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Part 1:  
Soil Food Web Science   

Introduction 
Healthy soil is built and maintained by a universe of  soil organisms. These 
organisms make up the soil food web and are the key to unlocking fertility in the 
soil. The soil food web forms the basis of  a healthy farm ecosystem. Without them, 
farmers and gardeners are required to do the extra work of  fertilization, pest/weed 
and disease control. It doesn’t need to be this way. Healthy soil and healthy plants 
can happen without our endless toil. But this all hinges on a sound understanding 
of  “soil food web science.” Over time, healthy communities of  life underground 
have been devastated as a result of  annual tilling, compacted soil, mismanagement 
of  organic matter, and relentless applications of  chemical fertilizers and pesticides/
herbicides/fungicides. Various farming practices such as no-till, cover cropping, 
and chemical-free organic farming are all effective ways to support the soil food 
web. Gardeners and landscapers can utilize similar strategies to promote the 
vitalizing force of  the critters below. However, nothing has been demonstrated to 
be more effective and important than compost for establishing the vital, 
regenerative and chemical-free growing power of  the soil food web.   
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This paper will describe composting in terms of  ecological succession and discuss 
different ways to unleash biologically active compost for specific uses on farms and 
in gardens. I will discuss the range of  tools, materials, and methods for on-farm and 
garden use. We will get into the science of  how microbes interact with plants to 
turn organic matter into available nutrients at different levels of  succession, and 
discuss which materials to use in your compost pile to select for the microbial 
community that will support the specific plant-range you want to thrive. The aim 
of  this paper is to deliver the knowledge of  applied soil microbiology in an 
accessible way, so that people can apply it to the range of  farm and garden 
scenarios. Throughout this paper I’ll be using the terms “microorganism” and 
“microbe” interchangeably. I do not mean to imply that a “microbe” is necessarily 
disease-causing. The majority of  microbes and microorganisms I refer to are 
mutualistic and beneficial. 
	  
If  you’re reading this, you’re likely already using techniques to grow food without 
the use of  toxic chemicals and genetically modified seeds. You may or may not be 
tilling and fertilizing annually. You might be growing vegetables or trees, herbs or 
seeds. You may or may not be using compost. Likely, you already know something 
or more than something, about compost and soil fertility. Wherever you are on the 
spectrum, if  you’re not supporting the right populations of  microorganisms, you’re 
not doing your job; because it turns out that microbes, not people, are responsible 
for healthy plants; It's their job to produce high-yielding plants, not ours. We are at 
best esteemed assistants catering to their needs. Once you understand the cast of  
microbial characters and what they do, you’ll understand what I mean. !
!
!
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The Soil Food Web Paradigm 

“Viewing the soil as a regenerative living system is one big kick in the pants for anyone 
who has been taught that NPK fertilization is more relevant than soil biology.”          

-Michael Phillips 
!

“Soil food web” science includes the following components: Sun, water, air, plants 
and their roots, bacteria, fungi, protozoa, nematodes, micro and macro-arthropods, 
earthworms etc, humus (decomposed organic matter) and the mineral components 
of  soil – sand, silt, and clay, as well as humans and their management decisions. 
The web starts with and is governed by plants, who use the energy of  the sun to 
make carbon chains (photosynthesis); much of  these carbon compounds are used as 
root exudates to attract and develop beneficial microbial communities in and 
around their root system. Exudates are simple sugars, proteins, and carbohydrates 
released by plant roots to feed and stimulate populations of  beneficial 
microorganism. They do not feed pathogens. (Lowenfels and Lewis 23-24). 
Understand that the energy going into roots is not only used to build root structure 
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for stability and fertility; in general, about half  of  a plant’s energy that goes into its 
roots is released as exudates (Kourik 10). Why do they do this? Because the energy 
they give away comes back to them many times over. This will make more sense in 
the following pages. 
!
The strange reality is that while humans garden plants, plants garden 
microorganisms. They do this because of  the crucial role microbes play in the 
nutrient cycle. Whereas humans are fed by plants, plants are fed by 
microorganisms. Microbiologists have found that the number of  microorganisms in 
the rhizosphere – a zone immediately around the roots, extending out about a 
couple of  millimeters – is far greater than in the surrounding soil (Ingham, "Living 
Soil" 2011). What’s more, studies on foliar dynamics have revealed that living leaves 
produce exudates through their phyllosphere that attract microbes just as roots do 
through the rhizosphere (Lowenfels and Lewis 25). All this “life” competes for the 
exudates in the rhizosphere and phyllosphere. At first glance it would seem like the 
microbes are the ones being fed, but as we look a little deeper things get much 
more interesting. 
	  
My first aim is to put compost in proper perspective, which starts by reviewing 
some basic soil science and then explaining some of  the most important 
implications of  ground-breaking soil microbiology (no pun intended) from the past 
several decades. When I first began to learn about these findings and implications 
from renowned soil scientist Dr. Elaine Ingham my world was turned upside down. 
What I thought I knew about soil science turned out to be mostly misleading, and 
the more examples I saw of  people who had applied this new knowledge, including 
results from my own garden and in the lab, the more I realized that this is one of  
the great breakthroughs of  science in the 21st century.  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Soil Structure 
All growers and land managers know that in general the better the soil structure is 
the better plants grow. A nice loamy soil tends to be much more fertile than heavy 
clay or very sandy soil. This is not news. Loam has the surface area of  silt and clay 
to hold nutrients and water, and the pore space of  sand to aid drainage and help 
pull in air. A soil with healthy structure allows easy and deep root growth and will 
provide for the best garden and tree growth. Most organic growers know that 
adding organic matter to their gardens and fields improves their soil structure; this 
is done either by leaving stems and plants in the ground, tilling in cover crops 
(green manure), or adding compost and mulch. When organic matter decomposes, 
it becomes humus, which improves the ability of  the soil to retain nutrients and 
water. What’s more, “electrical charges on the surfaces of  organic matter and clay 
particles attract each other in addition to chemicals…in water solution, acting as 
bonding agents that hold together soil particles” (Loenfels and Lewis 39). Hence, 
the structure of  the soil improves. These are the basics.  
!
Soil organisms are inseparable from the soil structuring process. “The biology in 
the soil produces the glues that bind individual soil particles into aggregates. As 
they go about their day-to-day business, bacteria, fungi and worms produce 
polysaccharides, sticky carbohydrates that act like glues, binding individual mineral 
and humic particles together into aggregates” (Lowenfels and Lewis 38). These 
aggregates improve the soil pore space, increasing the abundance of  water, 
nutrients, and root systems. Of  course, worms and arthropods aerate the soil as 
they eat and move, leaving very fertile waste (humus) and space for oxygen and root 
penetration. 
!

Flocculation 	  
Many soils are poorly structured with heavy clay. The incredibly small size of  clay 
particles causes them to stack on top of  each other without enough space for air, 
water or roots to move. “Flocculation” occurs when clay particles combine with 
calcium and magnesium at a certain ratio, which causes clay particles to 
restructure; flocculated clay structure allows airflow, water flow, space for 
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microorganisms to move about and thus, root penetration. Without flocculation, 
the structure of  clay is very difficult to work with. Microscopic fungi play a crucial 
role in this process by providing calcium to stimulate chemical reactions that 
flocculate clay (Ingham, "Living Soil" 2011). Once you understand how certain 
types of  organic matter fuel the growth of  these beneficial fungi, it makes even 
more sense why organic matter improves soil structure.  
!

Cation Exchange Capacity (CEC)	  
Good soil structure is vital for the ability of  the soil food web to cycle nutrients, as 
well as plants’ ability to absorb nutrients. However, soil structure is not the only 
factor in the absorption of  nutrients. Enter: cation exchange capacity. This is a 
fascinating story about how plants eat. As mentioned above, particles of  clay and 
humus are so small that they carry an electrical charge. Any charged particle is 
called an “ion.” Clay and humus particles are not the only ions; many minerals and 
elements are ions as well. Ions with a positive charge (+) are called “cations” and 
negatively charged ones (-), anions. As you know, opposites attract, so any particle 
with a negative charge will attract a cation. Clay and humus particles have lots of  
negatively charged anions with such strength that they attract 99% of  positively 
charged cations in any given solution they come into contact with (Loenfels and 
Lewis 40).  
!
The cations that are absorbed by clay 
and humus include: Calcium (Ca++), 
potassium (K+), sodium (Na+), 
magnesium (Mg++), iron (Fe+), 
ammonium (NH4+), and hydrogen (H+). 
These are all major plant nutrients, and 
they are held in the soil by two 
components of  good soil. The surfaces of  
root hairs have their own electrical 
charges. When a root hair enters the soil, 
it can exchange its own cations for those 
attached to clay or humus particles and then absorb 
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the cation nutrient of  interest. “Roots use hydrogen cations (H+) as their exchange 
currency, giving up one hydrogen cation for every cation nutrient absorbed. This 
keeps the balance of  charges equal. This is how plants eat” (Lowenfels and Lewis 
40-41). The cation exchange capacity (CEC) of  a soil is thus determined by the 
number of  sites in the soil where roots can exchange for positively charged 
nutrients. In other words, the more aerated (flocculated) clay and humus is in the 
soil, the higher the CEC. The higher the CEC the better for plants, so long as the 
soil structure isn’t dominated by too much unflocculated (compacted) clay. Thus, 
the more humus the better. As I will describe in more detail later, humus –
decomposed organic matter- is the byproduct of  microorganisms. So if  you want to 
maintain a high CEC, you must have a healthy soil food web. And remember, there is no 
better way to ensure a healthy soil food web than high quality compost tailored to 
fit your plant’s specific microbial preference - more on that later.  
!
Aside from cation exchange, certain vital plant nutrients only exist as anions. Some 
important anions include chloride (Cl-), nitrate (NO3-), sulfate (SO4-), and 
phosphate (PO4-). These negatively charged anions are repelled by the negative 
charge on clay and humus particles, and therefore stay in solution instead of  being 
absorbed. Thus, roots exchange hydroxide (OH-) in order to take up important 
negatively charged nutrients in solution (Lowenfels and Lewis 41). This fact 
underscores the importance of  building soil structure that holds moisture well. 
That will ensure water-soluble anions are available when plants need them.  !
We have just reviewed the basics of  good soil structure and cation exchange 
capacity; these are fundamental elements of  a healthy soil food web, and thus a 
healthy farm ecosystem. They are both prerequisite and product of  robust living 
ecologies. As we go along you’ll come to understand how to make and apply 
compost that stimulates and supports these fundamental elements. There are a few 
more key soil chemistry subjects that need to be addressed, such as pH, nutrient 
chelation, and the nitrogen cycle. But before I exhaust my limited soil chemistry 
mojo I’d like to switch gears and introduce some of  the key players in the soil food 
web. This will enable the remaining soil chemistry discussion to be much more 
enlightened and exciting.  
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!
The Microbes 

Remember, plants garden microorganisms – or more accurately, they support the 
growth of  the soil food web. In a nutshell: The web of  microorganisms start with 
bacteria and fungi, which act as primary decomposers and aerate the soil by 
forming micro-aggregates; these microorganisms contribute significantly to the 
formation of  humus by decomposing organic matter. Predatory nematodes, micro-
arthropods, and protozoa eat bacteria and fungi, which makes nutrients available 
for plants to absorb, a process called mineralization. Better yet, they make nutrients 
available in chelated form, which ensures their proper uptake regardless of  pH 
(Ingham, Adding 44 ). This makes plants very happy. It’s a simple formula: Plants 
need nutrients that they can’t make on their own —> microbes can make the 
nutrients that plants can’t make —> so plants attract and sustain select microbial 
communities by feeding them their favorite foods (exudates) —> and the microbes 
deliver the goods day in/day out, right there in the root zone. Bada bing, bada 
boom – a match made in soil heaven. But it cant be this simple, can it? 
	  
Lets go into more detail, because it would be a pity to oversimplify such an elegant 
science. It is primary to understand that the chemical makeup in soil and plants is the result 
of  a biological process. Healthy people rely on healthy farms, which require healthy 
plants. Healthy plants rely on an active nutrient cycle, which requires a robust soil 
food web. I hope you’re seeing some connections here. Michael Phillips spells it out 
nicely: “This process of  creating a bountiful landscape draws each of  us into 
looking at the big picture of  how one life depends upon all others” (Phillips 2). And 
thus the underlying theme is revealed. Now how does this work in terms of  science? 
	  
The first order of  business of  all soil life is obtaining carbon to fuel metabolism. 
Primary sources of  carbon in soil include root exudates, dead plant matter (organic 
matter), waste products of  organisms (humus), and bodies of  organisms. For this 
reason, the majority of  soil organisms are found in the top 1-2 inches of  the soil, 
nearest to surface plant litter, and in/around the root zones of  plants (Ingham, Soil 
Biology Primer 4). So much of  the soil-carbon bank relies upon decomposition; this 
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is why decomposition is so important. Bacteria and fungi are the primary 
decomposers so they’re up first.  
	  

Bacteria 
Bacteria fall into four broad groups: Decomposers, mutualists, pathogens, and lithographs 
aka chemoautotrophs. Most bacteria are decomposers, consuming simple carbon 
compounds from fresh plant litter or root exudates. Mutualists form relationships 
with plants; most well known of  this group are the nitrogen fixing bacteria; 
nitrogen fixing bacteria are the only organisms that can fix nitrogen from the 
atmosphere. Their unique relationship with plants enables the buildup of  plant-
available nitrogen in the soil. Pathogens can cause disease in plants and people. And 
Lithotrophs  consume nitrogen, hydrogen, or sulfur instead of  carbon; they can also 
cycle nitrogen and degrade pollutants. Bacteria across all four groups play 
important roles improving water dynamics, nutrient cycling and disease suppression 
(except some pathogens, which cause disease). 
!
The basic building blocks most bacteria need to sustain themselves are carbon 
chains, fatty acids (lipids), and amino acids. Thus, bacteria cover nearly every 
surface on earth making these essential components available for themselves, and 
henceforth become the basis of  nutritious prey for their myriad predators. Bacteria 
are more competitive when they have access to substances that are easy to 
metabolize. “By this process, bacteria convert energy in soil organic matter into 
forms useful to the rest of  the organisms in the soil food web. Decomposers are 
especially important in immobilizing, or retaining, nutrients in their cells, thus 
preventing the loss of  nutrients, such as nitrogen, from the rooting zone” (Ingham, 
Moldenke and Edwards Soil Biology 12). Bacteria have a profound affect on their 
environment, and thus on the plants that grow amidst and around them. There is 
evidence that the types of  plants that grow in a given soil are somewhat determined 
by the bacterial communities present; likewise, bacterial communities change in 
response to the plant communities present (Ingham, Moldenke and Edwards Soil 
Biology 13). It's a dance. And as you will see, humans can affect the dance, like a 
soil DJ, by encouraging select microbial and plant communities simultaneously. 	

!
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Fungi 
Fungi, like bacteria, come in a widely diverse range of  forms, and comprise a 
kingdom of  their own. I’m not talking about mushrooms, which are merely the 
fruiting bodies of  fungi. Those, too come in many different forms.  
!

“Fungi are generally multi-cellular organisms with a nucleus and a cell wall made of  chitin. 
They acquire nourishment by absorbing their food, principally carbon. Fungi neither eat nor 
make food. Instead they send strand-like parts of  their body, called hyphae, directly into their 
food; they secrete chemicals to break the food down into simpler molecules; and then they 
absorb the food directly into their cells. The body of  a fungus is built out of  many threads of  
hyphae, collectively called the mycelium” (Phillips 5).  !

Mycelium are an irreplaceable member of  the nutrient cycle. Fungi recycle carbon, 
hydrogen, nitrogen, and phosphorus from dead plants and unlock minerals such as 
copper, zinc, calcium, magnesium, and iron. Without the nutrients released by 
mycelium, the roots of  farm crops become undernourished and underdeveloped. 
Mycelium expand through hyphal networks. “Their mycostructural cavities hold 
water and provide life to diverse microbial populations. Hyphae tips secrete 
polysaccharides, glyco-proteins, enzymes, acids, antibiotics, and messenger 
molecules. Hyphal networks give soils porosity, aeration, water retention, and a 
platform for diversifying life forms, adding cohesion to vast ecological 
communities” (Stamets 66). Fungi break down organic matter at every stage of  
decomposition. Primary fungal decomposers are the first to grow on a stick, leaf  or 
blade of  grass, opening it up for further decomposition by other organisms. 
Secondary fungal decomposers typically grow in compost with more diverse 
communities of  microorganisms.  
!
There are 4 basic categories of  fungi: Saprophytic, endophytic, mycorrhizal and parasitic.  
	  
Saprophytic fungi are the first to grow on a stick, leaf  or blade of  grass. They secrete 
enzymes and acids that degrade large carbon molecules of  dead plants into 
smaller/simpler molecules (Stamets 19-22). 
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Endophytic Fungi are benvolent, non-mycorrhizal fungi that partner with plants – 
from grasses to trees. “Pairing endophytes with agricultural crops can increase yield 
and decrease disease and the need for fertilizers and insecticides. They chemically 
repel bacteria, insects, and other fungi. Endophytic spores fall with the rain and 
associate with accepting plant hosts, living asymptomatically in plants tissue above 
ground” (Stamets 31-34). 
	  
Mycorrhizal Fungi form mutualistic relationships with plants. Mycorrhizal mycelium 
dramatically increase plants’ ingestion of  water and nutrients, including 
nitrogenous compounds, and essential elements such as phosphorous, copper, and 
zinc. This is made possible by the colonization of  a plant’s rhizosphere, and allows 
them to channel nutrients and effectively expand root zones while guarding against 
parasites. To give you a sense of  magnitude, the effective surface area of  a tree’s 
roots can be increased by 700-1000 times because of  mycorrhizal association, 
dramatically extending its water and nutrient reach (Lowenfels and Lewis 70). 
Amazingly, studies have revealed that these mycorrhizal mycelial networks can 
transport nutrients from one plant to support another (Stamets 24). Mycorrhizal 
fungi are also key to sequestering carbon into the soil; as much as 20% of  total 
carbon assimilated by a plant may be transferred to the fungal partner (Kourik 99). 
	  
There are two main types of  mycorrhizal fungi: Endomycorhhizal fungi (VAM) and 
Ectomycorrhizal fungi (EM). Both EM and VAM help the breakdown of  nitrogen into 
a soluble form plants can absorb (Kourik 97). VAM grow into the root and 
exchanges nutrients for exudates; these VAM fungi are preferred by most vegetables 
(except brassicas and chenopodiacaea), grasses, shrubs, perennials and softwood 
trees. EM fungi colonize outside root hairs forming a protective sheath. EM tend to 
associate with hardwoods and conifers, and are a major factor in storing carbon in 
soil (Stamets 24-27). 
!

Protozoa, Nematodes, and Micro-arthropods 
Protozoa, nematodes and micro-arthropods are busy eating bacteria, fungi and 
each other for carbon (energy, nutrition) and leave behind waste (plant available 
nutrients). Besides being food for other members of  the SFW, soil arthropods are 
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important as shredders and soil aerators. They engineer the larger holes in the soil. 
Along with nematodes, micro-arthropods are mostly responsible for the mobility of  
bacteria through the soil. Nematodes often get a bad wrap because they come up 
almost exclusively in conversations about “root feeding” nematodes; these root 
feeding nematodes are parasitic and often decimate crops and cause problems for 
farmers. However, there are many more species of  nematodes that do not harm 
plants and actually feed on parasitic nematodes. Root feeders, the smallest of  the 
nematodes, tend to be more of  a problem when soils are compacted because there 
is not enough space in the soil for the larger beneficial nematodes to move and 
populate the soil. My suggestion is to keep an open mind toward these critters 
because there is so much more to learn. I could go on for pages about the unique 
functions of  the different protozoa, nematodes and micro-arthropods. But I won’t. 
The takeaway here is that soil bacteria and fungi are like bags of  fertilizer and the rest of  the soil 
organisms are like fertilizer spreaders.  
!

Earthworms 
Any discussion of  the soil food web would not be right without celebrating the role 
of  earthworms. They are well-known to be a farmer/gardener’s great ally. 
!

“An acre of  good garden soil contains 2 to 3 million earthworms…capable of  moving an 
astonishing 18 tons of  soil a year in search of  food….They are intimately involved in the 
shredding of  organic matter, the aeration of  soil, the aggregation of  soil particles, and the 
movement of  organic matter and microorganisms throughout the soil. They also increase 
microbial populations and aid plant root growth” (Lowenfels and Lewis 97).  

!
It is common to generalize “earthworms” into one big group, however there are 
over 7000 (or so) species of  earthworms common to good garden soils; you will 
most likely be working with a species of  Aporrectodea, Eisenia, or Lumbricus 
(Lowenfels and Lewis 96).  
!
The species composition in soils and compost piles vary. This is caused by different 
environmental conditions and the biological process of  worm digestion. Without 
getting too technical about the physiology of  worms, what you need to know is that 
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while worms shred large volumes of  organic matter as they pass through the soil 
(or, as soil passes through them), their primary food source is bacteria. Worm 
enzymes are geared toward digesting cytoplasmic materials, not organic matter. As 
the organic matter gets shredded in the worm’s gizzard, the microbes present are 
also shredded and burst; the cytoplasmic material from microbial cells is then 
transformed and used to nourish the worm. Other bacteria and fungi existing 
throughout the remaining interior of  the worm’s body colonize the organic matter 
moving out of  the worm, thus leaving behind a wholly different microbial 
community than what went in to start (Lowenfels and Lewis 97-98). Amazing. 
!
Interestingly, studies have found that when E.coli, salmonella, and other pathogenic 
microbes are ingested by certain earthworms, they do not come out. This suggests 
that certain earthworms can help remove human pathogens from soil. However, 
replicated trials still need to be done to understand this more completely (Ingham, 
“Living Soil” 2011). Clearly, the value of  supporting high populations of  
earthworms in your farm and garden soil gets greater with time. It is wise that we 
cater to these dirty little friends right now and forever.   !
!

The Nutrient Cycle 
“There must always be a perfect balance between the process of  growth and decay. 

The consequences of  this condition are a living soil, abundant crops of  good quality, 
and livestock which possess the bloom of  good health”  

– Sir Albert Howard 
!

Soil life creates soil structure and produces soil nutrients. The activities of  its 
members bind soil particles together into microaggregates as they create air and 
water pores. The chemical and biological activity in the thin layer of  moisture 
around aggregates convert nutrients into soluble forms that roots can absorb via ion 
exchange. Unlike applications of  fertilizer, soil nutrients in living soil releases slowly 
over time; they are available when plants need them. As compost, mulch and other 
organic matter is added to the soil, their nutrients become immobilized in dead 
bodies and subsequently mineralized (made available to plants) through digestion 
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or decay. The proximity of  microbial action in the rhizosphere is what makes 
mineralized nutrients far more bioavailable than soluble fertilizer forms. 
	  
Why are nutrients from biological nutrient cycling more bioavailable than soluble 
fertilizer forms? This is a key question that underscores the essential value of  
adding biology through compost and compost tea. The answer to this question will 
illuminate the importance of  farming and gardening with the soil-food-web.  
!

Chelation and pH 
“Chemical based agriculture takes the point of  view that if  nutrients are in 
solution, they must be available to plants, and solubility of  nutrients is pH 
dependent. Different nutrients are more or less soluble at different pH levels, but 
the optimal pH for most important plant nutrients is at pH 6.5-6.8. Therefore the 
current paradigm says all plants must be grown at this pH” (Ingham Adding 44). In 
other words, we’re told that the pH is the most important determining factor in a 
plant’s ability to absorb nutrients. However, there is usually little correlation 
between plant uptake and soluble nutrient concentrations (Ingham Adding 44). In 
other words, plants don’t always need or use all of  the nutrients just because they’re 
abundant in solution (as in, when a plant is fertilized). This means that it is the form 
of  the nutrient that counts, not just the inorganic soluble concentration. This is the 
primary role that the soil food web plays in the nutrient cycle. Plants need certain 
nutrients at certain times, and every plant is different. Therefore it is far superior to 
have stabilized, chelated nutrients, available in abundance at all times. Plants 
depend on a biological nutrient cycle for making sure nutrients are available when 
they need them. 
!
Enter: chelation. A chelated nutrient is a nutrient that has been combined with 
amino acids or protein. Research has shown that “plants take up chelated nutrients 
more rapidly than non-chelated nutrients.  Once a nutrient is chelated, pH 
becomes unimportant in determining solubility. Biological processes typically 
perform chelation.”(Ingham Adding 44). Think about the analogy of  bacteria and 
fungi as bags of  fertilizer; as the rest of  the soil food web eats and digests these 
nutrient-rich creatures the excess nutrients become chelated in the digestive system 
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and left behind as “waste.”  “If  biology is present to chelate nutrients, then pH is of  
no consequence” (Ingham Adding 44).  
	  
The truth is that pH is largely a result of  the microbial community present. “Fungi 
and bacteria are small enough to have cations and anions on their surfaces, 
electrically holding or releasing the mineral nutrients they take in from 
decomposition in the soil. This…has an impact on the pH of  the soil” (Ingham 
Adding 10). Additionally, bacteria produce alkaline enzymes that glue/aggregate 
and break down particulate matter, and fungi produce enzymes that make the soil 
more acidic. While it’s true that the pH can either encourage or discourage 
nitrification and other biological activities that affect how plants grow, the solution 
is to adjust the balance of  fungi to bacteria, and the pH will be adjusted properly as 
a result (Ingham “Living Soil” 2011).  !

Successional Dynamics and Nitrification 
This makes more sense when looking at soil biology and succession. Early 
successional grasses as well as brassicas prefer a more bacterial dominated 
environment, with a fungal to bacterial ratio around 1:3. Later successional grasses 
along with most annual vegetables prefer a slightly higher ratio of  fungi, with a 
fungal to bacterial ratio around 3:4; these crops also thrive with endomycorrhizal 
relationships. Shrubs, vines and bushes prefer slightly more fungal dominated soils 
at around 2:1. Deciduous trees thrive at a range of  5:1 to 100:1 (F:B), with orchard 
soils ideally 10:1 (F:B) (Ingham "Living Soil" 2011). This 10:1 ratio defines forest 
edge ecology, and is an ideal target for developing a soil food web in orchards and 
perennial forest garden style polycultures (Phillips 1). Lastly, conifers and healthy 
old growth forest soils should be the most fungal dominated soils at a range of  
100:1 to 1000:1. This information is laid out in a nice neat table in Appendix 2. 
	  
!
!
!
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Table 1. If  we compare soil biology and succession in terms of  microbial 
populations (counts of  bacteria and protozoa; lengths of  fungal hyphae) in a 
teaspoon of  various soils, this is what we see: 

Source: Ingham and Slaughter Soil Foodweb	 

As you can see, the difference in fungal to bacterial ratios generally has everything 
told do with the increase in fungal biomass, not a decrease in bacterial biomass. 
	  
The successional dynamics between plants and microorganisms also plays out in 
terms of  the form of  nutrients certain plants prefer. One well researched example is 
the all-important nitrogen. The ratio of  fungi to bacteria determines, for the most 
part, the amount of  nitrogen readily available. Remember, this is what the SFW 
means to plants: When an organism is eaten, some of  the nitrogen is retained by 
the eater, but much is released as waste in the form of  plant-available ammonium 
(NH4). As much as 80% of  the nitrogen a plant needs comes from the wastes 
produced by protozoa eating bacteria and fungi. For example, a single flagellate 
(type of  protozoa) needs to eat 6 bacteria to fulfill its carbon needs; the flagellate 
will in turn release 5 nitrogen for every 6 bacteria. Thus, simple math, each 
flagellate meal leaves behind 5 available nitrogen molecules for whatever lucky 
plant root is nearby. And so in a healthy soil food web, where there are thousands 
of  protozoa in every teaspoon of  soil, applying extra nitrate fertilizer will no longer 
be necessary. And as you will see below, the soil food web does a far superior job 
ensuring the plant has the right form of  nitrogen available at the right time. 
(Ingham “Living Soil” 2011). 
	  
All forms of  nitrogen are not created equal. If  you manage to fix nitrogen in your 
fields or garden beds, it will first be made available to your plants in the form of  
ammonium (NH4). Depending on the soil environment it can either remain as 
ammonium or be converted to nitrate (NO3) by special “nitrifying” bacterium. 

Bacteria	 Fungi Protozoa

Garden 100 million to 1 billion	 Several yards Thousands

Prairie 100 million to 1 billion 10’s to 100’s of  yards Thousands

Forest 100 million to 1 billion 1 to 40 miles Hundreds of  thousands
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Annual plants require more nitrate than ammonium. Perennial plants require more 
ammonium than nitrate. Thus, a spectrum exists: On the one hand, very early 
successional “weed” species require strictly nitrate; on the other hand old growth 
trees require strictly ammonium (Ingham “Living Soil” 2011). Most of  the plants 
humans grow for consumption, from asparagus to soy beans to apples, prefer a 
mixture of  the two. The only real way to ensure plants have what they need when they need it 
is to let the soil food web do it for you. The image below represents this spectrum of  
nitrification along the stages of  succession. It also displays the fungal to bacterial 
preferences of  the plants in succession. 

	  
!

!
!
!
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It should all makes sense now as the successional dynamics become clear: Early 
successional plants (annual vegetables, herbs, grasses) naturally select for higher 
ratios of  bacteria to fungi, which will result in a higher conversion of  ammonium to 
nitrate - their preferred form of  nitrogen; additionally, the higher bacterial ratio 
will push the pH slightly toward alkaline conditions, which create the specific 
chemical nutrient dynamics for ideal absorption. Likewise, later successional plants 
(perennial vegetables, berry bushes, fruit trees, nut/timber trees) select for higher 
ratios of  fungi to bacteria, which will result in a higher ratio of  nitrogen left as 
ammonium – their preferred form of  nitrogen; this happens as a result of  enzymes 
secreted by certain fungi, which inhibits the activity of  nitrifying bacteria. 
Additionally the higher ratio of  fungi will push the pH slightly toward acidic 
conditions, which create the specific chemical nutrient dynamics for ideal 
absorption. 
	  

Organic Matter 
“Soil organic matter is the storehouse for the energy and nutrients used by plants and 

other organisms. Bacteria, fungi, and other soil dwellers transform and release 
nutrients from organic matter.” - Dr. Elaine Ingham 

!
I assume that most people reading this are familiar with organic matter, so I’ll make 
it brief. I’ve mentioned organic matter and humus in the previous discussions on 
soil structure and the microbes. Here I am just emphasizing the importance of  
organic matter in the nutrient cycle as a whole. Many understand organic matter as 
dead plant material; other forms of  organic matter include living organisms 
(microorganisms, earthworms, living roots, etc), root exudates, and any variety of  
carbon-based surface residues such as cardboard, paper, etc. Organic matter is 
simply a carbon-based compound, and there are a near-infinite variety of  such 
compounds. Some organic compounds are more useful to soil organisms than 
others. “In general, soil organic matter is made of  roughly equal parts humus and 
active organic matter. Active organic matter is the portion available to soil 
organisms. Bacteria tend to use simpler organic compounds, such as root exudates 
or fresh plant residue, Fungi tend to use more complex compounds, such as fibrous 
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plant residues, wood and soil humus” (Ingham, Moldenke and Edwards Soil 
Biology 2). 
!
As land managers, it is wise to utilize practices that support the long range addition 
of  soil organic matter, which results in the buildup of  humus. Humus, or 
humidified organic matter, are complex organic compounds that remain after 
many organisms have transformed the original material; this is the stuff  that holds 
water and nutrients in the soil. While the percentage of  total soil organic matter 
may fluctuate, the ratios between the different types of  components making up the 
total can be generalized. The figure below from the USDA’s  Soil Biology Primer 
represents the rough proportions of  the main components of  organic matter in a 
given soil:  

There are many strategies for managing soil organic matter, but as you can see 
from the figure above, 95% of  the total soil organic matter is the direct or indirect 
result of  active microorganisms. Put simply, without microbes organic matter would 
never become fertile soil. Likewise, without organic matter, soil microorganisms 
would not have enough food. Thus, as you begin to repopulate your soil with 
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microorganisms via compost, it is crucial to keep them fed with a constant influx of  
organic matter. Depending on what type of  organic matter you use, you will be 
selecting for a certain community-dynamic of  microbes. Part 2 will address the 
myriad strategies for developing the proper soil food web profiles for your plants. 
!
By now you should be able to see why it is so crucial to team with microbes. I’ve 
done my best to establish the “living soil” paradigm to support the claim that 
healthy soil is built and maintained by a universe of  soil organisms. So far this has 
been an overview of  the science of  how microbes interact with plants to turn 
organic matter into nutrients at different levels of  succession. Hopefully I’ve been 
able to deliver the knowledge of  applied soil microbiology in an accessible way, so 
that you can begin to apply it to the range of  farm and garden scenarios.  !

!
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Part 2:  
Composting 

!
Introduction 

So finally, finally we come to the point where we can approach composting with a 
mean purpose! By now you should be salivating for the step by step instructions for 
unleashing the raw untamed power of  the soil food web on your precious farm or 
garden. The above information about the soil food web should serve as the “why” 
behind the “how” to make and use compost to support a healthy crop. As you 
know, there are as many variations of  compost piles as there are farmers and 
gardeners. I’ll outline some distinct methods and offer some key information that 
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will help you determine which methods you want to use to support the specific 
plant-range you want to thrive. I’ll also address the use of  mulch, liquid compost 
teas, and a few other methods to support healthy plants and the soil food web. 
	  
What is Compost? Compost, like soil, is a living ecosystem. Technically, compost can 
be defined as oxidative (aerobic) decomposition of  organic matter. Compost is the 
backbone of  any healthy farm or garden. It does primarily two things: Provides 
food for the full array of  organisms, via organic matter, and inoculates the soil with 
a wide spectrum of  microorganisms. The hallmark of  good compost is active 
microbial biomass, and is in fact dominated by soil food web organisms. 
	  
Table 2. Take a look at these figures from research done by Matthew D. Slaughter 
and Elaine Ingham: 
!

	  
Although it seems like compost is mostly organic matter and humus, microbial 
biomass actually outweighs organic matter in the compost pile. Thus, beware when 
buying sterilized bags of  “compost” from the garden center – all you’re really 
getting is organic matter, which will not give you the results you should expect. The 
numbers illustrate this point; 1 teaspoon of  good compost contains up to 1billion 
bacteria, 400-900 feet fungal hyphae, 10,000-50,000 protozoa, and 30-300 
nematodes (Ingham “Living Soil” 2011). Compare that with the microbe numbers 
in healthy soil from Table 1 (p.19), and you’ll see why the right compost makes all 
the difference! 

Organic Matter Type	 Bacterial biomass (ug/g) 
Active	 	 Total

Fungal Biomass (ug/g) 
Active	 	 Total	

Protozoan Numbers

Dry Mulch  
(10% moisture)

0.11	 	 72 0.00	 	 0.35 245

Putrefied Organic 
Matter (odor present)

0.45	 	 12,500 
	 	 (anaerobes)

0.25	 	 0.78	
	

	 	      3,550  
	         (ciliates only)

Aerobic Compost 148	 	 2,145 92.6	 	 4,880	 47,300

Coefficient of  
Variation (%)

10	 	 15 5	 	 17 25
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To mulch or not to mulch 
Mulch is organic matter. It comes in many forms. As you can see in Table 2 above, 
dry mulch is not a form of  compost because it does not provide the abundance of  
soil organisms and readily available nutrients that good compost does. However, 
understanding the benefits of  mulch will enable you to get the most out of  your 
compost and support the long-term fertility of  the soil. I’ve included this section as 
part of  the introduction to composting so that the line between compost and mulch 
is clear, and you can understand the important role mulch can play in a good 
composting system. 
!
Most gardeners are familiar with the standard reasons to use mulch in the garden: 
A thick enough layer smothers out weeds and keeps weed seed from germinating, 
keeps the soil cooler in the heat of  the summer and conserves moisture, prevents 
topsoil erosion as well as compaction from heavy rains, and protects roots from 
hard winter freezes. Be wary of  mulching in poorly draining places; this seems 
obvious, but if  you’re not careful you can create more drainage problems where 
you thought you were making improvements. A ground cover of  living plants helps 
dry out poorly drained soil more effectively. Early vegetables may need bare soil 
which warms faster in the spring. Obviously, if  you’re direct-seeding then mulch 
will need to be moved aside and reapplied later. Take all this into consideration 
when you decide to mulch or not to mulch.  
!

“Absent from the usual list of  reasons to use mulch is that mulch provides nutrients 
and a home for certain soil food web organisms, and a good mulch works wonders in 

imparting soil food web benefits to the soil.”  -Lowenfels & Lewis 
!
Soil arthropods are able to live in mulches, accelerating decay by shredding and 
exposing ever smaller interfaces where bacteria and fungi can go to work, thus 
cycling more nutrients into the web. It is important to know, however, that without 
healthy populations of  nematodes and micro-arthropods soil nutrients will be tied 
up and immobilized in the bodies of  bacteria and fungi. Nutrients will only become 
mineralized and made available to plants if  a healthy soil food web is present. This 
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is a major reason why mulch is a compliment to compost, not a substitute. In 
general, the smaller the mulch -the more surface area available- the more quickly 
nutrients will be cycled and made available for uptake by the plants. Remember, 
you’re working to support living systems, every little thing makes a difference.  
!
As mentioned in the section on the nutrient cycle and successional dynamics, different 
types of  organic matter feed different communities of  microorganisms. The ideal 
mulch for a vegetable garden will be different than that for an orchard. “A mulch of  
aged, brown organic materials supports fungi; a mulch of  fresh, green organic 
materials supports bacteria” (Lowenfels and Lewis 144). There are many types of  
materials suitable to use as mulch; use your knowledge of  the soil food web to 
determine which mulch is best for your growing scenario.  
!
I would like mention two unique types of  mulch: mushroom mulch and ramial wood 
chips. Mushroom mulch is a byproduct of  commercial mushroom cultivation and is 
often used as a wonderful soil amendment; because it has been cycled through 
several composting cycles it is often rich in humus and can contain an abundant 
array of  mineralized nutrients. Ramial wood chips are trimmings of  bushes and 
trees containing a balance of  lignin-rich nutrients that support saprophytic and 
mycorrhizal fungi; nitrogen, phosphorous, potassium, calcium, magnesium and so 
forth in the green cambium layers of  the young branches support the soil food web 
even more; strategic use of  these chips, often made available in abundance from 
utility companies, can be a tremendous mulching solution (Phillips 7-9). See 
Appendix 2 for more information and uses for these unique types of  mulch.  
!
Certain materials such as pine needles and cedar wood chips contain terpenes - 
volatile chemicals that are toxic to many plants. However, pine needles are no 
longer an issue after they have aged a bit, and most other wood chips, sawdust and 
chipped bark are great brown mulches and work fine (Lowenfels and Lewis 145). 
The more selective and intentional you can be about your mulching materials the 
more success you will have developing an abundant and vivacious soil food web. 
!
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General Guidelines and Types 
Any method employed to make compost must adhere to certain guidelines so that 
the pile is hospitable to beneficial microbes. As you can see from the chart above, 
anaerobic conditions are not hospitable to the beneficial organisms that do such 
wonders for your plants. Thus, in general a healthy  compost pile must maintain 
aerobic conditions; the minimum threshold is 6ppm oxygen. Moisture content 
should be between 50-60%. See Appendix 1 for specific indicators of  anaerobic 
conditions and how to measure moisture content. Besides air and moisture, 
compost requires heat and organic matter with the right carbon to nitrogen ratio. 
Heat in the compost pile the byproduct of  high microbial activity. As long as the 
pile is fed the right balance of  organic matter, water, and oxygen, the microbes will 
have enough “fuel” to produce the heat a pile needs to decompose properly. 
Determining the right balance of  organic matter depends on the specific plant-
range you want to thrive. 
!
For composting and mulching purposes organic matter is separated into 3 
categories, which are based on the carbon to nitrogen (C:N) ratio of  the material:  
!
Brown 
Material with a C:N ratio of  100:1 or wider. All materials in this category are a 
result of  plant sugars leaving the plant body, i.e. wood chips from dead trees, not 
trees cut when they were alive. This includes fall leaves or plant residues left at the 
end of  the season, like straw. 
!
Green 
Material with a C:N ratio between 20:1 and 30:1 we call “green” because they tend 
to be comprised of  living plant tissue, such as fresh cut grass or hay. Don’t let colors 
fool you; fresh cut grass and hay can turn brown in color, but they are considered 
“green” materials for compost because the sugars were still high in the living tissue 
before it was cut. 
!
!
!
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High Nitrogen 
The third category is called “high nitrogen” because the C:N ratio is 10:1 or 
narrower; alfalfa meal, fresh food scraps, and animal manure all fall into these 
categories.  
!
See Appendix 2 for a more extensive list of  common compost materials and their 
C:N ratios. Building compost piles with certain percentages of  these three 
categories of  materials will enable you to select for certain microbial communities. 
A pile will be more or less fungal dominated depending on how much brown 
material is in the pile. A pile will be more or less bacterial dominated depending on 
how much green and high nitrogen material is in the pile. Therefore, the starting 
materials for a given pile should be determined by the microbial preference of  the 
plants you’re trying to grow. 
!
There are 2 main ways to make compost: Thermal (hot) and Static (cold).  
	  

Thermal compost 
Hot compost is the most rapid and labor intensive way to get finished, matured 
compost. It is made with the highest percentage of  high nitrogen material of  the 
two methods, and requires close monitoring for temperature and moisture. The 
ideal thermal pile should reach a minimum threshold of  131 degrees F within 
several days, and can actually get hot enough to spontaneously combust at 175 
degrees F if  not managed properly. Hot compost needs to be turned either 
manually or with tractor equipment to moderate temperature and ensure proper 
aeration. Specific timing is important to manage multiple turns, watering, and 
monitoring. See Appendix 1 for general and specific instructions. While this is the 
most time-consuming and labor intensive way to compost, it can be the most rapid 
and rewarding way to transform “waste” materials into an extremely potent soil 
amendment. Hot compost piles can reach maturity in less than a month, or after 5 
turns above 131 degrees.  Thermal piles are “finished” when the pile returns to 
ambient temperatures, or around 70 degrees F. Additional benefits to “hot” 
composting are that weed seeds and pathogens are eliminated due to persistent 
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high temperatures; wouldn’t you like to have compost guaranteed free of  weed seed 
and disease? 
	  
Be wary of  thermal compost piles that are black in color. In general, healthy humus 
is a rich dark brown color, but anything darker than that is a bad sign. Black 
compost is a result of  anaerobic conditions and too much heat. This means that the 
pile was either too wet, not turned frequently enough, or had too much high 
nitrogen starting materials. Black compost will be nutrient depleted from the 
excessive ammonia that is left behind. 

Static Compost 
Cold compost is made with less than 10% high nitrogen material. Piles can 
generally be made much larger, since there is no need to turn them more than once 
at the most. Decomposition happens slowly in cold piles because of  a much lower 
percentage of  high nitrogen starting materials; this limits the “fuel” the microbes 
need to multiply, which keeps the temperatures down. But not to worry, everything 
in a cold pile is food for decomposition, so the end product can be just as good as a 
thermal pile. A static pile can be best utilized on a home-garden scale to recycle 
food scraps and garden waste. People have had great success utilizing cold 
composting on a farm-scale to deal with massive amounts of  material, including 
dead animals, manure, and food waste; research Malcolm Beck, founder of  Garden-
ville, for an example of  this. Both small and large scale cold composting is achieved 
by combining equal parts brown and green materials to form a medium in which to 
bury and distribute high nitrogen materials in specific ways. Specific recipes and 
instructions for these types of  piles can be found in Appendix 1.  
	  
Cold compost can add a great diversity of  macro-arthropods to your farm or 
garden ecosystems. Macro-arthropods are the creepers and crawlers you can see 
with the naked eye. The lower temperatures and longer amount of  time it takes for 
a cold pile to decompose provides more opportunities for macro-arthropods to 
populate the pile. They are critical members of  the soil food web because of  their 
shredding ability, which exposes more surface area for the accelerated 
decomposition of  organic matter. Macro-arthropods also serve as food for larger 
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animals such as birds, who distribute beneficial microbes around the farm and 
garden by way of  their feet.  
	  
Vermicompost is another form of  cold compost that deserves a special section of  its 
own. There is so much information out there about how to create and manage 
successful worm composting systems, so I’m just going to offer some specific 
information about their affect on the soil food web and how to think about utilizing 
this method for your farm or garden. See Appendix 1 for basic instructions on how 
to start a worm bin.  
	  
Composting with worms can produce the same biomass of  soil organisms as 
thermal compost (Ingham “Living Soil” 2011). It is important to note that worms 
do not neutralize weed seeds, which can still be viable in finished vermicompost. 
Vermicompost is almost always bacterially dominated and will stay that way after 
the worms are gone unless fungal foods are added, in which case healthy fungal 
populations can and will develop over time. 
	  
The finished product of  a vermicompost system is nothing short of  gold for the 
farm and garden. The waste left behind by worms is of  the most fertile and 
nutrient rich material on earth. We call this waste “castings”, which is just a fancy 
word for worm poop.  
!

“Vermicastings are 50% higher in organic matter than soil that has not moved through 
worms….The worm’s digestive enzymes unlock many of  the chemical bonds that otherwise 
tie up nutrients and prevent their being plant-available. Thus vermicastings are as much as 
seven times richer in phosphate than soil that has not been through an earthworm. They have 
ten times the available potash, five times the nitrogen; three times the usable magnesium; and 
they are one and a half  times higher in calcium. All these nutrients bind onto organic matter 
in the fecal pellets. Worms can deposit a staggering 10 to 15 tons of  castings per acre on the 
surface annually” (Lowenfels and Lewis 98).  

!
Finished vermicompost is not entirely castings, but is a combination of  soil, 
microorganisms and castings. Obviously, you can see the promise in composting 
with worms. 
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We have discussed some different ways to prepare biologically active compost for 
specific uses. Like I said at the beginning, there are an infinite number of  methods 
and materials people use to make fantastic compost. I’ve given you a fundamental 
picture of  the process, as well as the primary strategies for making good compost. 
The guidelines for thermal and static compost should enable farmers and 
gardeners to think critically about how to turn waste materials into a resource for 
the farm. Most of  the time, adequate compost materials are available for free on 
site or from other farms, the utility company, or municipal recycling centers. As 
always, be wary of  contamination or toxic materials going into municipal recycling 
or leaf  collection centers.  !

Applications 
Now that you’re making primo compost, lets look at the range of  applications; I’m 
talking about timing and application rates, as well as compost teas and extracts. 
The decision to make and apply compost represents a paradigm shift from 
sterilization to population/competition and selection. When you introduce quality 
compost to your garden beds or fields, you’re adding some nutrients yes, but you’re 
mostly inoculating the soil with an array of  microbes that will begin to work for you 
and your plants for years to come. No matter what, both beneficial and pathogenic 
microbes will be present throughout the soil and on every surface of  every plant. By 
applying compost in a variety of  ways, you can ensure the dominance of  the one’s 
you want, which will -for the most part- outcompete and keep in check the disease 
causing pathogens that we spend so much time, energy and money trying to ward 
off  and kill. 
	  

Application Rates, Methods and Timing   
Home Garden 
If  you’re gardening, cover the surface of  each garden bed with a layer of  compost 
1-2” thick. The importance of  proper watering cannot be emphasized enough. 
The key to ensuring the maximum value from compost applications is to keep the 
soil moist. Applying several inches of  mulch on top of  compost can help keep the 
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soil moist. Other factors that inhibit successful transfer of  microbes from compost 
to soil is severe compaction or pesticide/heavy metal residue; the added soil 
microbes can and will remedy chemical toxicity to some degree, but if  toxic sprays 
continue to be used, the effects of  compost will be seriously minimized. The best 
times for applying compost are in the spring after last frost, or in the fall before first 
frost. Assuming that spring brings rain, the added moisture will give the microbes a 
good start at populating the garden bed and partnering with plants from the get-go. 
Putting beds “to sleep” with a layer of  compost covered by 2-3 inches of  mulch 
before winter will allow the microbes to kickstart the nutrient cycle months before 
spring planting. Believe it or not, some of  the most rapid rates of  decomposition 
have been shown to happen under a blanket of  snow!     
	  
Market Garden  
For farmers using raised beds at larger scales, 3-5 tons per acre can be applied, 
concentrating the compost on the beds only. Given sufficient moisture and 
hospitable conditions after application, the beneficial microbes can extend well 
beyond the upper 1-2 inches of  soil surface. As little as ¼ - 1 inch layer of  compost 
around plants is enough to inoculate soil 6-15” deep within 6 months. One strategy 
for very damaged land, or transitioning from conventional vegetables to organic, 
use compost (or 50/50 compost/potting mix) to grow plug plants and inoculate 
with micorrhizal fungi before planting into soil. (Remember, no need to inoculate 
brassicas with mycorrhizal fungi, they’ll do better without). This can be a very cost-
effective way to inoculate the surrounding soil in the field or raised bed with a 
robust range of  soil microbes.  
	  
Orchards and Edible Forest Gardens 
In orchard systems, compost can go down as mulch under tree rows (once in the 
fall, once in the spring) and then lightly incorporated. In orchard systems, always 
be sure to add fungal dominated compost at a general rate of  2 tons per acre, 
which equates to a pile 4 cubic yards in volume. This 2 tons/acre rate is also 
equivalent to 1 cubic foot of  compost per tree, or one 5-gallon bucket worth of  
compost per tree. Start 3-6 inches away from the trunk and spread the compost a 
few feet beyond the dripline (outer edge of  the canopy). 
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!
Broad-Scale Grain and Grass 
Farmers broadcasting seeds to grow fields of  grain can roll seed in the compost 
with a mycorrhizal innoculum before seeding fields. If  possible, spread additional 
compost with the seed. As is likely the case for large-acre grain or pasture farmers, 
compost will be too expensive or not available at the proper scale. In this case, 
consider the use of  teas or extract, as well as cover-crop strategies and keyline 
subsoil plowing. More on those in a minute. 
!
Whether you’re managing a couple garden beds or a couple hundred acres, 
applying compost can be hard work. It's important to have the right tools.  
!
Table 3. Here are the main ways to apply compost: 
!

	  

!
Compost Tea and Extract 

Compost teas and extract, as well as herbal teas and liquid fish sprays can all be 
used to compliment, supplement or supplant the use of  compost.  
	  
Compost Extract 
Compost extract is the most basic way to transfer soluble nutrients and 
microorganisms from compost. This is achieved by placing the highest quality 
compost possible into a mesh screen bag and agitating the bag for several minutes 
until the water has thoroughly passed through the compost. Let the bag sit in the 
water for 5 or 10 minutes and then agitate again. Remove the bag. 

Method/Machine Best For

Compost Spreader/Manure Spreader Large fields

Side Shooter Orchards; Row crops

Front Loader and Rakes Orchards; Row crops; Market Gardens

Cart/Wheel Barrel and Rakes Home/Community Gardens
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!
Extract can be applied to plants and soil directly as a drench, direct root injection, 
or foliar spray. Extracts contain fewer numbers of  organisms than teas, but can be a 
more effective method for transferring a greater diversity of  microbes and fungal 
strands from compost to liquid; the constant bubbling aeration when brewing teas 
tends to break up fungal strands. For this reason, it is generally recommended to 
use extract and not tea when applying to later-successional plants like trees. 
!
Aerated Compost Tea 
Aerated compost tea is the product of  an extract that has been allowed to remain 
in solution for an extended period of  time (12-24 hours); it is an aerobic process, 
and requires an air pump to maintain a minimum of  6ppm oxygen while the 
compost “brews” in the water, enabling microbial populations to multiply. Aerated 
tea is good for distributing beneficial microbes on large tracts of  land, as well as on 
plant surfaces (i.e. leaves, stems, trunks). A well made compost tea enables you to 
dramatically increase microbial diversity to the soil and to plant surfaces; as a result 
we see: Disease suppression and increased immunity of  plants, increased nutrient 
cycling, decomposition of  toxins, nutrient retention, improved soil structure. The 
higher the number of  organisms there are in the tea, the greater the coverage of  
leaf  surfaces will be; this will increase the competitive advantage of  beneficial 
microbes over disease-causing ones. In other words, the more beneficial populations 
are present on the leaf  surface, the greater the competition against disease 
(Lowenfels and Lewis 158). Compost tea is one of  the best ways to make that 
happen. For an example of  how compost tea can improve plant health, see table 4 
below: 
	  
!
!
!
!
!
!
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Table 4. Groups of  tomato infected with blight, obtained from a local nursery, were 
treated with water (control, all of  which died within a few days, data not shown), 
with tea #1 and tea #2. Different methods of  assessing compost tea organisms 
were performed, in order to demonstrate which set of  assays is most effective at 
predicting which tea will be able to prevent blight in tomato; only direct 
microscopy method (most effective) shown. !

Reformatted from Ingham and Slaughter Soil Foodweb 11 

!
Many “tea” recipes do not include the use of  an aerating pump. These anaerobic 
teas can have some beneficial characteristics but harbor organisms that can be toxic 
to plants and harmful to human health. My suggestion is to steer clear of  anything 
that has sat stagnant for over 12 hours. A high quality tea depends on controlled 
conditions, adequate oxygen, and proper extraction. For specific brewing 
instructions and application rates, see Appendix 1.  
	  
Compost extract and tea are the primary ways to apply liquid compost. It is 
recommended to use high quality thermal compost or vermicompost for extracts 
and teas; this is because of  the effectiveness of  these methods to kill dangerous 
pathogens. E.coli and other organisms can become even more dangerous if  

Direct Microscopy (ug/mL) Tea #1  
(lacking suppressiveness) 

Tea #2  
(capable of  suppressing 
disease)

Active Bacteria 8.0 (2.6) 12.7 (5.0)

Total Bacteria 25.1 (1.0) 245 (34)

Active Fungi 0.00 3.76 (1.00)

Total Fungi 0.35 (.12) 11.1 (2.33)

Leaf  Coverage (%) Tea #1  
(lacking suppressiveness) 

Tea #2  
(capable of  suppressing 
disease)

Bacterial 27 (4.7) 86.9 (9.7)

Fungal 0 5.1 (0.6)

Disease (5 plants) All died of  blight None died
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pervasive in the compost used. Further, vermicompost is of  the most abundant 
substance in plant-available nutrients, most of  which will be transferred into the 
extract or tea for plant uptake.    
	  
Beyond tea and extract lies a whole world of  beneficial organic plant sprays, 
including herbal plant teas, liquid fish, pure neem oil, and “Effective Microbes.” Many of  
these have been tried and tested with great success. These varieties of  sprays 
provide nutrition to plants and microbes an have disease-suppressing characteristics 
as well. “Effective Microbes” and herbal teas can also effectively introduce 
microorganisms to plant phyllospheres (leaf-zones) and rhizospheres (root-zones). 
Some advocate for a combination of  these sprays to avoid the hassles of  aerated 
brewing. Michael Phillips has a nice chapter in his book The Holistic Orchard, 
which outlines these other methods and how they have worked for his farm.  !

Soil Food Web Solutions for Large Farms  
Before ending Part 2 I want to discuss some solutions to the challenges of  
composting for large scale farms. In particular, cover cropping, no-till farming, and 
“keyline” subsoil plowing. Of  all the soil food web solutions discussed so far, I have the 
least experience with these three practices so I’d just like to tie them into the soil 
food web paradigm. I recently moved back to the eastern seaboard from Midwest 
America — Iowa — to be specific. The town where I lived was surrounded by 
miles and miles of  nothing but miles and miles of  1000+ acre corn and soybean 
farms, coupled with confinement animal barns and open pastures for grazing. I 
came to terms with the incredible scale at which the majority of  farms operate in 
America these days, especially in the Midwest.  
	  
Thus, for farms of  such scale 5 tons/acre of  compost is not doable. Neither is it 
healthy, as some farms do, to continue spreading manure each year from lagoons 
collecting confined animal effluent; yes, it will stimulate some microbial action but 
will mostly distribute plant-toxic pathogens throughout the soil. So then, what to 
do? 
!
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No-Till 
Given what I know now about soil biology and the nutrient cycle it is clear that 
annual tilling is not a sustainable practice. But in order to survive on a large scale 
without relying on conventional agricultural models involves a learning curve. 
Ending, or radically reducing, the tillage cycle is the first step. In trials, the soil 
fertility benefits of  no till came after the soil adapts to no till nutrient cycles. What 
they found was a 10-20% initial drop in yields, but subsequent yields showed a 15% 
overall rise in productivity with less fertilizer. As compared with plowing, no-till 
methods show a 41% difference in stored soil carbon (Stamets 64-66). If  all farmers 
who plow today practiced no-till, and estimated 300 million tons of  carbon would 
be kept in the soil. This isn’t just significant for remediating the effects of  climate 
change; this is significant for the nutrient cycle and thus, the health and 
productivity of  farms. Carbon is soil organisms’ basic food resource, and it is stored 
in the soil because it is stored in their bodies and recycled as the food web feeds. 
The more plant matter left in and on the ground at the end of  the season, the more 
food microorganisms will have to do their thing. In studies, mycorrhizal fungi were 
found to flourish significantly better in fields practicing no-till (Stamets 65). In 
general, all beneficial fungi will be more abundant when the ground is not tilled. 
Thus, it is no surprise that practicing no-till builds healthy soil, decreases runoff  
and erosion holding precious topsoil in place. No-till fields have higher soil moisture 
content due to the increased organic matter and mycelial networks swelling with 
water like a sponge. Currently 37% of  farmers in the U.S. practice no-till vs. 5% 
worldwide (Stamets 65). It seems to be catching on. 
	  

Cover Crops 
Cover cropping is also becoming a popular and well-tested technique for soil and 
fertility enhancement. Cover crops are chosen from four basic crop types: warm 
season grasses, cool season grasses, warm season broad-leafs, and cool season broad leafs.  
!

“Cover crops can provide multiple valuable benefits to cropping systems. While typically used 
in the Northeast to protect the soil against winter erosion, or to add biologically fixed 
nitrogen, other uses include improvement of  overall soil quality, weed management, late-
season nutrient capture and even enhancement of  biological control agents in the system, 
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such as beneficial organisms. A key to successful use of  cover crops is to choose the 
appropriate species to fit the specific goals of  their intended use in the cropping system. As 
such, a grower should first identify a primary goal or use for the cover crop, characterize the 
conditions under which it will be grown, then use this information to describe the ideal 
species before matching the description with the best available cover crop species….In 
choosing an appropriate cover crop and its place in the rotation, the ability of  the species to 
grow and survive in the crop environment at the time of  seeding, the equipment available for 
seeding, the cover crop's ability to withstand field traffic, the cost of  the seed, and the 
anticipated method for cover crop demise at the end of  its functional life cycle, as well as a 
number of  other things, must be taken into account” (Sarrantonio, pars. 1&7) 

	  
As in wild ecosystems, a mix of  species stimulates a diversity of  microbes. Thus, 
diverse combinations of  cover crop plants can be used as a strategy to stimulate a 
diverse soil food web. For example, red and crimson clover have a stronger affinity 
for mycorrhizal fungi than other clovers, which is ideal for orchards and perennial 
plants (Phillips 7). When planting nitrogen fixing cover crops be sure to soak seed in 
an inoculant of  rhizobium bacteria before planting. This ensures appropriate 
colonization, and thus, robust nitrogen fixation. For planning and executing a good 
cover crop strategy, seek out local experts and farmers who are using them 
successfully. 
	  

Keyline Design 
Keyline subsoil plowing is a relatively new land-management technique in the West. 
Keyline design was developed in Australia in the mid 20th century by P.A. Yeomans and 
has been widely adopted there for its profound water-saving and fertility boosting effects.  
!
“Yeomans described a system of  amplified contour ripping to control rainfall run off  and 
enable fast flood irrigation of  undulating land without the need for terracing. Keyline Designs 
include irrigation dams equipped with through-the-wall Lockpipe systems to gravity feed 
irrigation, stock water and yard water. Graded earth channels may be interlinked to broaden 
the catchment areas of  high dams, conserve the height of  water and transfer rainfall run-off  
into the most efficient high dam sites. Roads follow both ridge lines and water channels to 
provide easier movement across the land.”  (Wikipedia) 

!
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Without incorporating the major dimensions of  damming and earthwork that keyline 
design proposes, the keyline subsoil plow alone can be used to significantly increase 
groundwater infiltration. Below is a picture of  the plow implement. The keyline plow is 
not designed to turn the soil over like a modern plow; it is designed to cut 6-8” wide 
channels 12-24” deep running slightly off  contour to enable water to catch and flow 
across the landscape, increasing absorption. This is a fantastic way to de-compact soil and 
enable deeper root growth and more productive pastures for grazing animals. Further 
innovations for plow implements involve a tank to distribute compost tea or extract to 
inoculate plow channels as they are plowed. 

!
The Art of  Composting 

“Everything is a process, even the [farmer].”  
- Michael Phillips 

!
Maximizing the soil food web for your farm and garden ecosystems is not only 
possible, but inevitable. As topsoil continues to be depleted and lost at record rates 
worldwide, farmers are feeling the pressure to adopt new strategies for ensuring the 
long-term productivity of  the land. The agricultural community at large is 
becoming more aware of  the ways in which plants depend on healthy soil, and the 
soil food web is coming into the spotlight. Those who treat the soil as a living 
ecosystem are experiencing breakthrough success, as their farms demonstrate more 
resilience to droughts, floods, and other extreme weather events. Farmers and 
gardeners who treat their soils as a living ecosystem are tasting the results; more 
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vibrant, nutritious, and abundant yields than ever before. And the ecosystem of  
beneficial insects and pollinators are coming back with authority. 
!
An increasing number of  farmers, gardeners and scientists alike are adopting this 
new paradigm of  “living soil.” It’s not like adopting a child or even a family. When 
you adopt the living soil paradigm you adopt an entire community; in reality, this shift 
in understanding is an acknowledgment of  an entirely new world. It is changing people’s 
entire relationship with the process of  farming, gardening, and scientific study. The 
time has come to reform our notions of  superiority in the web of  life. Nature is not 
an inanimate resource bank awaiting our plunder. It is an ever-evolving dance of  
mutuality, collaboration, and adaptation. Time has come to see ourselves as part of  
this dance, not separate from it. Our roles as participants are many. The integrity 
and health of  the niches that we occupy are largely the result of  our attitudes and 
approaches to management.  
!
Thus, the art of  composting has as much to do with your approach as it does your 
execution. When you approach composting (and farming as a whole) with a sense 
of  reverence and respect, your relationship with the process changes. If  you can let go of  
the assumption that you’re the only intelligent life form on your farm, you can 
access an even greater ability —a greater sensitivity— to the process. The art of  
composting is the art of  transformation, the art of  succession and evolution. If  
you’re willing, you can begin to tune yourself  to that process and become sensitive 
to the relationships between plants and the living soil. If  you’re bold, you might 
even begin to treat your soil and plants as legitimate business partners and listen to 
their ideas about how the farm should be. 

!
“Organic gardening is complex and simple, a blend of  good science, fact, experience, 

intuition, experiments, play, speculation.” -Robert Kourik 
!
Please remember that the science of  compost, the science of  the soil food web, is all 
metaphor. Cation exchange capacity, the nutrient cycle, carbon to nitrogen ratios - 
are all metaphors. The reality of  the soil food web is something beyond our ability to 
express in words, which is why plants don’t grow in books. All the information up to 

"41NOFA-NJ WINTER CONFERENCE 2014



this point in the paper, especially in Part 1, has been expressed in linear terms. 
Nature is not linear; nature is non-linear. The intelligence in the soil food web goes 
beyond our maps and diagrams, and cannot be explained by our facts and figures. 
The reality of  life (and composting, farming) is not easily predictable. And this is 
the difference between living soil and dead soil, between an ever-depleted soil from 
which we extract life, and a regenerative soil that is teeming and overflowing with 
life. The paradigm of  living soil acknowledges the vital interconnectedness between 
microbes and plants, air and water, sun and people. What we do to the web we do 
to ourselves, the earth is not a machine. And even the tiniest changes in one place 
can change everything in ways we wouldn’t expect. Living systems cannot be 
reduced to their component parts; the whole is greater than the sum of  its parts. 
This is already well-established. This is the glory of  natural law; this is the genius 
of  creative intelligence. We are meant to live in abundance, but we need to drop 
our arrogance and learn how to listen again. 

!
“When it is understood that one loses joy and happiness in the attempt to possess them, 

the essence of  natural farming will be realized. The ultimate goal of  farming is not 
the growing of  crops, but the cultivation and perfection of  human beings.” 

― Masanobu Fukuoka 
!
I understand that if  you’re committed enough to have sought out the information 
in this paper, you probably already consider yourself  a natural farmer or gardener. 
Let this be an appeal not to reason but to intuition. As you take the information, 
the compost pile recipes, materials lists and instructions, and prepare to apply it to 
your current operations, do your best to carry yourself  more as a midwife than a 
chef. Realize that with every compost pile you make you’re giving birth to an entire 
community of  new life forms, and your farm will be a stronger community because 
of  it. Like any good community organizer (which you are), you’ll need patience, 
compassion and understanding, as you already know. Engage in the process of  
growing more abundant and healthy plants so that you might become more healthy 
and abundant in spirit. Farm so that you might create more harmony on earth. 
Your job is not easy and you know it, and it never ends.  
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Appendix 1:  
Recipes & Instructions 

!
Thermal Compost 

!
Table 5. General Recipes: Fungal and Bacterial Piles 

!!
Table 6. Managing Air and Moisture 

!

Bacterial Dominated 
Pile

Fungal Dominated Pile Balanced Pile

% high nitrogen 20% 20% 20%

% green 50% 30% 45%

% brown 30% 50% 45%

Additional Notes/
Instructions

Piles need a minimum 
mass of  3.5 cubic feet or 1 
cubic meter to heat 
properly

Set up in an open heap, 
on a palate, caged in, 
whatever works; cover pile 
with tarp to control 
moisture content

Reading Moisture Content:  
The “Squeeze Test”

Reading Moisture Content: 
Moisture Percentages

Reading Anaerobic Conditions

If  you take random handfuls from 
as deep in the pile as you can 
manage (at least 8 inches in)…

You can figure… White actinobacteria strands in pile 
thrive at 5.5-6.5 ppm oxygen; large 
sections throughout pile are a sign 
that pile is almost anaerobic

Zero drops of  water and organic 
matter falls apart/doesn’t hold 
together upon opening fingers

20-30% moisture (ADD WATER) Putrid smell, smells like eggs 
(sulfuric acid), and smell of  
ammonia

Zero drops of  water but material 
holds together and is shiny upon 
opening fingers

40% moisture (ADD WATER) pH below 4.5

One drop of  water, or moisture 
gathers between clenched fingers

50% moisture (PERFECT) Compost has turned black in color

3 or more drops from clenched fist >60% moisture (DO NOT ADD 
WATER)
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!

!
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TABLE 7. IDEAL TEMPERATURES AND ACTIVITY

Starting temp is ambient (70-75 degrees)

Composting begins at 131 degrees (pathogens, weed seeds, and parasites begin to die of  heat)

Maintain 3 days at 130-145 before turning

Maintain 50-60% moisture content through composting process

Sweet spot – pile maintains heat between 131-145 degrees through 4-5 turns

Allow only 24 hrs at 144-145 degrees before turning

If  pile rises to 160-175 turn it immediately (spontaneous combustion can happen at 175)
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!
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Static Compost 

Table 8. Worm Compost 

*See Worms Eat My Garbage by Mary Appelhof  for recommended rates of  addition per volume of  worms; life 
cycle of  worm, how to diagnose issues, etc. 

Starting Materials & Food* Batch System Flow-through System

2 parts paper and cardboard to 1 
part forest soil to start

Introduce worms to pre-made 
starting material in worm-bin

Use container with wire mesh at 
bottom 

Worms prefer foods that are either 
moist, soft, or low in acidity

After starting materials have been 
eaten, layer on next set of  food 
resources

 Add layer of  newspaper to hold 
things in at beginning

ESPECIALLY: Fruit, melon rinds, 
carrots, coffee grounds, bread, 
unsweetened cereal, pasta, 
cucumbers, lettuce 

Let worms finish all the food before 
adding more

Layer worms with bedding at 
bottom mixed with starting material

Materials shouldn’t be too fine 
ground (minimum 1/2 inch 
diameter)

Sieve worms out after worm bin has 
filled 

Stack the next container on top of  
original container when full

AVOID: onions, onion skins, 
potatoes, potato peels, citrus fruits 
and rinds

Castings of  old batch ready for use Add food to new container, worms 
will crawl through mesh into new 
container

NEVER add meat, dairy, or other 
fats

Start worms in next batch Multiple containers stack on each 
other, lower containers can be 
removed continuously

Bury fruits and other quick-to-rot 
food waste to prevent colonization 
by fruit flies
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Table 9. Three Useful Recipes 

Household Food Scraps Garden Waste Heap Malcolm Beck Method (for 
farm-scale static composting)

Make a pile 50% green and 50% 
brown

Create a 6-12 inch thick foundation 
of  branches

Create 4 ft thick foundation of  
branches, limbs, and logs

Add kitchen wastes 2 ft into pile, 
spacing between new additions

Cover completely with leaves or 
other readily available brown 
material

Cover completely with a mixture of  
50% green and 50% brown

Optional: add high nitrogen 
material after pile runs out of  space 
while turning

Spread 2-3 inch layer of  garden 
waste on top, followed by 3 inches 
brown material

Add 1 part high nitrogen (dead 
animals, food waste, manure, etc)

Takes 6 months to 1 year to mature Build pile alternating layers of  
brown and green

Cover completely with 2 parts 
mixture of  50% green and 50% 
brown materials



Compost Tea, Etc. 
!

Table 10. Brewing Instructions*

*The outcome of  aerated tea can fluctuate widely based on the strength of  the air pump and the quality of  the 
compost. The only way to be sure what is made is good is to look at biology under a microscope. Compost tea can 
quickly harbor human pathogens if  improperly managed. 

!!!
Table 11. Food for Tea 

* Always add at start of  brewing 

!!!!!!

Aerated Tea - 4 Gallons If  the Temperatures Are… Brew Time is…

1/2 cup compost per gallon of  
water

40-50 degrees 72 hours

Put compost and any extra foods in 
a paint strainer bag (minimum 400 
micrometer openings)

60-70 degrees 48 hours

Dip bag in bucket or tank of  water 
(free of  chlorine and chloramine)

72-80 degrees 24 hours

Massage bag in water for 30 sec to 1 
min

85-95 degrees 20 hours

Leave bag in water and start air 
pump

100 degrees or more 12 hours

Bacterial Foods	* Fungal Foods* Bacterial Species* Fungal Species

blackstrap non-sulfured 
molasses

oatmeal Pseudomonads Beauvaria (insect 
biocontrol, add at start)

honey fish hydrolysate Bacillus Trichoderma, 
Gliocladium (fungal 
parasite, add at start)

cane sugar/brown sugar humic acids Azotobacter Mycorrhizal (root 
mutualists, add just before 
roots contacted)

fruit juices/pulp corn gluten Rhizobium
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Table 12. Aerated Tea & Extract Application Rates and Equipment 

*Nossel of  sprayer should be no less than 0.4 mm to ensure organisms can pass through 

**This application rate is a minimum for maintaining healthy/established populations of  microbes. If  soil food web 
or arboreal food web has not already been established, subsequent applications will likely be required for desired 
effect. 

!!!
Table 13. Tea & Extract Application Instructions 

* See Michael Phillips “The Holistic Orchard” for details regarding weekly spray options as well as herbal tea 
recipes. 

Equipment Options Best For Application Rates

Sprayer* (Backpack or tow-behind 
tank)

Foliar application 5 gallons/acre**

Dripline Row crops

Bucket drench Single plant root-zone innoculation

Direct root injection Tree root zone inoculation Insert injection 1/2 way between 
canopy drip-line and trunk

Helicopter, plane Broad scale field application 5 gallons/acre**

Foliar Sprays 
(Perennials)

Foliar Sprays (Annuals) Weekly Spray Options* (starting 
at petal fall)

Apply to ground and branching 
structure in early spring

Soak seed (plus mycorrhizal 
inoculant) before planting

Unpasteurized liquid fish (for 
nitrogen&nutrition)

Apply to branching structure and 
buds once when buds begin to form

Spray at first true leaf  stage Neem oil

Again at first true leaf  stage Again one month later Kelp

Again at flower bud stage Once more in the fall Effective microbes, aerated tea, or 
extract

Again at flower opening

After that, apply only as needed if  
signs of  stress or disease are 
showing. 

(These weekly sprays provide food 
and nutrition to support and 
strengthen beneficial microbe 
populations and suppress disease)
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Appendix 2:  
Lists, Tables, & Other Informational 

Resources 
!

Some Terms & Definitions 
Aerated compost tea - depends on controlled conditions, adequate oxygen, and proper 
extraction; contains a higher microbial biomass than any other liquid compost; 
used as foliar spray and soil drench to increase plant production, soil structure and 
nutrient cycling; suppresses disease and increases immunity of  plants. 
Cation Exchange Capacity - A measure of  the soil’s ability to hold positively charged 
ions (aka cations). When a root hair enters the soil, it can exchange its own cations 
for those attached to clay or humus particles and then absorb the cation nutrient of  
interest. The higher the cation exchange capacity, the more nutrients available for 
plants roots to absorb. 
Chelation - Describes a particular way that ions and molecules bind metal ions. A 
chelated nutrient is a nutrient that has been combined with amino acids or protein. 
Research has shown that plants take up chelated nutrients more rapidly than non-
chelated nutrients.  
Effective Microorganisms - a culture of  the microbes lacto bacillus (lactic acid bacteria), 
assorted yeasts, and photosynthetic bacteria; made as a liquid solution, increases 
species diversity of  soil food web and arboreal (canopy) food web; enhances the 
growth, yield, quality, and disease resistance of  crops. 
Flocculation - occurs when clay particles combine with calcium and magnesium at a 
certain ratio, which causes clay particles to restructure; flocculated clay structure 
allows airflow, water flow, space for microorganisms to move about and thus, root 
penetration. Without flocculation, the structure of  clay is very difficult to work 
with.  
Extract - Water solution where microorganisms are physically removed from soil; 
contains organisms and soluble materials; no brewing time; applied at 20 gal/acre 
(uses 10 times more compost than aerated compost tea).  
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Leachate - Liquid from passive movement of  water through compost (as from the 
pile being rained on); contains only soluble materials; very few organisms 
Liquid fish - has not been pasteurized and thus contains the fatty acids and enzymes 
that fuel the microbes; gives foliar microbes a boost when sprayed on leaves and 
stems.  
Mature thermal compost - Microbial orgy is finished; the temperature does not increase 
when turned 
Pure neem oil - contains fatty acids as well as many other nourishing compounds, to 
be applied as foliar spray.  
Stable compost - Immobilization phase has ended; majority of  nutrients are 
mineralized 
!

Information Tables 
!

Table 14. Thermal Compost: Functional Analysis 

!
!!!!!

Inputs (List) Outputs (List) Intrinsic Characteristics 
(List)

Organic matter Radiant heat 130-165 degrees Fahrenheit 

High nitrogen Soluble nutrients Microbial diversity

High carbon/brown material Fertilizer for plants Decomposing organic matter

Green material Beneficial microorganisms 40-60% moisture 

Water and oxygen Organic Matter and Humus Aerobic

Choice microorganisms (inoculants) Carbon dioxide Ambient temps when finished

Physical labor, time and attention Content for compost tea and extract Immobilization of  nutrients

Equipment - shovels/pitchforks, 
water source/hose, tarp/cover

Waste disposal Mineralization of  nutrients

Thermometer Reduced need for fertilizers Delicate and fragile ecological 
balance
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Table 15. Compost Materials (C:N Ratio) 

Multiple Sources: Ingham “Living Soil” 2011; McDowell and McDowell 2012; Rynk et. al. 1992  

A note on C:N ratios: “Carbon-to-nitrogen ratios may need to be adjusted depending on the 
bioavailability of  these elements. This is commonly an issue with high carbon materials, which 
are often derived from wood and other lignified plant materials, as increased lignin content 
reduces biodegradability. Particle size is also an important factor, with smaller particles degrading 
more quickly than large particles of  the same material. Bioavailability can also be a factor with 
nitrogen sources, especially fertilizer nitrogen, where nearly instant availability can exceed the 
assimilative capacity of  the microbial community and be lost as ammonia odors and nitrate in 
leachate” (Bioavailability, 1996)  

!
!
!
!
!
!
!
!
!

“Brown” “Green” High Nitrogen 

Fallen leaves (30-80:1) Fresh weeds (20:1) Aged chicken manure (7:1)

Straw & other plant stalk material 
(40:1 - 100:1)

Clover (23:1) Alfalfa (12:1)

Pine needles (80:1) Coffee grounds (25:1) Food wastes (15-20:1)

Bark (100-130:1) Vegetable scraps (25:1) Fresh grass clippings (17:1)

Paper (170:1) Fruit wastes (25-40:1) Seaweed (19:1)

1/4 inch -3 inch diameter branches 
(30-170:1)

General garden waste (30:1) Cow Manure (10-20:1)

Cardboard (350:1) Green leaves (30:1) Horse Manure (15-25:1)

Wood chips and saw dust 
(300-700:1)

Peanut shells (35:1)

Deciduous trees (300:1)

Coniferous trees (500:1)
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Table 16. Fungal to Bacterial Plant Preferences 

Multiple Sources: Lowenfels and Lewis 2010; Phillips 2011 

!
!

Table 17. Ramial Wood Chips and Mushroom Mulch:  
Characteristics and Uses 

Sources: Phillips 2011; Stamets 2005 

!

Plant Family Fungal to Bacterial (F:B) Preference

Brassicas, annual flowers, and early successional grasses 1:3 preferring more bacterial dominated soil

Most vegetables and later successional grasses	 3:4 and mycorrhizal relationships (VAM)

Shrubs, bushes, vines and perennial flowers	 	 2:1 preferring slightly fungal dominated

Orchard trees 10-50:1 defines forest-edge ecology

Deciduous trees (maples, oaks, poplars) 50-100:1

Conifers and old growth forests 100-1000:1

Ramial Wood Chips Mushroom Mulch

Comprised of  chipped branches (max 3 inch diameter) 
and green leaves from tops of  deciduous trees and 
woodsy shrubs

Waste products of  button mushroom farms; good 
amendment for soil enhancement

Provide bacterial and fungal food, esp. mycorrhizal and 
saprophytic fungi

Results of: composted straw, chicken manure 
(sometimes horse), calcium, cottonseed hulls, other 
supplements; heated 120-130 degrees then cooled 
before inoculation. This substrate becomes mulch after 
mushrooms have flushed and been harvested. 

C:N ratio mixed 30-170:1 Does not contain mycorrhizal fungi

Support a deciduous environment well suited for 
orchard soil

Best used as a topdressing for growing beds or mixed 
into other soils

Can be applied haphazardly in piles around trees or 
evenly across beds like any other wood chip application.

Generally not used as a soil itself; could burn plants due 
to improper balance of  nutrients
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