pH within a field.

Sustainable intensification: Farming with a 
goal to increase production from existing farm-
land while minimizing damage to the environ-
ment, preserving biodiversity, and protecting 
the land for future crops.

Telematics: The integrated use of communica-
tions and information technology to transmit, 
store and receive information from telecommu-
nications devices to remote objects over a net-
work.

Total Factor Productivity (TFP): A measure of 
agricultural productivity that takes into account 
all of the land, labor, capital, and material re-
sources utilized in farm production and com-
pares them with the total amount of crop and 
livestock output.

UAV: Stands for Unmanned Aerial Vehicle and 
is an aircraft piloted by remote control or on-
board computers. Commonly known as a drone. 

Variable rate irrigation: An emerging technolo-
gy that is being used in conjunction with center 
pivot irrigation systems.

Weather data: Information about precipitation, 
wind, temperature, and other climate conditions.

Yield map: A map that indicates differences in 
crop yield within a field.
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