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Soil Solutions
Introduction

Soil Solutions brims with hands-on science lessons that utilize the local 

school landscape to connect students to the world of soils and plants in 

an inviting and relevant way. Students will discover the soil beneath their 

feet, watch as a basil seed germinates before their eyes and nibble on 

nutritious and delicious salad greens they have grown themselves. Activities 

are structured to foster wonder and curiosity and encourage ways to turn 

student questions into investigations. The teacher’s role becomes one of a 

collaborator and a partner in inquiry with their students. Aligned to meet 

the North Carolina’s third grade science standard course of study in plant 

and soils, the curriculum draws from current research and knowledge in 

crops, horticulture and soil sciences. 

Each lesson includes background information for teachers, questions to 

focus student thinking and activities that emphasize observation and 

problem solving. Using the 4-H Experiential Learning Model as a framework, 

the curriculum seeks to further life skills like communication, teamwork, 

critical thinking, and more, by engaging students to learn by doing, sharing 

their experience with each other, reflecting on their results and generalizing 

and applying what they know to new situations.

Within each community across the state of North Carolina, there exists 

a local Cooperative Extension office that can provide content, youth 

development support and resources to educators.

The goal of Soil Solutions is offer a contextual framework that enables 

students and teachers to dig deep and uncover the stories of soils and 

plants. Students will begin to hold a greater appreciation and respect for 

the natural world, gain confidence in their abilities to solve problems and 

above all have a lifelong interest and enthusiasm for exploring and learning.
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Learning to Learn: Is curious, asks questions, 

learns how to do the process, how to observe, 

learns by doing.

Problem Solving: Seeks solutions to simple 

problems and is able to consider a few selected 

alternatives.

Critical Thinking: Ask questions before, 

during, and after acquiring information.

Communication: Engages in group discussion.

Cooperation: Has cooperative group 

experiences.

Life Skills:

Lesson

1

2Soil and Water 
Relationships
Duration:  45 minutes. Two-week  
 preparation time.

Purpose:
Students will see how a soil’s properties affect  
its capacity to hold water.

North Carolina Science Competencies:
2.02 Investigate and observe that  
  different soils absorb water at  
  different rates.

30 empty, rinsed 20 oz. • 
clear soda bottles* 
(top cut off and holes  
 drilled in the bottom)

30 cups marked with ¼, ½, • 
¾, and 1-cup measurements

Different soils, enough to partly  • 
fill each soda bottle container

30 plastic cups marked with a 1-cup line• 

1 clock or stopwatch• 

1 sponge• 

Clear bowl filled with water• 

Background Information:
Soils have different porosity levels, which depend on soil 
structure (aggregation) and texture (particle size). Typically,  
the larger the particle, like sand, the larger the pore space 
and the easier it is for water to drain through. The smaller the 
particle, like clay, the longer it takes for water to drain through. 
Plants depend on water in order to grow.  

The soil that a plant is growing in will control the amount of 
water that is available to plants. Soils that have been disturbed 
or compacted will tend to have smaller pore spaces. Humus 
(decomposed organic material) is important in soils because 
it helps soil aggregate or clump, which allows air and water 
to pass through. Certain plants have adapted to grow well in 
particular soils. For example, native plants growing on the coast 
can tolerate the dry sandy soils found there.

Materials (For 30 Students): 

Let’s Explore the Soil!

*Soil Drainage Container:  Take your empty 20-ounce soda bottle, and  
cut off the top just above the shoulder of the bottle. Drill about five holes 
of the same size in the bottom. For fine soils like dry sand, you may need 
to nestle cheesecloth or a fine mesh fabric in the bottom of the bottle. 
Alternatively, you may use empty tennis ball containers and drill holes in 
the bottom.
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Lesson 2: Soil and Water Relationships

How well do different soils hold water?How does water in the soil impact plant growth?Why are some soils more likely to flood?

2

 Focus Questions:

Ask the students to recall the soil particle 
play. Remind them that the spaces 
between the soil particles are 
filled with a mixture of water 
and air depending on the 
environmental conditions. 
Use a sponge as an 
example. Hold up a large 
dry sponge and ask the 
students what is in all 
the holes? They should 
answer air. Dunk the 
sponge into the water 
and squeeze; the student 
should see air bubbles 
come to the surface. 

Lift the sponge out of the water and 
tell the students the sponge represents soil 
saturated with water, like right after a rain.

Ask students 
why there is 
standing water 
in some yards 
after it rains? 
Some soils have 
slow infiltration 
rates of water.

Lift the sponge out of the water and let it  
drain on its own. The water that drains out is 
in the macropores and represents the water 
available to plants. Gently squeeze out most  
of this water. This is the water that fills the 
medium-sized pore spaces. 

Pass the sponge around 
and ask if it is still wet. The 
water still present in the 
sponge represents 
the soil micropores, 
smaller spaces 
between the soil 
particles. This 
water drains out 
more slowly and is 
somewhat available 
to plants. As the soil 
dries out, however, 
it becomes harder 
for the roots to take  
up water.

Digging in:
To test the differences in water infiltration and 
permeability by the soil, begin with clear 
soda bottles (or similar plastic containers) with 
holes drilled into the bottoms. Divide the class 
into teams of three, and give each student 
a cup of different soil. Use soils collected 
from the schoolyard, or work with your local 
county Extension agent to obtain different 
soil samples. Soil samples should be dry. To 
dry soil, lay them out on a tray on a sunny 
windowsill for a week or two. Each student 
sample should be different.

Scratching the Surface:

continued on next page
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Lesson 2: Soil and Water Relationships
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Digging in: (continued)

For example, in a group of three, one 
member may have a clayey soil, another 
the sandy soil, and the third a loamy or silty 
soil. Have the students put the same amount 
of soil (about 2 cups or more) into a bottle 
and then fill their glass with a cup of water to 
the one-cup mark. Using the soil and water 
drainage sheet, ask the guiding question, 
“how does water drain through different 
soils?” Have the students write down a 
hypothesis about what they think will happen. 
Next have students make a hypothesis about 
which soil water will travel through the fastest.

Using a classroom clock or stopwatch, 
start at the same time and have students 
simultaneously pour their water into the three 
soils and observe how fast the water drains. 
After 30 seconds, observe how much water 
drained into the cup. Have students record 
their measurement on their work sheet. 
Continue observing the water drain through 
the soil. Measure at 30-second intervals until 
most of the water has drained. 

Have groups discuss with each other some of 
the following points: Which soil drained the 
fastest? Which drained the slowest? What 
does the water look like from the drained 
soils? What happens if we use compacted 
soil? What if the soil is already wet? Can 
we change the structure of the soil? How? 
What is the relationship of water drainage 
in soil to plant growth? Compare the total 
water quantity that drained with the amount 
added. Which soil retained the most water 
after drainage stopped? Why? Which soil has 
the most total porosity?

Assessment:
Soil Water Concept Sentencing

Give students key words or pictures on  
cards that they will use with words of 
their own choosing to create sentences 
about the relationship between soil and 
water. Have the entire class generate a 
consolidating conversation on soil and 
water relationships. Use the resulting 
conversation to assess their learning.  
(NC Language Arts Competency: 4.02)

If you have not done concept sentencing 
before, begin with a simple topic and 
demonstrate concept sentencing to your 
class. You may want to use an overhead 
projector and pieces of acetate printed 
with the words.

For example, start with the topic of  
plant growth.

Sample Words

Sample Sentence: 

The plant will grow quickly with a lot of sunlight. 

The students come up with the words 
plant and sunlight. The students can also 
help you come up with words that can be 
used in the concept sentencing. To assess 
soil and water relationships, print the work 
sheet from the end of this lesson. 

Grow Short Tall Climb Slowly

Quickly It WIll Does not With

A lot of The Stunted Large Small
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Lesson 2: Soil and Water Relationships
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Soil Filtering

Soil acts as a natural filter, removing 
pollutants from the ground water, keeping 
our water supply clean. Do you think 
there is a type of soil that may be a more 
effective filter than others? Find samples 
of sand, loam, and clay. Take three plastic 
bottles with holes drilled in the bottom and 
fill with equal amounts, one with sand, one 
with loam, and the last with clay. 

Take 3 separate cups of water and fill each 
with ¾ cup of water. Add a tablespoon 
of a colored powdered drink (like Kool-
aid) to each cup, and stir until the drink is 
dissolved. Add the water to the soil, and 
watch until the water filters through. What 
is the color of the water that filters through 
the soil? Is the water darkly colored? 
Clear? Why?

Beyond the Garden Gate: 
Activities to try at home 
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Soil and Water Drainage

Group Names: _____________________________________________________

Date: __________________

Question:  How does water drain through different soils?

Hypothesis: Which soil do you think water will drain through the fastest? 

Collect Data:

What if the soil was already wet?  Would water drain faster or slower?

What does the drained water look like? Is it clear, murky? Why?

How will water drain through compacted soil?  How can you compact soil?

What other questions do you have about soil and water drainage?

Time Type of Soil Amount of 
Added Water

Amount of 
Drained Water

Difference 
(Amount of water 
held in the soil)

30 Seconds

60 Seconds

90 Seconds

120 Seconds

150 Seconds

180 Seconds

210 Seconds
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When it rains, the 
water in clay soil 

drains quickly. 

drains

measure

a lot

when

filters

quickly

stops trickles

willdoes not

slowly

rains

6

Soil and Water

Group Names: _____________________________________________________

Date: __________________

George made a sentence using the cards below.

Do you agree with his ideas?

You can change his sentence if you want to. Make some sentences of your own. You can use the words as many times  
as you like. You can also add words of your own! 
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Actinomycetes: Soil-dwelling bacteria that 
 decompose organic materials. 

Aeration: The process of air being circulated  
 through a substance, in this instance,  
 compost. Compost must have sufficient  
 amounts of oxygen in order for the  
 decomposition process to occur.

Aerobic: The presence of oxygen, specifically 
  in reference to soil.

 Aggregates: Clumps of soil particles  
 massed together.

Agronomic: Referring to the science of field  
 crop production. Agronomic crops are  
 generally grown in large-scale production  
 like corn, soybean, cotton, peanuts, wheat, 
 rye, barley, oats, and forage crops.

Amendment: The addition of compost to the  
 soil to promote healthy plant growth by  
 improving soil structure, moisture retention, 
 nutrient amount and availability. 

Anaerobic: Without oxygen. As related to soil,  
 anaerobic conditions occur in wet soils  
 and are sometimes related to compaction.

Authentic Inquiry: To perform the same or similar  
 activities and experiments that actual plant 
 scientists do.

Castings: Worm manure, the result  
 of the breakdown of organic  
 materials by certain  
 species of worms. Can  
 be used like compost,  
 as a soil amendment to  
 improve soil structure,  
 fertility, and water  
 retention.

Cellulose: A complex  
 carbohydrate found in  
 the cell walls of plants.

Cold Frame: A structure, usually made  
 of a wood frame covered with  
 plastic, that extends the growing season for  
 plants by allowing the sun’s rays to raise the  
 temperature inside the cold frame.

Compaction: What occurs when soil particles have  
  been compressed and the pore space between  
  them reduced. Some causes include driving  
  heavy machinery over the soil and over tillage.

Decomposition: The breakdown or decay of  
  organic or once-living materials.

Dissecting Microscope: A kind of microscope that  
  enables users to closely examine the surface of  

  various specimens, like flowers, leaves, or insects.

Dormancy: A stage in plant development when the  
  plant rests or the stopping of growth until favor- 
  able environmental conditions are available. 

Embryo: The young plant contained within the seed.

Genetics: The study of differences and similarities  
  between organisms due to genes and the  
  influence of the environment. 

Germination: The process of a seed starting to  
  sprout and grow.

Imbibe: To soak up and absorb water. Seeds  
    need to imbibe water to germinate.

Invertebrates: Describes any animal without  
 a spinal column, and includes organisms  
 that aid in the composting process like  
 worms and insects.

Lignin: Fibers found in woody plant tissue  
 usually in connection with cellulose.  

 Lignin strengthens the cell walls of plants.

Manipulate: To change. In the case of Fast Plants,  
   to vary the amount of what plants need to  

   grow in order to observe a difference in  
   plant development.

Microbes: Small organisms like bacteria.

Nectar: Sugar-rich liquid found in many flowers to 
  attract pollinators. Pollinators use nectar as  
  a source of energy or food.

Soil Solutions Glossary
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Nectary: Glands in the flowers that produce nectar.

Non-biodegradable: Materials that cannot be  
  decomposed by living organisms. For  
  example, plastic and Styrofoam are non- 
  biodegradable materials.

Organic: Referring to the materials of once-living  
  organisms (like plants, animals, or fungi).

Ovary: The ovary holds the ovules and mature 
  into fruit once fertilization has happened.

Ovule: The eggs or female gamete of the plant.  
  The ovules are contained within the ovary  
  and mature into seeds or plant embryos  
  once fertilization from pollen has occurred. 

Pistil: The female reproductive structure of the plant,  
  made up of the stigma, the style, the ovary,  
  and the ovules.

Pollen: The male gamete of a plant. Pollen originates  
  within the male reproductive structure of the  
  stamen, specifically in the anther.

Pollination: The transfer process of the pollen from the  
  male stamen to the female pistil, which contains  
  the eggs. Occurs in the flower.

Proboscis: The sucking mouthpart of an insect.  
  Butterflies, moths, and bees commonly  
  use a proboscis to suck nectar from a flower.

Qualitative: A research method (for our purposes) that 
  is based on personal reasoning and understanding.

Quantitative: Research from which the data is based  
  on numerical measurements, like 
  plant height, number of leaves,  
  width of flowers, etc.

Radicle: The primary root of a  
  germinating seed.

Scarification: The process of physically  
  removing part of the seed coat  
  in order to promote seed  
  germination. Methods of  
  scarification are performed  
  on seeds with hard coats and  
  include soaking in water, the  
  use of acid, sandpaper, or a file.

Stamen: The stamen is the male reproductive organ  
  found in flowering plants and including the  
  pollen-producing anther and the filament.

Stewardship: The management and conservation  
  of earth’s natural resources.

Stratification: A moist chilling requirement needed to 
  coax seeds out of dormancy into germination. 

Variables: The changing quantities within the context  
  of an experiment. For example if you are trying  
  to find out how temperature affects how fast  
  something will compost, your variables would  
  be the different temperatures.

Viable: Able to live and grow. Viable seeds are  
  seeds that are alive.

Wicking: For Fast Plants, wicking refers to the action  
  of water traveling from a reservoir up through  
  a piece of wick (felt or cotton fabric) into the soil  
  to deliver moisture to plant roots. Wicking occurs  
  as the result of capillary action.

Soil Solutions Glossary (continued)
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**NOTE: Brand and trade names were used in this publication for 
the convenience of the reader. The Cooperative Extension Service 
does not endorse products mentioned nor imply criticism of  
similar products not named.

Resources
Fast Plants: Specially bred mustard plants that 
complete their life cycle within 28 days. They are great 
for growing in a classroom under fluorescent lights 
and utilizing for experiments. They can be purchased 
through Carolina Biological Supply Company: 
http://www.carolina.com. 

North Carolina 4-H Plant and Soils Web site: Contains 
supplementary Soil Solutions curriculum materials at 
http://www.ces.ncsu.edu/4hplantandsoils/

Seed germination video • 

Pollination photos• 

Word document work sheets to download  • 
for experiments

Other ideas to keep you growing• 

“Dirt Made my Lunch” by the Banana Slug String Band: 
Song available on the Banana Slug’s CD entitled, 
Singing in our Garden. Also available as a single 
download from Apple’s itunes http://www.apple.com/
itunes/.

Folkmanis Bee Puppet: Produces a nice puppet  
that fits snugly on the hand. For ordering information 
contact Folkmanis, Inc. at http://www.folkmanis.com/.

Salad Green Seeds: Johnny’s Selected Seeds has a 
diverse supply of salad greens. Their catalog is free  
at: http://www.johnnyseeds.com/. 

Osmocote Slow Release Fertilizer: Osmocote and  
other similar branded fertilizers are pelleted and 
release their nutrients into the soil slowly. They can be 
found in stores that carry gardening supplies.

Nutrient Test Kits: Nutrient test kits can be found 
through Carolina Biological Supply Company’s  
online store at http://www.carolina.com.

pH Paper: pH paper can be purchased through  
any science supply store including Carolina  
Biological Supply Company’s online store at  
http://www.carolina.com.

Online Reference Publications:
Soil Sampling guide: http://www.soil.ncsu.edu/
publications/Soilfacts/AG-439-30/AG-439-30.pdf

Composting bulletin: http://www.ces.ncsu.edu/depts/
hort/hil/pdf/ag-467.pdf

Vermicomposting: http://www.bae.ncsu.edu/topic/
vermicomposting/pubs/worms.html 

Natural Resource Conservation Service Soil Web 
Survey: http://websoilsurvey.nrcs.usda.gov/app/

Soil Ball: http://soils.usda.gov/education/
resources/k_12/lessons/experiments/soil_air/

Soil Crayons: http://soils.usda.gov/education/
resources/k_12/lessons/texture/

Cornell Composting in Schools: http://www.css.cornell.
edu/compost/schools.html 

North Carolina Department of Agriculture: http://www.
ncagr.com/stats/codata/index.htm

For More Information, Contact:  
Your local county Cooperative Extension center: 
http://ces.ncsu.edu/ 
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