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What Is the Soil Food Web?

[nsects, spiders, even shrimp and lobsters are arthropods. Soil arthropods eat
each other and themselves are the food of snakes, birds, moles, and other ani-
mals. Simply put, the soil is one big fast-food restaurant. In the course of all
this eating, members of a soil food web move about in search of prey or pro-
tection, and while they do, they have an impact on the soil.

Bacteria are so small they need to stick to things, or they will wash away; to
attach themselves, they produce a slime, the secondary result of which is that
individual soil particles are bound together (if the concept is hard to grasp,
think of the plaque produced overnight in your mouth, which enables mouth
bacteria to stick to your teeth). Fungal hyphae, too, travel through soil parti-
cles, sticking to them and binding them together, thread-like, into aggregates.

Worms, together with insect larvae and moles and other burrowing ani-
mals, move through the soil in search of food and protection, creating path-
ways that allow air and water to enter and leave the soil. Even microscopic
fungi can help in this regard (see chapter 4). The soil food web, then, in addi-
tion to providing nutrients to roots in the rhizosphere, also helps create soil
structure: the activities of its members bind soil particles together even as they
provide for the passage of air and water through the soil.

Soil life produces soil nutrients

When any member of a soil food web dies, it becomes fodder for other mem-
bers of the community. The nutrients in these bodies are passed on to other
members of the community. A larger predator may eat them alive, or they may
be decayed after they die. One way or the other, fungi and bacteria get involved,
be it decaying the organism directly or working on the dung of the successful
eater. It makes no difference. Nutrients are preserved and eventually are re-
tained in the bodies of even the smallest fungi and bacteria. When these are in
the rhizosphere, they release nutrients in plant-available form when they, in
turn, are consumed or die.

Without this system, most important nutrients would drain from soil. In-
stead, they are retained in the bodies of soil life. Here is the gardener’s truth:
when you apply a chemical fertilizer, a tiny bit hits the rhizosphere, where it is ab-
sorbed, but most of it continues to drain through soil until it hits the water table.
Not so with the nutrients locked up inside soil organisms, a state known as im-
mobilization; these nutrients are eventually released as wastes, or mineralized.
And when the plants themselves die and are allowed to decay, the nutrients they

retained are again immobilized in the fungi and bacteria that consume them.

The nutrient supply in the soil is influenced by soil life in other ways. For
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Teaming with Microbes

will perform optimally. Soil microbiology can even take care of pollutants,
which is what lawn and garden chemicals really are, not to mention the pollu-
tants in the air and in some instances, the water. In a healthy soil food web,
there is something in the soil that eats almost anything you can find in the soil,
including lots of the stuff man deposits there, purposely or inadvertently.

New rules

We have developed nineteen very simple rules to guide the gardener in using
the soil food web (see the appendix for a recap of the whole list). Rule #1: some
plants prefer soils dominated by fungi; others prefer soils dominated by bacte-
ria. Plants need nitrogen to produce amino acids; it is crucial to plant growth
and survival. This is why inorganic, soluble nitrogen fertilizers do a great job
growing plants even while they are detrimental to the food webs. In water so-
lution, these nitrates (NO,~) are readily available to plant roots, which pretty
much act like sponges. As anions, they go into water solution instead of attach-
ing themselves to humus or clays as positively charged cations would.

Two forms of nitrogen are available to plants when there is a healthy soil
food web, nitrates and ammonium (NH,); and—as in most things in life when
there is a choice—some plants prefer their nitrogen as nitrates while others
prefer ammonium.

When nematodes and protozoa consume fungi and bacteria, nitrogen is re-
leased in ammonium form in the waste stream. Ammonium is quickly oxi-
dized or converted to nitrates by nitrogen-fixing bacteria when they are pres-
ent in sufficient numbers in the soil. This is almost always the case when the
soils are dominated by bacteria as compared to fungi because the slime pro-
duced by soil bacteria has a pH above 7, the right environment for nitrifying
bacteria. In bacterially dominated soils, nitrifying bacteria generally thrive.

Fungi foster lower pH numbers because they produce organic acids to de-
cay organic matter for nutrients. If there are enough fungal acids to offset the
bacterial slimes, the soil’s pH drops below 7, making the environment acidic
and therefore more and more unsuitable for most nitrifying bacteria. More
ammonium remains ammonium.

As a gardener you must appreciate that the plants in your backyard are not
exceptions to Rule #1. The soluble nitrogen fertilizers you use not only suck the
life out of the microbes in the soil food web, but they may not even be the best
type of fertilizer for the plants you seek to grow. Usually, plants can survive uti-

lizing even the less preferred form; however, most plants do better with one
form of nitrogen over the other.











































































Compost

and break apart than almost anything else in the pile. The actinomycetes, the
chain-like bacteria that resemble fungi, continue their attack on these really
difficult-to-digest plant remnants; these are the same organisms that impart
the earthy smell associated with good compost and soil, which comes from
their decay of cellulose, lignin, chitin, and protein. The major fungal partici-
pants in this last stage, the basidiomycetes, are still at work.

Also during this maturation stage, physical decomposers continue to sup-
port the microbial team. Grazing by nematodes, springtails, centipedes, and
others cause the populations of fungi and bacteria to increase; and as these mi-
crobial populations increase, so do their soil-binding activities. Lots of nema-
todes were killed by the heat of the thermophilic stage, but those that survive
have lots and lots of bacteria and fungi to eat; as a group, they do well. Worms,
too, work the organic matter in the pile, exposing it to bacteria and then coat-
ing particles with a mucus that binds them together into aggregates. Ants,
snails, slugs, mites, spiders, rove beetles, and sow bugs can come into the pile
and open up the organic matter as they forage, shredding it and making it eas-
ier for microbes to attack. The end result of all these organisms going about
their day-to-day business is compost.

Itis best to keep the compost pile between 104 and 131F (40 and 55C) after
the initial thermophilic run-up to 150F (65C). Make sure that the outside of the
pile gets turned into the center so all the material decays. If the pile drops be-
low 104F (40C) before it is mature, consider adding some more green, high-in-
nitrogen material. If it stays above 131F (55C), consider adding more brown,
carbon-containing material. Of course, aerating a pile will always initially cool
itdown, and if you have the strength, repeated turning is the only control you
need. Watering a pile down will also cool it, but this is a more drastic step.

The pile needs to remain moist throughout the process. Don’t let it dry out,
but don’t let it become so saturated that there is no air supply in the pile. You
may have to add water as you turn the pile, or cover it to keep rain from soak-
ing it. If all goes well, and it usually does, “compost happens.” After two or three
turns, your pile should be compost. It is finished, or mature, when you cannot
recognize what’s in it.

C:N ratio and fungal vs. bacterial dominance

The ratio of carbon to nitrogen has to be right in order to make compost; the
ideal C:N ratio for this purpose is somewhere around 25:1 to 30:1. If you have
too much carbon, nitrogen is quickly used up and the decay process slows. If
you have too much nitrogen, organisms snatch it up and then carbon is vented
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Mulch

where mulches are concerned—it is primarily the bacteria that tie up the nitro-
gen in the surrounding soils.

Applying mulches

Mulches are easy to acquire and relatively easy to handle and use in support of
your soil food webs. Simply apply the rules and the appropriate mulch (green
or brown; wet or dry; coarse or fine) in the appropriate way (dug in or on the
surface) around your plants (vegetables, annuals, and grasses, or trees, shrubs,
and perennials). Be careful: add a layer any thicker than 2 to 3 inches (5 to 7.5
centimeters) and you may end up blocking moisture and air and smothering
mycorrhizal fungi. Do not put mulch snug up against stems or trunks; this can
cause microbial decay of the plant itself, so back off a bit.

If you already use mulches on your property, you know what great things
they can accomplish: keeping weeds down, holding in moisture during the
summer, insulating soils in winter. They save a lot of work, don’t they? Imag-
ine how much more work they will save when you use them to help feed plants
the kind of nitrogen they prefer. So correct any mulching mistakes you may
have made and reapply the proper kind of mulch, in the proper way, to each
plant type you have.

Mulches excel when they are used in conjunction with compost. Put the
compost down first and then cover with mulch. As they do the soil, the com-
post organisms will inoculate the mulch, and begin to decay it as well.

Finally, you can foster all the bacteria and fungi you want in mulch, but if
you don’t also have the proper nutrient cyclers, specifically protozoa and
nematodes, it is not going to have a big effect on your plants. You can actually
grow your own protozoa by soaking fresh grass clippings, alfalfa, hay, or straw
in dechlorinated water for three or four days. It is a good idea to bubble the
water with an aquarium air pump and air stone (available at garage sales every-
where) to keep the mix aerobic. If you look carefully at this soup, you should
be able to just make out protozoa dashing around (use a hand lens, and you're

guaranteed to). Pour this protozoa soup on mulches, and you will increase the
nutrient cycling power of the second soil food web gardening tool.
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Teaming with Microbes

associated with the roots of trees, shrubs, and perennials are literallv crushed
or drowned; mycorrhizal fungi that compete with Pythium and Rhi:octonia,
two fungi that cause stem and root rot problems, for example, arc missing. Af-
ter a while, the only soil food web organisms left are the bacteria and oppor-
tunistic fungi and protozoa that are so small in size they are ablc 1o move
through even compacted soil. The food web is not in good shape and surely not
full of fungi as trees and shrubs prefer.

Plant roots too have trouble moving through compacted soil. And since
they can no longer rely on mycorrhizal fungi to bring back nutrients, plants
face a double whammy in compacted soils: they not only don’t get the kind of
nitrogen they prefer, but their access to water and phosphorus and other nu-
trients is limited. They become even more stressed.

It gets worse. Compaction reduces oxygen levels, and anaerobic bacteria
take over. Anaerobic bacteria produce metabolic products that kill roots. The
tunnels and burrows through which water flows, pulling and pushing air, dis-
appear. No mycorrhizae, no beneficial fungi, harmful elements galore—this s
not a healthy situation.

Plug aeration of the affected area is only a first step toward remediation of
compacted soils. If you don’t have the proper soil food web organisms to im-
prove compacted soils, the benefit of aeration will be short-lived. The solution
is to apply food web management practices and return the organisms that are
needed to build and maintain soil structure. Mulches, compost, and compost
teas are all very effective when it comes to treating compacted soil around
trees, shrubs, and perennials.

All three soil food web tools apply

Brown mulches and fungal compost and compost tea work best when caring
for trees, shrubs, and perennials. Start with compost and place it under all trees
and shrubs and around all perennials to a depth of 1 to 2 inches (2.5 to 5 cen-
timeters). Go at least out to the drip line of the tree or shrub, but make sure the
compost doesn’t touch the stem or trunk of any of these plants (so that, again,
the microbes in the compost don’t attack the bark). Obviously, you should give
up on trying to grow grass under trees.

Gravity isn’t the only reason trees and shrubs drop their leaves where they
do. The nitrogen and carbon in these leaves is naturally recycled, and some
makes its way back into the plant. Nature places mulch over tree roots; you
should too—again, to at least the drip line—using brown mulches. Mulch even
if you don’t have compost to put under your plants. Start with the plant’s own




























































Chapter 22

No One Ever Fertilized an
Old Growth Forest

OES THE SOIL FOOD WEB really support plants? Will it work in your
D yard and gardens? Just to give you confidence and to encourage you

to use what you have learned, we point you in the direction of the
nearest forest. Or simply close your eyes and visualize any wooded area you re-
member visiting. You can almost hear a stream nearby, the wind running
through the leaves. It is beautiful, majestic—and no one ever fertilized any of
the plants there. Not one single time. How can this be? You know the answer.
The beautiful plants in these beautiful areas are completely controlled by the
soil food webs in which they live.

It often comes as a surprise when gardeners so reflect. Only then does the
full force of the realization hit: every single plant you are seeing produces exu-
dates and attracts microbiology to its rhizosphere. This community in turn at-
tracts micro- and macroarthropods, worms, mollusks, and the rest of a com-
plete soil food web. It is a natural system, and it operates just fine without
interference from man-made fertilizers, herbicides, and pesticides. Tall oaks
grow from small acorns with no blue powders to feed them or nasty smelling
sprays to protect them. Plants flourish nonetheless, thanks to bacteria, fungi,
protozoa, nematodes, and the rest of the soil food web gang.

We know it is possible to let the very same kind of soil food webs take over
in your yard. Long before construction, traffic, rototilling, the application of
fertilizers and other chemicals, a healthy soil food web existed there. You can
return it. You can even improve it. Once you work with the microbes at the
base of the soil food web, you will reestablish that soil food web. We know. We
and thousands of our neighbors and friends have done it.

You have been introduced to the basic science of soil food webs. You know
how the system works, and you have been exposed to its benefits. With the mi-
crobiology returned to your yard, soil structure improves. Mycorrhizal fungi
will help your lawn, trees, shrubs, perennials, annuals, and veggies get the nu-
trients they need. Pathogens face fierce competition. Plants get more of the
kind of nitrogen they prefer. Water drainage and retention are improved. Pol-
lutants are decayed. Food tastes better. Flowers look better. Trees are less

179



























188 Teaming with Microbes

Bacillus 120 biomass, fungal 25, 101, 102, 103, 109,
Bacillus thuringiensis 173 110, 154, 159, 160
Bacillariophyta 65 bioslime. See bacterial slime
bacteria 19, 21, 22, 24, 25, 26, 28, 29, 39, Bipolaris 146
42, 43-51, 52, 54, 55, 56, 57, 62, 64, birches 11, 12, 158, 162
66, 69, 70, 71, 74, 75, 76, 82, 86, 87, birds 19, 20, 24, 89, 93, 94-95. 150
88, 89, 99, 100, 101, 102, 103, 105, black spot 51, 149

108, 109, 114,117,118, 119, 120, 121, blood meal 152

122, 123,124, 127, 128, 130, 132, 133, blueberries 141, 162
136, 139, 140, 141, 143, 144, 148, 149,  Botrytis cinerea 62
150, 151, 152, 156, 160, 161, 162, 165, Brassicaceae 169

167,170,174, 176, 178, 179 branches 119, 124
bacteria, active 111,112, 135 broccoli 103, 170
bacteria, aerobic 46 brown material 44, 47, 122, 123, 124, 128
bacteria, anaerobic 46, 50, 84 brown patch 146
bacteria, denitrifying 48 brown rot 120
bacteria, nitrifying 57, 58, 66, 73,76, 100 Bt. See Bacillus thuringiensis
bacteria, pathogenic 24, 46, 51 bugs 80
bacteria, psychrophilic 121 bugs, assassin 173
bacterial slime 23, 26, 26, 37, 49, 50, 57, bugs, pill 80
72,99, 100, 135, 139, 149 bugs, sow 80
bacterivores 75, 76 bugs, spined soldier 171
baking soda 139 bugs, stink 172
bark 124, 131 Burkholderia cepeci
bark chips 129, 131 burrows 89
basidiomycetes 120, 123 butterflies 78, 80
beach 102
beeches 103, 162 C:N ratio 123, 124, 131, 132
bees 80, 84 cabbages 169
beetles 24, 39, 66, 78, 80, 82, 105, 106, calcium 29, 39, 40, 61, 87, 91, 92, 153
108, 127 calcium carbonate 87
beetles, ground 173 cane syrup 140
beetles, ladybird 11 carbohydrates 21, 61, 88, 102, 122, 128
beetles, Mexican bean 171 carbon 15, 19, 22, 44, 47, 48, 55, 115, 119,
beetles, pine shoot 81 121, 123, 124, 132, 140, 160, 168
beetles, predatory 81 carbon dioxide 29, 32, 47
beetles, rove 93, 123, 173 cardboard 128
beets 170 carrots 103
Berlese, Giovanni 106 Carson, Rachel 11
Berlese funnel 106, 107, 108, 109, 151, caterpillars 78, 173
175,177,178 caterpillars, eastern tent 172
biofilm. See bacterial slime cation 40, 41, 100

biomass, bacterial 25, 102, 103, 109, | 11,  cation exchange capacity 14, 41, 87, 109
159
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diffusion 56

Diplopoda 80

diversity 24, 127, 135, 140, 150, 154, 165,
167

dollar spot 146, 149

dominance, bacterial 25, 26, 86, 100, 101,
103, 124, 130, 132, 139, 146, 153, 154,
158, 162, 159, 166, 167, 170, 173

dominance, fungal 25, 26, 101, 102, 103,
130, 147, 153, 154, 158, 161, 164, 167,
175

dragonflies 80

drip line 160, 161

earthworm castings 89, 105, 129, 165

earthworms 19, 24, 26, 28, 37, 39, 66, 73,
85-90, 93, 94, 99, 105, 106, 108, 117,
165

123,127, 128, 130, 138, 142, 148, 150,
151, 165, 167, 170, 176, 179

earthworms, Wisconsin red wiggler 85

earwigs 80

E. coli. See Escherichi

Eisenia fetida 85

electrical charge 39, 40

Enchytraeus doerjesi 85

endospores 120

enzymes 43, 45, 47, 55, 56, 57, 63, 70, 83,
87,120, 124, 141

Erysiphe graminis 146

Escherichia coli 46, 119, 135

euglena 71

Eukarya 52, 69

eukaryotes 52

exoskeleton 22, 70, 78, 82, 84

exudates 19, 20, 22, 25, 45, 57, 60, 61, 62,

133, 142, 164, 179

facultative aerobes 46
facultative anaerobes 46
fats 119

fairy rings 146, 154

F:B ratio 103, 145

feather meal 152
fecal pellets 87, 88
fertilizer 22, 56, 57, 87, 104, 152, |56,
158, 179
fertilizer, chemical 11, 23, 26, 27, 114,
145, 148, 149, 154, 164, 170, 171,
176
fertilizer, inorganic 124
fertilizer, nitrogen 12, 171
fertilizer, organic 151
fertilizer, salt-based 109, 114
fertilizer dispenser 144
fire ants 146
fire-blight 51
fish bone meal 152
fish emulsion 141
fish hydrolysate 141, 156
flagella 49
flagellates 70, 71, 72, 135
fleas 80
Fleming, Alexander 63
flies 19, 78, 80, 173
flies, scorpion 80
fly agaric 163
food, bacterial 124, 141, 166, 168
food chains 20, 106
food web. See soil food web
forest, conifer 103
forest, deciduous 103
forest, old growth 101, 158, 180
Frank, Albert Bernhard 60
fruit 62
fruit juices 140
fruit pulps 121, 141
fungi 12,13, 19, 21, 22, 24, 25, 26, 28, 29,
30, 37, 39, 42, 44, 46, 5263, 64, 66,
73,74,76, 80, 82, 86, 88, 90, 93, 99,
100, 101, 103, 104, 105, 108, 109, 114,
118, 120, 121, 123, 124, 127, 130, 131,
132, 133, 136, 139, 144, 148, 149, 150,
151, 152, 153, 156, 160, 161, 165, 174,
176, 179
fungi, bracket 52
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