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Is Your Soil Sick?
Students explore a new kind of testing—of soil— 

and learn about plant needs and how to analyze results.
By Donna R. Sterling and Dori L. Hargrove
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School’s out! It’s summertime! For many children, 
this is free time. For parents, summer often means 
searching for structured learning opportunities 
for their children. For teachers, summer can mean 

heading back to school for professional development. The 
elementary science institute for teachers that we conduct 
includes a summer science camp for children. Last sum-
mer, while investigating human impact on the environ-
ment, students investigated the health of soil by exploring 
the problem “Is your soil sick?” The students had a great 
time and learned about ecosystems, soil, and plants, but the 
purpose was twofold; this elementary science institute was 
an opportunity for teachers to learn about problem-based 

ing about a theme for the camp and different scenarios and 
roles the students could play. The teachers decided that the 
theme and role for the students would be that the students 
were “science agents” who worked for the Sustainability 
Tracking Assessment & Rating System (STARS). STARS 
is an assessment system that colleges and universities use to 
measure their sustainability among environmental, social, and 
economic forces. As agents, the students would run tests to 
determine the human and ecological health of the university 
campus where the camp was held.

The teachers initially brainstormed what they and students 
could investigate about the campus environment. They then 
repeated this activity with students the first day of camp.  Soil, 
plants, and water were on both lists.  

Soil Science
Summer is a great time for growing plants and learning 
about the environment, including the soil. Part of grow-
ing plants is preparing the soil. Testing for nutrients in 
the soil is fun for children and teaches them process skills 
as they learn content. Through this activity, children can 
learn about what nutrients are important for plant growth. 
They can also learn about why the soil might have an un-
der abundance or overabundance of certain key nutrients. 
This can lead into discussions about how lawn fertilizers 
and runoff affect the soil.

Soil testing kits can be purchased for about $15 from your 
local hardware store or garden center and come with direc-
tions and all the materials you will need (see Internet Re-
sources). Testing vials and color charts for all four main types 
of soil tests (pH, nitrogen, phosphorous, and potassium) are 
included with each kit as well as the chemicals for 10 trials for 
each of the four tests. Though technically you could use one 
kit for a class of 40 students, we suggest you obtain at least 
two kits if the class is larger than 16 to reduce wait times for 
materials. Since testing vials and color charts can be reused 
each year, only one kit per class would need to be purchased 
for chemicals in successive years. Most soil testing kits come 
with directions written in English and Spanish.

Getting Started
We began by engaging the children in a conversation 
about growing something outdoors, asking them if they 
had ever grown flowers, vegetables, or other plants. An-
swers included “I grew a plant in third grade” to “my 
grandmother grows vegetables.” Then we asked, “What 
questions do you need to ask about how to grow a gar-
den?” See Figure 1, page 53, for a list of questions stu-
dents generated. After this initial brainstorming discus-
sion, students searched the internet for about 10 minutes 
to find out what they need to think about when starting a 
garden outdoors (see Internet Resources). 

Ph
o

to
G

ra
Ph

 c
o

u
rt

eS
y 

o
f 

th
e 

au
th

o
rS

learning and try out a new pedagogy with children in a risk-
free environment. The teachers learned the value of situat-
ing a learning experience for children around a real science 
problem as they observed the excitement it generated in 
students. After the institute ended, the teachers had the 
skills to go back to their classrooms and implement this type 
of experience. This article describes the soil testing activity 
and how teachers used the knowledge they acquired teach-
ing during this summer institute to enrich their classrooms. 
The investigations could be done as part of a summer camp, 
as a home project, or during the school year. 

Problem-Based Learning
Teachers arrived at the elementary science institute eager to 
learn about problem-based learning (PBL). During the first 
week, the teachers learned what PBL is and how to plan les-
sons and investigations using this pedagogy. They spent a 
great deal of time learning about implementing hands-on 
science, inquiry-based learning, and the nature of science.  

For our PBL lesson, the overarching question for the 
camp was “What is the human impact on the environ-
ment?” From this general topic, the teachers started think-

Students dig soil samples for testing.
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Student-generated questions for internet search. 

Topic Questions

Starting a Garden Where is the best place to grow a garden?
What do plants need to be healthy?
What do we want to grow?

Health of the Soil What tests can be run on the soil to determine if it is healthy?
How do we test the soil?
What are the appropriate chemicals for the plants? 
Why are these chemicals important?
What if there is too much or too little of a chemical in the soil?
Where can we get a soil testing kit?

Figure 1.

Next, groups of four discussed what they found and 
then shared their findings with the whole group. We asked 
students what characteristics are needed in a location to start 
a garden. Students had learned from their research that they 
would need a sunny area with access to water and good soil. 

Then we posed the question, “How can we measure the 
health of the soil?” To help guide the search, share with them 
that there are typically four tests that are conducted. The 
point is not to tell the children which soil tests to run, but to 
have them find out which soil tests are typically conducted. 
As they begin searching for information, some discover 
that the pH of soil helps determine if the soil is capable of 
releasing important nutrients to the plants. Others might 
find that nitrate levels, a form of nitrogen used by plants, 

can indicate the health of the soil. Students should discover 
the four main types of soil tests: pH, nitrogen, phosphorous, 
and potassium (see Internet Resources). 

Guide the children to understand that not all plants re-
quire the same amounts of nutrients and pH level. Each has 
its own preferred range. Since the soil testing kits had charts 
with hundreds of plants, we focused the children by having 
them each select one plant, and then let them research what 
amount of nutrients is suitable for that particular plant as well 
as the appropriate pH level. Students worked independently 
and discussed with their small groups, and then shared what 
they found with the whole group. 

testing the Soil 
A student asked if they were going to actually test the 
soil. A teacher replied, “If we were, what do you think 
we would need?” Another student answered, “First, we 
need dirt.” Someone else suggested a shovel and a wheel-
barrow. A teacher talked to the students about safety and 
the students decided they also needed gloves and 
goggles. With the guidance of the teachers, the 
students made a list of the items they needed in 
order to collect a soil sample.

We had students read and discuss the soil testing in-
structions before going into the field to collect soil. Test 
the soil yourself prior to having students test the soil. That 
way, you will know about how long it takes the sediment 
to settle and can plan accordingly. 

At our testing site on the university grounds, the stu-
dents, working in groups of four, collected at least 250 ml 
of soil from 5–8 cm below the surface and placed it in a 
clean plastic bag or take-out container with a secure lid. 
They took the soil back to the classroom to conduct the 
tests. The students measured 250 ml of soil and 1250 ml of 
water (bottled or distilled) into a 2 L sized container. The 

We examined the area to see what plants were growing near our 
sampling area.
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Figure 2.

Student test results and analysis.

children thoroughly stirred their soil-and-water sample for 
about one minute and then allowed the mixture to stand 
undisturbed until the sediment settled in the bottom. (This 
usually takes 30 minutes, but in clay soil it could take up 
to 24 hours.)

Students wore chemical-splash goggles and 
garden or laboratory gloves, and they washed their 
hands afterward with soap and water.

Once the sample settled, students followed the direc-
tions in the kit, which entailed using a dropper to transfer 
the water to the test chambers of the vials that come with 
the kit and then adding the contents of a capsule to the test 
chamber that causes the water to turn a color. To interpret 
the results, students reference a color chart in the soil test kit. 

Students then recorded and analyzed the results (Figure 
2). We found it took about two hours to collect, test, and 
analyze the soil samples.

results
After the test results were completed, the students talked in 
their small groups, referring back to their prior research to 

help synthesize the information and prepare a presentation 
for the class. The students decided what recommendations 
to make and what impact the results and recommendations 
would have on the environment. Their recommendations 
included things like watching the amount of fertilizer that 
is put on the ground and cleaning up the litter around the 
area. Overall, the test results showed that the soil was within 
a healthy range. Students concluded that they could plant 
many different plants in that area. 

assessment
We formatively assessed students throughout the project 
as they conducted their research and soil tests, primarily 
emphasizing that analysis and recommendations should be 
based on evidence. Our rubric is available online (see NSTA 
Connection). 

The summative assessment was the presentation in 
which students shared their test results, observations, and 
interpretations. Consider inviting a guest gardener or soil 
scientist to provide feedback to the children. (Master garden-
ers often have volunteer hours to complete; contact your local 

What is it? Why is it important? What happens if there is  
too much?

What happens if there is  
too little?

Nitrogen Makes stem and leaves grow. Gets disease. Pests hurt it. Doesn’t grow right. Won’t get 
well, yellow leaves dries up.

Phosphorous Makes roots healthy and strong. 
Young plants need this.

Water is not healthy,  
kills animals in pond.

Leaves are blue-gray.

Potassium  
or Potash

Makes plants grow. 
Makes roots big.

Will make the plant use 
too much water.

Leaves become yellow.

What is it? Test 
result

What does the 
test result mean?

Is your soil heal-
hty? Explain.

What are your  
recommendations?

Why did you make these 
redommendations?

pH 8 Not the best. 7 is 
the best.

Really good be-
cause it’s an 8.

Keep testing so 
don’t go higher.

The soil won’t be healthy 
for plants or animals.

Nitrogen 3 There is enough. We have  
sufficient nitrates 
in soil.

Watch fertilizer on 
ground.

Because if it washes into 
the pond, the fish swim 
there and they die.

Phosphorous 3 Sufficient. There 
is enough.

Yes,  there are 
strong roots.

Keep testing. It 
could change.

Too much can cause fish 
to die.

Potassium  
(Potash)

3 Sufficient. There 
is enough.

Yes there is 
enough.

Keep testing. It 
could change.

Too much hurts the 
water.
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NSta connection
Download the rubric and blank charts for plant nutrient 
information and results at www.nsta.org/SC1204.

Connecting to the Standards
This article relates to the following National Science 
Education Standards (NRC 1996):

Content Standards
Grades 5–8
Standard A: Science as Inquiry
• Abilities necessary to do scientific inquiry

Standard C: Life Science
• Populations and ecosystems

Standard D: Earth and space Science
• Structure of the Earth system

National Research Council (NRC). 1996. National 
science education standards. Washington, DC: 
National Academies Press.

cooperative extension service for more information.) For the 
presentation, students determined the best ways to justify 
their answer to the question “Is your soil sick?” or “How 
healthy is the soil?” They reported how they thought about 
the question, found various ways to answer the question, 
investigated appropriate soil tests to run and what levels of 
nutrients are appropriate for specific plants, and how they 
analyzed and drew conclusions from the data. 

The students shared what they discovered about the 
different nutrients and that different plants have different 
requirements for nutrients. They remarked on how they 
thought that starting a garden was just about planting 
“things” (seeds) and making sure the garden had sunlight 
and water. They talked about how there is a lot more to plant-
ing a garden than they previously thought. Because of this 
experience, the students realized that growing healthy plants 
requires testing, research, and understanding of science. 

Finally, we discussed how too much or too little nutri-
ents impacts the surrounding environment, not just the 
soil. Students brought in their background knowledge of 
food chains into the discussion, mentioning how runoff 
into bodies of water can affect fish and other aqauatic 
organisms. 

If you are conducting this activity in your school garden, 
the final assessment would be the health and productivity 
of your garden or a specific plant. If parents conduct this 
activity with their children at home over the summer, rec-
ommend that they visit a local garden center with knowl-
edgeable staff. There, they can share their test results and 
ask for recommendations of what nutrients should be added 
to the soil they tested and in what amounts. Remind parents 
to read all labels, use fertilizers with caution, and al-
ways wash your hands when experiments are over. 

camp reflections
When the camp was over and after the teachers and stu-
dents said goodbye, the teachers sat down and reflected 
on their experience. Some teachers remarked that they 
were amazed at how much the students learned in the 
short time. They discussed how, because of the camp 
experience, they felt more comfortable in letting go of 
control and allowing the students to answer their own 
questions. They talked about how they learned the bal-
ance of when to be involved and when to let go; essen-
tially they learned what it means to be a facilitator of their 
students’ knowledge. Everyone remarked on how the 
students were excited and engaged throughout the entire 
process and how they do not see that in their classrooms. 
In the end, the teachers felt more comfortable with PBL 
and were excited to begin implementing it in their class-
rooms. Before they left the summer institute, they spent 
about four days converting a unit to PBL while they still 
had the support of the institute’s experts. 

conclusion
Whether you are using this problem-based learning activi-
ty at home, in school, or at a camp, this is an easy and fun ac-
tivity for children. Having them work together to ask ques-
tions and seek answers on their own increases the ownership 
of their new knowledge and gives them an appreciation of 
helping the soil, plants, and the environment. n
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Internet Resources
Be Smart! Be Thrifty! Be Really Cool! Get Your Soil Tested!
 www.whyy.org/91FM/ybyg/soiltests2.html
Four Easy Do-It-Yourself Soil Tests
 http://organicgardening.about.com/od/soil/a/easy  

soiltests.htm
Soil Testing
 www.ncagr.gov/cyber/kidswrld/plant/soiltest.htm
Starting Your First Vegetable Garden
 www.gardenguides.com/599-starting-first-vegetable-garden.


