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Soil Composition
Healthy soil, in which most plants like fruits and vegetables will thrive, is generally made up of four
ingredients, by volume:
Open Space:
Water - 25%
Air - 25%
Solids:
Mineral Particles - 45%

Organic Matter

Organic Matter – 5%
80% - humus – dark brown matter
10% - roots
10% - living organisms

Tucson soil contains only 1% organic matter,
which is why it’s necessary to amend the soil.

(Source: http://www.grow-itorganically.com/images/soil-composition-lg.jpg)

Soil Composition
Many areas of Tucson also contain caliche, a bedrock
layer made up of compressed calcium carbonate
(CaCO3). It is not quite as hard as concrete, but almost,
and is in fact used in the manufacturing of cement! Few
plant roots can break through caliche and it causes
drainage problems. To the greatest extent possible, it
should be dug out and broken up, and then mixed with
compost to form a garden bed.
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Plant Nutrients
Plants depend on 3 major nutrients to form
the building block of life:
Nitrogen – Helps with production of amino
acids and plant growth
Phosphorus – Regulates cell division and
contributes to formation of ATP, helping
photosynthesis
Potassium – Helps produce fruits and
protects plant against pests and disease.
(Source:

http://www.hydroponicist.com/pages/p52macronutrients-n-p-k.htm)

Why Compost?
Composting is the natural world’s way of managing waste. We can accelerate the process with some
careful management.
Benefits of Compost
Diverts waste from landfill
Save energy (trash trucks)
Use as mulch, which:
prevents evaporation
cools the roots
suppresses weeds
Loosens up soil (Tucson soil tends to be compacted)
Can be made for free!
Sustainable, unlike chemical and organic fertilizers
Helps retain water
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Composting Ingredients

The microorganisms that create compost require four inputs:
1) Dry/Brown/Carbon Materials — These materials include things like old leaves or yard trimmings,
straw, shredded paper, or any dried out plant matter. The materials are often brown and dry, and
have a high carbon-to-nitrogen ratio.

2) Wet/Green/Nitrogen Materials — These materials include things like kitchen scraps, plate waste,
spent grain, coffee grounds, yard trimmings that are still green, and manure. They are often
referred to as green or nitrogen materials because they are high in nitrogen compared to the dried
materials, and oftentimes green in color.

3) Oxygen — This comes from the air and is incorporated by mixing or turning the pile regularly.
4) Water — Helps maintain microbial activity if applied in the right amounts, but it’s important to keep
aerobic conditions.
5) Volume — A pile needs to be large enough to self-insulate and maintain the high temperatures
necessary for composting. A minimum size for this is 2.5 x 2 feet and 2 feet high, or ~ 50 gallons.

What Not to Compost
Meat, dairy, most animal products

3

Salt Cedar – Grows in riparian areas. Also known as tamarisk. Increases saltiness of soil.

(Source: https://www.desertmuseum.org/invaders/invaders_tamarisk.php)
Oleander – Grows in poor quality soil. Contains toxins.
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Eucalyptus – Contains toxins.

Bermuda Grass – Invasive and seeds are very robust, meaning some can survive composting process.

Manure from sick animals
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Use Only in Moderation
Pine or mesquite needles – Contain a resin that slows down the process.
Egg shells – Our area already has a lot of calcium in the soil. Crush up and feed to chickens.
Glossy paper (newsprint and other printed papers are ok, as most ink is soy-based).

Bin Setups – Dos and Don’ts
It’s not necessary to have a bin, per se, but it helps keep the materials contained. There are many different
bin setups:
Compost bins can be made with old pallets.
Some people like to make a gate to contain
materials, and then remove it so compost can be
retrieved with a
shovel.

Compost cranks can be useful for aerating
compost, especially if using a tall barrel.
Compost thermometers are long (at least 2’),
durable, and should go up to 200 degrees (F).
Tumblers tend to get too heavy to turn, but can work well if they have a gear
system.

Don’ts

Holes in the ground work fine but can be a safety hazard, especially at schools. Compost barrels cost
money and make it hard to access compost. The latter can be used, however, in conjunction with a
compost crank. It is a matter of personal preference.
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Building Your Pile
If you have a high volume of
waste (like a restaurant or
school), you can build piles one
at a time, and then move on to
create a new one when it’s big
enough. This is called “batch”
composting. If you have less
volume, or a number of already
existing piles, you can add to
them over the course of several
weeks or months. This is called
“continuous” composting.
To build your pile, gather your
greens and browns and use the
following process:
1. Add a 3-4” layer of
brown materials over
the base of your
compost bin (roughly 2’
x 2’ area).
2. Add water.
3. Add a 2” layer of manure
or green materials.
4. Repeat steps 1-3 till your
pile reaches at least 2’ in
height, ideally higher.
5. Cover with tarp when
not actively managing
pile.
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Building & Maintaining Your Pile:
A Sample Week-by-Week Guide for Schools
Make sure you have a plan for acquiring both your green and brown materials. The cafeteria is a good
source for greens. If you are not ready to collect plate waste, the kitchen scraps from the cafeteria staff
work well too.
Shredded paper makes a good source for your brown materials. Some schools have agreements with
maintenance staff or landscaping crews. If nothing else, you can purchase straw bales, which work well.
Weeks 1-2: Let’s Get This Party Started
•
•
•
•

Build your first pile to a size of 7-8 cubic feet in size (roughly 2.5’ x 1.5’ x 2’). If you collect 1-2 buckets
of scraps on a daily basis, this should only take a week.
Remember to keep things moist but not soaking wet as the pile builds.
Keep pile covered to retain moisture.
Use your monitoring sheet to record the date of assembly, ingredients added, and any other
information you may find helpful.

Weeks 3-8: It’s Getting Hot in Here…
•
•
•
•
•
•

Using a pitch fork or compost crank, mix or turn your pile well. Even distribution is a key step in the
equation. Turn at least once, if not twice a week.
Water on a weekly basis. The pile should have the moisture level of a wrung out sponge.
Monitor temperatures.
Once the pile reaches 130 degrees (F), begin recording temperatures daily.
Based on the temperatures, troubleshoot your pile by adjusting ratios of browns, greens, water,
and air.
If all is well, begin building your next pile.

Note:
Heat does not need to be added; it happens naturally as microbes begin to multiply and digest the raw
contents of the pile. In recording temperatures, it is important to do this BEFORE turning the pile. The
process of turning will lower the temperature in the short-term, but allows the outside materials to move
to the middle and continue decomposing.
Months 3-4:
Temperatures will come down during this month. This means that the original components have largely
broken down. During this time:
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•
•
•

Turn and water compost pile weekly.
Keep covered throughout.
If your pile has already reached 130 degrees or above for 3-15 days (3 days if your compost contains
only plant matter, 15 days if it contains manure), you may continue to record temperatures but it is
not required by the health department.

Months 5-8:
Once a pile has fallen to around 90 degrees or so, it’s ready to begin curing. In this phase, nutrients
become more stable and available to plants, while microorganisms continue to develop and outcompete
the pathogens. During this period:
•
•
•

Turn and water compost pile weekly
If you need to use your bin space to start a new pile, consider moving the contents and removing to
a different area.
Optional: If there are still wood chips or other recognizable large items in your compost, sift your
compost with a screen (1” hardware cloth or chicken wire works well).

Batch vs. Continuous Composting
The simplest and most straightforward system for composting is batch composting, but it can also be
more space intensive because you need to build new piles, rather than adding to existing ones as their
contents break down.
Which system you use will depend on your space constraints, how much material you have available, and
your ability to balance continuously adding material versus reaching the temperatures required by the
health department.

Garden-to-Cafeteria: Food/Garden Safety
The Arizona Department of Health Services (ADHS) has approved school-made compost as long as certain
requirements are met and records kept by the school. It is important to note that the health department
is only interested in monitoring your composting activities if you plan to use the compost to grow food
that will be used in the cafeteria. (Your individual school or district may have its own policies in place.)
That said, there are certain practices that are both good practice and educational for all involved. The
following are widely agreed upon and accepted practices:
For all composting activities:
•
•
•

Wash hands after handling compost.
Keep a set of tools that will be used only for compost, or that is washed before being used for other
purposes.
Consider amending soil with compost well before planting time, especially with crops that contact
the soil or fast-growing crops. ADHS requires school-made compost be incorporated into the
ground 45 days prior to harvest.
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Plant-based Composting:
These are compost piles that contain only plant-based materials, and no animal products, like manure.
Make sure your pile reaches 130 degrees (F) or higher for at least 3 days. Be sure to record which days
your compost reaches these temps.
Composting with Manure:
•
•

Use only manure from herbivores or chickens.
Make sure your pile reaches 130 degrees (F) or higher for at least 15 days. Be sure to record which
days your compost reaches these temps.

Note: If you cannot meet ADHS requirements, consider using your compost for landscaping purposes.
For schools in Arizona, you can find more info on ADHS’ requirements at the following links:
School & Garden Safety
http://www.azdhs.gov/phs/oeh/fses/school-garden/index.php?pg=food-garden-safety
(short link: http://1.usa.gov/1o2qxLy)
http://www.azdhs.gov/ops/oacr/rules/documents/guidance/gd-105-phs-edc.pdf
(short link: http://1.usa.gov/1jwwnmx)
SOPs and Attestations:
The attestation is to be signed by the school and sent in, along with an SOP, to ADHS. The rules listed on
the attestation are hard and fast.
The SOPs provided on ADHS’s page are just samples and can be altered to fit an individual school’s needs.
Once you have submitted your SOPs, attestations, and a soil sample to ADHS, you can request a site visit to
get certified. A sanitarian will inspect your garden and (fingers crossed) issue you a certificate. At this
point, you will be allowed to serve your school garden food in the cafeteria. At least, in the eyes of ADHS,
which should also cover you when it comes to your local county health department. School district policies
may vary, however.
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Troubleshooting
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Composting System: Vermicomposting
Vermicomposting Defined

Vermicomposting is the process of using worms and microorganisms to turn kitchen waste into a black,
earthy smelling, nutrient rich humus. The fertilizer produced from a vermicomposting system is called
“worm castings,” which contain high levels of phosphorus and potassium. Worm castings are also rich in
humic acids, microorganisms, and helps improve the structure of any soil that it is added too.

Background
Obviously, earthworms have been around for a long time, but what we consider vermicomposting is a
fairly new practice. Charles Darwin’s last book published in 1881, The Formation of Vegetable Mould
through the Action of Worms, was all about the earthworm. Darwin calculated that there are 53, 767
earthworms per acre, in what was then organic farmland. So, it’s been common knowledge for a long
time that earthworms create rich soil. Mary Appelhof pioneered what can be considered modern
vermicomposting. She experimented with various methods of vermicomposting in Michigan & wrote
several books. Our vermicomposting systems are based off of her work.

The Worms: Red Wigglers
Scientific Name: Eisenia fetida, an earthworm species that thrives in rotting vegetation, compost, and
manure. They are epigean, a scientific term used to describe organism’s who are active above the soil
surface, in their case they crawl. For this reason they are rarely found in the subsoil and seek out
conditions that other worms couldn’t survive in.

Reproduction
Like all other earthworms red wigglers are hermaphroditic, but two worms are still necessary for
reproduction to occur. The clitellum, the band on an earthworm, is a thick saddle-like ring that secretes
a thick fluid that forms a cocoon for their eggs. Two worms must join their clitella, exchange sperm,
and then both worms secrete their cocoons. The cocoons are at first pale yellow & become browner as
the worms inside grow.

Hardiness in Tucson
Eisenia fetida worms thrive at temperatures of 59-77 F, but can survive temperatures between 50-86F.
For this reason, it is easiest to establish a worm bin inside, since it will require fewer inputs to maintain
them alive in our hot summers & cold winters. If a worm bin is placed outside it must be kept in full
shade in the summer & in full sun in the winter, meaning that it will need to be moved seasonally. Bins
placed outside are often large containers; the bedding and feedstock used for the worms can begin to
actively compost, and potentially kill the worms
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How to Start a Worm Bin
Build It

We prefer to use Rubbermaid roughneck totes; because they are stackable they give us a lot of flexibility
for our vermicomposting system.
1) Drill 3/16in holes in the bottom & lower sides of storage tote #1; this is the active worm bin,
where we will be vermicomposting.

2) Drill 3/16in holes into a lid to cover storage tote #1 (active worm bin)

3) Leave storage tote #2 intact; this is our worm tea bin, where we can harvest liquids that drain
out of storage tote #1; you can prop up storage tote #1 with some bricks or something else in
order to harvest more worm bin leachate.
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Fill It
The material used to fill the worm bin is called “bedding.” Bedding can be made from various browncarbon rich materials like shredded paper (non-glossy), peat moss, potting soil, COIR/shredded coconut
husk, leaves, twigs, etc… You can also use well aged manure, but make sure that the animals that are
producing it are not being fed a chemical dewormer, because all your worms could die if it’s in the
manure.

1) Make sure to moisten your bedding materials, they shouldn’t be dripping wet; we’re looking for
a well wrung out sponge consistency.
2) Fill your container halfway, add worms, and finish adding bedding to the bin
3) Feed Them!

Feeding Worms
How we feed our worms is one of the key elements that directly influence worm reproduction and the
production of castings. The health, that is the mini-ecosystem, of our worm bin can be negatively
affected when we underfeed or overfeed our worms. It is important to document how much feed
they’re able to process and get into a rhythm with them. There are several factors that affect how fast
worms can process what their being fed:
1) State of Food: worms do not have teeth; they need food to be moldy and mushy in order to
really begin to process it. The fresher or harder a piece of food is, the longer it will take them to
go through it.
2) Size of Food: if you feed your worms a whole apple that’s semi-fresh, it will take them a long
time to break it down. Now if you liquefy that same apple and then feed it to your worms it will
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be eaten much faster. Size matters to worms, the smaller it is the faster it will be eaten by
them.
3) Listen to the Worms: only feed your worms when they are COMPLETELY DONE processing the
previous feeding. The interval, how much time it took them to go through the food, is their
feeding schedule. Their feeding schedule is constantly changing, so it’s important to document
our inputs.
4) Fresh Bedding: the worms will eventually eat their bedding and we’ll need to add new bedding
materials.

What Worms Like to Eat
Worms will pretty much eat any organic material, but they lean towards a vegetarian diet. If you’re not
sure about feeding them a new item, give them a small amount, and see if they eat it. Here is a brief list
of things that are OK to feed worms, to give you an example of what vermicomposting looks like:
•
•
•
•
•
•
•
•
•

Fruit & vegetable scraps, stems, peels, etc…
Crushed egg shells for grit
Grains, cereals, bread, corn meal, etc…
Beans, rice, pasta, etc…
Coffee ground and filters
Tea bags without staple
Dry leaves, weeds, dead or wilted flowers, etc…
Paper, cardboard, newspaper (in small quantities), junk mail (nonglossy), etc..
Hair, dryer lint, vacuum cleaner dust, etc…

If you want your worms to reproduce feed them naturally sweet foods like watermelon, cantaloupe skin,
mango skin, banana peels, or pumpkins. They’ll begin to cluster & naturally rub up against each other
producing cocoons.

Things Worms DO NOT LIKE to EAT
Even though worms are not very picky there are still some organic matter we should avoid. Worms are
living in a confined space we’ve created for them and adding some foods can throw off the balance of
their home. With this in mind DON’T ADD THESE ITEMS to your worm bin:
•
•
•
•
•
•
•
•

Meat, poultry, seafood, bones
Dairy products (butter, sour cream, whole eggs, cheese)
Oily or salty foods (peanut butter)
Acidic foods (pineapple)
Sauces or processed foods
Citrus (lemon, lime, orange, etc…)
Onions, garlic, and other alliums
Spicy foods & hot peppers
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•
•
•
•
•

Plants or other materials that have been sprayed with pesticides, herbicides, or chemical
fertilizers
Poisonous plants
Glossy paper
Soap
Glass, plastic, tin foil, metal, etc…

Troubleshooting
What can possibly go wrong?
1) It Smells Bad: usually happens when we overfeed or give pieces of food that are way too big for
our worms to eat. Your worm bin could have also gone aerobic and is in desperate need of
oxygen. Foul smells can happen if our bin is too wet.
a. Overfeeding Solution: Remove food and let the bin balance out again. You may need to
add more bedding. Do not feed them again until the odor is under control.
b. Chunky Bits Solution: Liquefy worm feed or chop up organic materials into small pieces.
c. Aerobic Bin Solution: This is often a worm bin design issue; typically the bottom of the
worm bin can go aerobic if the leachate can’t drain well. Prop up your worm bin if it’s
not draining well, add more ventilation holes, or redesign a new bin that will give you
more air circulation.
d. Too Wet Solution: Add dry bedding that can soak up some of the moisture. You may
have to remove any feed that is making the bin too wet or gauge how the worm bin is
watered better.
2) Worm Mutiny: sometimes you’re worms will go on strike and try to leave you’re worm bin. This
will happen if the worms are new & there in shock. It’s a survival mechanism, so if conditions in
the bin are to extreme, they’ll try to crawl away.
a. New Worm Solution: If you’re worms are escaping because they’re in shock, then you’re
best bet is to place a light over the bin, it’ll eventually stop them from trying to escape
the bin.
b. Extreme Environment Solution: Check the temperature, worms will try to leave if it’s too
hot or cold. They’ll also try to escape if it’s too wet or dry. Make adjustments that will
cool, heat, dry, or moisten the bin so that their environment is balanced.
3) They’re Dying: extremes in temperature, moisture, lack of food, pH, and many more factors can
start to kill of our worms.
a. Wormicide Solution: If it’s really bad just start fresh. Dump out the contents of the bin,
salvage the worms, and start over with brand new bedding.
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Compost Tea
What is it?

Compost tea is made by aerating and feeding the beneficial microorganisms in a batch of compost, in
order to cultivate their populations, and add to our gardens. We want to use high quality compost or
worm castings, that are filled with microorganisms, in order to produce high quality compost tea.

Four Elements of Compost Tea
1. Water: Clean, dechlorinated, potable grade water needs to be used for making compost tea.
The microorganisms won’t be able to reproduce or survive in water that has chlorine. We also
don’t want to cultivate harmful pathogens by using low quality water.
2. Air: Compost tea is made by aerating the water using an air pump and distribution tubing with
aerators. The microorganisms need dissolved oxygen in order to reproduce and it helps keep
our compost tea aerobic.
3. Food: We want the bacteria and fungi in our compost tea to reproduce, so we need to feed
them. Organic molasses, kelp, fish hydrolysate, mycorrhizae, rock phosphate, algae, fish
emulsion, and other materials are used for this purpose.
4. Culture: We use a 5 gal bucket, paint strainer, air pump and distribution tubing, and aerators to
create an environment that helps us farm microorganisms. Brewed for 24 hours we can reach
populations that number into the billions!

How It Works
Once our brewing cycle is complete what we have is a liquid fertilizer full of microorganisms that we can
use as a foliar spray or to drench our garden soil. As a foliar spray, plants will use the beneficial
microorganisms to protect themselves from soil borne diseases. This happens because plants will fill
potential infection sites on the leaf surface, where the microorganisms feed on simple sugars that the
plant exudates, creating a symbiotic relationship where both thrive and help each other. Plants in the
process of photosynthesis, converts some of the energy derived from the sun into sugars and
carbohydrates that coat the leaves, branches, trunk, and roots. The purpose of this is to attract
microorganisms to the plant, in order to get nutrition and protection from pathogens in the soil.
Compost tea used to drench garden soil will add microorganisms that will feed and take care of our
plants root systems. The microorganisms will help break down compost and other organic materials in
our soil and releasing nutrients for our plants in the process.

Benefits
1.
2.
3.
4.
5.
6.

Disease prevention, medicine for sick plants, and soil conditioner
Extends root systems of plants
Increases water and nutrient retention of our garden and plants
Produces more vigorous and healthier plants
Helps breakdown toxins in our soil that can contaminate our plants
Cannot over fertilize with compost tea
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7. 5 gallons of compost tea can fertilize an entire acre as a foliar spray or 20 gallons as a soil drench
(4 batches)

Build It

1. 5 gal food grade bucket with paint bucket lid

2. Mag drive air pump with distribution tubing & connection fittings

3. Aerators

4. Paint filter for compost tea bag
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5. High Quality Compost
6. Materials to feed microorganisms; organic unsulphured molasses, kelp meal, fish hydrolysate,
mycorrhizae, rock phosphate, algae, and fish emulsion

Brew It!
Once you’ve built a compost tea brewer you can get a batch going. It’s important to use your compost
tea right away, because the microorganisms will slowly die off as the oxygen and food dwindle. For
foliar spray application a hand pump sprayer is the best way to do it. If you’re going to use the compost
tea to drench the soil then a watering can will work.

Recipes
We can cultivate bacterial or fungal dominated compost tea batches to best suit the needs of our plants.
Vegetables prefer a bacterial, perennials prefer fungal, and with flowering perennials an equal bacteria
to fungal tea would be better. The high quality compost we produce determines where our mix will fall
in this spectrum. Bacterial dominated compost has a lower carbon to nitrogen ratio (C:N), compost with
an equal carbon to nitrogen ratio would have both bacteria and fungi, and fungal dominated compost
has a higher carbon to nitrogen ratio.
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Bacteria Compost Tea
1.5 lbs of bacteria dominated compost
2 oz organic unsulphured molasses
1 oz Fish Emulsion

Fungi Compost Tea*
2 lbs fungal dominated compost
1lb Mycorrhizae
1 oz organic unsulphured molasses
1 oz Fish Hydrolysate
2 tbs ground oatmeal or soybean meal
1 tbs kelp meal

Balanced Compost Tea
1.5 lbs of bacteria and fungi balanced compost
1 oz liquid kelp
1 oz organic unsulphured molasses
*Brewing fungal dominated compost tea can be difficult. They like growing on coarse surface areas, so
this recipe requires 3 prep days, in order to be able to brew large fungal populations. Grind the oatmeal
or soybeans and mix it into the moistened compost. Place the mix in a container with the lid partially on
and put the container in a warm dark area. After 3 days we should see fungal mycelia throughout the
compost and it is now ready to brew.

Compost Tea Produce
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