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Contributed by Leon Hussey:

“This is a time when forces of a very different nature too often prevail - forces careless of life or
deliberately destructive of it and the essential web of living relationships.

My particular concern, as you know, is with the reckless use of chemicals so unselective in their
action that they should be more appropriately be called biocides rather than pesticides. Not even
the most partisan defenders can claim that their toxic effect is limited to insects or rodents or
weeds or whatever the target may be.

These are large problems and there is no easy solution. But the problem must be faced. As you
listen to the present controversy about pesticides, | recommend that you ask yourself

- Who speaks?

- And Why?"

Rachael Carson, 1963 address to The Garden Club of America
"Her speeches during the last year of her life reflect her moral conviction that 'no civilization can
wage relentless war on life without destroying itself, and without losing the rights to be called

civilized."
LOST WOOQODS - Linda Lear
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Introduction to the Fifth Edition

We’ve come a long way since I started working on liquid extracts of compost in graduate school. At that
time, variability was too great, so we went on to other projects. In the last 10 years, however, methods for
making aerated compost teas have been determined, but the methods for producing not-aerated teas are
lacking. We need to know exactly how to produce consistent and reproducible teas of each kind. Exactly
what do the teas produced by not-aerated, anaerobic or fermented methods do to plants? How can we
consistently produce each kind, so the effects are predictable?

Aerated compost teas contain all the species of organisms that were in the compost. Thus the compost has
to be “tea-quality”. Those organisms selected by the temperature, foods present, nutrient composition,
oxygen content in the tea brew grow during the brewing process. When oxygen drops below a certain
level, nutrients can be lost and disease-causing organisms may grow. Oxygen content is critical, but so 1s
the diversity of acrobic organisms. The competitive set of organisms must be present to prevent pathogen
growth. The amount of food added must be limited to enough to attain maximum growth of desired
organisms but not so much that oxygen concentration drops below the aerobic level. Balance is critical —
maximize growth, but maintain aerobic conditions. Machine cleanliness is important too. Anaerobic
biofilms growing in the machine can result in poor quality tea. Documenting that a consistent, plant-
beneficial product is always made is paramount.

Anaerobic teas require that low oxygen levels are reached, and this needs to be documented in order to
make the claim that this kind of product was made. Certain organisms make specific toxins which combat
disease- and pest-organisms. These toxins, like antibiotics, are only made in certain conditions. Machine,
recipe, oxygen management and compost used must be documented and understood. The biology in an
anaerobic tea is limited to basically anaerobic bacteria and yeasts. Since the set of organisms is SO
significantly altered from what occurs in agrobic compost, anaerobically brewed teas should not be called
compost tea, but designated specifically as anaerobic tea.

Fermented, or plant, teas are typically produced by placing specific kinds or mixes of un-decomposed
plant materials in water. Compost is typically not even a part of the recipe, and thus should not be
confused with compost tea. Oxygen typically reaches low levels for several days to weeks, but not for the
full two to three week production period. The full food web of organisms is not present in fermented tea,
although typically some aerobic organisms return to activity as oxygen returns to the ferment.

Not-aerated compost teas typically do not have additional food resources added to the brew. The
likelihood that the tea will reach low oxygen levels or be anaerobic is minimal. The full food web may be
present if oxygen levels do not drop below aerobic levels. If the compost used was immature, enough
soluble foods may be released, organisms will grow rapidly, and the tea will drop into anaerobic oxygen
conditions. If the food web is lost, leaving only anaerobic bacteria, then the product should not be called a
compost tea. The potential variance in this product is significant, and much more work is needed.

There are many aerobic tea machine companies in the market, and many people are having great success in
improving plant production as a result. Soil Foodweb Inc has worked with most machine makers and
helped them to be successful. Bruce Elliot, Leon Hussey, Carole Ann Rollins, George Hahn, Shepard
Smith, Ray Gore, Steve Diver, Kirk Leonard and many others were important in improving our
understanding of compost tea machines and how they work. But other advancements in the area of not-
aerated and purposefully anaerobic teas have yet to be explored.

Aerated compost tea can have amazing benefits for plant production, regardless of any negativity some
might have about this industry. To have consistently beneficial tea requires knowing what you are doing,
and that means being able to test and determine exactly what biology is present in the tea.

Compost tea “works” only because of the biology in them. Management is not possible if you can’t
measure that biology.
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What Is Compost Tea?

The simplest definition of compost tea is: A brewed, water extract of compost.

Properly made compost must be used, so that the compost tea needs no further pathogen reduction.
Compost tea production is therefore, a “cold brewing” process, allowing growth of the organisms extracted
from the compost.

Only if the process remains aerobic will the complex set of organisms extracted from the compost remain
in the tea. The complex set of organisms is needed to establish all of the benefits of a healthy soil food web
in soil, potting mix, or on the surfaces of plants. Plant growth is typically improved, although the correct
mixes of beneficial organisms need to be matched to the type of plant (see Ingham et al. 1985, other papers
by Ingham, and the Soil Biology Primer, 1999).

Compost is the main ingredient in compost tea, but in order to increase organism biomass and activity,
other foods are added at the beginning of the brewing period. These ingredients and their effects are
discussed later in this book. Many growers have special ingredients they add. New recipes are always
being tested with the goal of achieving higher microbial biomass, better plant production, better soil
structure, better nutrient cycling and less disease.

As the processes involved in producing compost tea are better defined, the important parameters that result
in the growth of certain organisms will be better understood. Different kinds of aerated and non-aerated
compost tea will provide the proper biology for different situations and will be ever-more integral parts of
sustainable agriculture.

Sustainable farming is possible, if year after year, the soil is improved and productivity increases. While
any one plant species is limited by its genetics, matching the plant to the biology in the soil solves
production problems. Natural processes improve soil productivity, and in the natural world, plant species
change with time. Plant communities shift from bare soil, to weeds, to grasses, shrubs, trees and then old
growth forest. The mythology of modern agriculture is that soil productivity is set, and once a field is put
into agriculture, productivity has no choice but to go downhill.

Fertilizer sales people have been heard to say that agriculture depletes soil health and results in loss of tilth.
Nutrients are mined out of the soil, ultimately leaving a field devoid of life, plants and nutrients, unless
fertilizers are added back into the soil, in plant-available forms. Instead of solving the problem, however,
addition of high levels of strictly inorganic, soluble, plant-available nutrients has resulted in an enormous
problem with water quality. The nutrients added are no longer held in the soil. As a result, excess amounts
of inorganic nutrients have to be added. This is so different from a healthy soil, where the soil holds
nutrients, thereby “cleaning up” the nutrients from the water moving through the soil.

Clean water comes out of healthy soil. Why is water coming from “conventional” agricultural fields laden
with excess inorganic N, P, S and other minerals? Or if leaching is not occurring, why are the nutrients lost
through gaseous emissions? This is not what happens in natural systems.

Change will occur when sustainable agriculture, not extractive, destructive agriculture, is practiced.
Pesticides and inorganic fertilizers are not needed, if soil health is maintained. Tillage needs to be reduced
to the minimum possible. Disease and pests are not significant in healthy, sustainable systems. Weeds are
really just an indication that the system is not healthy. Nature gives growers clues with respect to what is
wrong, if the information is read properly. We just need to learn how to read the information being given
to us. We reserve the use of pesticides and other toxic materials to the rare situation when some unusual
event occurs that harms the biology that should be present..

Only if soil lacks the biology required to convert nutrients from plant-not-available forms to plant available
forms would addition of inorganic nutrients result in improved plant growth. If the proper biology is not



present, then the soil is sick. Extractive agriculture uses tillage and addition of excessive inorganic
nutrients which harm the proper biology. When there was plenty of land for “slash and burn” approaches
to farming, and farming was done on small scale areas, the land and the biology could recover between
extractive agricultural disturbance events.

But in today’s world, land is not allowed to recover between farming events, and therefore the organisms
and the foods to feed them have to be added back into the system without the luxury of “downtime” to
recover. The lack of proper biology must be dealt with immediately, for without that set of organisms, soil
structure, nutrient retention and nutrient cycling cannot happen or are severely restricted, and disease
suppression and protection are practically non-existent. Returning the organisms needed to build soil
health is required.

People who don’t understand soil biology will say that bacteria are always present, at more or less the same
numbers. But this is an error based on the methods that have been used. The classical medical way of
looking at disease-causing organisms was applied to soil, and inappropriate conclusions made. “Plate
count” methods assess mainly spores, which are dormant stages of some, but not all, organisms. Spores
aren’t affected as much as active organisms are by toxic chemicals or tillage. Plate media miss 99.99% or
more of the actual species growing and being active in soil. As a result, people relying on plate methods
have lead others to extremely mis-informed decisions.

Direct observation methods, especially of active biomass, show that soil biology activity is significantly
harmed by pesticides, inorganic fertilizers, tillage and herbicides. The precise impact depends on
conditions in the soil. For example, when soil is very dry, and most organisms are inactive, the impacts are
limited. But if toxic chemicals are applied when the organisms are actively growing, impacts can be
detected.

How rapidly can organisms colonize from another place? Something has to carry bacteria, fungi, protozoa
or nematodes from one place to another, and if transportation agents, such as birds, snakes, and spiders, are
also dead, how can microbes reach a distant place? Not that many organisms in soil survive a dry, wind-
blown transfer. Where, in the chemically impacted agricultural valleys of modern technology, is there even
a source of healthy soil for colonization to spread from? The necessary diversity of organisms was killed
long ago. The wind can’t carry what isn’t there.

Therefore, we need to put back the full diversity of bacteria, fungi, protozoa, nematodes and if possible,
microarthropods that were killed by toxic chemicals, tillage and lack of foods (organic matter) in the soil
need to be put back. Until that happens, people will be forced to use toxic chemicals to attempt to grow
plants. Proper nutrition for the plants will be lacking until the organisms that retain nutrients in their
biomass are returned to the soil. How do we put back what has been harmed?

It’s called compost. Or compost tea, if the source of compost is distant, and transportation costs are too
high. Since compost tea extracts the full diversity, and then grows selected beneficials to high numbers, a
small amount of good compost can be extended dramatically.

But we need to know how to make compost tea that will contain the full set of organisms needed, at high
biomass and activity levels. Depending on what you want to do, choose the method of supplying the
organisms your soil needs to become healthy (from the point of view of the plant you want to grow) once
again.

Aerated Compost Tea (ACT)

ACT is a water extract of compost, brewed without use of heat, which allows beneficial organisms to grow
to high numbers. Foods may or may not be added. If no additional foods are used, organisms are not
typically active, and thus less likely to survive transfer to soil or to plant surfaces.

Not-Aerated Compost Tea
A water extract, brewed, with or without added foods, but aeration is not provided. If a highly mature
compost with few active organisms is used, the organisms will not be highly active and thus not use up



oxygen during the brewing. The tea will likely not become anaerobic, but neither will the organisms stick
to leaf surfaces, since they are not highly active. More work on production conditions is needed.

Anaerobic Tea

A brewed water-extract but foods are added (or from the compost) to result in organisms multiplying
rapidly, such that oxygen use is greater than oxygen diffusion into the water. T he oxygen concentration
will drop, and if it drops below the threshold of 6 ppm, aerobic fungi, protozoa and nematodes will be lost,
replaced by strictly anaerobic bacteria and yeasts.

Manure Tea

Manure is added to water. If no mixing or stirring is used, only soluble nutrients will be exiracted and the
tea will typically be high in nitrates, salts, phosphorus, and/or potassium. Antibiotics used in the animal
feed are soluble and so normally extracted into the water and can cause significant problems for
microorganisms in the liquid extract. If the manure tea is mixed or stirred, high numbers of anaerobic
bacteria will be extracted, since anaerobic bacteria are not as good at sticking to surfaces as aerobic
organisms. Manure tea contains high numbers of ciliates, extremely low fungal biomass, and can have high
numbers of nematodes. Human and animal pathogens can abound as well. At the very least, manure tea
cannot provide all the benefits possible from compost tea. Once manure is composted, then it should be
called compost.

Compost Extract
By running water at significant pressure through compost, the organisms and soluble nutrients can be
extracted from the solids, depending on the extraction force applied.

Compost Leachate

Passive movement of water through good compost removes soluble nutrients and a few organisms.
Leachate is not necessarily anaerobic, but can be if organisms in the compost are growing rapidly.
Phytotoxic compounds can be present and nutrients can be lost if the leachate becomes anaerobic. Soluble
nutrients, enzymes and hormones can benefit plant growth, of course, but care is also needed to make sure
salts (e.g., nitrates) are not present in the compost, as high levels can “burn” plant surfaces.

Plant (or Fermented) Tea

Fresh plant materials (e.g., nettles, chamomile, marigolds, and horsetail) can be added to water to remove
plant juices. Organisms on the surface of the plant material grow on the dead plant tissues and often go
anaerobic for a period of time. As the plant material is used up, organisms stop growing, allowing oxygen
to diffuse back into the tea. Usually high numbers of ciliates, extremely low fungal biomass, and many
bacteria are observed. Plant teas usually do not contain all the organisms in compost tea, nor provide all
the benefits possible from compost tea. Anti-microbial agents can be produced, and quite interesting
effects have been produced. More work is needed to achieve consistent production.

Bacterial Soups

As with plant tea, mixes of bacterial species can have specific beneficial impacts. Single species of
bacteria can produce bio-control effects, except the conditions in which a single species works is quite
limited. Addition of these cultures to compost tea can add functions to the tea, however.

Organisms and Food Resources

Bacteria, fungi, protozoa, nematodes, soluble foods and other nutrients need to be extracted from compost
during tea brewing. The higher the quality of the compost, the greater will be the number of beneficial
species of each group of organisms. Diversity of food resources and nutrients will improve as more kinds
of plant materials are used in the composting process.

Additional foods are typically added in compost tea, some to grow the organisms in the tea brew, but others
are added to the finished tea, just before application, to enhance the activity of the organisms so they will
glue and bind themselves to foliage, for example. Foliar applications require maximum coverage of the
leaf surfaces, as well as maximum activity of the beneficial species.



Compost Quality

Compost quality is critical. Making certain that the compost has the organisms is extremely important.
Aerobic compost means a habitat has been maintained that allows the beneficial organisms to out-compete
the less or not-beneficial organisms that grow more rapidly in reduced oxygen conditions. The soluble
nutrients and foods in aerobic compost help make certain the organisms will grow in the tea brewing
process.

Additives of organisms, different kinds of foods, or nutrients can be used to improve conditions for
beneficial bacterial and fungal growth in compost, or even in compost tea. These additives need to be
checked for pathogens. Care needs to be taken to not add too much food resource. If excess is added,
bacterial and fungal growth will result in oxygen consumption to a detrimental level.

Aerobic Conditions

Aerobic conditions maintain the presence and growth of beneficial organisms. If aerobic conditions are
lost, and the tea becomes anaerobic or low oxygen concentrations, the aerobic organisms will be lost. If
there are few aerobic organisms, then the resulting brew cannot actually be compost tea. The organisms in
the compost have been lost, for the most part.

For that reason, anaerobic teas are not called compost teas, as the organisms which cause the beneficial
effects desired in compost tea will not be present. Anaerobic teas may do some interesting things, but they
cannot provide the benefits discussed below that are possible with aerobic compost teas.

Machine Testing

Tea-brewing machines must be tested to show that adequate biomass of all groups of necessary aerobic

organisms were present in the final tea. The testing conditions should use:

1. either the food resources sold by the tea machine maker, or a standard set of foods, such as 0.01% fish
hydrolysates and 0.01% humic acid (1 gal of fish, and 1 gal of humic acid in 100 gal of water),

2. compost with documented initial biology,

3. aerated conditions, such that oxygen remains in the aerobic ranges during the tea brew.

The data from these tests (a minimum of three replicated tests) must be available to the buyer, in order that

the buyer can assess whether this machine performs as advertised.

To obtain the full benefits possible from compost tea, the brewing process has to be aerobic. The balance

of amount and type of foods added determines oxygen demand by the organisms growing on those foods.

Testing of the machine must be displayed by the tea machine maker before anyone would consider buying
a machine labeled as compost tea maker. .

ASK FOR DATA so you don’t have to do this testing yourself. You need to know what amount of food to
put in the machine as temperatures change through the course of the year.

Anaerobic Conditions

Anaerobic teas are much less clearly defined than for aerobic tea. Sometimes compost tea may become
anaerobic for only a few minutes, for a few hours, or sometimes for days or weeks. Brief anaerobic periods
may increase diversity, if the aerobic organisms are not destroyed or put-to-sleep. Prolonged anaerobic
conditions mean that many organisms will become inactive or die, and that nutrients will be lost.

Anaerobic tea will not replenish the full soil food web, nor can it be a nutrient supplier. Anaerobic teas add
only anaerobic bacteria and yeasts. Leaf surfaces are aerobic environments, and anaerobic organisms do
not stay active nor will they perform their functions in aerobic environments. An anaerobic tea applied to
an aerobic environment may provide a physical barrier, for a short time, but that is the only function it
provides from a food web point of view.

Filamentous fungi that build soil structure and hold nutrients are lost, or become dormant, when conditions
become anaerobic. Aerobic bacteria that make micro-aggregates go into dormant stages in anaerobic
conditions, and therefore soil structure will not be maintained. Protozoa, nematodes and microarthropods
die in conditions that rapidly become anaerobic. Nutrient cycling will therefore no longer occur. In



anaerobic conditions, nutrients are lost through volatilization, because major nutrients are converted to
gaseous forms in reduced oxygen, conditions. When you smell ammonia, rotten egg, vinegar, putrid, or
sour smells, pH is dropping, alcohol is being produced, and N, S, and P are lost as gases.

The work Soil Foodweb Inc. has done was to define production requirements for beneficial, disease-
suppressive, nutrient retaining, nutrient cycling, and soil-structure building compost tea. Anaerobic tea
production parameters are still largely undefined, leaving us without a working knowledge of how to
predict whether the tea will “work”, or not.

Human Pathogens

A major concern is the potential for human pathogens to grow in compost tea. This can only be a concern
if the compost is not properly made. Elements in the USDA take the view that even with non-manure
materials, human beings could still contaminate compost starting materials. Therefore, all compost must be
properly treated (heat or worm contact). Even then, certain programs view compost as potentially
containing human pathogens, but they lack a realistic understanding of the environment in which we live.

If there are no detectable pathogens in the compost, and conditions during compost tea production are
managed to prevent pathogen growth, then the risk involved in pathogens in compost tea are minimal.
There would be more probability of a bird infecting your sandwich while it was sitting on a picnic table
than having pathogens grow in the aerobically maintained tea.
Therefore, understanding the conditions selecting against pathogen growth in compost tea is vital. These
conditions that select AGAINST human pathogen growth are:
. Maintain acrobic conditions in order to select against pathogens, which are mostly facultative
anaerobes.
2. Make sure a huge diversity of aerobic bacteria and fungi are present, which compete-with
facultative-anaerobe-growth in all conditions in the tea brewer,
3. Make sure no anaerobic bio-films are left in the tea brewer after a tea brew.

Cleaning is an extremely important factor that many do not consider before buying a machine. No one
wants to spend hours cleaning a machine. The greater the number of “hidden-from-view” surfaces present,
the longer it will take to clean the machine. Don’t trust manufacturers to tell you the truth about cleaning
issues. Talk to someone who owns the machine, and who tests their tea. They will relate how critical
testing and cleaning actually are.

What Growers Need to Know

The point of applying compost tea is to return the biology that should be present, to grow the desired plants
with as little effort as possible. There can be no question that presence of beneficial organisms improves
plant growth (Ingham et al, 1985, USDA Soil Biology Primer, 1995 and numerous papers on the benefits of
biology to plant growth since that time).

Growers need to know:

1. The biology that should be present in their soils and plant surfaces.

2. If they know what should be there, then they can determine what biology is missing from their
soil.

3. What organisms are in the compost. Selection for bacterial or fungal growth can be managed
during the compost tea brewing process by adding appropriate foods.

4. The tea sprayer does not kill the organisms in the tea

5. Delivery of the missing organisms, along with foods, has been successful.

Beneficial bacteria and fungi are needed to immobilize nutrients, to prevent erosion and run-off by gluing
and binding soil particles together to form aggregates, to compete with disease organisms for food, to build
soil structure and to allow roots of plants to grow deep into soil and find water and nutrients. Protozoa,
nematodes and microarthropods consume bacteria and fungi, and thus release nutrients at the place, time
and rates that plants require.

A maximum diversity of each of the sets of beneficial organisms is needed in soil and on plant surfaces.






