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Nitrate: Good for plants, bad for drinking water
Featured scientist: Evelyn Reilly (she/her) from University of Minnesota

Research Background:

Nitrogen is the most abundant element
in our atmosphere. All living things need
nitrogen to live and grow, but plants
and animals can’t use the atmospheric
form. Instead, many plants extract
nitrogen from the soil and in the case of
crops, we supply nitrogen through
fertilizer, in a form called nitrate.

Nitrate dissolves well in water. This
helps make it easy for plants to use, but
it can also end up in rivers and

groundwater. Groundwater with just 10 Evelyn is a scientist at th; University ofMl.nneso a
She studies nitrate pollution and how growing

mi"igrams of nitra.te per liter is nOtlsafe perennial crops may prevent it from entering our
to drink because it can lead to a higher drinking water.

risk of cancer and birth defects. It is

really expensive to remove nitrate from drinking water. Towns whose groundwater is
contaminated must either pay to remove it or find a new drinking water source. Virtually
all nitrate pollution comes from fertilizers used on crops, so one way to address this
problem is to change the way we farm.

Annual plants live for just one season and typically have smaller shallower root
systems than perennial plants, which live for multiple seasons. Most farmland grows
annuals like corn and soybeans, but we get some of our food from perennials like
apples, hazelnuts, and raspberries. Perennials stay in the ground all year and start
growing right away in the spring before annual crops are even planted. Perennial
grasses are particularly good at growing deep roots and taking up lots of nitrate from
the soil. If we could produce more food from perennial plants instead of annual plants,
crops may absorb enough nitrate to prevent it from getting into our drinking water.

For twenty years, researchers at The Land Institute in Kansas and at the University of
Minnesota have been working on a new perennial grain crop called Kernza®, the seeds
from a plant called intermediate wheatgrass. Kernza® can be used like wheat or rye,
but it has a larger, deeper root system than regular annual wheat. Perennial plants’
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deep roots are really good at absorbing dissolved nitrate in soil, so scientists wanted to
study Kernza® in the field to see if it would prevent nitrate getting into groundwater.

Evelyn is one of these researchers. She grew up in Minneapolis, Minnesota and as a
high school student, she was surprised to learn that agriculture has a huge impact on
soil and water quality, wildlife habitat, and biodiversity. She wanted to help protect the
environment, so she studied Food Systems at the University of Minnesota. A few years
later, she joined a project that involved planting Kernza® in rural areas to prevent and
reduce nitrate contamination of drinking water. Farmers, city officials, water managers,
and scientists worked together to find solutions. This project inspired Evelyn to study
Kernza® and nitrate for her master’s degree.

To see if Kernza® helped absorb more nitrate from soil than annual crops, Evelyn and
her colleagues ran an experiment. They planted plots of Kernza® and other plots that
rotated between corn and soybean every year. Plots with Kernza® and corn were
fertilized with nitrogen. Soybean plots were not fertilized.

In the plots, they installed lysimeters: long tubes that go down several feet to collect
soil water from below where most plant roots can reach it. Soil water is the water that
sits between soil particles. It can be taken up by plant roots or trickle down into the
groundwater that is used for drinking wells. Once it moves deeper than a plant’s roots,
it can’t be taken up and is very likely to reach the groundwater. Evelyn took water
samples from the lysimeters every ten days and analyzed them for nitrate
concentration. If more nitrate is found in soil water under corn and soybean plots than
Kernza®, this would be good evidence that Kernza® takes up more nitrate and helps
protect groundwater.

In her experiment, Evelyn planted plots of Kernza®™ (foreground) and plots with a corn-soybean
rotation (background). This photo was taken in a corn year. Lysimeters are used to collect
groundwater samples. The white posts are holding up the lysimeter sampling tubes.
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Scientific Questions: How effective is Kernza® at reducing the amount of nitrate in the
soil water? Is it equally effective over the growing season?

Scientific Data:

Use the data below to answer the scientific questions:

Average Soil Water Nitrate
Concentration (mg/L)

Date Kernza Corn
5/10/21 04 9.6
5/121/21 0.3 94

6/1/21 0.8 9.5
6/11/21 1.2 10.0
6/22/21 2.3 12.2

7/2/21 24 13.7
7/13/21 19.0
7/23/21 55 15.6

8/3/21 2.7 19.4
8/11/21 0.3 18.5
8/25/21 12.0 7.7

9/3/21 04 6.7
9/17/21 0.2 20.0
10/5/21 0.3 20.8

10/26/21 0.2 11.4

What data will you graph to answer the questions?

Independent variable(s):

Dependent variable(s):
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Below is a graph of the data: |dentify any changes, trends, or differences you see in
your graph. Draw arrows pointing out what you see, and write one sentence describing
what you see next to each arrow.
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Interpret the data:

Make a claim that answers the scientific questions, How effective is Kernza® at
reducing the amount of nitrate in the soil water? And, is it equally effective over time?

What evidence was used to write your claim? Reference specific parts of the table or
graph.
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Explain your reasoning and why the evidence supports your claim. Connect the data
back to what you learned about nitrate concentrations in soil water under different types
of crops.

Did the data support Evelyn’s hypothesis? Use evidence to explain why or why not. If
you feel the data are inconclusive, explain why.

Your next steps as a scientist: Science is an ongoing process. What new question(s)
should be investigated to build on Evelyn’s research? How do your questions build on
the research that has already been done?
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