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The Greek word “hydro” means water and “ponos” 
means labor or work.

What is hydroponics?

Hydroponics is a method 
of growing plants in water 
without soil.  The water 
must be enriched with 
nutrients and the plants 
need some type of inert 
medium to support the 
root system.



Egyptian hieroglyphic records dating back several hundred years 
B.C. describe the growing of plants in water.

Many different civilizations have utilized hydroponic 
growing techniques throughout history. 

The hanging gardens of BabylonThe floating gardens of the
Aztecs of Mexico 



Hydroponics is hardly a 
new method of growing 
plants. Throughout the last 
century, scientists and 
horticulturists have 
experimented with many 
different methods of 
hydroponics. 

Hydroponics Today
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Hydroponics is hardly a new method of growing plants. However, giant strides have been made over the years in this innovative area of agriculture.
One of the potential applications of hydroponics that drove research was for growing fresh produce in areas with poor or no soil. during World War II. Troops stationed on nonarable islands in the Pacific were supplied with fresh produce grown in locally established hydroponic systems, Later in the century, hydroponics was integrated into the space program. But by the 1970s, it wasn't just scientists and analysts who were involved in hydroponics. Traditional farmers and eager hobbyists began to be attracted to the virtues of hydroponic growing. A few of the positive aspects of hydroponics include:
The ability to produce higher yields than traditional, soil-based agriculture 
Allowing food to be grown and consumed in areas of the world that cannot support crops in the soil. Eliminating the need for massive pesticide use (considering most pests live in the soil), effectively making our air, water, soil, and food cleaner 




Plant Needs

• Water
• Nutrients
• Light
• Air 
• Structural  Support
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The most important function of plant roots is to absorb water and nutrients. Covering the growing tip of each root are hundreds of tiny root hairs. The cell walls and membranes of the hairs are porous thereby allowing water molecules containing dissolved minerals to enter. The movement of the molecules through the cell membranes is called osmosis. Osmosis occurs because the water seeks balance in the concentration of nutrients inside and outside of the plant. Plant roots deliver the necessary water and nutrients (via the stem) to the plant's leaves where photosynthesis � food (energy) production � occurs. During photosynthesis carbon dioxide enters the plant through the leaf's surface. Carbohydrates (glucose) are produced from carbon dioxide and a source of hydrogen (water) in chlorophyll-containing plant cells when they are exposed to light. This process results in the production of oxygen. (Like animals, plants also require oxygen for respiration.) These carbohydrates fuel plant growth and reproduction. Only a small amount of the water sent to the leaves is used in photosynthesis; the rest is given off into the air through transpiration.




Plant Structure 
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Stem

Roots

Shoot
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In traditional gardening, plants get root support, nutrients, water, and oxygen from the soil. Without soil, hydroponic growers must find ways to provide water and the right balance of nutrients directly to the plants' roots, enabling the plants to concentrate their energy on producing leaves and fruits rather than searching for water and nutrients. Another challenge is designing ways of providing the support and oxygen that plants needs. 



Primary: Nitrogen (N) Phosphorous 
(P) 

Potassium (K)

Secondary: Calcium (Ca) Magnesium 
(Mg)

Sulphur (S)

Mineral nutrient elements are divided into 2 groups. 

MACRO nutrients

Iron (Fe) Boron (B) Zinc (Zn) Copper (Cu) 

Manganese 
(Mo)

Sodium (Na) Chlorine (Cl) Cobalt (Co)

Nutrients Basics

MICRO nutrients
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Whichever type of hydroponic system you select or create, you must supply the plants with nutrients. In soil, these elements come from rock and mineral leaching and organic matter decomposition. They are "held" by the soil particles and dissolved in the surrounding water. In hydroponics, the liquid solution is taken in directly by the roots and provides the leaves with nutrients through the transportation system in the stem. These nutrients or minerals are not actual food, but elements vital to helping the plant utilize the sugars (the real food) that it produces during photosynthesis. 
nitrogen (N)- Promotes development of leaves �phosphorus (P) - Aids in growth of roots �potassium (K)- Helps plant resist disease �calcium (Ca) - Helps promote new root and shoot growth �magnesium (Mg)- Contributes to leaf color and helps absorb sunlight�sulfur (S)- Contributes leaf color 



Feeding Plants

• Commercial hydroponic fertilizers: Advantage--
excellent quality and reasonable cost. 
Disadvantage--difficult to find.

• Specialty fertilizers from hydroponic shops: 
Advantage--good quality, many come in liquid form, 
and are available almost anywhere. Disadvantage--
expensive.

• Water soluble fertilizer: Advantage--reasonable cost 
and good availability. Disadvantage--All have 
something in them that is not ideal for hydroponics.
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One of the questions that comes up for new hydroponic growers is what to use for fertilizer. A fertilizer that is designed for use in soil is usually not suited for hydroponics, although some can be used. A fertilizer must be water soluble and contain minor elements in order to be usable in hydroponics. Hydroponic production is an environmentally friendly process. It minimizes fertilizer use by being a more efficient process than soil production. When using 'chemical fertilizers' it’s basically like giving a plant it’s vitamins from a bottle, the plant always has instant access to the whole range of plant nutrients, so you actually may end up with a tomato that has a better nutritional value as well as higher rate of growth. In addition in a controlled hydroponic environment, pest and disease control can be effectively managed without dangerous pesticides and often can be done with the almost exclusive use of biological control products. Ultimately when choosing fertilizer products one should look at the whole picture; Which products have the least negative impact on the environment, people and animals. 



pH
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Although it is perhaps one of the most overlooked aspects, pH is very important in hydroponic and organic as well as regular soil gardening. pH is measured on a scale of 1-14 with 7 being neutral. Acids are lower than 7 and alkalis (bases) are above 7.
The term pH refers to the potential hydrogen-hydroxyl ion content of a solution. Solutions ionize into positive and negative ions. If the solution has more hydrogen (positive) ions than hydroxyl (negative) ions then it is an acid (1-6.9 on the pH scale). Conversely if the solution has more hydroxyl ions than hydrogen it is alkaline (or base), with a range of 7.1-14 on the pH scale. 
Pure water has a balance of hydrogen (H+) and hydroxyl (OH-) ions and is therefore pH neutral (pH 7). When the water is less than pure it can have a pH either higher or lower than 7. 





pH Values For Different Hydroponic Crops

(From Hydroponic Food Production
by Howard M. Resh Woodbridge Press, 1987)

Plant pH Range

Beans
Broccoli

Cabbage
Cantaloupe

Carrots
Chives

Cucumbers
Garlic

Lettuce
Onions
Peas

Pineapple
Pumpkin
Radish

Strawberries
Tomatoes

6.0-6.5
6.0-6.5
6.5-7.5
6.5-6.8
5.8-6.4
6.0-6.5
5.8-6.0
6.0-6.5
6.0-6.5
6.5-7.0
6.0-6.8
5.0-5.5
5.0-6.5
6.0-7.0
5.5-6.5
5.5-6.5
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When the pH is not at the proper level the plant will lose its ability to absorb some of the essential elements required for healthy growth. For all plants there is a particular pH level that will produce optimum results (see chart). This pH level will vary from plant to plant, but in general most plants prefer a slightly acid growing environment (between 5.5-6.0), although most plants can still survive in an environment with a pH of between 5.0 and 7.5. 




pH Testing

Methods used to test pH:
• Paper test strips
• Liquid pH test kits
• Digital meters

Methods used to adjust pH:
• phosphoric acid – lower pH
• Potassium hydroxide – raise pH
• Food grade citric acid
• Vineger - lower pH
• Baking soda – raise pH
• Hydroponic pH adjusters
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When you are growing hydroponically checking and adjusting pH is a simple matter. 
Paper test strips most inexpensive way to check the pH. Paper strips have a pH sensitive dye which changes color when dipped into the nutrient solution. The paper strip is then compared to a color chart to determine the pH level of the solution being checked. These test strips are inexpensive, but they can be hard to read, because the colors differences are subtle.
Liquid pH test kits are probably the most popular method to check pH for the hobby gardener. These liquid test kits work by adding a few drops of a pH sensitive dye to a small amount of the nutrient solution and then comparing the color of the resulting liquid with a color chart. While slightly more expensive than the paper test strips, they are easier to read and extremely accurate and reliable.
The Most high-tech way to check pH is to use the digital meters. These meters come in a huge array of sizes and prices. You simply dip the electrode into the nutrient solution for a few moments and the pH value is displayed on an LCD screen. The most popular are phosphoric acid (to lower pH) and potassium hydroxide (to raise pH). Both of these chemicals are relatively safe, although they can cause burns and should never come in contact with the eyes. Most hydroponic supply stores sell pH adjusters that are diluted to a level that is reasonably safe and easy to use.
Always add the nutrients to the water before checking and adjusting the pH of your solution. The fertilizer will usually lower the pH of the water due to its chemical makeup. After adding nutrient and mixing the solution, check the pH using whatever method you chose. Add small amounts of adjuster until you get use to it.



Types of Systems

• Active
• Passive
• Media-based
• Water culture
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Hydroponic systems can be "active" or "passive." They also can be "media-based" or "water culture." Active systems rely on a pump to flow nutrient around the plant's roots and to provide aeration. Passive systems work without a pump. A wicking material draws nutrients up to the roots or the root tips are suspended in a stationary solution with the main portion of the rootball hanging in the air.




Media-based Systems

Floating raft

Ebb-and-flow
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Media-based systems, such as ebb-and-flow (flood-and-drain), top-feed (drip), or bottom-feed systems rely on a growing medium to support the plants and hold nutrient solution around their roots. Most operate on timers, alternately wetting the medium to wash out salts and replenish nutrients and then draining so the plants can draw in atmospheric oxygen.



Water culture Systems
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Water culture systems usually operate without media. Sometimes rockwool cubes or small amounts of gravel are used because plants like tomatoes and cucumbers get top heavy when they start to bear fruit and may need help to stand upright. You can also use plastic flaps, foam rings, fiber cups, or plastic collars for plant support. Some growers tie plants to a trellis.




Growing Media

Commonly used growing media for hydroponic culture:

• Coconut Fiber
• Expanded Clay
• Perlite
• Rockwool
• Sand
• Vermiculite
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A good hydroponic medium should support the plants in the system, not break down, absorb and retain moisture, be porous to allow air circulation and proper drainage, and protect plant roots from temperature extremes. Different growing media are suitable for different crops



Light

Presenter
Presentation Notes
No gardener can achieve good results without adequate light. If you intend to grow indoors you will need to provide a light source. If you need to supply artificial light, you have some choices. The best option for an indoor grower with limited or no natural light is to use a high intensity discharge (HID) setup. Can be very expensive. One economical alternative for beginners is to use fluorescent lights. A setup of ballast, base, and bulb should only run around $20. In order to maximize results, you will need to use different bulb types during different growing cycles. Warm white bulbs gives off more red light, which is good for flowering. Cool white bulbs give off more blue light, which is good for vegetative growth. Fluorescent bulbs are pretty inexpensive, so you should be able to purchase both types. Systems can also be set up near windows. Choose one that receives light most of the day.




Plants
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You can grow just about anything hydroponically that you can when using traditional techniques. Hydroponic plants can be started just like traditional plants. They can be grown from seed in germinating medium and then transplanted. Remember that the plant's roots need to be cleaned before transplanting to a hydroponic system. Seeds can also be sown directly in rockwool starter cubes that can then be transferred to a growing system



Growing

Plants can grow quickly using hydroponic methods. 
Keep a log of how your plants grow. 
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In traditional gardening, plants have to work to get the nutrients from the soil. In hydroponics, a nutrient solution feeds your plants directly. Your plants can concentrate on growing food for you to eat. And they do it faster! Since hydroponics can be done indoors, you can grow plants year-round. Also, pests and diseases that live in soil can be reduced in hydroponics. 



Hydroponics is applicable in many classrooms– from kindergarten 
to college. Here are just some subject matters that can be 
covered:

• Biology: understanding photosynthesis, experiments with pH 
and nutrients, microbes and root development, light color 
spectrum effects, etc.

Why Teach Hydroponics?



• Chemistry: Interaction of various nutrients, pH adjusting, calculating 
ppm of nutrients, etc.

• History: Ancient history and hydroponics, scientific pioneers of 
hydroponics

Why Teach Hydroponics?



• Math/Business: sell cuttings/seedlings for school project; calculate cost 
to produce and selling price.

• Geography: Research plants from around 
the world

• Engineering/Physics: system designs, capillary movement

Why Teach Hydroponics?



Sawgrass
Springs Middle 
School
Grow it Green Project 

Projects



Sawgrass Nature 
Center
G.O.A.L. Project

Projects



Projects

Coral Glades 
High School
Seed to Table 
Project



Hunt Elementary 
School
Earth Patrols

Projects



Kidsgardening.org
http://www.kidsgardening.com/HYDROPONICSGUIDE/hydro1-1-
intro.asp

Growing Edge
http://www.growingedge.com/basics/tutorial/01_history.html

S.H.A.R.P. Lesson Plans for Hydroponics
http://library.thinkquest.org/C0110342/lessonplan

Resources 

http://www.kidsgardening.com/HYDROPONICSGUIDE/hydro1-1-intro.asp
http://www.kidsgardening.com/HYDROPONICSGUIDE/hydro1-1-intro.asp
http://www.growingedge.com/basics/tutorial/01_history.html
http://library.thinkquest.org/C0110342/lessonplan


Resources 

Supply sources:
• Growers Supply
• Sunlight Supply Inc.
• Verti-Gro
• HYDRO-STACKER
• Home Depot



Table Top Hydroponic



Table Top Hydroponic



Cindy Davidson
Youth Environmental Alliance
954-649-7717
cindy@yeafrog.org
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