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In about 1910, Native American Ute students from the 
Southern Ute Agency school in Ignacio, Colorado, sit on a 
tractor and disc plow while watching two men with a horse 
team crush dirt in preparation of planting. Courtesy of the 
Western History Collection of the Denver Public Library.

Technology on the farm is 
used to improve:
 » the quality and quantity of 

food; and
 » how crops are grown.
You need a nutritious diet so you 

can grow and be healthy. Your diet 
should include vegetables, fruits, 
grains and proteins. Proteins 
come from meat, eggs, beans and 
dairy foods. In a perfect world, 

everyone would have enough 
food to be healthy. As world 
population grows, farmers need to 
grow more food every year.

Using technology to grow 
food is not new. Tractors 
replaced horses for pulling farm 
equipment. Computers and 
satellites are now used to steer 
and control farm equipment.

Technology is also used to help 
protect plants and animals from 

diseases. Technology is used to 
reduce the amount of water, land 
and chemicals needed to grow 
food. Technology provides new 
ways to care for the land so people 
in the future will have places to 
grow food.

Merriam-Webster dictionary 
defines technology as: using 
science to solve problems, 
a technical method of doing 
something.
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How Corn Evolved
Corn is an important crop in the 
world. It is eaten by people. It is 
fed to animals. It is made into fuel. 
It is used in hundreds of products 
we use every day. In the United 
States 96 million acres of farm 
ground is used to grow corn. This 
is an area larger than the state of 
Montana.

Corn we see today would not 
exist if it were not for the action 
of humans. Today’s corn is the 
result of thousands of years of 
plant breeding. About 7,000 years 
ago in Mexico there was a grass-
like plant called teosinte. It didn’t 
look much like what we think of 
as corn. Early farmers decided 
which seeds to save and plant the 
next year. The plant evolved into 
modern corn over time because 
people chose to grow plants with 
desired traits.

Take Charge
Farmers have a long history of “crossing” 
plants to make a new plant. For example, 
a pluot is a cross between a plum and 
an apricot. What two plants would you 
combine and why? What would you call 
the new plant?
____________________________________
____________________________________
____________________________________

What is a GMO plant?
For thousands 
of years, farmers 
saved seeds from 
their best plants. 
They selected 
plants for "most 
productive", 
"strongest 
stalk," "best 
flavor" and other 
characteristics. 
In other words, 
plants with genes 
that resulted in the 
desired characteristics were chosen to be seed plants.

A “GMO” (genetically modified organism) results when scientists insert 
genes containing desirable characteristics into a new seed. The plant 
from the new seed will contain those characteristics. 

For example, a plant scientist decides to develop corn that needs less 
water to grow. Working with the plant’s DNA, she discovers which genes 
control this trait. She inserts the desirable genes into a new seed and 
grows a mature plant. She harvests the new seeds and does rigorous 
testing for food safety and to prove the new plants need less water. If the 
scientist is successful, corn farmers would be able to grow a crop with 
less water.

Modifying plant genes in a lab is a 
fast way to selectively breed plants. 
It also allows for choosing very 
specific traits.

There are currently nine crops that 
have GMO seeds in the U.S.: corn, 
soybeans, cotton, alfalfa, sugar 
beets, papaya, squash, apples and 
plants producing canola oil.

One major seed company 
has a goal to create 
seeds that will allow 
doubling the amount of 
food grown by 2030 while 
using 30 percent less 
water and fertilizer.

Credit: Nicolle Rager Fuller, National Science Foundation



Population—a growing challenge
The world population will grow by 
two billion people in the next 50 
years. The United Nations predicts 
we will need to grow more food in 
the next 50 years than was grown 
in the past 10,000 years. We also 
need to figure out how to grow this 
food without harming the planet.

Food Supply
Reducing food waste is part of 
the answer to the problem. It is a 
solution we can all participate in. 
Did you know that over 40 percent 
of the food grown in the United 
States goes uneaten?

At lunchtime, observe how much 
food ends up in the trash. What 
suggestions would you make to 
reduce food waste? _____________
_______________________________

Water
Less than three percent of all water 
on the planet is freshwater. Only 
one percent of water is available for 
drinking, bathing, growing food and 
making things. Farming requires 
about 70% of the world’s freshwater. 
It takes about 530 gallons a day to 
grow food for one person. Land

In 1950, one acre of farm ground 
fed two people. In 2030, that same 
acre will need to feed five people.
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Why Food Technology Matters

The man who saved a billion lives
Norman Borlaug was a plant 
scientist. He wanted to end 
world hunger. He developed new 
wheat varieties. His wheat was 
more resistant to disease. It also 
produced more grain than earlier 
types of wheat. By improving 
wheat, he saved a billion people 
from starvation. He believed using 
advanced scientific tools would 
increase world food security.

Borlaug was awarded the Nobel 
Peace Prize, the Presidential 
Medal of Freedom, the 
Congressional Gold Medal and 
the Padma Vibhushan, India’s 

second highest civilian honor. 
In the United States Capitol, 

there are 100 statues of famous 
Americans. There are two 
statues from each state. Norman 
Borlaug represents Iowa. Which 
two Coloradans are honored with 
a statue in the capitol?

__________________________
__________________________

Hint: This is a hard question, but 
you can find the answer. Search for 
National Statuary Hall. One statue 
honors an astronaut and one a 
pioneering female scientist.



Since the beginning of farming, 
people have been working to 
grow better plants. When Norman 
Borlaug developed new wheat 
varieties, he cross bred different 
wheat plants. He made new plants 
with the traits he wanted. Using 
this system, it takes 10 to 12 years 
to develop a new variety of a plant. 

Cross breeding plants is being 
done today. All the genetic material 
in plants is crossed in cross-bred 
plants. For example, corn has 
32,000 genes. When cross breeding 
corn plants all 32,000 genes are 
crossed. Scientists have 32,000 

chances to get the right trait. They 
also have 32,000 chances to get 
undesirable traits. They have to 
test the plants to make sure no 
undesirable traits are passed along 
with the beneficial trait.

Modern genetic engineering tools 
allow plant breeders to change 
only a select few genes in a plant. 
There is less chance of unwanted 
traits being passed on to the new 
plant. It also means they can 
develop new plant varieties more 
quickly. For example, if there are 
five genes that control how tall a 
corn plant grows then only those 
five genes are changed to get a 
taller plant.

The goals of genetic engineering 
are the same as other plant breeding 
technologies—improve seeds and 
plants for farmers and consumers.

Improve Nutrition and Yield
Yield is the measure of how much 
food is grown in a farm field. A 
scientist might develop a plant 
that is resistant to a disease or 
pest to increase yield. If a plant 
can stay healthy, it grows better. 
The scientist might also want to 
make a plant that contains more 
vitamins, minerals or protein.

Reduce Farm Inputs
Inputs are things like seed, water, 
land and chemicals that a farmer 

uses to grow a crop. An improved 
seed might require fewer inputs to 
grow the same amount of food.

Fertilizer is a chemical that 
farmers use to provide more 
nutrients to their crops. Excess 
fertilizer can be bad for nearby 
waterways. An improved plant 
might require less fertilizer, which 
could help the environment.

Reduced Food Waste
Once a crop is grown, it needs to 
be harvested and make its way to 
your plate. Some food is damaged 
or spoiled during this journey.

When we buy a tomato in the 
store, we want it to be ripe and 
fresh looking. We don’t want it to 
be bruised or rotten.

A tomato farmer might want to 
grow tomatoes that last longer on 
the grocery shelf or don’t bruise as 
easily during transportation.
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Genetic Engineering

GMO alfalfa has been genetically modified 
so the field can be sprayed with a chemical 
to kill weeds. The same chemical spray 
would kill non GMO alfalfa.

Go Figure
Wheat and corn are examples 
of crops whose yield is 
measured in bushels per acre. A 
bushel is a measure of volume 
equal to 8 gallons. A football 
field from goal line to goal line is 
about one acre in size.

If our farm field is 80 acres in 
total size and can produce 30 
bushels of wheat per acre, how 
many bushels will we harvest?
__________
If we have better seed and 
can double our yield, how 
many bushels of wheat will we 
harvest?
__________
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In some parts of the world there is 
a lack of vitamin A in human diets. 
This vitamin shortage affects as 
many as 190 million children and 
19 million pregnant women in 122 
countries. Vitamin A deficiency 
results in 1-2 million deaths and 
500,000 cases of blindness every 
year. In these same regions, rice is 
one of the main foods.

Recognizing this problem, a 
group of plant scientists set out to 
genetically modify rice to be a vitamin 
A supplement. Building on existing 
GMO research, they were able to 
combine rice with genes from the 
daffodil plant and a soil bacteria. The 
resulting plant was called Golden 
Rice for its distinct color. Multiple 

studies have shown the resulting 
food is safe and there is no adverse 
effect in growing the crop.

Some critics and researchers felt 
the early Golden Rice didn’t have 
enough vitamin A to solve the health 
problem. Researchers then created 
Golden Rice 2, which greatly 
increased the amount of Vitamin A. 

Some groups oppose the use of 
GMO crops altogether for a variety 
of reasons.

Some people are concerned that 
Golden Rice is not the right strategy 
to address the larger problems of 
poverty and poor diets.
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Case Study: Golden Rice

Vitamin A Deficiency World Map
Red is most severe (clinical), green least severe.

Golden rice (above) is a GMO rice created 
as a humanitarian effort to help fight vitamin 
A deficiencies around the world.

Daffodil

You be the judge
Do some Internet research and 
talk about Golden Rice. If you 
were the president of one of the 
countries marked in red on the 
map above, would you allow 
farmers to grow Golden Rice?
On a sheet of paper, write a 
paragraph that explains your 
position.  



Research and technology allow 
ranchers to raise more beef while 
reducing their environmental 
impact. The Journal of Animal 
Science compared inputs it took 
to raise a pound of beef in 1977 
and 2007. In 2007 it took:

 » 19 percent less feed
 » 33 percent less land
 » 12 percent less water
 » 9 percent less fossil fuels to 

raise a pound of beef.

In 30 years, the U.S. beef 
industry produced more beef while 
raising fewer cattle. More beef 
from fewer cattle makes better use 
of resources like land and water 
while providing essential nutrients 

for the human diet.
The U.S. leads the world in 

beef production. It provides 20 
percent of the world supply of 
beef. This is done with only seven 
percent of the world’s cattle. 
These improvements have come 

from changes in cattle types and 
better feeding practices.

Beef is nutritionally important. 
Each serving today requires less 
land, water and energy than 
in the past while providing 10 
essential nutrients to your diet.

Did you know?
The size of a farm field is 
measured in acres. Originally, 
one acre was the amount of 
ground a farmer could plow in 
one day using oxen (cattle pulling 
the plow instead of a tractor). 
Unlike a tractor, oxen have to stop to take a break. In early times the 
distance between rest breaks was considered the length of an acre 
and became known as a furlong (220 yards). In modern times, an acre 
is measured in square feet or square yards. One acre equals 43,560 
square feet.
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Beef’s Shrinking 
Environmental Footprint 



Unmanned aerial vehicles 
(UAV) are often called “drones.” 
They are one of the newest 
technologies to be used on farms. 
The Association for Unmanned 
Vehicle Systems International 
predicts that 80 percent of the 
future sales of drones will be for 
use by farmers and ranchers.

Today, farmers monitor their fields 
with satellites, manned planes 
and by walking the field. In the 
future, they will use UAVs with  
sensors to monitor and map plant 
health. UAVs will be used to detect 
soil variations, insect problems, 
watering problems and crop yields.

The goal with UAVs is to increase 
yield and reduce waste. Farmers 
can program a flight pattern before 
take off or guide the UAV while in 

flight. If problems in a field are 
identified early, the farmer will 
be able to take action to protect 
the crop. In other cases, data 
from UAVs will be used to adjust 
watering or chemical use to 
reduce waste. Larger drones will 
be used to spray chemicals in 
very specific places in a field or 

across all of the acres.
The government rules for the 

use of UAVs on farms and other 
businesses are still being written.  
Farmers are now taking classes 
on how to safely use UAVs on 
their farms. UAVs are about to be 
a common site on farms.
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Eyes in the Sky

This aerial image (above) was made 
using sensors that help identify plant 
health in a farm field. Dark green areas 
indicate better plant health. The image 
below shows a farm as seen from a UAV.
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GPS satellites broadcast radio signals providing 
their locations, status, and precise time {t

1
}  

from on-board atomic clocks.

The signal’s travel time is the difference  

between the time broadcast by the satellite {t
1
}

and the time the signal is received {t
2
} .

Once a GPS device knows its distance from at least  
four satellites, it can use geometry to determine  
its location on Earth in three dimensions.

To calculate its distance from a satellite, a GPS  

device applies this formula to the satellite’s signal:

distance = rate x time

where rate is {c }  and time is how long the signal  

traveled through space. 

{t
1
} GPS  

IS A CONSTELLATION  

OF 24 OR MORE  

SATELLITES FLYING  

20,350 KM ABOVE THE  

SURFACE OF THE EARTH. 

EACH ONE CIRCLES THE 

PLANET TWICE A DAY IN 

ONE OF SIX ORBITS TO 

PROVIDE CONTINUOUS, 

WORLDWIDE  

COVERAGE. 

This poster is a product of the National Coordination Office for Space-Based Positioning, Navigation, and Timing, an official body of the United States Government. Rocket image courtesy of ULA.

HOW GPS WORKS

GPS

GPS WORKS

1

The GPS radio signals travel through space at the 
speed of light {c} , more than 299,792 km/second.

2

A GPS device receives the radio signals, 
noting their exact time of arrival {t

2
} , and 

uses these to calculate its distance from  
each satellite in view. 

3

4

{c }

{t
2
}

The GPS Master Control Station tracks the  

satellites via a global monitoring network 

and manages their health on a daily basis.

Ground antennas around the world  

send data updates and operational  

commands to the satellites. 

Ground antennas around the world 

send data updates and operational 

commands to the satellites. 

Ground antennas around the world  

send data updates and operational  

commands to the satellites. 

The Air Force launches new satellites to replace  

aging ones when needed. The new satellites offer  

upgraded accuracy and reliability.

The Air Force launches new satellites to replace 
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upgraded accuracy and reliability.

The Air Force launches new satellites to replace  

aging ones when needed. The new satellites offer  

upgraded accuracy and reliability.

This poster is a product of the National Coordination Office for Space-Based Positioning, Navigation, and Timing, an official body of the United States Government. Rocket image courtesy of ULA.This poster is a product of the National Coordination Office for Space-Based Positioning, Navigation, and Timing, an official body of the United States Government. Rocket image courtesy of ULA.
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How does GPS help farmers? Learn more about the 

Global Positioning System and its many applications at
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What does the word precision 
mean? It means to be precise, 
exact or accurate. Precision 
agriculture uses mapping and 
global positioning systems (GPS). 
It combines these tools with 
automated farm equipment. This 
technology allows farmers to 
precisely manage every acre of a 
farm field. 

For example, fertilizer is a 
chemical that is added to fields to 
help plants grow. The amount of 

fertilizer used is determined by the 
type of plant grown and type of 
soils it grows in. Some areas of a 
field may need more fertilizer. Other 
areas may need less fertilizer. The 
farmer wants to use only the exact 
amount of fertilizer that the plants 
need and nothing more.

Farmers use data from soil 
testing and other sources such 
as satellites, aircraft and UAVs to 
develop a map that shows how 
much fertilizer areas of the field 

need. Computers on the tractor 
combine the information from the 
map and a GPS system to change 
how much fertilizer is applied. This 
helps the plants grow properly and 
reduces the amount of fertilizer 
used. This saves the farmer money 
and protects the environment.

When the crop is harvested, 
equipment maps crop yields in 
the field. This information is used 
to build even better maps for 
fertilizing future crops.


