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Exp1oration: The Schoo1 Garden

Objective:

Students will plan a garden with parameters given.1 . 
Indicate the limitations of the school garden space and the number of students who 2. 
need to utilize that space. Share what space will be available to this class. (Teachers 
may need to limit the type and number of plants.)
Have students determine what and how many of each plant students will incorpo-3. 
rate into the garden.  Decisions to be made:

Will each student have their own plant or plants (number)?a. 
Will each student have the same type of plant? If so, what will it be?b. 
If not, how many total types of vegetables will be grown?c. 
Will more than one variety of each vegetable be grown?d. 

As a group, plan the school garden making sure that adequate space is provided for 4. 
all students to have access.  
Make sure they take plant height into account in relation to the sun – prevent tall 5. 
plants from shading short plants, as much as possible.

Extensions for Midd1e and High Schoo1

Have students create algebraic equations for planning the garden.1 . 
Have students create gardens that incorporate circles, triangles, rectangles, octa-2. 
gons, and create a garden diagram drawn to scale that provides adequate plant space 
and human working space.
Have students create three-dimensional gardens that use fencing, wire cages, climb-3. 
ing poles, etc. to make use of space vertically as well as horizontally.
Have students research and develop a plan for a commercial hydroponics operation 4. 
that would be profitable. 

Additiona1 Materia1s:

The 1 . Keeping Florida Green curriculum developed by Florida Agriculture in the 
Classroom, has lessons about the classification of Florida’s plants that can be used in 
concert with the garden. It can be obtained by attending a workshop.
Use the lesson “What Will the Land Support?” from 2. Project Food, Land & People’s 
Resources for Learning. It can be obtained by attending a workshop. Teachers may need to 

1imit the type and num-

ber of p1ants.

“Activity: P1an It, Map It”
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P1ant Dimensions Chart
Name  ________________________________________ 

Vegetable Selected:

Variety Row Width Space Between Plants Height
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P1an It, Map It
Samp1e Pre-Post Assessment

Name three plants you would like to grow.1.	

Select one of those plants and list it below.  Does this plant have any special needs?2.	

How much distance should there be between this plant and the next plant in the same row?3.	

If this plant were planted in several rows, how far apart should each of these rows be from the 4.	
next row?

How tall does this plant grow?5.	

Gardening for Grades: Chapter 3 , Choosing a Garden — Activity: P1an It, Map It
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Overview
Students compare their own similarities and differences.  They then grow and compare several variet-
ies of lettuce plants to explore variations within the same type of 
plant.

Background
Living things compete with one another to survive and reproduce 
in a wide range of environmental conditions. Adaptations are fea-
tures that help living things survive and reproduce in their particu-
lar environment. In the desert, succulent cactus stems have spines 
that keep thirsty animals away. Plants in tropical areas have little 
white hairs on their leaves to shield them from UV rays. Because 
there is such a wide range of conditions and potential roles to fill, 
an incredible diversity of life has evolved on Earth.  No two dogs, 
people or lettuce plants are exactly alike. We all have behaviors and 
other characteristics that are special, unique and distinguish us from 
the rest of the bunch. In this activity, we will explore the subtle dif-
ferences that exist even among closely related plants.

Making Sense of Diversity
Grouping things with similar characteristics helps us make sense of our world.  More than 2,000 years 
ago, Aristotle divided living things into two categories  — plants and animals. Today, many scientists 
distinguish five major groups, or kingdoms. One classification system used today is based on the work 
of Carolus Linnaeus, an 18th-century Swedish botanist. In this system, organisms are divided into a 
hierarchy of categories:  Kingdoms — Divisions — Classes — Orders — Families — Genera — Spe-
cies, with each successive category based on more specific structural similarities. For example, humans 
are animals with backbones and thus belong to the phylum Chordata, along with other animals with 
backbones, such as reptiles and birds. Today, technological advances allow us to look at biochemical 
and evolutionary ties. For example, we’ve learned that reptiles and birds share much closer genetic 
similarities than members of another phylum without backbones, such as sponges.

The Importance of Diversity
A healthy, resilient ecosystem results from the complex web of roles played by a diversity of organisms. 
Plants, for instance, supply food for consumers and help provide our atmosphere’s gas mixture, which 
supports all life on earth. Animals die, decompose, and provide materials to support plant life. Bacteria 
recycle nutrients that help maintain healthy plant life. While there are many different kinds of living 
things in an ecosystem, they occupy particular niches’, or roles, in that system, which reduce competi-
tion for resources. For example, some plants in an ecosystem have shallow roots, and some have deep tap 
roots, to extract water from the soil and anchor their above-ground mass to withstand strong weather.

Humans Depend on Diversity
Humans take advantage of natural genetic diversity in many ways. The first farmers planted, harvested, 
and saved their favorite seeds, thus purposely selecting for specific desirable qualities. All of our food 
crops reflect centuries of work by plant breeders.  Many medicines originated with the traits of wild 
species, manipulated by humans.  Recently, however, humans have begun to design crops to meet 
other needs, such as consumer tastes, nutrient values, or harvesting and shipping requirements.  

The benefits of plant breeding do not come without tradeoffs. Some tomatoes, for example, have 
been bred for toughness to withstand mechanical packing and shipping, and have consequently lost 
flavor and appealing texture. We rely heavily on high performance crops, and this dependence makes 
us vulnerable. When only one variety of crop or strain of a variety is planted and then hit by a disease, 
for instance, the entire crop can be wiped out. If the people depend on that crop as a food staple, its 
loss can be a catastrophe — like the potato blight that led to the Irish Famine in the 1800s.

Activity: Lettuce Be Different Grades K-6

Time:

Groundwork:  40 minutes

Exploration:  30 minute setup; 4 weeks 
                      ongoing observations
Making connections:  Ongoing

Materia1s:

Seeds from three different lettuce •	
varieties (e.g., red leaf, green leaf, 
romaine)
Pots•	
Potting mix•	
Paper or notebook to make an •	
Observation Journal
Writing instruments•	

Standards At-A -G1ance
Next Generation Sunshine Standards Met:

SC.K.L.14.3, SC.K.P.8.1, MA.K.G.2.1, 
MA.K.G.3.1, SC.1.N.1.1, SC.2.N.1.1, 
SC.3.N.1.1, SC.4.N.1.1, SC.1.N.1.2, 
SC.1.N.1.3 SC.3.N.1.3, SC.1.L.14.2, 
SC.2.N.1.5, MA.2.G.5.4, SC.3.N.1.2, 
SC.3.N.1.3, SC.3.N.1.6, SC.3.P.8.3, 
SC.3.L.14.1, MA.3.A.6.2, SC.4.N.1.6, 
SC.4.N.1.7, SC.4.N.1.8, SC.4.P.8.1, 
SC.5.N.1.1, SC.5.N.1.2, SC.5.N.1.5, 
SC.5.N.1.6, SC.6.N.1.3, SC.7.N.1.3, 
SC.7.N.1.5, SC.8.N.1.2

Standard Reinforced or Skill Utilized:

SC.K.N.1.2, SC.K.N.1.3, SC.K.N.1.4,  
SC.K.N.1.5, MA.1.A.1.1, SC.1.L.14.2, 
SC.1.L.14.3, SC.2.L.17.2, SC.4.L.16.2, 
SC.4.N.1.3, SC.4.N.1.4, LA.K.5.2.1, 
LA.K.5.2.2,  LA.K.5.1.5, SC.5.P.9.1, 
SC.7.L.15.2
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When we rely heavily on specialty crops, we often lose track of or discard other varieties.  These lost 
varieties may have great medical or agricultural values. Once lost, this valuable genetic information 
can never be recovered.

Preserving Diversity
Some ways people can help preserve genetic diversity include setting aside areas representing major 
ecosystems to protect wild species in their natural habitats; preserving genetic information in seed 
banks; and moving organisms to captivity, e.g., botanical gardens, aquariums and zoos.

Selecting and planting heirloom seeds in a heritage garden, or participating in a seed-saving program 
to keep ‘heirloom’ seeds alive and growing, are other ways to preserve genetic diversity.

Groundwork
Objective:  To identify and describe the different qualities that make each human unique.

Have students sit in a circle and play the Let Us Be Different game as follows: Have one 1 . 
student share one way she/he is the same as the person to her/his left. That student in 
turn should share one way she/he is the same as the person on her/his left. Continue once 
around the circle in this fashion, then switch and have each student tell one way she/he is 
different from the person to her/his right. Encourage students to think about ways they 
are alike and different that include how they look, what they do, and other traits that make 
them special. Specific traits, e.g., hair color, should be used only once.
After the game, have students consider how their lives might be different if people were all 2. 
the same. For instance, ask: “What do you think a basketball game would be like if every 
player were a good defense player and nobody knew how to shoot well? What would the 
world look like if we all had green eyes? We’ve found that human beings can be alike in 
many ways and still have many differences. Is the same true for plants? Isn’t any lettuce plant 
just like any other lettuce plant?”
Have students describe the kinds of differences they might find in any one type of plant, 3. 
e.g., lettuce, tomatoes, or beans. Speculate and discuss 
the factors that may have caused these differences — 
naturally and due to plant breeding by humans.

Exp1oration
Objective:  To identify and describe variations within species by 
growing and comparing different types of lettuce plants.

Give students three different types of lettuce seeds to 1 . 
compare and describe (careful; seeds are very small). Then have students plant the three va-
rieties of lettuce in separate pots (peat pots can be used, to transfer seedlings to the garden, 
if planting in the cool season).  Label each pot with the type of lettuce. 
Place the pots outside in full sun. 2. 
Have the students create an Observation Journal for their gardening efforts.3. 
As the plants grow, have students make and record regular observations of the lettuce in 4. 
each pot in their Observation Journal. 
As the plants are growing, share the background information with the students.5. 
At the end of four weeks, have students complete the “Lettuce Be Different” record sheet, 6. 
comparing each of the lettuce types.
Discuss findings. Ask: “How are all of the lettuce plants in the pots similar? How are they 7. 
different? Are all the plants in any one container exactly the same? How are they different?” 
Compile the responses on a large class chart.  
Bring in some store-bought lettuce for further comparison. Iceburg lettuce works well for 8. 
this. Ask:  “Where is this lettuce grown? How does it differ from the leaf lettuces grown and 
examined?”

Grouping things with 

simi1ar characteristics 

he1ps us make sense of 

our wor1d.

“Activity: Lettuce Be Different”

Gardening for Grades: Chapter 3 , Choosing a Garden — Activity: Lettuce Be Different



66

Enrichment
Write a haiku describing each type of lettuce.1 . 
Graph class responses to such questions as: Which lettuce is your favorite to look 2. 
at?  Which lettuce tastes best? Which lettuce would you rather have in your salad? 
Which in your sandwich?
Create a collage highlighting variations in one particular trait, e.g., different kind of 3. 
human noses, dog fur, apple varieties, or bird beaks.

Extensions for Midd1e and High Schoo1
Harvest mature lettuce leaves from the soil surface and observe how each different 1 . 
lettuce type keeps growing. Record when it bolts (goes to seed).
Have students speculate about plant breeding. Cross pollinate flowers, anticipate 2. 
results and grow seeds to determine genetic influences. Assess results compared to 
plans.  Discuss challenges of plant breeding.
Grow and compare different varieties of bean plants. Graph the class taste prefer-3. 
ences for pole versus bush bean, etc. 
Call several local grocery stores to discover how many different varieties of lettuce 4. 
they sell, and where each was grown. Graph results.
Harvest the seed from a hybrid variety of plant (e.g. tomato) and grow these out to 5. 
fruit.  How do the fruits resemble the parents and how are they different?
Invite a professional plant breeder or hobby plant breeder to class to discuss their 6. 
work.    

Additiona1 Materia1s: 
The 1 . Keeping Florida Green curriculum developed by Florida Agriculture in the 
Classroom, has lessons about the classification of Florida’s plants that can be used in 
concert with the garden. It can be obtained by attending a workshop.
Use the lesson “Banking on Seeds” from 2. Project Food, Land & People’s Resources for 
Learning. It can be obtained by attending a workshop.

A hea1thy, resi1ient 

ecosystem resu1ts 

from the comp1ex web 

of ro1es p1ayed by a 

diversity of organisms.

“Activity: Lettuce Be Different”
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Lettuce Be Different
Name  ________________________________________ 

Pot A Pot B Pot C

What do the seeds look like?
(color, shape, size)

What color are the leaves?

How do the leaves feel?

What shape are the leaves?

How tall is the plant?

How does it taste?

What else do you notice
about the lettuce?
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Lettuce be Different
Samp1e Pre-Post Assessment 

Greenleaf, Redleaf and Romaine are all:1.	
Types of lettucea.	
Varieties of lettuceb.	
Species of lettuce c.	
Species of Aster, which includes lettuced.	

Lettuce is grown in Florida during the ________ season.2.	

A genetic adaptation can occur (circle all that apply):3.	
In response to a changing environmenta.	
Over several generationsb.	
To better occupy a nichec.	
After a serious catastrophe, such as a droughtd.	

What is one way your garden can help preserve genetic diversity?4.	

My favorite lettuce is ______________, because ______________________.5.	
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Overview
The difference between human nutrition and plant nutrients is often one of the concepts 
that students misunderstand. This is proven in documented errors found in standardized 
test questions. Students hear the term “plant food” and take that term literally, believing 
that plants eat (as animals do) to obtain nutrients. The intent of this lesson is to clear up that 
misconception as well as to teach students about the actual nutrients that plants require and 
the source of those nutrients.

Background
In learning about the process of photosynthesis, students are taught that plants take car-
bon dioxide and water in the presence of chlorophyll and sunlight and make plant sugars. 
Carbon dioxide is obtained from the atmosphere and the carbon and oxygen atoms are used. 
The hydrogen and oxygen atoms are obtained in the breakdown of water molecules that are 
absorbed by a plant’s roots and transported to the leaves. The carbon, hydrogen and oxygen 
are used to build simple sugar and the excess oxygen is given off as atmospheric oxygen. But 
that is a very simplified explanation of plants producing food. In reality, the process is much 
more complex and many more nutrients are required to produce starches, protein, cellulose, 
lignins and oils.

There are many nutrients that plants need to make the foods that all animals require. The 
nutrients needed in greatest quantity are known as macronutrients.  Those needed in very 
small amounts are micronutrients or even trace elements. (Macro – in large amounts; mi-
cro— in small amounts.)  The three macronutrients that are required for plant growth and 
reproduction are nitrogen, phosphorous, and potassium. These are identified by the initials 
N-P-K on any fertilizer formulation. The quantity and source of these three nutrients varies 
by crop and method of agricultural production.

Nitrogen is the key element in protein. Nitrogen is needed for leaf growth and green leaves. 
It makes up 16 percent of the protein in our bodies. Seventy-eight percent of the earth’s air 
is nitrogen, but it is not in a form that plants can use directly. In the atmosphere, nitrogen is 
N2 and the plants need it to be either ammonium or nitrate. Crops like soybeans, peas, green 
beans, or alfalfa are legumes that can form a relationship with nitrogen–fixing bacteria that 
are found in nodules on the plant’s roots. These bacteria take atmospheric nitrogen and con-
vert it into a useable form for plants. Legumes take the nitrogen and oxygen in the air and fix 
it into a form that plants can use (nitrate) NO3. Animals consume plant or animal proteins 
and as part of their digestive and cell building process, excrete ammonium in their urine and 
feces. Plants can make use of the ammonium in both urine and feces. Both of these plant 
sources take time and use land resources.  Fertilizer companies take nitrogen from the air 
and, using natural gas, make nitrogen fertilizer.

After plants, animals and people use nitrogen, where does it end up?  Nitrogen is cycled 
back into the atmosphere. It completes the nitrogen cycle.  If nitrogen is deficient, plants 
will yellow and their growth will be stunted.  Too much nitrogen will cause overabundant 
foliage with delayed flowering.  The plant will become subject to disease, and the plant’s 
fruit will be of poor quality.

Phosphorous  (phosphate) is a mineral plants need to utilize energy. Phosphorous is mined 
from deposits of fossilized sea creatures. Ask: Could you eat this? (Use image of clam shell.) 
Well, neither can plants or animals make use of it in this form. It is in an insoluble form 
as a shell or a rock made of many shells. So fertilizer companies cause a reaction between 
sulfuric acid and these fossilized sea creatures to make it soluble so that plants can make use 
of it. (Organic production uses the same mined fossilized sea creatures, but grinds them up 
and applies them in their insoluble form. Microorganisms and the acidity of the soil will 
eventually break it down into a more soluble form, but the process takes place slowly.) What 

Activity: Feed Me — Nutritiona1 Bui1ding B1ocks Grades 3-5

Time:

Groundwork:  20 minutes

Exploration:  Three 30-to-45 minute  
  periods
Making connections:  Ongoing

Materia1s:

Copies of the Foods and Nutrition •	
Handout

For Each Student Group:
Large colored beads and string •	
including alphabet beads or printed 
copies of bracelets and crayons or 
colored pencils
Scissors•	
Tape•	
Student Activity Sheets•	
Small bowls labeled as directed•	

For class demonstration:
Glasses of water•	
Chalk•	
Seashells•	
Eggshells•	
Sugar cubes or sugar•	
Salt•	
Vinegar•	
pH paper•	
Sample of NuSalt•	
Soil test kit (optional)•	

Standards At-A -G1ance
Next Generation Sunshine Standards Met:

LA.3.6.1.1, LA 4.6.1.1, SC.3.L.14.1, 
SC.3.N.1.3, SC.4.E.6.3, SC.4.E.6.6, 
SC.4.L.17.2, SC.5.P.8.2, HE.3.B.1.1, 
HE.4.B.1.2

Standard Reinforced or Skill Utilized:

SC.2.L.17.1, SC.3.L.17.2, SC.4.L.16.1, 
SC.4.L.16.2, SC.4.L.17.3, SC.4.N.1.1, 
SC.4.P.8.2
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happens to the sulfuric acid?  It reacts with the phosphate, and disappears with no toxic 
emissions. Phosphorous is a major component of plant genetics, so it is important for flower, 
seed, and fruit development. A phosphorous deficiency can result in stunted plant growth 
and seed sterility. Phosphorous aids in plant maturity, increases seed yield, improves fruit de-
velopment, and increases the vitamin content of fruit. The correct amount of phosphorous 
builds the plant’s resistance to disease.

Potassium (Potash) is also an important mineral. It helps the plant prevent injury and fight 
stress and disease. Humans eat bananas for potassium. Potassium chloride is also mined 
from former sea deposits. But this time the deposit is a salt (KCL) that you may have seen 
as a salt substitute. One example is Nu-Salt®. KCL is both Nu-Salt® and potassium fertilizer. 
The federal Food & Drug Administration-approved human version has been enhanced to 
improve the flavor and Nu-Salt® is used as a substitute for table salt (NaCl – sodium chlo-
ride). Potassium, a perfectly harmless ingredient, also comes from nature as an inert and 
edible salt. It has not been changed very much from the point of mining it from 3,000 feet 
below the surface of the earth. It is ground up, washed and resized into granules for farmers 
to spread on their fields. Potash (potassium carbonate) is not “manufactured.”

In addition to carbon, hydrogen, oxygen, and the three macronutrients above, crops need 
11 other elements to grow properly. Three of these nutrients are considered secondary 
nutrients: sulfur, calcium, and magnesium. Other nutrients, needed in very small amounts, 
are known as micronutrients. Micronutrients that plants very often require are the same mi-
cronutrients found listed on the label of a bottle of supplemental vitamins and minerals (in 
the mineral portion) intended for human consumption. Important micronutrients are iron, 
copper, nickel, manganese, selenium, calcium, zinc, chromium, chlorine, molybdenum, and 
boron. The amount of these micronutrients varies from crop to crop, as does the amount of 
any specific macronutrient.

As farmers raise crops and remove them from the field at harvest, these macro and micronu-
trients are removed, as well. In order to grow healthy crops (healthy foods) every year, the 
nutrients need to be replenished in the soil. Farmers and gardeners do this by fertilizing their 
crops with both macro- and micronutrients. Gardeners do this, as well. Whether conven-
tional or organic production, these nutrients must be replenished. Both conventional and 
organic producers make use of animal manures for some of these nutrients. Conventional 

P1ants obtain carbon 

dioxide from the air 

through stomata on the 

p1ant’s 1eaves.

“Activity: Feed Me — Nutritiona1 

Bui1ding B1ocks”
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producers use commercial fertilizers, while organic producers use compost and fertilizers ap-
proved as organic.  Many of these products come from the same sources. How do gardeners 
and farmers know how much fertilizer is needed?  They test the soil. Many large farms also 
use Global Positioning Systems (GPS) to make maps of their fields as they harvest the crop. 
Based on the yield at harvest, a computer calculates the specific amount and type of fertilizer 
needed for the next crop.  Farmers work diligently to apply the correct amount of fertilizer 
to produce the healthiest crop. Over-fertilizing would waste money and under-fertilizing 
would reduce yields. It is a fine balancing-act.

Groundwork
Objective: Review the process of photosynthesis, producers, and consumers. Describe the 
difference between human nutrition and plant nutrients.

Review the content of a photosynthesis lesson (“Gifts from the Sun” from 1 . Project 
Food, Land & People is recommended) and ask students where the carbon, hydro-
gen, and oxygen come from and how the plant obtains these elements. (Carbon 
dioxide and oxygen from the air — through stomata on the plant’s leaves; Hydro-
gen from water molecules that the plant absorbs through its roots and transports to 
the leaves.)
Explain that this is a simple version of what happens inside a plant to produce food, 2. 
and that the end result of that activity was that the plant produced a simple sugar.  
Ask, “Do plants only produce sugar?” (No.) “What else do plants produce?” 
(Plants make complex carbohydrates such as starch, cellulose and lignin —  such as 
the starch found in vegetables and the strong cells that make up tree trunks. Plants 
also make proteins – such as the protein found in soybeans and peanuts. And plants 
make oils as well – such as the oil pressed out of corn kernels, safflower, sunflower 
seeds, and canola, as found in vegetable oils.)
Explain that these are the macronutrients of human nutrition. We need them in 3. 
large quantities. Plants also make micronutrients that we need in very small quanti-
ties – vitamins and phytonutrients (beneficial compounds found in plants). Plants 
also absorb and use minerals that we need in small quantities, such as iron or boron.
In this lesson, we are going to explore the nutrients that plants need to produce 4. 
common crops and how those 
nutrients are translated into foods 
that provide you with the nutrition 
you need to be healthy and to grow.
Provide students with copies of 5. 
the Foods and Nutrition handout.  
Have them complete the portion 
of the page that indicates their 
favorite foods and research the 
major components of those foods.  
This may include reading package 
ingredient labels, nutrition labels, or searching for the information on the manufac-
turer’s website.
Have students complete the nutrient components of that food, as well. That in-6. 
formation may also be on the nutrient label, or the student can search the nutrient 
database at the United States Department of Agriculture at: http://www.nal.usda.
gov/fnic/foodcomp/search/.

Exp1oration —  Nutrients Versus Nutrition
Objectives:  Identify producers and consumers. Obtain nutritional information by reading 
nutritional labels and from other scientific sources. Explain the difference between human 
nutrition and plant nutrients.

There are many 

nutrients that p1ants 

need to make the 

foods that a1 1 anima1s 

require. The nutrients 

needed in greatest 

quantity are known 

as macronutrients.  

Those needed in very 
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“Activity: Feed Me — Nutritiona1 

Bui1ding B1ocks”

Gardening for Grades: Chapter 3 , Choosing a Garden — Activity: Feed Me — Nutritiona1 Bui1ding B1ocks



73

Ask the students, “How do you obtain the nutrients you need?” (By eating foods 1 . 
and drinking liquids.) “Where do plants get the nutrients they need?” (Answers 
will vary, but most students will probably not know beyond what they have learned 
in the photosynthesis lesson.)
Ask: “Have you heard the term ‘plant food’? Do plants eat food (carbohydrates, 2. 
protein, fats or vitamins)?” (Answers will vary. If the students insist that plants eat, 
continue with these questions; if not skip to #3.) “Do plants have mouths and teeth 
to eat?  Stomachs and intestines to digest?” (No, plants do not eat. Carnivorous 
plants [the exception] kill and absorb insects because they live in an area where the 
soils are nitrogen poor. However, it would probably be confusing to discuss this un-
less students bring this up. ) It is important for students to understand that plants 
do not eat in the manner that animals do.
Explain that the term “plant food” actually refers to fertilizer. Just as animals speak 3. 
in cartoons, we know that they do not in real life. It is the same with the term plant 
food.  Plants do need nutrients, but they make their own food, they don’t eat it. Ask 
the students to define fertilizer. (Their answers may or may not be correct.)
Ask, “Can you absorb water, minerals, carbon dioxide, nitrogen, phosphorous, and 4. 
potassium and produce your own food?” (No.) Explain that plants produce food, 
and you consume food. Plants are producers and animals are consumers.

Exp1oration —  P1ant Nutrients – Nitrogen, Phosphorous, Potassium
Objectives: Describe the difference between soluble and insoluble. List the three macronu-
trients that plants need and describe their sources.

On your student handout, find a food that has wheat as the first ingredient listed. 1 . 
Note that this food contains protein as a nutrient. Explain that a key component of 
protein is nitrogen. Nitrogen makes up 16 percent of the protein in our bodies.  In 
order for wheat to make protein, the plant has to take in nitrogen.

Ask, “Where does the nitrogen come from?”a. 
Explain that the air is 78 percent nitrogen but most plants such as wheat can-b. 
not use the nitrogen in air. It is in a form that the plant cannot use. It has to be 
converted into either nitrate or ammonium that the plant can take in and use 
to make protein. This is naturally done by bacteria in aquatic environments, 
plants that are called legumes (beans, peas, alfalfa, clover, trefoil, etc.) or by 
lightening. Legumes are special plants which have nodules on their roots that 
contain bacteria that fix the nitrogen in the air into a form that the plants need. 
These plants use that nitrogen for their own use. When these plants die and 
decompose, the nitrogen they contain slowly becomes available to other plants 
in the soil. Or, if animals such as cattle eat these plants, much of that protein is 
converted into meat or milk, but some is excreted in manure and urine. That 
manure can be used later to fertilize crops. People have discovered another way 
to obtain the nitrogen that plants need. Using methane and nitrogen in the air, 
humans produce a commercial fertilizer called nitrogen fertilizer. This discov-
ery has allowed us to grow more productive crops and feed more people.
Explain that nitrogen is a renewable resource.c. 

Instruct students to look again at wheat on their charts. Ask, “Does wheat also 2. 
contain phosphorous and potassium? (Yes, although many wheat foods may not list 
phosphorous as an ingredient. If that is the case, have the students identify another 
food that contains phosphorous.) Where do these nutrients come from?”
Explain that both phosphorous and potassium are mined and originally come from 3. 
ancient seas. Phosphorous is mined as phosphate from deposits of fossilized sea 
creatures. Phosphorous is mined in Florida. (See “Phosphate: The Nutrient from 
Florida” lesson in Keeping Florida Green.) Both phosphorous and potassium are 
non-renewable resources as currently used but can be recycled by composting.

Every bag of ferti1izer 

has a ratio 1isted in 

numbers to represent 

the percentages of 

compounds representing 

N-P-K (Nitrogen, 

Phosphorous and 

Potassium).

“Activity: Feed Me — Nutritiona1 

Bui1ding B1ocks”
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Hold up the image of a clam shell, or real seashells and egg shells. Ask, “Could you 4. 
eat this?” Explain that plants cannot use minerals in this form, either. It is in an 
insoluble form of calcium and phosphorous.

In one glass of water, add sugar or sugar cubes, and in a second, add table salt, a. 
and stir both to demonstrate that sugar and salt are soluble in water.
In a third, fourth, and fifth glass, add a seashell or seashells, egg shells and a b. 
piece of chalk, and stir to demonstrate that each is insoluble. The chalk may 
melt, but should not dissolve. It should form a layer on the bottom of the 
glass.

Explain that there are two ways to make the phosphorous available to plants. Fertil-5. 
izer companies apply sulfuric acid to these fossils. That causes a chemical reaction 
that makes the phosphorous soluble for plants to use. What happens to the sulfuric 
acid? It completely reacts with the phosphate and disappears with no toxic emis-
sions. Explain that sulfuric acid is a very strong acid and that for this demonstration 
you will be using a weak acid – vinegar or citrus juice.

In the sixth and seventh glass, add chalk and eggshell to vinegar or citrus juice. a. 
Both can be used to demonstrate the different levels of solubility. Stir and wait. 
Explain that because this is a weak acid (test it with pH paper to demonstrate) 
it will take time, so return to the glass and stir occasionally over time. Also 
explain that vinegar is made largely of water.
A seashell can also be used, but the demonstration will be very slow, and the b. 
weak acid will need to be replenished as it reacts with the shell.

Explain that organic production methods use the same mined fossilized sea crea-6. 
tures, but they grind them up and apply them in their insoluble form. Microorgan-
isms and the acidity of the soil will eventually break the phosphorous down into a 
more soluble form, but it takes place slowly, even more slowly than the demonstra-
tion, because the acids in the soil are weaker. Also, most plants do not like an acid 
soil, and gardeners and farmers try to keep the soil pH at a neutral level, so this 
works against the mined material becoming soluble.
Explain that phosphorous is a mineral plants need to utilize energy. Phosphorous 7. 
is a major component of plant genetics, so it is important for flower, seed, and fruit 
development. A phosphorous deficiency can result in stunted plant growth and 
seed sterility.
Potassium is also known as potash. Potassium chloride is salt also mined from for-8. 
mer sea deposits. But this time the mineral deposit is salt (KCL), not fossils.

You may have seen KCL as a salt substitute. One example is Nu-Salt®. KCL is a. 
both Nu-Salt® and potassium fertilizer, but the human version has been en-
hanced to improve the flavor. Nu-Salt® is FDA-approved as a salt substitute for 
table salt. This harmless ingredient also comes from nature as an inert and ed-
ible salt. It does not change very much from the point of mining it from 3,000 
feet below the surface of the Earth.
KCL is ground up, washed and resized into granules that farmers spread on b. 
their fields. Potash is not “manufactured.”
In the last glass, place NuSalt® in water and stir to demonstrate solubility. Ex-c. 
plain that because it is a salt, it is soluble in water.

These three nutrients are known as macronutrients and are listed as N-P-K. Every 9. 
bag of fertilizer has a ratio listed in numbers to represent the percentages of com-
pounds representing N-P-K.

Enrichment — P1ant Needs Vary 
Objectives: Compare the fertilizer needs of different crops metaphorically.

Explain that this next activity is intended to make the point that each crop has dif-1 . 
ferent nutrient needs.
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Distribute copies of the bracelet pages, or use beads and string with alphabet letters 2. 
and three colors of beads. Label one color -N-, another -P-, and a third color -K-. 
To further link the concepts with the colors for students, the recommended colors 
are green to represent leaves, purple for phosphorous to represent flowers and seeds, 
and white for potassium to represent salt. Write the color and nutrients in an obvi-
ous place.
Ask the class to choose a fruit or vegetable from their favorites list. Share that you 3. 
are going to build a bracelet of the nutrients this crop requires to grow the fruits 
and vegetables needed to produce your favorite fruit or vegetable dish.
Share that you have tested your soil and found that the soil is completely depleted 4. 
of N-P-K.  Reproduce this chart in a visible place, and share that the students will 
create bracelets that represent the needs of a crop used to produce their favorite 
food. Make sure that they understand that this is just a representation, and actual 
plant nutrient needs differ.

Crop Nitrogen (N) Phosphorous (P) Potassium (K)
Fruits 6 3 9

Leafy Vegetables 12 3 3

Root Vegetables 9 6 4

Flower Vegetables 6 4 8

Decide if you will use either the paper bracelet or the bead and string bracelet. Use 5. 
the appropriate directions.

Paper Bracelet      
Write the letters of the crop in the first group of circles.    a. 
Share the fertilizer ratio from the chart above for the crop selected.b. 
Have the students color in the appropriate circles in the order N-P-K to sym-c. 
bolize the crop.

Bead Bracelet 
Select and string the letter beads to spell the crop name.a. 
Share the fertilizer ratio from the chart above for the crop selected.b. 
Have the students string the appropriate color beads in the order N-P-K.c. 

Extensions for Midd1e and High Schoo1
Obtain several fertilizers with different ratios of N-P-K and set up experiments 1 . 
demonstrating the impact of different fertilizers on plants. Have the students hy-
pothesize the impact, based on information in this lesson.
Obtain a soil test kit (available in most garden shops or nurseries that tests N-P-K). 2. 
Explain that farmers test their soil before they plant or fertilize so that they do not 
over-fertilize or under-fertilize. Test the soil around the school or soil that you or 
the students bring from home. Soil pH can also be tested.

Additiona1 Materia1s: 
The 1 . Keeping Florida Green curriculum developed by Florida Agriculture in the 
Classroom, has lessons about the classification of Florida’s plants that can be used 
in concert with the garden. It can be obtained by attending a workshop. The lesson 
“Phosphate: The Nutrient from Florida” should be used in conjunction with this 
lesson.
Project Food, Land & People’s Resources for Learning2.  can be obtained by attending a 
workshop.
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