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Hydroponics How-To

The term ‘Hydroponics’ comes from the combination of the Greek word 
“Hydro” (water) with “ponos” (labor)...i.e., “working water”.  Different 
cultures have used hydroponics for thousands of years, from the hanging 
gardens of Babylon to the floating gardens of the Aztecs.  Scientists 
in the U.S. began experimenting with growing plants without soil in 
the 1920s; by 2004, over 55,000 acres of hydroponics greenhouses 
worldwide produced vegetables; 68 percent of these produced tomatoes 
( Jones, 2005). 

Plants need support, nutrients, water, light, carbon dioxide and oxygen 
to grow. Soil is useful to plants by providing support for their roots 
(which holds the plant in place), providing space for oxygen (the small 
spaces between soil particles allow roots to absorb small amounts of 
oxygen that they need) and by holding the nutrients (minerals and 
water) that the plant needs to grow. Plants can survive without soil, if 
they have their needs taken care of in other ways. With a hydroponics 

growing system, a nutrient solution is flushed through the roots, the plant is supported by 
structures or inert growing media (such as sand or rocks), and oxygen is provided by the 
growing media or aerators in the nutrient solution.

Hydroponics growing is an advantage in areas where the soil can’t grow plants, where labor is 
short or land is expensive. Ms. Wagner, whose Environmental Club operates a hydroponics 
system at their school in Lakeland, Fla., likes hydroponics gardening because “it allows each 
student to grow their own plant — we can fit 30 strawberry plants in one vertical, hanging 
planter. I also don’t have to come in to the school on the weekends to water the plants; they 
water themselves.” Teachers interested in starting a hydroponics system are encouraged to 
find a local hydroponics grower and supplier who can help advise on the system setup and 
maintenance; the system in Lakeland was put together by volunteers who periodically check 
on the system.

P1ants
Certain vegetables are grown hydroponically because insect problems and nutrition needs 
can be controlled, and the value of the crop exceeds the expense. The most common 
vegetable crops grown hydroponically are tomatoes, cucumbers, peppers, lettuce, 
strawberries and herbs. Seeds can be started in rockwool, then transplanted in pearlite or 
other growing mediums. Plants should get eight hours of sun each day; most systems use 
greenhouses to control heat and light and to deter pests. Most plants grow best between 75 
and 85 degrees Farenheit.

Types of Systems
Water culture: wick, air-gap, raft, nutrient film technique, aeroponics
Media culture: top feed or flood-and-drain with pearlite, vermiculite, peat, sand, gravel, 
foams, pumice, etc.

A common hydroponics system in use in many schools is a column of interlocking 
styrofoam pots. Plants, usually strawberries, lettuce or herbs, are placed in four corners of 
each pot. Perlite is the inorganic plant support medium, and the nutrient solution is added 
at the top of the column, then drips down. This is an open system, which passes nutrient 
solution through the roots, and then discards it.

A closed system collects the nutrient solution for re-use. A simple closed system to grow 
tomatoes uses one- and two-ounce soda bottles filled with perlite; linking an identical bottle 
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filled with nutrient solution to the soda bottle maintains one inch of growing solution at the 
base of the bottle. 

Nutrient So1ution
Plants need 16 elements to grow — Carbon, Hydrogen and Oxygen (which they absorb 
from the air), Sulphur, Nitrogen, Potassium, Phosphorus, Calcium, Magnesium, Boron, 
Chlorine, Copper, Iron, Manganese, Molybendum and Zinc. Each crop has a different 
nutrient requirement. Hydroponics growers make special nutrient solutions with the 
exact concentrations of the exact types of each of these elements. When growing plants 
hydroponically, it is very important to follow the directions on the nutrient solution exactly, 
as this will ensure that the nutrients needed for specific plants to grow are available.

Growing Medium
Commercial growers use perlite, or rockwool, peat moss and pine bark to keep plants in 
place. Instruct students to examine large plantings in shopping malls or upscale hotels.  
Many of these are raised hydroponically and use pine bark. Volcanic rock or river rock is 
used as the anchoring material.

Raised Bed Gardening Basics

A raised bed garden is built from wood or plastic boards, typically four feet wide and as 
long as desired (four-feet-by-four feet for square foot gardening, up to 14 feet long for 
rectangular beds). Because much of Florida soil is sandy and does not hold many nutrients, 
the deeper the garden beds, the better the soil will be.  Many schools stack two boards on 
top of one another to achieve a 10-to-12-inch high garden bed, using 18-inch wooden 
stakes to keep the boards together. Potting mix, compost or garden sand from the site itself 
are added to fill the boxes, leaving two inches from the top as clearance. Raised beds help 
prevent students from walking on delicate plant roots, clearly mark the boundaries of the 
bed and reduce some soil-borne pest problems. Schools in urban areas have constructed 
raised beds directly on asphalt or concrete surfaces with successful results.

Square-foot gardening is a type of raised bed, typically four-feet-by-four-feet, which can be 
made easily. Directions for constructing a raised bed frame can be found in the Vegetable 
Garden activity section on page 57. One popular square-foot gardening design involves four 
four-foot-by-four-foot boxes with two-foot walkways between them, arranged in a square. 
Place two six-foot poles of bamboo or other material in the inner corners of each box and 
link in the middle, forming a bean pole teepee. These boxes are large enough for two classes 
of 36 students each to plant a plant in each square foot of space, with pole beans linking 
the plots together in the middle.  For more information on square-foot gardening, refer to 
Bartholomew, M.  Square Foot Gardening.

In-Ground Row Gardening Basics

Vegetables, fruit trees, and flower beds (such as butterfly gardens) can all be grown directly 
in the ground, as farmers have for centuries. Gardens can be as small as four-feet-by-four-
feet, or as large as the garden committee is willing to implement.  

Before planting a garden in the schoolyard, dig several holes at the proposed site to collect 
soil samples for a pH test and to determine the soil type. Soil tests can be done with a test 
kit purchased at any gardening center or by the county Cooperative Extension Service. 
Most plants grow best with a pH of seven but some have different pH requirements. Low-
lying or seasonally moist areas will require different plants than high, dry, sunny areas 
with sandy soil.

Too1s
Creating

Small trowels•	
Student and adult-sized gloves•	
Spades (pointed-edge shovel for digging holes, •	
removing grass, turning soil)
Flat-edge shovels (for moving compost and dirt)•	
Wheelbarrow•	
Tape measure•	
Large garden stakes and twine for making •	
straight rows, tomato trellises
Hammer (to pound stakes in)•	
Compost •	
Fertilizer•	
Lime or sulphur (to alter pH if needed) •	
Drill •	
Screws •	
Recycled plastic lumber •	
18-inch stakes •	
Wheelbarrow •	
Hose •	
Water wand•	

Learning
Labels to show what was planted (paint stirrers •	
work well)
China marker to write plant names•	
Hand pruners to harvest vegetables•	

Weed control
Straw (Do not use hay. Hay may add seeds that •	
will introduce additional weeds.) 
Mulch•	
Newspaper•	

Watering
Hoses with water wands (by hand)•	
Sprinklers on a timer (automatic)•	

Harvesting
Pitchfork•	
Handheld clippers (for trimming leaves, snipping •	
fruit)
Sharp knife (for cutting the base of cabbage, etc.)•	

Tools should be cleaned after every use, 
and stored in a dry location.

Gardening for Grades: Chapter 2 , Your Green Thumb Guide to F1orida Gardening Basics — Raised Bed & In-Ground Row Gardening Basics
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When creating an in-row garden plan, be sure to consider the following:

Start a garden at least two feet from the building. Alkaline from the concrete block •	
binds up iron in the soil, which causes plants to look pale between veins. Plant trees 15 
feet from any building to protect building foundations and allow trees room to grow.

When planning a vegetable or herb garden:  •	
Create a walkway in between each row of plants at least three feet wide — this 
allows students access to their plants while not stepping in the beds. Ensure 
adequate space for wheelchairs and/or crutches.  
Row width will depend on the plants grown — a standard row width is two feet.
Rows should run north to south.
Work in fertilizer and other soil amendments before planting vegetables.
Arrange low-growing vegetables (lettuce, turnips, radishes, etc.) along one side. 
Place medium-tall plants (peppers, bush beans, squash) in the middle, and tall 
growing plants (pole beans, sweet corn and vining tomatoes) along the other side.  
Avoid growing the same vegetables in the same spaces year after year to minimize 
pests and diseases.

When planning a sensory, butterfly or other garden:•	
Plant arrangements may follow many different shapes and designs.  Squares, 
starbursts, rounded beds and straight rows can all look beautiful and inviting.
Map the existing buildings, trees and other elements of the site before planning the 
new landscaping.
Mark north, south, east and west before designing the plan, and mark shady areas.
The plan should include taller trees in the back, shrubs in the center and low-
growing plants in the front.
Clustering flowers of the same kind of plant creates a pleasing, uniform effect.

P1anting
When
Farmers divide Florida into four main growing regions:  Northeast, Northwest, Central and 
South. Each of these areas has a slightly different date of the last frost and first frost of the 
season. Vegetables that would be damaged in freezing weather should be planted after the 
frost date. To find the frost date for your area, consult http://www.floridata.com/tracks/misc/
FrostDates.htm, your county Cooperative Extension agent, or the current year’s Farmer’s 
Almanac. Flowers, trees and shrubs have 
specific planting times as well — these are 
given with plant information in the last 
chapter.

How
Crowded plants compete for light, air, 
space, water and fertilizer and will not grow 
well nor yield well. Each plant has an ideal 
“spacing” that should be written on the 
package of the seed or the seedling tag of the 
plants you purchase. Spacing information 
is included for the plants highlighted in 
this guide. Be sure to follow these spacing 
guidelines; they will be different for every 
plant species. For example, some varieties of tomato are compact, and can be planted one 
foot apart; others require three feet of space. If plants are planted too close together, they 
may all grow smaller than anticipated, not produce fruit or seed, or not reach maturity.

A common gardening saying is “put a 
50 cent plant into a five dollar hole.” 
If planting seedlings or potted plants, 
be sure to dig a hole twice as wide 
as the root ball of the plant, but no 
deeper than the root ball. Since plants 
need oxygen in the root zone, digging 
a larger hole will aerate the soil that 
is filled in on top of the plant. Some 
plants are sensitive about being 
planted too deep; others are not and 
the plant stem will produce additional 
roots. Measure the depth of the root 
ball you’re planting, then dig the 
hole to that depth. When you begin 
to garden, this ensures that the plant 
stem is placed above the soil surface. 
When placing the plant in the hole, it’s 
important to turn the pot or seedling 
tray upside down, gently press on the 
sides of the tray and gently slide the 
plant out of the pot, handling the root 
ball only. Pulling up from the plant 
stem will damage the roots of the 
plant.

— Your Green Thumb Guide to
Florida Gardening Basics
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All seeds may not germinate, so many seed packets advise “thinning” — planting many seeds 
in a row, then pinching off the weaker seedlings after they’ve grown one-to-two inches to 
create the correct spacing for plants. This step may be difficult for the first-time gardener.  
Remind students that crowded plants couldn’t grow at all; thinning is a way to make sure the 
final plants have enough food to be healthy.

Watering
Watering in the morning is best for plants. 
The excess water on the plants leaves and 
stem will evaporate. If plants are watered 
at night, the water droplets on the plant 
leaves and stem remain on the plant 
creating an ideal surface for the growth 
of microorganisms which will introduce 
diseases to the plant. There is no magic 
formula for how much to water a garden. 
The amount depends on the soil type, the 
type of plants, your regional climate, and 
other factors. Classrooms can use the cup-
and-bucket method to water their vegetable 
or herb gardens, minimizing the chance of students wetting one another in the fun of the 
chore. Each student can be assigned a margarine cup with his or her name, or a communal 
cup, and when the garden needs watering, each student can dip his or her cup into a bucket 
to water their plants carefully around the soil.  

If watering with a hose by hand, students should apply water to the plants at the root and 
avoid spraying water directly onto plant leaves; this helps keep plants healthy. Heartier 
plants, such as those in butterfly and sensory gardens, can be watered with an overhead 
sprinkler on a timer. Automatic watering systems free teachers from the responsibility 
of watering the garden; however, it’s important to get the timing of the system correct.  
Automatic soil moisture sensors are available, or the “finger test” is also useful.  To test if a 
plant needs to be watered, place an index finger in the soil – if the soil is moist (cool to the 
touch) from the top of the finger to the tip of the first knuckle (approximately two inches), 
the soil does not need water. Otherwise, water deeply. From a hose, it takes approximately:
  

30 minutes for a tree•	
3-5 minutes for a shrub•	
15-20 seconds to properly water flowers (Perry, 1977).•	

Plants need water, but they also need air! Overwatering the plant means that you’ve filled up 
all the air pockets with water, which means the plant roots can’t breathe — be sure to keep 
the soil moist but not too wet. Overwatering is especially common with container plants — 
be sure to use the finger test before watering.

Soi1 10 1
“Dirt” and “Rock” can be found within many layers of the earth’s crust, but soil refers to the 
first few feet of good growing material. In organic growing, the philosophy is to feed the 
soil, not the plant; this will keep plants healthy and better able to resist pests.  Creating good 
garden soil is like adding together ingredients of a recipe. The ideal mix is ¼ air, ¼ organic 
matter, ¼ water and ¼ minerals. Air is already available in a container garden by using 
potting mix (note: not potting soil).  Air must be included in a hydroponics system using 
an aquarium pump or other method to aerate the nutrient solution.  Air is added to raised 
beds or in-ground rows by digging into the soil and turning it over with a shovel, or by using 
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a rototiller (this may be rented, or labor and 
equipment donated by a resource partner). 
Once the soil is tilled or turned under, be 
sure to keep students from stepping on the 
soil to keep the air in the soil.

Schoolyard soil in Florida typically contains 
a large amount of sand. While sand gives a 
garden good drainage and provides a part of 
the one-quarter part of air necessary for good 
garden soil, it does not usually contain enough organic matter. Compost, peat moss, sawdust 
and other organic matter are like sponges in between the marbles in a bucket. Adding 25 
pounds of compost for every 100 square feet is recommended. Composted material is the 
manure, food waste, yard waste or other organic material that microorganisms have digested 
and broken down, making the nutrition available to the plants. Contact your county 
Cooperative Extension agent for a good source of compost in your area; it may be available 
for free. Also, to alleviate food safety concerns, do not use compost or animal waste on 
edible plants. Rather, use it on ornamental plants instead.

Another important role of compost is to keep water, minerals and other nutrients in the 
soil until plants can use them to grow. These minerals and other nutrients, in the form of 
fertilizer, must be added to your soil to improve the health of any plants you put in the 
garden.  Organic and non-organic fertilizers are available for purchase. Be sure to follow 
label instructions. It is possible to make fertilizer from materials purchased (or donated 
from) any gardening or home improvement store. A common recipe for organic fertilizer is 
as follows and should be reserved for use on ornamental plants: 

4 parts seed meal (or 3 parts seed meal and 1 part bloodmeal)•	
1 part dolomite lime•	
1/2 part bone meal•	
1/2 part kelp meal•	

Included in every fertilizer are the basic nutrients needed for healthy plants, similar to a 
multivitamin for humans. The combination of nutrients is important; if purchasing a ready-
made fertilizer, be sure that it will be appropriate for your type of garden (a fertilizer with 
5-10-10, or five percent Nitrogen, 10 percent Phosphorus and 10 percent Potassium is used 
in most vegetable gardens, for example, but citrus trees or blueberry bushes need a different 
formula).

In addition to fertile, well-watered soil, 
mulch is important to add at the top of the 
soil around the plants. Mulch helps the soil 
hold moisture, protects plant roots from 
erosion, encourages beneficial organisms 
that keep garden plants healthy, and helps 
keep weeds under control. An easy recipe 
for a weed-free garden involves covering 
the raised bed, row or container with six-
to-eight sheets of newspaper, wetting it, 
then applying several inches of straw over 

top. Seedlings can be planted directly into this weed barrier by puncturing a hole where the 
seedling will be planted. If planting seeds, wait until seedlings come up and are at least two 
inches tall before installing the newspaper around them. The newspaper and straw can then 
act as compost for the next season’s garden.

Gardening for Grades: Chapter 2 , Your Green Thumb Guide to F1orida Gardening Basics — Soi1 10 1
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The main building blocks of healthy 
plants include:

Nitrogen
A main ingredient in plant protein, a 
plant uses nitrogen to build its leaves and 
make chlorophyll. Too much Nitrogen 
will produce excessive growth.

Potassium (potash)
Strengthens plant cell walls and extends 
the amount of time flowers stay on the 
plant. Potassium will help plants survive 
drought.

Phosphorus
Useful in the germination and 
development of seeds and roots, and 
produces colorful flowers.

Iron
Vital to plant growth, and helping 
plants make sugar from sunlight. Iron-
poor plants will have yellow leaves; iron 
supplements are sold to correct this 
problem (many Florida soils are low in 
iron).

Calcium
Strengthens cell walls; promotes growth 
of root hairs.

Magnesium
Provides the green coloring of chlorophyll 
in plant leaves; distributes phosphate 
through plants.

Manganese
Carries Iron through plants.

Boron
Prevents breakdown of plant stems and 
leaves.

Copper and Zinc
Ensures proper growth.

Sulfur
A key ingredient in proteins and aromatic 
oils.

— Your Green Thumb Guide to
Florida Gardening Basics
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Soi1 Testing
In addition to the ideal recipe for soil, ingredients in the soil determine the pH, or acidity, of 
the soil. Most garden plants grow best in soil pH of 7.0 (neutral) to 5.8 - 6.5 (slightly acidic). 
The University of Florida provides soil testing services for a small fee, county Cooperative 
Extension agents typically test soil for free, and pH test kits can be purchased to test soil 
in the classroom. To properly collect a sample of soil, use a hand trowel to dig four-to-six 
inches into the garden soil at several corners, and the middle, of the garden area.  Place a 
small amount from each area in a bag and mix the sample, which will give you an average pH 
of the garden area.

Composting
Compost is a blend of organic material, such as leaves, grass and food scraps, that has been 
decomposed by beneficial microorganisms. These creatures break down plant material into 
useful nutrients that new plants can use. Schools can create their own compost from garden 
scraps, lawn leftovers, and even school lunch room waste. DO NOT INCLUDE DAIRY, 
EGG OR MEAT SCRAPS IN THE COMPOST. Do not use composted material or 
animal waste on edible plants. Use it on ornamental plants instead. Be sure to locate the 
compost pile away from buildings, as some of the beneficial bugs are not welcome indoors. If 
your pile does not contain fruit, oils or seeds, and if new food waste is buried into the center 
of the pile, the compost should not attract larger pest animals.

A simple compost pile is made out of metal rectangular mesh, purchased at the local feed 
store or home improvement store. Purchase a section three-feet-by-10-feet long, and wrap it 
into a circle. This should make approximately a three-quarter cubic yard of compost, which 
is the correct size to encourage the beneficial microorganisms. As they “eat” the composted 
materials, they give off heat — a healthy compost pile can be up to 160 degrees in the center!  
Commercial compost bins made out of plastic (tumblers, self-contained, or plastic square 
bins) may not be large enough to compost efficiently. Allow enough rain water in to keep 
the pile moist, and be sure to add water to these systems and turn them frequently.  

Compost-eating bugs need a combination of “brown” and “green” compost, usually added in 
layers. A compost cake recipe is as follows:  two-to-three inches of dried leaves, two-to-three 
inches of lawn clippings, garden waste or food waste (no animal products, oils, citrus or 
seeds), and a layer of soil. Repeat the layers as material is available. Every month, unhook the 
wire mesh and set it to one side, then use a pitchfork or shovel to “turn” the compost (put 
the pile into the new mesh circle).  Only use it on ornamental plants when it is ready.

Vermicu1ture
While traditional yard composting can take up to a year to turn plant waste into nutrition 
that new plants can use, a worm bin, or vermiculture system, can take as little as three 
months. There are over 7,000 varieties of worms, but the best species for home composting 
are red wigglers. These are available for sale by local compost worm suppliers (do not buy 
worms at a bait shop or dig them up from the ground; these are a different species and are 
not suitable for digesting home compost as efficiently).

Worms have no teeth, and digest their food by using microorganisms internally to break 
it down into a digestible form. Worms need a dark place with oxygen, moist fiber bedding 
(such as shredded newspaper and office paper, strips of cardboard, small amounts of soil 
and leaves), and food scraps cut into small pieces (similar to those put in a compost pile — 
no animal products except eggshells, oils and minimal citrus). The least expensive way to 
construct a worm bin is to make one: purchase two five-gallon plastic bins and two bricks. 
The top bin should have a lid, and will rest on the bricks inside the bottom bin. Drill air 
holes with a quarter-inch drill in the lid of the top bin and air holes along the sides of the 
top bin.  Set the bin inside the other bin with two bricks supporting it — this outer bin will 
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collect the liquid fertilizer (called leachate) the worms produce.  This can be sprayed directly 
on outside non-edible plants as a natural pesticide and fertilizer or recycled back into the 
inner bin to keep conditions moist. Fill the inner bin with at least six inches of leaves (do not 
use magnolia or pine leaves, as their oils will kill the worms; oak leaves are best), shredded 
newspaper, office paper (no glossy materials) and/or cardboard strips, moistened with water 
and wrung out. Add one pound of red wiggler worms and two handsful of compost to one 
corner of the bin. Cover with bedding and cover the top with leaves, and then a strip of 
cardboard large enough to fit across (this will reduce fruit flies and keep moisture in the 
bin).  Place the lid back on the bin, and feed the worms fresh compost as it is available — 
worms eat three times their weight of food in a week (food includes the bedding materials). 

Recommended Foods for Worms (try for 50 percent bedding, 50 percent food):
Cardboard, dryer lint, paper egg cartons, napkins, paper towels, coffee filters with grounds, 
tea bags, paper bags and junk mail — all shredded.
Melon, banana, pineapple, apple, grapes, peaches, plums, berries.
Grain-based food sparingly, with no oil residue.
Dried leaves, dead flowers, disease-free plants.
Corn, broccoli, cabbage, onions, beans, tomatoes, squash, carrots, peas, cooked potatoes.

The worm bin should be placed in a shaded location (do not allow it to receive any sunlight, 
as it will heat up the bin and stress the worms) with plenty of air circulation.  Worms 
thrive between 60-to-80 degrees Fahrenheit. Move the worm bin inside during freezing 
conditions.

In about two months, the compost is ready to be harvested. Using gloved hands, scoop the 
compost out from around the worms, replace with fresh bedding, and apply the compost 
directly to the soil near your non-edible plants or add one cup of compost to a gallon of 
water and steep overnight for compost tea, which can then be sprayed on non-edible plants.

Vermiculture systems are also available for purchase — the Can-O-Worms and Worm 
Factory are two of these. Both systems use trays with holes in the bottom to encourage 
worms to “move up” into new layers of fresh plant material, leaving behind their casings 
for easy collection. Worms are best purchased from a local grower specializing in compost 
worms. Red wigglers, or Esneia foetida, are the best kind of worms for compost systems.  

Florida source of compost worms:
Vermiculture Unlimited
Orange Lake, Fla.
https://www.vermitechnology.com/
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Activity: It A1 1 Begins With Soi1 Grades 4-8

Overview
This lesson is intended for upper elementary, and middle school students. There is an ad-
ditional lesson for younger students titled Soil Sort. Students examine soil to identify its 
components and ways that its structure affects plant growth.   

Background
Most of the foods that we eat are grown in soil across the planet. These soils differ a great 
deal due to the rocks that eroded to create it, the temperature and temperature changes that 
occurred as it developed, rainfall and humidity present as it developed, and other factors. 
The type of soil today is determined by the composition of sand, silt, clay, and organic mat-
ter. Soil types affect the soil structure, ability to hold nutrients, water, air, structural support 
for plant roots, habitat suitability for animal and microbial life, and more. This activity is an 
introductory exploration for students. Soil science is very complicated.  It is actually a sci-
ence and there are careers in this field.    

Groundwork
Objective:  To speculate about soil and its components and obtain soil from the garden site.

Ask the students what soil is. Answers will vary. Most commonly they will say 1 . 
that soil is dirt. 
Explain that dirt is an unwanted item where soil is not. Soil is very important. 2. 
Soil becomes dirt when it is where you do not want it but dirt and soil are not 
interchangeable words, although they are often used as such. Ask them if they 
would like to eat plants grown in the dirt that is cleaned up from sweeping the 
floor or vacuuming. No, but much of that dirt can be recycled back into soil that 
can grow plants.   
Have students take soil samples from the garden. 3. 

Exp1oration
Objectives:  To recognize that there are many components found in soil that determine soil type.
To recognize there are different soil types and determine soil type found in the school gar-
den site.

Soil Components
Have the students take a sample of soil from the garden.  Weigh and use a sample 1 . 
that is approximately a ½ cup.  Save the balance of the sample collected.
Ask them to identify what the components are that they can find in the soil. 2. 
Make a list. (Minerals, insects, worms, leaves, etc.)
Ask them to separate out the different components that are large enough to see 3. 
with the naked eye into separate piles. 
Next have the students examine the remaining soil under the hand lens or micro-4. 
scope and separate additional components. Add these to the appropriate piles. 
Once they are all separated, have students weigh each component and record the 5. 
weight on the list. 
Have students calculate the 6. 
percentage of each component 
and graph the components in a 
pie graph.
Discuss their findings and 7. 
explain that different soils will 
contain different components. 
Have them speculate what this 
may influence.

Time:

Groundwork:  30 minutes

Exploration:  50 minutes 

Making connections:  Ongoing

Materia1s:

Soil from different locations – •	
several cups per site

Scales•	
Artificial potting mix•	
Potting soil•	
Hand lenses and/or microscopes•	
Paper •	
Tweezers or other utensils to •	
separate components

Quart jars with lids•	
Water•	
Rulers•	
Writing utensils•	
Copies of the •	 Soil Type Triangle

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

SC.2.E.6.3, MA.2.G.5.4, SC.3.N.1.6, SC.3.N.1.7, 
SC.3.P.8.2, SC.3.P.8.3, LA.3.6.1.1, LA 4.6.1.1, 
LA.4.4.2.2, MA.4.A.2.4, SC.3.N.1.3, SC.4.E.6.3, 
SC.4.E.6.6, SC.4.L.17.2, SC.4.P.8.1, SC.5.P.8.3, 
LA.5.4.2.2, MA.5.A.2.1, MA.5.A.2.2, MA.5.G.5.2, 
MA.5.G.5.3, LA.6.4.2.2, MA.6.A.1.3, MA.6.A.5.2, 
SC.7.L.17.1, LA.7.4.2.2, LA.8.4.2.2, MA.7.A.1.2, 
SC.8.P.8.4, MA.8.A.1.1, MA.8.A.1.3, MA.8.A.6.4, 
MA.912.A.1.4, MA.912.A.2.2

Standard Reinforced or Skill Utilized

SC.K.N.1.2, SC.K.N.1.3, SC.K.P.8.1, MA.K.G.2.1, 
MA.1.G.5.2, SC.1.E.5.3, SC.1.E.6.1, SC.1.L.14.1, 
SC.1.L.14.3, SC.1.N.1.2, SC.1.N.1.3, SC.1.P.8.1,  
SC.2.E.6.2, SC.3.L.14.1, LA.K.1.6.1, LA.1.1.6.1, 
LA.2.1.6.5, LA.2.4.2.2

Air 25%

Water 25%

Mineral
Part icles 45%

Organ ic Matter 5%

Organ isms
1 0% Roots

1 0%

Humus
80%
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Soil Type
Have the students return the components to their soil sample less any rocks, 1 . 
pebbles or live insects and worms. Return any living animals to the garden. Place 
two cups in the quart jar, fill the quart jar with water, and shake up the sample. 
Then place the jars in a location where they will not be jostled, to allow the soil 
to settle. This may happen quickly or take several days to settle completely. The 
water will be clear when the total sample has settled.   
Explain that the layer closest to the bottom is the sand, the next layer is silt, and 2. 
the top layer is clay. Above that will be any organic matter including dead insects 
and leaves that may be floating on the water surface.  
Using a ruler, have the students measure the total of the three lowest layers and 3. 
record the total number of inches. Then have the students measure and record 
each of the layers.
Have students calculate the percentage of the soil sample that is sand, silt and 4. 
clay. Graph this information in a pie graph. Explain that these three components 
are used to determine the type of soil. 
Have the students determine their soil type using the Soil Type Triangle (page 25).5. 

Enrichment
Have the students bring in soil samples from home and repeat the process to 1 . 
determine their soil type at home.  
Have students visit this website to learn more about these topics: 2. http://whyfiles.
org/199_soil/ 
Download this presentation to enhance this lesson: 3. http://soils.usda.gov/use/
worldsoils/gsr/. Recommended are the sections “Soil Under the Microscope,” 
“Global Maps” and “Soil Quality Concepts.”

Extensions for Midd1e and High Schoo1
Have students access 1 . http://soils.usda.gov/use/thematic/ and http://soils.usda.gov/
use/worldsoils/gsr/ to examine soil issues in the United States and globally.  Have 
them use this information to develop an opinion piece about the importance of 
soil to future world food production.  
Download some soil type maps from sites such as these to examine the influence 2. 
on soil development, geology, (http://rst.gsfc.nasa.gov/Sect6/Sect6_1.html),  a va-
riety of soil maps and conditions (http://soils.usda.gov/use/worldsoils/mapindex/
index.html) and a comparison of soil types in Russia (http://www.agroatlas.ru/en/
content/soil_maps/Soil_types/).
Have students access the Detailed Soil Survey Atlas and examine soil productiv-3. 
ity for Florida at http://www.ngdc.wvu.edu/soil_survey_atlas/subpage_3 and write 
an essay on Florida soils, their strengths and weaknesses.

Additiona1 Materia1s: 
The Natural Resources Conservation Service (NRCS) has information, educational 1 . 
materials and activities, as well as experts available for classroom use and/or presen-
tations. Find it listed under United States Department of Agriculture or USDA in 
the phone book.  
Use the lessons “Perc Through the Pores,” “Soil’s Not Trivial,” “From Apple Cores 2. 
to Healthy Soil,” “In Harmony,” and “Till We or Won’t We” from Project Food, 
Land & People’s Resources for Learning to conduct a full unit on soils. They can be 
obtained by attending a workshop.
The 3. Keeping Florida Green curriculum developed by Florida Agriculture in the 
Classroom, has lessons about plant nutrients that can be used in concert with the 
garden. In particular, the lesson “Phosphate, the Nutrient from Florida” should be 
used in conjunction with this lesson. It can be obtained by attending a workshop.

Credits
Pie Graph of Soil Composition

Introduction to Soils, Physical 
Geography

http://www.physicalgeography.net/
fundamentals/10t.html

Accessed July 25, 2010
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Soi1 Type Triang1e
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First find the percentage of clay 1 . 

in the soil sample along the 
clay side of the graph triangle.  
Using a ruler, draw a line across 
the graph parallel to the other 
percentage lines for clay. 

Next find the percent of sand 2. 

along the sand side of the 
triangle and draw a line across 
the graph parallel to the other 
percentage lines for sand.

Third, find the percentage of 3. 

silt along the silt side of the 
triangle and draw a third line 
parallel to the percentage lines 
of silt.

The intersection of these three 4. 

lines on the graph will fall 
within a soil type.

Have the students indicate the 5. 

type of soil they have.
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It A11 Begins With Soi1 
Samp1e Pre-Post Assessment

Soil is made of:1.	

 
The process for creating soil begins with :2.	

The weathering of rocksa.	
The oceanb.	
Sandy beachesc.	
Microorganismsd.	

3. Soils differ around the world because:

4. List the mineral components of soil in order of largest to smallest:

5. Soil is alive.    True      False

26
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Overview
Students explore pH with an emphasis on soil pH. This activity uses soils and vinegar solutions.

Background 
One of the significant factors in growing successful gardens or crops of any kind is the pH 
of the soil.  A simple explanation of pH is whether a solution is an acid, base or neutral. The 
pH scale is numbered from 0 to 14.  Seven is neutral, and distilled water would have a pH of 
7.0.  Solutions below 7.0 are acidic, and those above 7 are basic or alkaline. Examples of alka-
line solutions are lye soap – pH between13 and 14, bleach – pH 13, a solution of ammonia 
– pH 11, Milk of Magnesia – pH 10, baking soda – pH 9, sea water – pH 8. Examples of 
acid solutions are black coffee – pH 5, tomato juice – pH 4, vinegar – pH between 3 and 4, 
orange juice – pH 3, lemon juice – pH 2, gastric acid – pH 1, battery acid – pH between 0 
and 1.0.  Human skin has a pH of 5.5, while human blood is 7.3 to 7.4. (Note: Temperature 
will alter pH.)

How does this relate to soils? Soils are not a solution.  This is true, but soils capable of 
growing plants contain about 25 percent water and 25 percent air.  Mineral transport into 
a plant’s roots is accomplished when those minerals are dissolved in the water found in soil 
and those minerals are absorbed as the water is taken in. That is the solution we are actu-
ally evaluating. Since water molecules cling to soil particles, it is very difficult to remove the 
water solution to test it.  So, we test the moist soil. Most soils in the Eastern United States 
have a  pH between 6 and 6.9.

Soil pH is determined by the parent material of the soil.  The rocks that weather to produce 
soil minerals also dissolve elements into solution. Rocks such as limestone will result in 
soils with higher pH.  Plant material, microorganisms, decomposition, amount of rainfall, 
temperatures and animal waste, all alter soil pH.  Acid rain caused by the burning of fossil 
fuels also affects soil pH more significantly than a more neutral pH and will cause additional 
leeching of soil and rock minerals that further affect soil pH. An interesting map of the 
world’s soils by pH can be found at http://en.wikipedia.org/wiki/File:World_Soil_pH.svg 
and the impact of rain is easily seen. Soils in Florida have a median pH of 6.1, but can vary 
widely across the state. Soils growing slash pine can be quite acidic. Soils formed from 
calcium-rich limestone or seashells will be alkaline. So, in coastal areas and South Florida, 
pH will be higher – above neutral to alkaline.  Florida’s common building materials, con-
crete and stucco, will also create alkaline conditions in soils near buildings, sidewalks, walls 
or where water draining from those structures flows over or through soils.    

Time:

Groundwork:  45 minutes

Exploration – Soil pH:  45 minutes

Exploration – How does pH affect 
plants?:  45 minutes setup, three-to-
four weeks ongoing observations 

Making connections:  Ongoing

Materia1s:

Red cabbage water•	
Baking soda•	
Glasses with water•	
Wide-range pH paper (0-12)•	
pH test kits for soil•	
A variety of common household •	
liquids and beverages (milk, 
orange juice, cola, pickle juice, dish 
detergent, vinegar) 

Garden soil•	
Bean plants•	
White vinegar•	
Copies of student handout pages•	

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

SC.2.E.6.3, SC.2.L.17.2, SC.3.N.1.6, SC.3.N.1.7, 
SC.3.P.8.3, LA.3.6.1.1, LA 4.6.1.1, LA.4.4.2.2, 
SC.3.N.1.2, SC.3.N.1.3, SC.4.E.6.3, SC.4.E.6.6, 
SC.4.P.8.1, LA.5.4.2.2, MA.5.G.5.3, LA.6.4.2.2, 
LA.7.4.2.2, LA.8.4.2.2, SC.8.P.8.4, SC.8.P.8.8, 
SC.912.P.8.8, SC.912.P.8.11

Standard Reinforced or Skill Utilized

SC.K.N.1.2, SC.K.N.1.3, SC.1.E.6.1, SC.1.L.14.1, 
SC.1.L.14.3, SC.1.N.1.3, SC.1.P.8.1,  SC.2.E.6.2, 
SC.2.N.1.1,  SC.2.N.1.2, LA.K.1.6.1, LA.1.1.6.1, 
LA.2.1.6.5, LA.2.4.2.2

Activity: Acid to A1ka1ine Grades 4-8

Gardening for Grades: Chapter 2 , Your Green Thumb Guide to F1orida Gardening Basics — Activity: Acid to A1ka1ine
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The goal of most farmers is to maintain a soil pH between 6.0 and 7.0 for most crops. A 
neutral soil pH will not interfere with plant growth nor the uptake of minerals needed by 
corn, wheat, oats, alfalfa and other field crops. Gardeners and vegetable growers work to 
maintain the pH required for the crops they are growing. Some crops need a higher or lower 
pH, having evolved in areas of either acidic or alkaline soils. Blueberries are an example of a 
crop that needs acidic soil (pH 4.0-5.0). Hydrangea blossoms can be colored from pink to 
blue depending on the pH of the soil (blue pH 4.5-5.0; less acidic for pink blossoms.) Soil 
pH can affect both plant nutritional deficiencies on one end of the spectrum to plant nutri-
tional toxicity on the other. Some plant diseases are also caused or exacerbated by improper 
soil pH.  Each plant has adapted to grow and thrive in a particular pH range of soils, which 
determines which minerals and nutrients the plant can absorb.

Preparation
Obtain several pH test kits from your county Cooperative Extension office or local •	
gardening shops.  Have enough for all groups when the whole class is divided into 
groups of five students.   

A day before conducting this lesson, chop a red cabbage into small pieces. (If a red •	
cabbage is not available, blackberries, red onions or hibiscus flowers can be substi-
tuted.) Cover the cabbage with water and simmer the mixture until the water turns 
a deep shade of purple.  Allow the water to cool; drain and refrigerate the solution.

Fill three glasses with 1 cup of water and line them up in front of the class. Leave •	
the first just water. To the second, add two tablespoons of vinegar, and to the third 
add 2 teaspoons of baking soda.    

Groundwork
Objective:  To distinguish between acidity and alkalinity. 

Find out what your students already know about acids by asking such questions as:  1 . 
What is an acid? Can you name any? What is a base?  Can you name any? Do you 
think acids or bases are helpful or harmful?  What have you heard that leads you to 
believe this? Generate a list in a visible place.
Explain that there are acids and bases, giving examples from the background in-2. 
formation provided above, omitting the pH of each. List the examples in a visible 
place under the headings acids and bases.  
Explain that there is a pH scale that ranges from zero to 14, with the midpoint of 7 3. 
being neutral, and numbers below it representing acids and those above it repre-
senting bases. Next to the acids and bases on your list, add the pH of each from the 
information provided above.  
Explain that this pH scale is actually representative of the concentration of hy-4. 
drogen ions. Using the animation found at www.purchon.com/chemistry/ph.htm 
provide a pictorial demonstration of the hydrogen ion concentration changes as 
you move up or down the pH scale and the acids or bases that are identified.
Using the three glasses set up in advance, explain to students that the first glass 5. 
contains water, the second is a mild acid, and the third is a mild base. Explain that 
you have a pitcher of water made by cooking red cabbage. Show students its purple 
color. Ask them to predict what will happen if you pour the cabbage water into the 
glass with water.

Pour the cabbage water into the first glass — it will turn purple.  Discuss with a. 
the students that this is as expected since the glass just contained water with a 
pH near or at neutral.
Pour the cabbage water into the second glass. It will turn red.  Explain that the cab-b. 
bage water acts as an indicator. The water turning red indicates that it is an acid. 

The goa1 of most 

farmers is to maintain 

a soi1 pH between 6.0 

and 7.0 for most crops.

“Acid to A1ka1ine” 1esson
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Pour the cabbage water into the third glass. It will turn green and this indicates c. 
that it is a base. 
Explain that making red cabbage water is time consuming and messy, and while d. 
you refrigerated it for use with this class, it would eventually spoil.  So, other 
solutions or pH paper are used to reveal the same information. Display litmus 
paper and one of the soil test kits.  

Divide the class into groups of five students, and have the students measure the pH 6. 
of common household substances such as milk, water, lemon juice, cola, etc. Mea-
sure the pH and record results on pH of Common Liquids handout.
Explain that acids and bases are all around us, and that they have specific uses. 7. 
As food scientists and chefs are creating new foods, they consider pH and pH is 
important in food preservation. As chemists develop dish detergents, laundry soap, 
bar soap, hand creams, lotions, fertilizers and other products you use every day, pH 
is monitored and altered to meet the needs of the product user. Imagine putting 
lotion on your skin only to have it be too acidic.  What would happen? (It would 
burn.)

Exp1oration – Soi1 pH
Objective: Determine the pH of the soils in the school garden and how pH influences plant 
crops.

Explain that the pH of soil is very important to gardeners and farmers as they try 1 . 
to raise food and feed crops. Share that soils that have a high pH are not known as 
basic soils but alkaline soils. 
Hand out the Soil pH Requirements Chart (page 31) for students. Have students 2. 
read the chart and identify three crops that need acidic soils and three that require 
neutral to alkaline soils.  
Divide the class into groups of five students, and have each group take a soil sample 3. 
from a different part of the school garden. At least two should be near either the 
building or sidewalk to see the impact of structures.
Provide each group with a soil pH test kit and, following the directions, test the soil 4. 
for pH.  
Compare results and make a map of the pH in the garden.5. 
Using the  Soil pH Requirements Handout (page 32), have each group identify which 6. 
crops could thrive in soil with the same pH as their group found in the garden.
Begin the process to determine what plants might be grown in the school garden.7. 

Exp1oration – Does pH affect p1ants?
Objective: Conduct an experiment to determine influence of acidity on plants.

Ask:  “How can we find out if and how plants are sensitive to different levels of 1 . 
acidity?”  Encourage students, in small groups or as a class, to design experiments to 
examine this question.
A sample setup could be:2. 

Plant three bean seeds per four-inch pot, keep in full sun, and thin to one plant a. 
per pot when plants are approximately two inches tall.
Prepare solutions with a pH of 3 (1 quart vinegar), 4 (1 quart tap water to ½ b. 
cup vinegar), 5 (1 quart tap water to 2 teaspoon vinegar), and 6 (1 quart tap 
water and no vinegar).  
When plants have grown three-to-four inches tall, begin watering with acid c. 
solution. Spray on leaves and then water with the rest of the quart.

Have students conduct their experiments as designed, record their observations 3. 
and measurements and develop conclusions. Each group should prepare a report of 
their experiment and conclusions.

Gardening for Grades: Chapter 2 , Your Green Thumb Guide to F1orida Gardening Basics — Activity: Acid to A1ka1ine
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Enrichment
What can you infer about the effects of pH on a plant in the garden?1 . 
How could acid rain affect you? How could it affect a farmer anywhere in the 2. 
world?

Extensions for Midd1e and High Schoo1 students
Collect rainwater and determine the pH.1 . 
Research methods to lower or raise pH.2. 
Lower or raise pH in the school garden following the results of the exploration in 3. 
#2.
Select an industry and research how pH plays a role in their product development, 4. 
research, environmental stewardship, and product manufacturing or processing. 
Create a poster project, oral report or PowerPoint presentation to give to the class.

Additiona1 Information
The Master Gardener program of Cooperative Extension with the University of Florida has 
additional information on soil pH and other resources.  They can be found through your 
county Cooperative Extension office or at: http://gardeningsolutions.ifas.ufl.edu/mastergar-
dener/newsletter/2009/more/soil_ph.shtml

30
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