Six Systems that YOU
Can Build

- Created by:
Hydroponic Gardeners of Tucson
in conjunction with the
University of Arizona




BASIC PRINCIPLES OF HYDROPONICS

HYDROPONICS = A technology for growing plants without soil
Using a compiete nutrient sofution (water ~ mineral nutrients)
With or without an aggregate medium 10 support the roots

ADVANTAGES OF HYDROPONICS OVER SOIL CULTURE
Crops can be produced on non-arable land.
Isolation from diseases and insect pests found in the soil.
Direct and immediate control over the rhizosphere.
Higher vields are possible {tomatoes-tonsacre: 10-40 field vs 300 hp.
High density planting (tomatoes-pl/acre: 4000-5000 fieid vs 10.000-11.000 hp.
Efficient use of water and nutrients.
Ease of cleaning the systems {10% bleach and/or dilute acid).
No weeding or cultivation.
Transplanting of seedlings is easy —~ no transplant shock.
Fruit of hydroponically grown plants can be 1astier.

ADVANTAGES OF GREENHOUSE CULTURE
Virtual indifference to the seasons (can grow year around).
Control over the aerial (upper) portions of the plant (temp.. RH. etc.)
The greenhouse environment is suitable for mechanization/automation.

DISADVANTAGES OF GREENHOUSE HYDROPONICS
Can require a large capital ($$) investment plus energy input (commercial).
Expertise In plant science, engineering, computer controls, and marketing.
The technology is limited to high cash value crops (for commercial production).
Plant diseases and insect pests can be more difficult to control.

WHAT DO PLANTS NEED TO GROW AND THRIVE?
Water — for metabolism, substance transport and transpirational cooling.
Light ~ for photosynthesis (quality and quantity are important).
Mineral nutrients — in water at the correct concentrations and pH levels.
Carbon dioxide — for photosynthesis {at the ieaf surface).
Oxygen - for respiration (all parts of the plant, including the roots).
The proper temperature and relative hurmdity (varies with plant species).
Support systems ~ for the roots, shoots and sometimes the fruit.

HOW TO CATEGORIZE HYDROPONIC SYSTEMS

Where are the roots? Hanging into the nutrient solution = Liquid Culture
Growing through an aggregate = Aggregate Culture

What happens to the nutrient solution?
“Drained to waste” = Open System
Recircuiated = Closed System

If a pump is needed to move the solution to the roots = Active System

If not (roots hang directly in the nutrient solution) = Pagsive System



*Tomato suckers (branches that form in the axil of a leaf and are called suckers because
they “suck™ nutrients away from the rest of the plant) can be simply rooted in water.

*Tomato suckers and other easily rooting plant parts can also be rooted using a misting
sysiem oF aeroponic unit. A reservoir is filled initially with water {not nutrient solution)
which is sprayed onto the base of the plant part. When roots begin to torm the water can
be replaced with half-strength then full-strength hvdroponic specific nuttient solution.

*Curtings can also be rooted in moist vermiculite or potting soll. Once the cutting has
developed roots. the new plant may be transferred into the ground. 2 pot or a hydropomic
svstem.

PLANTS FROM THE MARKET OR THE NURSERY:
~*If ume is of the essence. plants can be purchased from the market or the nursery.

*An example of a plant that can be purchased from the market is green onion. When the
onions are pulled and prepared for market, usually about a half inch of roots are left on
gach bulb.

Wash the onions, remove any wilted leaves and plant in perlite. Since these plants
already have roots, hydroponic nutrient solution can be used. Start with half strength to
give the root system a chance to recover then change to fuil strength after about a week.

*Plants from the nursery include any seedling vegetable (or other) crop that vou would
like to grow in a hydroponic system,

Remove the plants from their containers and carefully wash off all of the potting soil
from the roots,

NOTE: This process will cause some damage to the root ball ~ so be careful!

NOTE: However, it is very important to remove as much. if not all. of the soil as possible
to reduce the occurrence of soil-borne diseases once the seedlings are placed into the
hydroponic system.

The bare root seedlings:

Can be planted in any type of aggregate medium (perhite in cups. clay peliets in
net pots, etc.)

Can be planted in a liquid culture hydroponic system where the base of the stem is
secured in a Stryofoam board by a small foam. Rockwool or other plug
and the roots allowed to hang down into the nutrient solution.

As with the onions above, since these plants already have roots, start with half strength
hydroponic nutrient solution to give the root systems a chance to recover then change to
full strength after about a week.






. Fill the soda bottie with water or nutrient solution (depending on whether vou're
starting with seeds/cuttings or plants).

. Fit the cup with the perlite into the soda bottle. The bottom of the cup shouid
initially be in the sohution. You can pre-wet the perlite with water or solution.

. As the roots grow out of the holes in the cup the nutrient solution should be kept
about 1-2 inches below the level of the cup. This gap will allow airioxygen 1o
reach the roots.




THE U OF A CONTROLLED ENVIRONMENT AGRICULTURE PROGRAM
IN CONJUNCTION WITH
THE HYDROPONIC GARDENERS OF TUCSON

SYSTEM DESIGN: THE AIR-GAP SYSTEM (Optional - automatic watering)

Introduction:
The air-gap systemn is *Passive (no pumps or electricity needed)

*Closed (the nutrient solution remains in the system)

* A liquid system (roots hang directly into the nutrient solution)
The air-gap system is best for lettuce, spinach. herbs. etc. (no root crops)

Materials:

*Water-proof. “food grade™ plastic or Styrofoam container

*1" Styrofoam board. cut so that it rests on the comainer {perhaps 17 overlap)
*Stvrofoam coffee cups

*Perlite (or other inert medium} to &l cups

*Seeds (or plants ~ wash roots thoroughly of potting mix/soil: see Seeds vs Plants HO)
*Pencil (to poke holes in the cups)

*Knife (to cut the Styrofoam board to size and the cut appropriate size holes for the cups
*Water and hydroponic specific fertilizer - premixed powder or liguid (to fill container)

Methods:

i, Cut holes in the Styrofoam board to accommodate the coffee cups so that the
bottoms of the will protrude through the board about 2", Space the holes far
enough apart for the plants to grow to maturity. (Ex: for leaf lettuce holes should
be 8-10 “ from center to center.) -

2. With the pencil, poke holes in the bottoms and a few around the sides of the cups.
3. Fill cups with perlite and plant seeds as per instructions on the packet or. if using
seedlings from the nursery, place washed roots in the cup then add the perlite.

4. For seeds, cover tops of cups with plastic wrap to maintain moist environment
during germination. Shade from direct sun during germination.

3. For seeds, fill container with water high enough that the bottom of the cups are
immersed and water can wick up into the perlite.

6. After seedlings appear, remove the plastic wrap and add half strength then full
strength nutrient solution. Increase light.

7. As roots protrude from the cup holes, allow the nutrient solution level to drop to
about 1-2” below the bottoms of the cups.

**This “air-gap” will allow the exposed roots to take up needed oxygen.
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Optional — Automatic watering system

Introduction:
This option allows the grower 10 leave the system for a period of time without manually
filling the container (depends on plant size. environmental conditions. reservoir size. 1¢.}

Matertais:
*1.2 liter soda bottie

Methods:

1. Cut a larger hole in the Styrofoam board that can accommodate the neck of the
soda bottie without letting it slip through into the solution below.

Fill the soda bottle with nutrient solution (or water).

Tumn the soda bottle over quickly and place it, neck down. through the hole. The

opening of the bottle should be under water 1o begin with,

4. As the perlite is moistened and the plants use the nutrient solution in the
container, the level of the solution will drop. When the solution level drops below
the opening of the soda bottle, air will enter and allow solution to flow out of the
soda bottle and into the container. When the solution is again covering the
opening of the soda bottle, solution flow will cease,
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THE U OF A CONTROLLED ENVIRONMENT AGRICULTURE PROGRAM
IN CONJUNCTION WITH
THE HYDROPONIC GARDENERS OF TUCSON

SYSTEM DESIGN: BUCKET SYSTEM

Introduction:
The bucket svstem is  *Passive {no pumps or electricity needed)

*Closed (the nutrient solution remains in the svstem)

*An aggregate system (roots grow imto an inert aggregate medium
The bucket system is good for all crops: leafy. fruit and root crops.

Materials:

*Water-proof, “food grade” plastic 5 gallon bucket

* Y inch PVC tube. as long as the bucket is 1all

*Enough perlite to fill the bucket to about 1 inch from the top

*A length of dowel (round wood stick) slightly longer than the !4 inch PV wbe
*Optional: black and white oil-based paint or reflective insulation material

*Seeds (or plants — wash roots thoroughly of potting mix/soil; see Seeds vs Plants HO)
*Water and hydroponic specific fertilizer — premixed powder or liquid {2-3 gallons)

Methods:

1. Make sure the bucket is ciean.

2. To reduce the growth of algae on the inside surface of the bucket, it may be
painted on the outside, first with black paint (10 keep sunlight out) then white
paint (to reflect the heat away from the root zone). Or. the bucket may be
wrapped with reflective insulation material (this will reflect sunlight and heat
during the Summer and keep the root zone warmer during the Winter).

Stand the PVC pipe upright in the bucket, Hold as you...

Fill bucket with perlite to about 1 inch from the top.

Pour the nutrient solution into the perlite in the bucket. It may take 2-5 gallons to

moisten the perlite completely. Check the level of solution in the bucket by

inserting the dowel into the PVC tube (like an oil dipstick in your car). Initially
the level can be high (within a few inches of the top of the perlite).

6. The seeds can be planted directly into the perlite or germinated elsewhere and
transplanted later. If planted directly, you may need to cover the top to maintain
enough moisture in the upper layers of the perlite for proper seed germinauon.
Transplants from seed or plants from the nursery can also be used. Simply dig a
hole in the perlite and carefully bury the root mass. The solution level can be a bit
lower (5 inches or more below the top of the perlite), just so long as the roots are
not allowed to dry out.

7. As the plants grow the solution level can be allowed to drop to 2-10 inches in the
bottom of the bucket. Check the level with the dowel dipstick. The level may
need to be adjusted depending on size of plant, temperature, etc.

NOTE: The upper part of the perlite not awash in solution is like an “air-gap”

from which the roots can obtain oxygen.
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THE U OF A CONTROLLED ENVIRONMENT AGRICULTURE PROGRAM
IN CONJUNCTION WITH
THE HYDROPONIC GARDENERS OF TUCSON

SYSTEM DESIGN: THE FLOATER (RAFT) SYSTEM (Optional - no air pump)

Introduction:
The floater or raft systemis *Passive (does require an air pump to oxvgenate the water)
*Closed (the nutrient solution remains in the svstem)
*A liquid svstem (roois hang directly into the nutrient )
The floater or raft system is best for lettuce, spinach. herbs. etc. (no root crops:.

Materials:

* Water-proof, “good grade” plastic or Styrofoam container

- *1™ Styrofoam board, cut slightly smaller than container so the board floats on the water
*17 foam rubber or Rockwool plugs {(or other material) to hold the plants in the holes
*Seeds (or plants — wash roots thoroughly of potting mix/soil: see Seeds vs Plants HO)
*Knife (to cut Styrofoam boards to size and to cut appropriate size holes for the plugs)
*Water and hydroponic specific fertilizer - premixed powder or liquid (10 fill container)
* Aquarium air pump with tubing and air stone.

Methods:

I. Styrofoam board should be able to float on water — cut holes large enough to
accommodate |7 foam, etc. plugs snuggly and far enough apart to allow plants to
grow to full size without removing any.

Fill container with water and appropriate hydroponic fertilizer.

Place plugs with seedlings through holes so that the bottorns of the plugs come
out the bottom of the board.

Float boards on nutrient solution.

Plug in air pump and place tubing with air stone into the solution.
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Optionai — No air pump

Introduction:
The atr pump adds oxygen to the nutrient solution for the roots. This option allows for

the operation of the system without an air pump. L.e.. no electrical connections needed,

Materials:
*Large Styrofoam cups (punch holes in bottom with pencil): fill with perlite.

Methods:

I
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Assemnble as above except: cut holes in Styrofoam just large enough so that the
bases of the cups are flush with or just protruding from the bottom of the board.
Seeds can be planted directly in the pertite. Fit cups in the board. The solution
will wick up through the perlite. keeping the seeds moist during germination and.
when the roots begin 10 develop, oxygen will reach the roots via the air spaces.
NOTE: if starting with seeds. use water, not nutrient solution,

NOTE: Also, when starting with seeds, the filled cups can be placed in a shallow
tube of water unti the seeds germinate. Then they can be placed in the system.
NOTE: To keep the top of the perlite moist during seed germination, the cups
may need to be covered with plastic wrap until seeds germinate, then remove the
wrap and let the piants grow.

As the seedlings mature, add half strength then full strength hydroponic nutrient
solution.
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THE U OF A CONTROLLED ENVIRONMENT AGRICULTURE PROGRAM
IN CONJUNCTION WITH
THE HYDROPONIC GARDENERS OF TUCSON

SYSTEM DESIGN: AEROPONIC SYSTEM

Introduction:
The Aeroponic system is * Active {water pump required)
' *Closed (the nutrient solution remains in the system)
*A liquid system (roots hang directly in 2 spray of solution)
The Aeroponic system can be used for a variety of crops including lettuce, herbs and root
medicinals as well as for rooting cuttings.

NOTE: The instructions given here are for a "generic” Aeroponic system.

Materials:

*Water-proof container (“food grade” bucket. wood box painted with rubberized paint. or
other container that can be completely enclosed).

*Submersible pump (a non-submersible pump can also be used depending on design)

*Connectors 1o attach rmsting or spray nozzies to the pump

*Timer to turn pump on and off at intervals

*If seeds are used they must be germinated elsewhere. The seedlings or plants from the
nursery can be transplanted into the system after assembly,

*Water and hydroponic specific fertilizer — premixed powder or liguid

Methods:

1. A simpie container is a box with holes cut in the top to accept the plants. Plants
can be in Styrofoam cups with periite, in Rockwool cubes, ete.

2. The submersible pump, with attached misting or spray nozzles. is placed in the
bottom of the container.

3. Plug pump into timer and adjust on/off periods such that the roots do not dry out.
(Example: spray on for 30 seconds and off for 1 minute) This will depend on the
size of the plant, temperature, etc.

4. The water and hydroponic specific fertilizer are added to the bottom of the
container to an appropriate depth for the particular pump.

5. The plants are positioned in the holes of the top so that the roots hang down into
the enclosed box.

6. Plug the timer/pump in and watch your plants grow.

NOTE: This system is very dependent on the pump runmng
consistently. In areas of frequent power outages a back-up
generator is recommended, especiaily for large commercial
systems.
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THE U OF A CONTROLLED ENVIRONMENT AGRICULTURE PROGRAM
IN CONJUNCTION WITH
THE HYDROPONIC GARDENERS OF TUCSON

SYSTEM DESIGN: NFT GROWING MACHINE

Introduction:
This NFT systemis  *Active (water pump required)

*Closed (the nutrient solution remains in the svstem)

*A Bquid system (roots hang directly into the nutrient solution}
This NFT system is best for lettuce. spinach. herbs. etc. (no root cropsh.

Materiais:
*Lumber: o Xx4's 45 Y2 inches long
2x4's 29 inches long
I x6's 41 inches long
1x3's 33 % inches long

Ix3's 28 inches long

N 0 I S T
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*Misc.: 6 oz Styrofoam cups

32 gallon container

submersible pump (120 or 170 gallons per hour)

4 inch PV(C end caps

39 inch long, 4 inch thin-wall PVC tubes

7z inch elbow with outside threads on one end

% inch elbows

1 5/8 nch dry wall screws

8 foot long plastic hose

8 inch long % inch thin.wall PVC tubing

3 ¥ inch long % inch thin-wall PVC tubing

10 inch long % inch thin-wall PVC tubing

*Tools: circular saw, saber saw, drill, Phillips screw driver, 1 inch and % inch
wood blade bits, 2 Y inch wood hole cutter, 1 tube liquid nails, pencil
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*Seeds (or plants — wash roots thoroughly of potting mix/soil: see Seeds vs Plants HO)
*Water and hydroponic specific fertilizer — premixed powder or liquid (to fill reservoir)

Methods:
1. Build the frame sides and attach back and front boards. (Figures 1-4)
2. Using a 2 % inch wood hole cutter, drill 4 holes 9 inches apart on centers from the
middle of each 4 inch PVC tube. Holes should line up. {(Figures 5 and 6}
3. Using a | inch wood blade bit, drill five | inch holes in the tubes to accommodate
the drain network. (Figure 5)
Four of the holes are in the 3 big tubes, 2 on top and 2 on the sides.
The fifth hole goes in the bottom end cap closest to the water container.
Also, drill a % inch hole on the top tube for the water inlet.



. Place tubes on the frame and glue end caps with liquid nails.

. Assemble the drain pipes and elbows. attach the water hose to the pump and plac
in the container.

Poke drain holes in the Styrofoam cups with the pencil.

Fill cups with perlite and plant seeds or, if using cuttings/plants, position the

cuttings/plants in the cup then add the periite.

8. Fill the reservoir. Plug the pump in and position the filled cups into the holes inti

PV pipes.
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System design by Henry Yglecias.
Web address: hitp www geogities com Athens Ithaca 1833
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SYSTEM DESIGN: INJECTOR SYSTEM/BAG CULTURE

THE UNIVERSITY OF ARIZONA
CONTROLLED ENVIRONMENT AGRICULTURE CENTER

Introduction: This system is
*Active (requires eleciricity and pumps andior injectors to operate:
"Open (the nutrient 1s “drained to waste”™ OR
closed (the nuirient can be recvcled)
*An aggregate system (roots grow through an aggregate medium)
" Best for larger plants (indeterminant tomatoes, peppears. cucumbers. 212,

Materials:

A Ll Pd e Tt

. Vine clips
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. J-style truss hooks
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Water source (make sure water is of good quality (low EC) and quantity
Injectors with nutrient reservoirs
PV pipe, connectors, elbows, etc.
Solenotd valves with appropriate plumbing and electrical connections
Irmigation controller/timer (wired to solenoid valves)
Poly tubing (for drip irrigation)
Eminers (drippers) - typical is 0.5 GPH CNL pressure compensating
Drip (spaghetti) tubing (for drip irrigation)
Stabilizer pegs

. 1" Rockwool propagation cubes (transplant into 3™ or directly into bags)

. 37 Rockwool cubes (optional if planting 17 cubes directly into bags)

. Rockwool slabs, or grow bags filled with perlite, coconut coir, etc.

. Vine twine wound onto tomahooks

14.




SOURCES OF INFORMATION AND SUPPLIES

American Hydroponics 286 South G Street, Arcata CA 95521, 800-458-6543.

www.amhydro.com  info@ambydro com
Specialize in NFT systems, nutrients, test kits, etc.

ARBICO 18701 Lago Del Oro Pkwy, Tucson AZ 85739, 520-825-9785,
Beneficial insects, bees, etc,

Aqua Culture 1325 S. Park Lane, Suite 1, Tempe AZ 85281, 800-633-2137
www aci-hviroponics.com Hydro systems, books, nutrients, meters, Lights, etc.

CropKing 5050 Greenwich Rd, Seville OH 44273, 800-321-5211 www cropking com
Greenhouses, hydroponic/aquaculture systems, supplies, equipment, workshops

Foothill Hydroponics 10705 Burbank Bivd., N. Hollywood CA 91601, 800-83-HYDRO

www foothill-hvdroponic com sales@foothill-hvdroponic.com

Hydroponic systems (Mydromax), fertilizers, lighting, seeds, meters, controls, eic.

General Hydroponics Inc. P.O. Box 1576, Sebastopol CA 95473, 800.374-9376
www generalhydroponmics.com Hydroponic systems, nutrients, efc.

Green Air Products P.O. Box 1318, Gresham OR 97030, 503-663-2000
Greenhouse atmosphere and systems controls.

Growing Edge (bimonthly magazine) New Moon Publishing, Inc., 341 SW 2™ Street,
Corvalis OR 97333. Subscriptions: 800-888-6785. http://www growingedge com
Articies, school contacts, lists of retailers and upcoming workshops/conferences

Koppert Biological Systems, Inc. 28465 Beverly Road, Romulus M1 48174, 800-928-
R827. Beneficial insects, bees.

Sea of Green Hydroponics, 1828 E. University, Ste 3, Tempe AZ 85281, 800-266-4136
www sea-of-green.com Hydro systems, books, nutrients, lighting, controls, etc.

Virginia Hydropenics, Inc., 368 Newtown Road #105, Virginia Beach VA 23462
757-490-5425. www hvdrod4u.com HYDRO4U@aol.com
Main focus = education. Classes, books, videos, hydroponic systems.

Worm’s Way 7850 North Highway 37, Bloomington IN 47404, 800-274-9676
www wormsway.com. Hydroponic and organic garden supplies.

Also ~ Check your local hardware, irrigation supply and building supply stores for
PVC. poly tubing, drippers, drip tubing, etc.

Also ~ Check your local “dumpster” or “Flea Market” for recyclable “treasures™





