Organism Ratios 5 . . _ :
e Unique Total Fungal Active to Active to Active Fungal Plant Available Root-Feeding
" D To Total Fungal Total Bacterial to Active N Supply Nematode
Total Bacterial Biomass Biomass Bacterial from Predators Presence
Biomass Biomass (Ibs/acre)
T 383 NW Vermi 1.23 0.01 0.05 0.24 300+, but N loss None detected
364 KIS-Thermal 2.72 0.01 0.21 0.07 300+, but N loss None detected
Fungal dominated Fungal NW vermi/ Compost Excellent Possible switchers
compost, component bacterial will become nutrient cycling. prasant.
suitable for is mature, component is more bacterial Need beneficial
variety of plant mature. with time, N loss fungi and
applications. results from nematodes
Kis thermal anaerobic to combat
Not mature. conditions, these pest
Wait to as indicated conditions.
apply this by high
material ciliate
until numbers.
activity
drops
below 10%.
Material
is currently
suitable for
making tea.
Desired (1) *(2) "(2) "(3) *(4) *(3)
Range

(1) For the following plants, Grass 0.5-1.5; Berries, Shrubs, grape: 2-5; Deciduous Trees: 5-10; Conifer: 10-100.

(2) Active organisms in mature compost should be below 0.10, Compost is not mature, i.e., not stable, if greater than 0.10.

(3) For annuals, ratio should be 1 or less, for perennials, ratio should be 2 or greater.

(4) Based on release of N from proto
for food resources. When one is high, the other may be low. Also, if predator numbers are high,

(%) \dentification to genus.

zo0an and nematode consumption of bacteria and fungi. Often protozoa and nematodes compete
the prey may have low numbers

Nematodes per Gram of Compost

363 364

Bacterial Feeders

Butlerius 4.86 1.04

Cuticularia 7.42 14 62

Eucephalobus 0.35

Mononchoides 0.77

Plectus 1.04

Rhabditidae 1553 1.04

Rhabdolaimus 0.35
Fungal Feeders

Aporcelaimus 0.35

Mesodorylaimus 0.35
Fungal/Root Feeders

Aphelenchus 0.26

Ditylenchus 0.26 0.70




Chapter 14

Tools for Restoration and
Maintenance

‘oW THAT YOU HAVE all idea of what populates your soils, it i i,
to take whatever action is necessary to ensure your soil food webs giy,
your plants what they need in the way of nutrients and protectioy,

Compost, mulch, and compost tea

This is when you begin teaming with microbes and become a soil food weh
gardener. With most soils, your first aim will be to restore a diverse and whole
soil food web. As beneficial organisms return, you will see a difference not only
in your soils but i your plants as well. Some areas (lawns and beds of annuals,
for example) respond very quickly; other spots will have soil food webs that
take longer to establish or alter. Much of your yard’s response will have to do

with previous practices. If in the past you saturated your yard with commer-
cial pesticides, herbicides, fungicides, or salt-based chemical fertilizers, you
may have to completely reestablish soil food webs; this may take a year or more.
Gardeners who have been “organic” usually need only to tweak their estab-
lished food webs, employing some new practices and intensifying others.

It’s simple. Compost, mulch, and compost tea are the soil food web gar-
dener’s tools, and it takes only three strategies to restore the soil food web using
them: applying the proper kind of compost; mulching the right way with the
right kinds of organic matter; and applying actively aerated compost teas
(AACTS). Once established, soil food webs can be maintained with the s
strategies, either alone or in combination. Employed properly, these manage-
ment tools will replace conventional fertilizing with chemicals. These t00l®
feed m.:w microbes that feed the plants. If you keep the microbes happy, healthy
and diverse, you will have excellent results.

PRt MHmMNW_._. It 1s a proven, effective growing medium. T | M%
microbes to support a soil food web. Prop® g

COmMpost c . . .,
mE._mw o MHEE; the entire complement of soil food web microorgan®
i m t” = |

CI€11a, protozoa and nematodes. It is also full of organ’ mat

ms-

tels
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which ?.o&n_m.m.:ﬁ:m %..mnm. and nutrients for the gang of microbes a compost
pile contains. Finished compost never smells bad, which would be a sure sign
of anaerobic microbes doing their thing. It should smell earthy and fresh, and
it always has a rich, dark, coffee color. The only caveat is that in modern Lﬁ:mm
one has to know what was used to make the compost, as many of the nrmEm.,
cals we seek to avoid do not break down quickly enough in compost.

Organic mulches, too, are an effective soil food web gardening tool. By or-
ganic we mean natural material, full of carbon and nitrogen—namely, leaves,
grass clippings, and wood chips. These provide the proper environment for the
soil community’s organisms and plenty of organic foods for them to live on.
After all, these are what make up the compost pile. Mulch is a form of cold com-
post: it doesn’t heat up like a compost pile, but it will decay, over a longer pe-
riod of time. By providing different kinds of organic matter as mulch, you can
establish or supplement different members of the soil food web, ones that will
provide more of the type of nitrogen preferred by the plants grown in the area.

Actively aerated compost tea is a liquid easily extracted from compost. A
properly made AACT contains the same set of microorganisms as the compost

from which it derives. The term “actively aerated compost tea” is used to dis-
tinguish these modern compost teas from old-fashioned teas like the ones your
parents and grandparents may have made by soaking a bag of compost or ma-
nure in water for a few weeks. AACTs are prepared by pumping air into a mix-
ture of compost, dechlorinated water, and microbial nutrients. Unlike old-
fashioned teas, which went anaerobic, AACTSs remain aerobic—and the aerobic
microorganisms are the beneficial ones. The energy from the air bubbling
through the mixture strips the microbes out of the compost and into the tea.
Here they grow and multiply, forming a stew of beneficial food web microbes
that can be applied to soil.

Aerated compost teas are easier to make and much easier to apply than
compost and have a higher concentration of microbes, so you don’t need
nearly as much tea as you would regular compost to inoculate an area. These
teas can also be sprayed on leaf surfaces, where compost will not stick. Here the
beneficial microbes in the tea outcompete pathogens for food and space.

More work now, much less later

Using compost, mulch, and compost tea properly will greatly am.msnm‘ﬁrm
amount of work it takes to maintain your yard and eardens. There is a bit of

work involved in making the conversion from chemicals to microbes, but ulti-

mately, once you gear up and make the necessary changes, there will be less to
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do. The microbes will be working for you. You will need to water lec |
0.

the food web animals will rm.,,ﬁ m._wnwoéa your soil’s “Eﬁn_.r and ai ._.___“_#M#_“M
capacity. You won’'t need to .*m_‘c:mm Unnm,,.;m there will be prope; icrobig
cycling of nutrients in the soil. And <.o= will be able to ensure your plaps e
getting the kind of nitrogen they prefer.

You will have fewer plant health problems and some effective, eas, e

tools to make things better if things do go wrong. And if all this doesn’t gay,
you time and effort, not having to rototill or turn your garden soils—eye,
again—surely will. Best of all, there are no dangerous chemicals; nothing
leaches into the water table. When you team with microbes, there is no smg]]
print to read—and no health problems for you, your family, or your pets,

You have now heard, briefly, what the main soil food web tools are; each
deserves and will get 1ts own chapter. Once you start applying all the rules
using these three tools, we are quite sure there will be no looking back.




Chapter 15

Compost

omposT is a whole universe of diverse soil food web organisms. Never
| mind the huge numbers in good, fertile garden soil: the numbers of
organisms per teaspoon in compost, especially the microbial popula-
tons, are simply too large to fully comprehend: up to a billion bacteria, 400 to
900 feet (150 to 300 meters) of fungal hyphae, 10,000 to 50,000 protozoa, and
30 to 300 nematodes. In addition to extremely high microbial numbers, com-
post contains all manner of microarthropods and sometimes worms. It teems
with life.
Rule #4 (compost can be used to inoculate beneficial microbes and life into
soils around your yard and introduce, maintain, or alter the soil food web in a

particular area) establishes the use of compost as a major soil food web tool.
Rule #5 elaborates on this: adding compost and its soil food web to the surface
of the soil will inoculate the soil with the same soil food web. The organisms in

the compost you apply to your gardens, trees, shrubs, and perennials will
spread life as far as they can. It is microbial manifest destiny. But you can best
satisfy a plant’s nutrient needs by adding compost with the right microbial
domination.

e —— i ————

Nematodes Protozoa

Bacteria

Compost contains the key soil food web organisms that hold as well as cycle plant

Nutrients. Courtesy Tom Hoffman Graphic Design-
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s are the same

Not all compost

deners don’t give compost much thought. They make or buy i, and
Most gar m._ t is all the same. There is more than one kind of COmMpost, hoy.
MMW MMWLMMoEﬁEsm that amazes many <£ﬁ.m: COMIPDST kers. We. too,
59...@5 that all compost, O matter what .Ema into it, rm.m the same __:5_:@
and pH in the end. But surely, upon H.mmmwﬂos|msa especially after you kg,
something about the soil food web organisms uﬁrm: make up compo ﬁw;___ he ide
oduct is always the same doesn’t make any sense. As with almosgt

that the end pr | . _
what goes 1nto it does have something to do with whss

every other systei,

comes out at the end. oy | | |
The fact of the matter is that by usingjusta bit of soil food web science, yoy

an make either compost that is dominated by fungi or compost that is domj.

C
Bacteria populations in 500 _
fertile soil and compost.
Courtesy Tom Hoffman
Graphic Design. 400
=
i
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Compost

qated by bacteria. It all depends on what you put into the compost pile or bi

to start. And because some plants prefer their nitrogen in mE:._o:mcE fo -
,nd some in nitrate form (see Rules 2 and 3), making compost that fosters H._
?.og:nao: of one of these forms of nitrogen over the other makes real mmumM

How to make compost

Farmers have been using compost to improve their soils at least since the time
of the early Romans. It was only in the last century that compost took a back-
seat to chemicals when it came to growing things; before that, if you worked
on a farm or in a garden, you routinely used compost and manure to increase
fertility. This all changed when internal combustion engines replaced the
horse, and fewer and fewer homes, particularly in urban settings, featured
chickens, cows, pigs, and other livestock. Agriculture and horticulture required
chemicals because there was a dearth of manures and thus compost.

Making and using compost has made a strong comeback among home gar-
deners and has even become politically correct: composting conserves valuable
landfill space by recycling at least some of our household wastes. Dozens of

compost bins are commercially available, and a like number of books can tell
you how to make compost, in myriad ways. At the heart of every composting
system, however, are the soil microorganisms, the members of the compost’s
food web. They are the ones that make compost, no matter what method is em-
ployed. Their metabolic activity creates the heat and by-products that make
the composting process work.

This is a chapter, not a book, on composting. What we will describe here is
just a bit of the science behind composting and a few basic procedures for
making compost at home. Once you have made a few batches, you can exper-
iment and create a system that best fits your plants’ needs and your climate,

space availability, and even spousal demands. Besides the necessary soil mi-

crobes, composting requires heat, water, air, and organic materials with the

right amounts of carbon and nitrogen. All are mixed in the proper ratio.
Organic materials are easy to come by: grass clippings, autumn leaves,
wood chips, straw, sawdust, branches, and virtually all kitchen scraps (except
meats and fats). Human and pet feces should not be composted because of the
Possibility that disease organisms might survive even the high heat of .Em com-
Post process; for the same reason, we mmamoum__w discourage the SEmEoHW
Practice of using other manures in compost. Why take the risk when you nosw
know what kind of antibiotics and other drugs were used to feed the animals?

Who wants to be worried about E. coli?
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.nd other microbes seek mostly carbon from the o

Bacteria, fungl, . s "Zanic

matter in the compost pile, just as they do 1n the soil. This fuels their 101 abo.

1 lism. The microbes also need nitrogen to make the enzymes used in the __f,&
__ process and the proteins (including their chief component, amino acids) that

_ j ! Zymes.
__ are necessary to build structure and enzy

il . : . imum envi Yo
ik Moisture is necessary to provide the optimum environment for the ;.

I d to prevent them from dying or going into dormancy. You cannot

I crobes an .
i | have active bacteria, protozoa, of :.mEmSamv without the water necessar v for |
er life functions. 4

._4 |
| | their transport and oth
i Air is needed because the beneficial soil organisms that break down car-

are aerobic. They breathe air; they re-

i boniferous and nitrogenous materials
at anaerobic conditions can develop in a compost pile |

Il _ quire oxygen. [t is true th
It and decay will occur under these conditions as well; however, so will the pro- _
i &_ duction of things detrimental to plants, such as alcohols, of which as little as
| | one part per million will kill plant cells. Obviously, then, it is important to keep |
iy | compost piles aerobic, which is why compost piles are turned and opened up
il bringing air into the system.
{1 : : .

| | Finally, the heat required for composting does not come from the sun but
bl | rather from the soil life’s metabolic activity, most of it from bacterial activity.

e | . : :
TR As you will see, this heat is what creates an environment that increases popu-

IR . .
it lations and causes them to change in character at the appropriate time during

I the composting cycle.

i | Mix these ingredients in the right proportions, and you will end up with a
il | rich, nEE_ug dark, coffee-colored, sweet-smelling humus-soil that also hap-
pens to be full of life. Though it could take as long as a year or more, it is pos- _
sible to H.ﬂmwm good compost in as little as a few weeks. But no matter what _
method is employed, it is the microbes that do most of the work.

—
e

Mesophilic and thermophilic stages

OOE@DQ&H m :
ate _ .
5 erial goes through three distinct temperature phases. The first

of these phases i o
HE@E.R@ ses 1s the mesophilic. Mesophilic organisms thrive in moderate
eratures, between 68 and 104F (20 and 40C)

Even in this fi
chains of n&&%maﬂmmmﬁ work begins on the straight, &mmnz_zo;&mma
€, which are broken into smaller chains of glucose; bacteria

are particularly adent

- ) n . .

while, brown W ok mcwm.mMmeo_%EmﬁNmSOP as this process is known. Mean-
. s i g : asidi « .

bacteria (Bacillys spp, sidiomycetes, “regular” mushrooms) and certall

ficult-to-digest ﬁmﬂﬂ% m%ﬂmﬁﬂzwﬁ Spp.) are active breaking down othef dif-
— % Lhese microbes produce endospores, SPOTes that 41°

F

*;..




b

Compost

B

resistant to chemicals and heat; this enables them to survive the next, hotter
phase of noﬁwomm:mw and ..&...3 return when temperatures cool.

Larger soil organisms join the fungi and bacteria, breaking apart organic
matter in the pile as they search for food, and microbial activity in the guts of
some of these animals results in further chemical breakdown. All this meta-
bolic activity creates heat, raising the temperature to 104F (40C). At this point,
it becomes t0O hot for the continued activity of the mesophilic organisms, and
those adapted to higher temperatures take over.

In case you are wondering how a compost pile heats up in the spring after
1 frozen winter, it is simple: some bacteria are psychrophilic, meaning they
thrive at temperatures just above freezing though some of them—the really
“cool” bacteria—can continue to operate at temperatures as low as 32F (0C).
| The metabolic activity of these cool-loving bacteria increases the temperature
of the pile just enough to wake up the higher-temperature, mesophilic organ-
isms so they can take over.

Organisms in the second stage of the composting cycle, the thermophilic
phase, can withstand temperatures of 104 to 150F (40 to 65C) and over. Dur-
ing this period the complex carbohydrates are fully broken down. Some pro-

e l——

teins are also decomposed. Hemicelluloses, more resistant structures, are de-
cayed. Many more bacteria (Arthrobacter spp., Pseudomonas spp., Streptonyces
and other actinomycetes) and fungi join in or begin to play more prominent
roles. Their metabolic heat causes the temperature in the compost pile to con-
tinue to rise; these high temperatures also kill off pathogens that might be in
the mix.

These first two stages take place very rapidly. A properly made compost pile
should heat up to 135F (57C) in 24 to 72 hours; typically, if you have the right
mix of carbon to nitrogen, the center of a pile will heat up to 135F (57C) in a
day and 150F (65C) in three. If the pile is not heating up, then you need to turn
it (that is, switch the inside and bottom materials in the pile with the outside
and top materials) to add oxygen. If that doesn’t work, add fresh, green mate-
tial (as these are full of easy-to-digest sugars that will supply bacteria the food
they need). Newspaper, fruit pulps, or commercial compost inoculums can
also be added to help a pile heat up.

You have to monitor compost piles. It is advisable to keep a pile _umgmwn
ng (60C) and 150F (65C) for at least a few days because at this thermophilic
€mperature, pathogenic microbes in the compost are killed. At 150F (65C),
Weed seeds are also destroyed. Never let a compost pile get over 155F (68C) as
this wi start to burn off carbon. To temporarily cool an overheated pile, turn
it (yes, turnir _,u.__nﬂnaﬁwﬂmnw both heating and cooling). Not only does this open
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Turning a home compost pile. Photograph by judith Hoersting.

the pile up to air, it ensures all the material in the pile gets treated. If turning
doesn’t do the cooling trick, add water or more brown materials, changing the
ratio of green (easy-to-digest bacterial foods) to more fungal foods. Since bac-
teria are the primary heat-generating organisms, this will slow things.

There is nothing wrong with sticking your hand into the pile to gauge the
heat. Or you can stick a long, gutter nail or metal rebar pipe into the pile; these
transmit heat and will feel warm when things are going right. A thermometer

18 more precise, however; you can buy a soil thermometer designed for the pur- f
pose or use an oven thermometer.

Maturation stage

bm. the complex proteins and carbohydrates are broken down and begin 10 di-
minish, there s a reduction of metabolic activity and the temperature in the pile
mﬁﬁw to decrease. The mesophilic organisms, whose specially protected spore
HM %n“h”%”nﬂ”&ﬁ the higher heat stage, reassert themselves m.:m H.%ﬂ.%

UE.Em_ Po Eﬁ_.wwﬁmBm. The compost enters the final, maturation m:ﬁnﬁ.ﬁ
nent, lignin, is c 9_5 _M Muwﬁmmm, the decay of the most resistant Emsﬁ.n@ﬁ,:
together are mﬁnmﬁm_. w - The bonds holding the chains of alcohols 11 __m:%

ey strong and structurally much more difficult to 4t




Compost

and break apart than almost anything else in the pile. The actinomycetes, th
chain-like bacteria that resemble fungi, continue their attack on ﬁMnmmmN Hzm
&mmnc#..ﬁo-&mmmﬁ plant remnants; these are the same organisms that im m M
the earthy smell associated with good compost and soil, which comes %MM._
heir 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.

It is best to keep the compost pile between 104 and 131F (40 and 55C) after
theinitial 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.
- Thepile 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-
Eﬂ If all goes well, and it usually does, “compost happens.” After two or three
turns, your _ﬁmm should be compost. It is finished, or mature, when you cannot
s €cognize what’s in it.

r
|

CN ratio and fungal vs. bacterial dominance

ht in order to make compost; the

1€€al C:N ratio for this purpose is somewhere around 25:1 to 30:1. Jc ,
) much carbon, nitrogen is quickly used up and the decay P i
_..”___,__.,_..__-__.._._._ ﬁwﬁomm?oﬂmmﬁmam snatch it up and then carbon 1s ven
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he atmosphere OF mixed with water and washed out of the pile, B
to the a

\deal ratio, things go fast, and decay i e

Often gardeners divide available no.mﬁwom:zm materials into E: Categories
brown and green. Aged, brown organic materials support ?:mr while fregh
green organic materials support _umﬂ.m:m (Rule #6). Brown :Q,B,TJE _f.__::_‘_:m
qutumn leaves, bark, wood chips, twigs, m:a._u_.mbnrmm|noﬁm5 carbon; cay.
bon provides members of the soil m.uom web 2::. energy for Emﬂ_uo__._a:. Green
items—such things as grass clippings, fresh-picked weeds, kitchen s raps—
contain plenty of the easier-to-digest bacterial foods and are good nitrogey,
sources. The fresher the green item, the more nitrogen it will contribute to the
pile. Nitrogen provides soil food web organisms with building blocks for pro.
teins, which are used, among other things, to produce the digestive enzymes
necessary in the decay process.

Not all organic wastes at hand have the ideal C:N ratio; sawdust, for exam-
ple, is 500:1, and paper is 170:1. The two organic wastes you should have a good
supply of are grass clippings (19:1) and tree leaves (40:1 to 80:1)—mixed to-
gether, these will give you near the proper ratio.

at the

It is possible to manipulate compost materials so that the end product is
highly fungal or highly bacterial, or a balance of the two: simply increase
brown materials (to increase the amount of fungi) or green materials (to in-
crease bacterial counts). A good mix of materials for a fungal recipe is 5 to 10%
alfalfa meal, 45 to 50% fresh grass clippings, and 40 to 50% brown leaves or
small wood chips. A suitable bacterial recipe would include 25% alfalta meal,
50% green grass clippings, and 25% brown leaves or bark.

Again, the green materials that go into compost provide simple, easy-{0-
use sugars and lots of nitrogen and are great for supporting bacteria The
brown materials in compost piles consist of difficult-to-digest lignin, cellulose,
and tannin (and some nitrogen as well). Fungi prefer this kind of material and
have the enzymes to break it down. Only then can bacteria attack it.

Other important factors

.Hrnv .. .
Dot MHMH_.E M_b compost will tend to buffer pH around 7 to 7.5. Fung in com-
0 end to buffer the pH around 5.5 to 7, so you want some fungi in p____

your comp = . , .
material _..momﬁm to prevent them from getting too alkaline. The more¢ funga

R . lower th .
Inorganic fertilizer i et f
g o SRUUZELS, Destici . o . : Jes kill off
soil food web meny Fes ieides, herbicides, miticides, and ?nmaﬁ_wﬂ,_.a_m

HPELS and therefore have no role in composting. M

HPOst piles should be free of these chemicals. Chances 3¢ the)
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will break down over time, but maybe not before the compost 1s spread: and
y _._ . 2 i~ . - : 3 e * Xk '
why take risks with chemicals when you don’t have to? In addition, since

: _ R | many
of these chemicals are nonselective when it comes to microbe

: g s, they can inter-
fere with the composting process itself by eliminating microbes that contrit

to the heat and decay.

The size of the material put into a compost pile is also important. Too

ute

much fine, particulate matter, and the pile will compress and g uickly go anaer-
obic. If the material 1s too big, there will be so much air diffusing through it
that the pile will heat up too much. If the material is too large, it won’t decom-
pose E.ocmlw or fast enough because the bacteria can’t get into it quick enough
to establish sufficient populations. There is a fine balance when it comes to size
of materials put into a compost pile, and only experimentation will give you
the understanding you need and, finally, the control you want

Next, a compost pile requires a minimum amount of mass, approximately
3.5 feet square or round (1 cubic meter), in order for it to heat properly. You
can make your piles bigger, but the increase in size creates more work, as the

entire pile has to be aerated or turned at least a few times to keep it from going
anaerobic. In our experience, a six-foot pile, wide and tall, is about as big as you
will want without a lot of mechanical help turning and aerating it.

It is quite easy to make compost literally in a pile, dumping ingredients

_

'

a

__ .‘p ArE

% | : _ : USDA-ARS.
- "'Professional turns his compost to aerate it. Photograph by Ken Hammond,
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1 the m_,dcug and mixing them. Some prefer a caged area to conta;

right o1 . : 2 ¢ Lo |
ake turning easier. A single ring of fencing or chicker,

material and to m b i 4 Wire.
. . . . W S 9T€: S Y A Xare
three feet in diameter and four or five feet high works great. Using a woqqe,,

ported on concrete blocks at the bottom of the pile wi|| ;.

1) ;..:r,

pallet or screen Sup - o
low air to circulate 1nto the pile, making it much less work to maintain ¢

J0IMe
composters swear by revolving bins for making compost: in go the orgap;.
materials and to aerate all woc.ao ._m spin ﬂ.rm,a?:ﬁ a m.mE times. ﬁ“u:? you fig-
ure out how to keep the materials in the bin from getting too moist (a chropjc
problem with enclosed systems), these can be very effective. Again, you wi||

need to experiment to suit your tastes and needs.
Whatever your setup, you will need to keep an eye on the pile’s moisture,
Place materials in layers of 4 to 6 inches (10 to 15 centimeters), alternating be-

tween green and brown, and make sure each is moist. Once metabolic activity
has started, you will need to make sure that the pile stays moist for the entire
composting process. Since you don’t want the pile to be wet (this encourages |
anaerobic activity), make sure to mix wet material with dry material if neces-
sary. If you are composting in a dry climate, flatten out or make a concave im-
pression in the top of your pile to collect what rain does fall. Similarly, if you 4

are composting where it rains a lot, cover the pile with a tarp or consider mak-
ing compost in an enclosed bin.

If a pile is too moist, it won’t heat properly. You should be able to takea
handful from your pile and squeeze just a few drops of water from i, but no
more. If your pile does get too wet, then add dry materials or turn the pile. This
is hard work, so it is better to get it right in the beginning.

Hot composting will kill weed seeds and pathogens in most cases, but! here
is no reason to risk adding diseased material or really noxious weed plant ma-
terial to your pile until you get the hang of the process and can distinguish
compost from what we can tell is merely “almost compost.” There is a big dif-

ference. You have to finish the composting process to ensure that pathogens
and weed seeds have been destroyed.

How do you know you have good compost? Test it. You can send comp st
out to a biological testing lab, but an easier and cheaper home test is to smell
the finished product. If it smells bad, like vomit or putrefying matter 0 vine-
gar, then it contains anaerobic organisms and their by-products and should
not ._un used. If it smells like ammonia, then it is not finished. In either cas¢ 2
ate 1t to change these conditions, and let it sit for a few days before you give !

EEE _-_
. ©F NOSE test. You know what fresh soil should smell like; good compost
m—HOﬂ._._nw smell Rﬁrwmﬁ: as well =

You can alsc 2 f
©Plantsomething in it. Good compost supports plant gr0* i
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there are not enough predators eating the fungi and bacte

ria, then the nutric
they hold won't be cycled and you will be able to tel] by .

the plant deficiencies.

Compost for the lazy

A modern mix for “instant compost” requires three cubic yards of brown tree
leaves and a 50-pound bag of alfalfa meal from an animal feed store. This mix
works even better if the leaves are shredded so the bacterial microbes can get
right to work decaying it. If you don’t have access to alfalfa meal, start with
equal volumes of grass clippings and leaves and work from there. If this pile
heats up too much, use less grass. If it doesn’t heat up enough, use more grass.
This assumes moisture and air are adequate. We learned from experience that
if you spread fresh grass clippings out and let them dry for a day or two before
adding them to the compost pile, they won’t mat or smell.

Make your pile in layers starting with 4 inches (10 centimeters) of leaves
followed by a layer of the alfalfa meal (or grass) of the same thickness, another
layer of leaves, and another layer of meal, and so forth. Water each layer lightly
and then add the next. Add sticks and branches as you go along to increase air
circulation through and to the middle of the pile.

Once you have accumulated at least the three cubic yards of organic mate-
rial needed by your army of microbes and other soil food web organisms, they
will go to work. Heat will be noticeable in 24 hours. Thereafter you will need
to monitor the temperature: it shouldn’t get over 150F (65C) or cool down
much below 104F (40C). Turning the pile will increase the heat until the pile
reaches the mature stage, after which it won’t heat up when you turn it. Turn-
ing lowers temperatures temporarily until the microbes start working in con-
cert again. Again, water will cool down a pile.

If this sounds like too much work for you, try cool or cold composting:
simply pile organic matter in a corner of the yard and leave it. This material
will eventually decay, only very slowly; cool composting can take a yeat Of
more versus a few weeks or months for hot composting. The end result is com-

POst, however, and as long as it contains the proper set of organisms, it doesn't
Matter which system you use. Note that worms, beetles, EEE&%., mmn._ other
Micro- and macroarthropods will be represented in higher wows._mzowm in cool
S_Bwoﬂ It is, therefore, a good idea to keep a cool compost pile .moE.m at all
times, no matter how energetic you are; the diversity of soil om,mmEmEm. it mm.mm
ﬁ?mﬂ% help your garden. In the soil food web, higher Emn.:uma n_EM_.‘m:M
Y €ans a better ability to eliminate pathogens or control them, either by diree
ttack or by competition for nutrients and space.
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Vermicompost

Processing organic materials through earthworms makes vermicompos(
which is almost always bacterially dominated (few if any fungi are involved i,
worm digestion). Heat is not involved, as this would kill the worms. Instead.
the worms (that is, the bacteria inside them) digest the materials and create
castings. You can buy special earthworms for this job and buy or make a smal|
bin to keep them in; this can be a simple wooden or plastic box. Just out of the
bin, vermicompost has a bacterial dominance; the castings—coated with 4
polysaccharide as well as carbohydrates and simple proteins—are perfect for
supporting good bacterial populations.

Good starting materials for vermicompost include food wastes (no fats or
meats), paper, cardboard, leaves, and green grass; or you can use the same ma-
terials as you would to start a normal compost pile. If your material contains
weeds, thermally compost them first before adding them to the bin; this pre-
vents unwanted seedlings from growing in the worm bin. Any brown materi-

als need to be shredded or otherwise broken up, so the worms can ingest it

quicker. With luck, your materials will also include some microarthropods to
help physically break down the matter for the worms. Putting your bin out-
doors will encourage arthropod and insect activity in it.

Inoculate your soils

It doesn’t take much compost to impart life to the soils. To inoculate your soils,
put % to 1 inch (0.5 to 2.5 centimeters) of the appropriate compost (fungal,
bacterial, or balanced) around your plants. Fungal compost should be applied
around trees and shrubs and most perennials; bacterial compost 1s most ap-
preciated in veggie and flower gardens and lawns (review Soil Food Web Gar-
dening Rules 1 through 4!). Compost can work its magic in the soil in as little
as six months. After only that short period of time, new soil life will be evident
in the first 6 to 15 inches (15 to 38 centimeters) of the soil inoculated. With this

‘new life comes all the benefits of the soil food web: decompaction, aeration,

@mﬁﬁ. ﬁmﬁw Hnamﬁ.ﬁ@m and drainage, and increased retention and availability of

" a year, the soil life will be down as deep as approximately 18
cen n 88 ﬁnﬂ-..mv

ﬁmﬁaa and making a compost pile does take a certain
ﬁ@m# nefits L&.ﬁm& from compost, however, are almost in-
_ to ma _&m mem food webs in your life. Compost
b gar g tool.




Chapter 16
- Mulch

vLcH 1s anything that can be placed on top of the soil to reduce

evaporation, prevent weed growth, and insulate plants. Using this

definition, plastic sheeting makes great mulch. For our purposes,
however, we are only interested in organic mulches, mulches that come from
things that were once alive and can be recycled back into nutrients by soil food
web organisms. Organic mulches include leaves and leaf mold, aged pine nee-
dles, grass clippings, aged bark and wood chips, straw, well-rotted manure (if
you must), seaweed, “almost compost,” plant remnants, and paper.

New reasons to use mulches

Most gardeners are familiar with the standard reasons to use mulch in the gar-
den. A thick enough layer will smother existing weeds by depriving them of
needed sunlight or prevent them from germinating in the first place. Mulches
also help give landscaped areas a neater appearance and keep soils cool when
there is too much heat; where it gets cold, mulches insulate the soil, and where
there are freeze-thaw cycles, mulch is great at preventing premature plant
growth by keeping soil frozen. Mulches prevent the soil compaction caused by
heavy rains. They greatly reduce evaporation from the soil.

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. For example,
Worms pull mulch material into sﬁmﬁmwocsm dens for shredding; the results
Are nutrient-rich worm castings, more worms, wortll tunnels and dens, better
ater on. All manner of micro- and macro-

L) .__.”_._n,m__.. ] m.mh._ p

- Water retention, and improved aerati .
arthropods are able to live in mulches, speeding decay, adding to the soil’s or-

Lﬁaﬁagr and attracting other members of the soil food web.

readily acknowledge that mulch 1s not as effective as compost _ﬁm_.

Adding microbes quickly to the soil food web. Mulch cannot match Sam.oaw_

liversity o 'soi m@@ d web organisms; the decay process has not been complete
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(and may not even have started), and thus organic mulches lack the .
andi

sumbers of compost’s Organisms. B 13
admit that mulches can result in a feeding frenzy by b,

We also i 2 ang
fungi which—if not matched by a mmmn_:.J_m m.a:ﬁ\ of :m.EEwanw and protoy,
upon the bacteria and m::mmllnm:. result in nutrients being tied up 1, det
ment of plants in the area. This is another reason mulches contro] yeeq; A
well: the biology 1n mulches ties up nitrogen, sulfur, phosphate, and her nu.
trients on the soil’s surface, where the mulch is put down. These are 1, vail.
able to shallow-rooted weeds, while deeper down in the soil, where o o
roots are located, things are fine. When mulches are used properly, Wever
nutrients can be cycled from them.

The one benefit of using mulches that should be evident to you by novw: if vou
use the right kind of mulch, you can establish dominance of fungi or :z
Bacterial vs. fungal mulch
Rule #6 remains operative here. A mulch of aged, brown organic materials sup-
ports fungi; a mulch of fresh, green organic materials supports bacteria.
Mulching your garden with brown leaves will encourage a flush of fung;; plac-
ing green mulch on soil will foster populations of bacteria. Either will eventu-

ally attract microarthropods, arthropods, worms, and other soil food web par-
ticipants. These will work through the mulch, pulling bits of it into the soil,
shredding and tunneling through it, taxiing other members of the web to new
locations. You know the routine—a soil food web evolves.

A number of good organic mulches are available free or at low cost. Fresh
grass clippings, the most readily available green mulch, contain all the neces-
Saly Sugars to attract and feed bacteria. Avoid grass taken from lawns where
weed killers and pesticides have been applied (and don’t accept clippings from
ﬁ.ﬁam where dogs are part of the soil food web). Be careful not to pile grass clip-
pIngs too thick, as they can start to compost and go anaerobic. This will creat¢

m.H.H - - . =y,
wmmsm_.dm odor or heat that can interfere with the very soil food web you arc
trying to impact.




Mulch

pine needles, another brown mulch available to some, make great mulch, but
only after they are aged a bit: they contain terpenes, volatile chemicals that are
toxic to many plants. Cedar chips also contain high levels of terpenes and
should be avoided, but most other wood chips, shredded or chipped bark, and
sawdust are great brown mulches and work fine, especially if they are aged or
if you mix in some form of organic nitrogen, such as green grass or even alfalfa
meal, to ensure the C:N ratio 1s adequate and nothing need be borrowed by the
microbes from the soil under the mulch.

How long mulch will remain effective depends on the kind of mulch used

For example, a 2-inch (5-centimeter) layer of bark chips will last about three
or four years, as the lignin, cellulose, and waxes in the bark are difficult for mi-
crobes to decay. During this time, fungi will dominate. Leaves, on the other
hand, can be completely decomposed in six months; fungi dominate at the
start, but bacteria increase once they are able to get inside the material.

\L4ATE

Leaves make great brown mulch. Photograph by Judith Hoersting.
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o
es also plays an important role
Where and how you place e f 5 hil portant role. Ry|e 4,
(mulch laid on the surface tends to support fungi, while mulch worked iy, the
soil tends to support bacteria) means it 18 possible to use one kind of et
say tree leaves, and get two different soil dominances. Bury most mulc} _,

bacteria will have an easiet ti
decay activity for a while because 1

T L ang
me. If it is on the surface, fungi will dominate g,
. €

t is easier for them to travel from the 5 (o

the mulch. | .
That is not all. The condition of the mulch s also important. If you wet apg
grind mulch thoroughly, 1t speeds up bacterial no_o:_mmaos.as_m #8). Bacte-
ria need moist environments, Ot they go dormant. And if the materia] i .
ground up, it has a lot more surface area; increased surface area means it is eas. 5
jer to get 1nto, and bacterial populations increase. To keep fungi from getting i
to their food source, some of these bacteria produce antibiotics that suppress e
fungal growth, making it easier for the bacteria to attain dominance once they |
get established. If you want more bacteria, use green mulches that have been | t
ground up and soaked. If you only have brown mulch material and need to | S
establish bacterial dominance, chop it into really fine bits and mix some in the | i
top few inches of soil. t
On the other side of the coin, coarse, dryer mulches support fungal activ- | I
ity (Rule #9). Mulches with less than 35% moisture are considered “dry m
mulches.” Sure, fungi need some moisture to thrive and grow, but bacteria are |
more dependent on moisture. If you want fungal activity, use brown leaves or | _ﬂ
wood chips; don’t pulverize them or wet them much; and place them on the |
surface.
C:N ratio—again

F order to decay, mulch requires air, water, carbon, nitrogen, and the right
go_omﬁ and once again, the ratio of carbon to nitrogen comes 1nto play. I
there is m_ucﬂawﬁ carbon in mulch but not much nitrogen, or a ratio of 30:1 o1
Hmmwmﬁ.. then the decaying microbes use up the nitrogen in the mulch and, 0n¢e
mﬁmm mﬂbﬁ will take nitrogen from the soils touching the mulch.

at Emo_ ﬁ__ .n. ﬂmwm a big deal of this nitrogen “robbing,” but it usually occurs only
th n. H_H“H_.mmnm of the soil and the mulch. Although it has a real impact
tnere, it .E...m.:ﬁ.._ en’ o - : e dant TE-
ey m_m__ﬂ Mwmmﬁ.ﬁ affect the rhizosphere or the bacteria and fungi that :.:
that the 'O HACICIS no reason to court problems. Experience has taught

hat the chances nitrogen will be i e 1. : ~hip mulch

_ I be immobilized in soils under wood chit

E.anwﬂ : %E&ﬂb Ing sure the chips are s inch or larger. This pre’ _,Mx

i Tal colonization you would see in smaller wood chips, 3!
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JRmdlches are nw:nﬁ.:mn_luz is primarily the bacteria that tie up the nit
gen in the surrounding soils. ro-

Applying mulches

g&n__um.m are easy to ol 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 @mamn:m&mv. Be careful: add a layer any thicker than 2 to 3 inches (5 to u.m_,
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.

i 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 1s 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

f”m“.. P

-

: w_.h.m__._m.ﬂ”..mm.ﬁmﬁ%ﬁm_ﬁeﬂmn of the second soil food web gardening tool.
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Compost Teas

omposT TEA—the third tool in the soil food web gardener’s shed__
puts the microbiology back into soils. This is a good thing becayge
there are some practical problems associated with using the other tyq
tools, compost and mulches. Besides the effort of turning a compost pile, if yoy
have a decent-sized garden and lots of trees and shrubs, carting compost ang
mulches around and applying them can be hard work. You also have to have
lots and lots of both if you are working on anything but a small yard. But the
chief problems with these two tools? They take a while to reach the rhizos-
phere. And neither mulch nor compost sticks to leaves. Plants generate exu-
dates from their leaves, attracting bacteria and fungi to the phyllosphere, the
area immediately around leaf surfaces. As in the rhizosphere, these microbes
compete with pathogens for space and food and in some cases can protect the

leaf surfaces from attack. You cannot immediately introduce this microbiology
into the rhizosphere, or into the phyllosphere at all, with compost or mulch.
Actively aerated compost teas, on the other hand, are usually easy o ap-
ply—to both soil and leaf surfaces—and are put right where they are needed.
They are a fast, inexpensive, and definitely fascinating way to manage so! food

web microbiology in your yard and gardens, handily overcoming the limita-
tions of compost and mulch.

What AACT is not

Do not confuse actively aerated compost tea with compost leachates, compost

%mnﬁm,_ Or manure teas, all of which have been employed by farmers and gar-
deners for centuries.

_Emwmﬂmm&mnﬂ is the liquid that oozes out of compost when itis ﬁh.&%m
Mm..i ?ﬂmﬁﬂ%ﬂﬂu@ﬂ@ﬁ it wﬂ.& leaches out. Sure, these concoctions mmﬂwm
F:u%m o v _u m mmeMn ; _ﬁ_ﬁﬁﬁwﬁ value, but leachates do little to 1mpe’ .
= = AEteyour soils: the bacteria and fungi in compost are attached to OF
> © matterand soil particles with biological glues; they don’t simply wash off

€iract 1s what you get when you soak compost in wate

r M.G_ I a
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couple of weeks or more. The end result is an anaerobic soup with

bit of aerobic activity on the surface. The loss of aerobic Ewuwﬁ 51 mer%m a
alone (not to mention the risk of its containing anaerobic ﬂwoo ia &Mﬁﬂ@
hols) suggests that compost extracts are not worth the mmowﬁ Wi mmum an &no-
it safe or advisable to use them. -We don’t consider
_ Manure tea, created by suspending a bag of manure in water for several
weeks, s also anaerobic. Using manure is asking for pathogenic problems and
especially under anaerobic conditions, virtually assures the presence of E. nor._..

We want the beneficial microbes to be working in our soils and to get these, you
1 have to keep things aerobic.

Modern compost tea

Modern compost teas, on the other hand, are aerobic mixtures. If the tea is
properly made, it is a concentrate of beneficial, aerobic microbes. The bacter-
ial population, for example, grows from 1 billion in a teaspoon of compost to
4 billion in a teaspoon of an actively aerated compost tea. These teas are made

by adding compost (and some extra nutrients to feed its microbes) to dechlo-
rinated water and aerating the mix for one or two days. It is this mixing, or ac-
tive aeration, that brings old-fashioned anaerobic compost teas into the mod-
ern era; it is also what keeps these compost teas aerobic, and thus safe. The air
supply must be sufficient to keep the tea aerobic throughout the entire process.

It takes energy to separate microbes from compost. You know how much
energy you have to use daily (or should) to remove another form of bacterial
1 slime: plaque on your teeth. Bacterial slime in soils is just as strong. Consider,
| as well, that fungal hyphae grow not only on the surface of the compost crumb

= Minimum standards for
I . 4 . ) i E
1 10=190 ug Active bacteria organisms per milliliter of
am...v R compost tea. Courtesy Tom

@chlﬂl—._@ ._.O_—..m_ Umnﬂm_.___m Hoffman Graphic Design.
2-10pg Active fungi

-
- ;
1l

e = -
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Actively aerated compost tea is teeming
with bacteria, fungi, protozoa, and
nematodes oxtracted from compost.
Photograph by Judith Hoersting.

but inside its nooks and crannies; you have to use energy to pull these strar

off and out in addition to getting the bacteria “unglued.” Of course ,ﬁ.:.w_,,m.,wm_H :m;
energetic action can kill these microbes. A brewer’s action :,Emm r.n ___._._.ﬁ;_:
enough to tease out the microbes but not so strong that the microbes a “._U, ﬂ.m
once they are out of the compost and into the tea. i

The brewer

M
EH_M MH.H_M_OHMMMMW HMMOMH tea brewers M_Hw on the market. These range from
few acres (about 1.2 rmmmmﬁm o mmﬁ.q make enough tea to take carc of
to a thousand mm:“umm or HHMW - M ommercial brewers capable of producing up
look for compost tea _uawimh . M._mm per brew. The Internet is a good place (0
able to show tests demonstrati msﬁrnoaw.m te them. Manufacturers should be
lations of fungi as well as _umﬁms.m Om g E mnEbmm can extract viable popt
bers. Insist on e HM_._ nly mu_umoHOmHnm_ test will tell you the num-
You can also make an ”pn_n?m_ ey don’t have one, don’t buy the machine
Q.ﬁ suggestion for those just s ﬁmaﬂ.mmwﬁwm compost tea brewer. It is very €asy ¢ nd
uitous five-gallon S _uanwﬂm.uww Mﬁﬁw mem. All you need is one of those ubiq-
you can afford) and air stone MEM b to this an aquarium air pump (the biggest
ﬁm_m with it. The better ﬁﬂgﬁw h e ‘m feet (1.2 meters) of plastic tubing 10
outlet pump, use at least two <; ave two air outlets; if you cannot get d double
single outlet pumps. Sufficient aeration is critical

Once your
System is operati
. mg .
smells good, things BM e Hw_.%os will know if you have enough air. If the ted
| - AL 1t starts to smell bad, the tea is going anaerobic

We _n.mgn&. i
e In physics th
to air ratio and thus more m,mm__m.H the smaller the bubbles, the higher the st rfact
exchange with the water, but when bubbles & H
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iy b e e S s The BobOLator, which uses a

,_ = > T N chamber to hold the compost,
The KIS commercial brewer can make enough tea in 12 makes 50 gallons of tea in 24
hours to treat a one-acre property. Photograph by judith hours. Photograph by judith

Hoersting. Hoersting.

too small, under 1 millimeter, they can cut up microbes. Aquarium air stones

work well as long as you remember to keep them (and the plastic tubing that
| attaches them to the pump) clean. Another system can be made replacing the
air stone with a two-foot link of Ya-inch soaker hose designed for drip irriga-

_. tion systems. This hose can be coiled and taped onto the bottom of the bucket,
giving better bubble “coverage” than an air stone.
Using a bit of duct tape, we tape the air stone or soaker hose to the bottom

% of the bucket, then connect the tubing and run it out of the bucket to the
_ pump. If you want to have a really good-looking system, you can buy a small
__ rubber grommet designed to be placed - 1side of the bucket wall so that you can
__ thread the air tubing through it without having liquid leak out. If you put this
| low enough on the bucket wall, or even .1 the bottom of the bucket, it is easier
| to keep whatever you use to create bubbles down on the bottom of the bucket.
| Some people put their compost in a porous bag before they put it into the
tea brewer rather than allowing it to mix freely in the water. This eliminates the
need to strain tea before you apply it; which you will have to do if you are go-
ing to use the tea in any garden sprayer (if you are only going to use tea as4 soil
drench, straining is not a problem). A pair of Jarge-sized pantyhose Eo._._a well
as such a “compost sock.” We'll save the male readers some research time: we
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It is easy to make a simple
actively aerated compost
tea brewer using aquarium
pumps and air Stones.
Photograph by Judith Hoersting.

le . .
_ arned by standing around and reading the labels at the store display that th
- . ay that the
gest pantyhose are often size Q. You can stretch the waist of a size Q all
drop the co B et lens ina knot and f
n_umwu - mpost E.mE in the legs. Or you can tie the legs in a knot and fill the
g” this creates with compost. It will sit in the water

Siting and cleaning the brewer

Temperature 18 1
bial Mnﬁiﬂwm&_wﬂwmw MH; when brewing compost teas. If it is too cold, micro-
L —— MMHMHHQ get too EmF then the microbes are literally
temperature. This is omm of the Mmﬂw_w rature is ideal. Keep track of the watel
record of this information will gmﬁﬂ B ucheenifooe e
cannot site your _unmim_a in a war sy Em lab testing your samples. Ityou
mEmF Inexpensive aquarium Tmmﬁg E.mnm with steady temperatures, then 2
matic thermostats. If it is too h o ﬂEmE be needed; these come with auto-
0 hot where you make tea, you may have to con-

_mm,m_..wH ﬁnﬁmﬂg »
. ang” your bucket with i
. Wi :
temperatures down. th ice or occasionally adding ice to it to keep

Compost tea

~ompost tea should b

violet rays kill microbes »uaﬁm away from direct sunlight because its U/

compost have a Hﬂm@_& fo f stnce the proteins (worm bodies, primarily) i?

in‘a spot that can tolerars . O0am in the tea, make sure you k our brewe!
“ that can tolerate some spillage you keep y
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Bl — . e on

These black rings are bioslime that
formed on the inside of a compost tea
brewer basket. If allowed to remain,
bioslime can detrimentally impact the

quality of the tea produced. Photograph
by Judith Hoersting.

It should be obvious but must be noted that it is important to clean up
right away when making actively aerated compost teas. Bacterial slime is strong
stuff and can clog the air holes in bubblers and tubing. This bioslime will ap-
pear in the strangest places. It will stick to the sides of the bucket and accumu-

late in the crevice at the bottom of the bucket. You may have to take apart hoses
and fittings to clean them thoroughly. So, even before you use your tea, clean
your system. If you get to it while it 1s still wet, you can usually wipe it off .9‘
“blow” it off with the force of water from a hose; at a minimum, flush it with
water. Use a 3% hydrogen peroxide product or a solution of 5% baking soda to

clean slime that has dried.

Ingredients

Actively aerated compost teas contain lots of bacteria, fungi, nematodes, mzm
protozoa because that’s what's in compost. What makes these Rﬁ e
soil food web tool (besides the high concentration of Bwnww_um@ is that wo%%ms
tailor-make AACTs to feed plants according to their mmwﬁmn needs by a “w
certain nutrients (see Rule#10). Use Rule #10, ek m.%w:mm m@wm_ ! nmomm” b ,
mulches, and soil, when you make compost tea, and m_“ evolves :MMU R .ﬁm " wmw
.&w@@mmﬁ_m the compost you _u_me with and what ﬁ.ﬂﬁﬂmﬁﬂm %Oﬁam ﬁM H_.”._Hu M =
make teas that are heavily fungal, bacterially mou,:.bmﬁm. or ba “,Mnms m_c e
the brewing process grows into a hobby in and of itself, not unlike mas
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start with the basic ingredients, the first being chlo.

is very important: compost teas are very sensitive
wing water and ingredients. It is vj

All recipes, however,

rine-free water. Rule #12

chlorine and E.mmm?mmqmm in the bre | Al
important that none of the ingredients you use contain any preservatives, Th;

makes sense. After all, these chemicals are intended to kill or discourage mjcy,_
bial life. If you are served by a water system that uses chlorine, you will neeq ¢,
fill your brewing container with water and run air bubbles through it fo; .

hour or two. The chlorine will evaporate, making the water safe for microbes

Carbon filters and reverse osmosis water systems also work well to remqye

both chlorine and chloromines, and are particularly useful if you need large

quantities of water. As a general rule, a carbon filter containing one cubic foot

of carbon will filter four gallons of water a minute.
Next, you need to use good compost (forgive this redundancy: to us, a]

compost is good, or it isn’t compost). Again, make sure there are no chemical
remnants in it, and by all means give it the sniff test. If it doesn’t smell good, it
isn’t good compost. Obviously, the best way to know is to have it tested. Avoid
“almost compost,” compost that hasn’t finished the process or has gone stinky
and anaerobic. Don’t bother with compost that was allowed to overheat, killing
beneficial microbes and reducing its soil food web. If you have a low diversity
of microbes in your compost, you will have low diversity in your tea.

P~

Vermicastings are a good substitute for compost. These are full of benefi-
cial microbes and tend to be very bacterial (remember the role bacteria play in-
side the worm, digesting food), especially when they are fresh. For the nitial
five-gallon brew, you will need approximately four cups of either compost o1
vermicompost. You can use proportionately less compost the bigger the brew.

As for the extra ingredients, you can feed the microbial population while
teas are brewing. Molasses (nonsulfured, so as not to kill the microbes) in pow-
..um_.& or liquid form, cane syrup, maple syrup, and fruit juices all feed bacteria
1N teas .,.&.& increase their populations. Two tablespoons of any of these simple
sugars 1n four or five gallons of water will help bacteria multiply and est? blish

| DECHLORINATED WATER ~ COMPOST

__ [5]bs (20 cups)

P |7Ibs(28cups)

et ___..+ - _ 15 Ibs (60 cups)

bﬂ@ﬁﬁ@wnﬂ:g& (or vermicompost) used to make tea
i 1y, as this ﬁrqu_mreim. Courtesy Tom Hoffman

OTY
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Jominance. [f you make a bigger brew, add more nutrients in the s:
don: the amount of all added nutrients will vary linearly as woﬁ.__ﬁﬁw '

size of your brew. More complex sugars and fish emulsion are also r”“m_uﬁrm

cerial food, though both will also support some fungal growth. m ¥

To encourage fungal growth in compost teas, add kelp, humic and fulvi

acids, E;:.\_ phosphate rock dusts, which not only provide the fungi with ssmﬂw
ent value but also give them surfaces to attach to while they grow. Ascophyllum
nodosum 18 a cold-water kelp that can be purchased over the Internet, at gar-
den centers, and even animal feed stores, where it is often sold as powdered al-
gae. The pulps of fruits like oranges, blueberries, and apples will also help fungi
grow in compost teas, as will aloe vera extract (without preservatives) and fish
hydrolysate (which is essentially enzymatically digested ground-up fish—
; bones and all). You can buy fish hydrolysate at some nurseries or make your
own by adding papain (aka papaya peptidase) or kiwi (which also contains the
appropriate enzymes) to a blend of fish to enzymatically digest the bones.
Yucca and zeolites are also good fungal foods and do not support populations

of bacteria.

Give fungi a head start

Many new to tea brewing become frustrated because it can be difficult to grow
fungi in quantities sufficient to make a balanced tea, much less a fungally dom-
inated one. This is because bacteria not only grow but multiply rapidly in tea
given adequate nutrition; whereas the brew time is almost never long enough
r for fungi to multiply in tea—they only grow bigger. The better way is to acti-
vate fungi in the compost prior to making tea, allowing populations to multi-
ply before they are teased out of the compost and into the tea brew.

This activation is easily accomplished: several days before brewing the tea,
mix the compost with simple proteins that serve as a good fungal food—such
things as soybean meal, powdered malt, oatmeal, oat bran, % best of all, pow-
dered baby oatmeal. Thoroughly mix in one of these at the rate of three o.m. four
tablespoons per cup of compost. Make sure there 1s sufficient moisture 11 the
compost, which is to say a drop of moisture can be squeezed out of a fistful of
it. Put the mixture in a container, and place the container in a warm, dark
Place. A seed-germinating mat, placed beneath the containet, works great to
Provide the proper heat.
Aftter about three days at 8
ufficient numbers of them in the first instance,
- Visible hyphal threads merged into a network of visible

OF (27C), the fungi in your compost, if you w.mn_
will have grown, and their 1n-
mycelia. The compost
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Fungal mycelia are activated by adding fungal nutrients to compost before ir

Photograph by Judith Hoersting.

should look like Santa Claus’s beard, covered with long, white, fluf
e container

of compost will be glued together.

Teatime

Once you turn your machine on, the bubbles agitate the compos
peeling microbes off and out of it. Depending on the compost anc

€nts, you may experience a bit of foaming; this can signal that worim

post—a good thing. You can add my
q end of the brew cycle. If you put spores into the tea
» either they will be destroyed or the fungal hyphae they

will be destr

ucket bubbler;
t€ain 12 hoyrs,

2

- + -

e e
=Tafayapn
._ _.m.. ..a..__._ ..-.. Bl wl m..l._

oyed—they are both very fragile; also, since mycorrhizal It

N and 36 hours to develop a good tea using ©
15 Some commercig] brewers, with their high-enersy ==
o In any case, during the course of the brewing =
PIOWD, another _mmﬂog_u_m sign: the humates in the compost

€a. The temperature of the brew may also mcre®

aKing tea.
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degrees, @ result of increased metabolic activity. The best part is the smell. The
smell of compost teas, especially when molasses is used as a nutrient. is a
healthy, sweet, earthy smell. u
Compost tea has a very short shelf life. So many microbes now populate the
brew that they quickly deplete the nutrients and start eating each other; more
important, they are using up all the oxygen. If you are offended by the odor of
1 tea, it has probably gone anaerobic and should be discarded; do not toss it on
your plants, for obvious reasons. It is best to use compost tea within four hours
of manufacture, though it will last, diminishing in populations, for about three
o five days if kept refrigerated or if you continue to bubble air through it.
After you have had some experience making teas, you may want to modify
your machine in order to make better and better teas, meaning those that have
higher numbers of microbes. For example, besides substituting the soaker hose
for the air stone, we also upped the size of our pump; eventually we found a
used, /3 horsepower air pump, and now make seriously bubbling tea in a 30-
gallon plastic garbage can (affectionately known as the “Lawrence Welk—o-
Lator”). The bubbles come from various pieces of equipment; we are continu-

ally experimenting, using specialized fish tank and Jacuzzi aerators, watering

can heads, and even a plastic water pipe pocked with holes made with ¥/16- and
I/g-inch drill bits.

Application

Right at the outset we will tell you that you can never apply too much compost
tea (our research shows no ill effects from unlimited applications). It doesn’t
burn plant roots or leaves, and the microbiology in the tea will adjust to the
! nutrients available at the site. Repeatedly applying compost tea will only help
increase diversity of the microbial populations in your soils. Use tea on lawns,
vegetables, trees, shrubs, annuals, and perennials. Unlike chemical sprays and
soaks, compost tea is safe and easy to apply. |

Once the tea is ready, apply it as a soil drench using a cup, a m_mﬂﬁ water-
ing can (bacteria can impact the zinc in metal containers), Oa. QM.EW tea has
been strained) a hand pump sprayer. Since compost teas will :mﬂn.w to leaf sur-
faces, you can inoculate leaves with 2 foliar spray of beneficial microbes. To be
effective as a foliar spray, the tea must COVeT 70% of the leaf surface. Cover both
sides of the leaves. When applying compost teas to soils, mamunr your plants
and the area around them with the tea. You cannot overdo It. R .
- And don’t forget the sun: ultraviolet rays kil microbes. If you live wﬂmosczﬂ
e latitudes, you will want to apply before 10 a.m. or after 3 p.m., Whell
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ven on a cloudy day. There is no microbial sunh]q,

: u.,._. —::_..:._
s for bacteria or fungal hyphae to att .

rays are weakest, €
[t can take 15 to 30 minute . ach ::,__:.é_,.,ﬁ,._.,,
e they can get some ?‘oﬁmr:o:u a period tq be

to a leaf (wher . ‘ .
; ively, spray with a drop diameter of .
@om.mm to the suns pays: Alternat woray P 1eter of gt _GZ |

illimeter; with that much water bacteria can develop enough slime t ey,
lish themselves before the water even evaporates. UV rays can also p egativel,
affect the microbiology in soil &m:nr.mm, but v\.o: F.HE be a bit more _.ai&
Jbout the timing of these since the microbes sink into the soil and |e,f duff
layer almost immediately. e |

Remember, you are dealing with living organisms here. The microbes you
carefully cultivated and nurtured in your tea are very much alive and require
gentle treatment. Sprayers must not exceed pressures of 70 pounds, and the
velocity of the spray should be slow. Either stand back or turn the spray head
up, so that the tea drops “parachute” down to the surfaces to be covered; there
should be no forceful “splatting” of the tea onto the soil or lawn or plants, g
this is what will sometimes kill the plant, not the pressure of the tank. Electro-
static sprayers, incidentally, may destroy microbes by putting the wrong charge
on them, so test the tea from such a sprayer before using one.

It is possible to use a hand pump sprayer if you strain your tea, but you
must take care not to strain the microbes out. The mesh of any “compost sock”

far too _csm
ex.

should be at least 400 micrometers, which is big enough to let fungi and nema-
todes flow through but will keep out particulate matter that will clog conven-
tional sprayers. Alternatively, you can decant a tea solution by letting it sit for
15 minutes after the aeration is stopped. This gets rid of a lot of the bifs and
pieces; the bad news is that often the amount of fungi in the tea is dimin ished.

You will be better off if you invest in a concrete sprayer, which is capable of

handling the particles of compost that would clog a normal garden sprayet
Concrete sprayers look exactly like home garden pump sprayers, 01y with
fewer bends, larger orifices, and nozzles that support bigger particles. For

Pprices and availability, check with your local builders supply store concrete

m m- : .i.. 5 : o
ACK ISt sprayer is also appropriate, especially for a large yard- great

MMMMH#M W”Wﬁﬁoﬂmm a traveling sprinkler with a fertilizer dispens<! feed-
TR €I stream (see chapter 18 for more details).

mqﬁumﬂeﬂ NHMmNMH poured, the microbes in the tea will mmﬁv:mr_ e

- rdaersaround the roots and release nutrients when the)

them-

1l hev . Ho e i
 leaves and <. hﬁwﬂeﬁ soil structure. They make protective barri€t®

1)
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Compost Teas
l-u.\.l...lIl]] } | | |

Compost teas go to work immediately, and for this reason it {

. B4 : . s Importan
he tea %ﬁ__ma be a good one, full of benefici i .

that t i al organisms, not diseases or
pathogens: There is little room or tolerance for a poorly made

pot up 0 the job yourself, you can purchase AACTSs from
qumber of commercial nurseries and garden centers

tea. If you are
al ever-growing

. : » SOmMe companies not
only make but will apply compost teas for you. In either case, it is still adyis-

able to ask for tests to see how the tea measures up and, of course, don’t be
afraid to give commercially made teas the smell test before buying or applying
them. They may have started out fine but gone anaerobic before sale.

You can apply AACTS as often as you like, but how often you need to apply
them (especially if you are paying for them) depends, as you can imagine, on
the status of the soil food web organisms in the areas concerned. First-timers
should get a base reading on microbiology and arthropod counts before “tak-
ing up” this very effective tool. As your soil food web becomes healthier, you'll
need to apply tea less often. Thus, if your yard has had applications of chemi-
cal fertilizers for years, you should put down compost tea every other week for
three months to establish a healthy soil food web population. Then you can
start applying tea once every month for a season and, finally, three times a year.

How much compost tea should you apply in any given session? For two

years one of us used about 60 gallons a week on a quarter-acre lot with posi-
tive results (save for a few complaints from a spouse that felt too much time
was being spent teaming with microbes). The general rule, however, 1s to apply
five gallons of compost tea per acre as a soil drench, ten gallons if you are go-
ing to spray leaves as well. It is fine to dilute the tea; just make sure there were
five gallons when you started. When you are more experienced, you can match
the amount of tea you apply with soil tests and tea tests to achieve specific fun-
gal or bacterial ratios.

Timing
There are certain times when it makes even more Sense to apply a ﬁm. For ex-
ample, it is a good idea to apply teas immediately after leaves fall in the au-

tumn. If the soil and leaf litter don’t freeze in the winter, decay S.E proceed
decay will occur at the interface of

dpace all winter long. Even with snow cOVET, . .
enough for microbial ac-

the snow and the soil surface, where it will warm tp | e
tvity to continue. Come spring, just before plants mﬁﬂ.; their new m_ﬁ %_Mﬂ
down tea again: ten gallons of soil drench per acre 1s ouf suggestion. x
Opening buds and young leaves to a foliar spray of five galons pEF mHm_MMEmmm
Ifyour plants are thriving and are disease-free, you need apply tea OLYY
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Powdery mildew growing on leaves.
Compost tea sprayed on |eaves can out-
compete this and other fungal diseases.
Courtesy Clemson University, USDA Cooperative
Extension Slide Series, www.forestryimages.org.

Powdery mildew up close. Image copyright
Dennis Kunkel Microscopy, Inc.

two times; if you live in a tropical environment, you should apply tea four
times a year.

When it comes to outcompeting disease organisms in the soil or phyllo-
sphere, fungally dominated teas have been used to prevent and suppress the
erowth of powdery mildew (Erysiphe graminis on turf, Phytophthora spp- o
rhododendrons), downy mildew (Sclerophthora spp.), take-all (Gaeumantie:
myces spp.), gray snow mold ( Typhula spp.), pink snow old (Microdochium
mww.v,.mmm thread (Laetisaria spp.), crown and root rots and damping off
@EW:E spp.), brown patch (Rhizoctonia solani), summer patch | Magn
2 oawM MMMMWMMM th:n&.ﬁ.m spp.), and fairy rings (all sorts of fungi). :
mild cases of aozﬁ_wgm“mmmmwmﬁ rwﬁ Beenusefiul in outcompeting P m&%mwm_y _H
il nogwmﬂﬁoumw .ﬂmn mﬂwwﬁ.a spp.—severe infestations also W.E::m_ ol_,q

itors), necrotic ring spot (Leptosphaeria spp-), yellow pat

(Rhizoctoni : -
_ onia cerealis), leaf spots (Bipolaris spp., Curvularia spp-)> pink E:w

Ahuw:eﬁaﬁ ce :
the mm_.,mnnww\@mmnmw ﬂvu_ pc stripe smut ( Ustilago spp.). Insects too m:nmE,:_u 10
_ﬂuwwwwu.”gm_mrﬂ“woﬁ\ﬁmmmu specifically weevils, grubs T»Emzm:m %m.f m.:..
e .... _ €IS; several reports Mwﬁﬁmmﬁ to negative impacts on 5??3.:&. f1ré
. - 11ISU § U1 OF ¢ 3 . n . - _afr
y teas and rey _,HMW __A__.“__pmm.mmm_o_. insect infestations on any of your Eu:? ,.%z
. o ”:.... eat & ._. s for. | . - i -7 ﬂ_ﬁ_
T S = HIVE o seven days. Obviously, a prophylactic applic?
; 1% L . 4 -
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Root rot and damping off (shown here on bent grass host) can also be controlled by
applications of actively aerated compost tea. Courtesy Clemson University, USDA Cooperative
Extension Slide Series, www.forestryimages.org.

is best: if you have a sense of your yard’s phenology (seasonal cycles), you
should be able to apply teas in advance of breakouts.

Finally, certain weeds are affected by compost teas. Clover and quack grass
have a tougher time of it when you add lots of protozoa and beneficial nema-
todes to the soil; this teas do and increase nitrogen cycling. Plantains, chick-
weeds, and nut sedges disappear if you reduce the nitrates in soils: use 2 fun-
sally dominated tea. Ivy also responds to highly fungal teas.

Compost teas are a veritable liquid soil food web. Instead of lugging around
wheelbarrows of compost, consider compost teas, a concentration of the same
microbiology. When you use them, you ar€ really teaming with microbes.
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1 Chapter 18
| The Lawn

<sp TO BE, if you were not happy with the way your lawn looked, vou
put down manutre of ﬁo?&.mmmmm with compost. If you had weeds you
hildren eradicated them by hand. All that changed in 19)4

when a company that sold grass seed came up with a way to make synthetic
nitrogen-based fertilizers and to do so cheaply. The rest is history: througy
nd let’s face it, fantastic results, the chemical side of

Il aggressive advertising, | |
lawn care has grown 1nto a multibillion-dollar industry.

or your C

A vicious cycle

Chemical lawn fertilizers work, and they work well. Their concentrations of ni-
trates are so high, they are immediately effective: fertilizers are chemicals that
feed the roots directly, bypassing the biology in the soils. However, applications
of synthetic fertilizers kill off most or all of the soil food web microbes (Rule
#13). These fertilizers are salts, and when they come into contact with soil mi-
crobes, they cause osmotic shock—that is, water in the cells of these organisms
flows to the higher concentration of salts without, literally bursting through
cell walls and killing off the microbes that hold (bacteria and fungi) and cycle
(nematodes and wmoﬁowomu nutrients.

How quickly a lawn’s soil food web organisms are affected by chemical fer-
1 tilizers depends on the organisms in question, their concentration and
wﬂmum_..F and the amount of fertilizer applied. A good rule of thumb, however
WMMHMOMV“M%MMWW Eﬂo.mwm Hwéu fertilizer per acre will f@m out 2 _.Hmmgw_ww
damage it bn“bn Em_nwwmﬂmﬂmm.f___ m@.&ﬂ. Emgﬂmmm of the soil food Emm,; o
lawn fertilizer IS &?m_“._ fr ey wﬁzmrﬁ Btour 2o-po .
Rl om the acre by its lack of food resources V! by
odor of the chemical fertilizers themsel 1o s missing &
e Foe | ves. When microbiology 15 M=o
%@ﬁ EQS you have to m@@q e . - eep the
grass green, pply) the nutrients necessary {0

With the natural hivffar: . 1
- m:unmﬂﬁm action of bacteria and fungi lost, a so1l'S

nack; soil pH gets lower and lower as more nitrate >

bags of
- the

pH 18

Its ar®
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applied, eventually requiring readjustment. Matters are made even worse by

the common practice of removing grass clippings while or immediately after

.o The chemical gardener i e
mowing ge is usually one that “cleans up” after mowing,

nd even the oﬁ.mm:wn. mmz.n_wzﬁ,. all too often has the knee-jerk urge to rake grass
clippings- By removing clippings and autumn leaves, a gardener unwittingly
compounds the destruction of life in the lawn’s soil. Then again, if you don't
have a soil food web to break down and decay leaves and clippings, you are
compelled to remove them so they won’t block the light the lawn needs.

The use of chemical fertilizers sets off a vicious cycle, then: the more fertil-
izer you use, the more the soil food web is destroyed, and the more fertilizer
you'll need to fill the nutrient void you've created. Itis a downward spiral. The
end result is either a lawn in really terrible condition or a gardener who has to
do a lot of work. Removing the clippings from and applying salts to a lawn
leaves the gardener, alone, 1o do all the work that was formerly carried out by
the trillions upon trillions of microbes who used to be on the job. Earthworms
leave the area when salts are applied; salts are irritants, and the gut microbes
responsible for worm digestion die it fertilizers are ingested. The fungi that
bind soil aggregates are gone. The bacteria that produce the slime that binds
individual soil particles nto aggregates are gone. The lawn’s soils lose struc-
ture. Slowly, they lose the ability to hold air and water. It is soon Katy-bar-the-
door time, and more diseases and problems will arise.

Without a well-populated soil food web, natural defenses are gone. Lawns
infested annually with mildew, black spot, rots, gray mold, and other disease-

olf course greens, can be

0 MO:! ublesomeé diseases of 9
two most tro O

Dollar spot, one of the
i A chemical fertilizers: photograph by Kevin Mathias,

aused by excessive nitrates in
g

1
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-
coadie gt . clearly lack the diversity of benef ;

causing o_%oﬁ.ﬁﬁ::m:.n :“MQH_MMW ”rmmmﬁr._:mm in check. By teami ) :
g i :o_Em_ vw:.r and attractive lawn—with a lot | | _::-
crobes, you can have a nicd y oy 4
your part. |
I—.O.W.E\w@ mﬁOh_A |
As with any other area of the yard, 1t 7._ :%.E.EE to first determin status

of your lawn’s soil food web. Biological soil tests by a SE@EEﬂ ab are the

only accurate way to learn what needs to be nﬂ.amnﬁ.@ E.E exactly how much
restoration work you have to do, but other things will give you a pretty good
indication of 1ts state. Earthworms, for instance, won’t be present if there are |
no bacteria, fungi, and protozoa to eat; their presence, therefore, is an excellent

indicator of a healthy food web. If you have a good population of worms, your
lawn already has lots of beneficial organisms building soil structure, cycling
nutrients to the grass roots, building water- and air-retention and drainage ca-
pacity, and fighting pathogens. So, if you see birds hunting for earthworms, lots
of earthworms after a good rain, or worm castings deposited on the lawn’s sur-

face at night, you probably have only to maintain the lawn’s soil fo od web, not
add microbiology to establish one.

y

5&5 SOi

esy Soil | food web. Note the yellowish back area, which wd

My —3_“3 MURAMA R, et ol




The Lawn

Similarly, your lawn’s soils should contain plenty of microarthropods—the
little arthropods you need a hand lens, MacroScope, or light microscope to see
These help with nutrient cycling, open up the grass clippings, and help mﬁ.mﬁm
the soil. Use a Berlese funnel; if you discover that your soils are lacking these
members, you can restore the microbiology by providing beneficial fungi, bac-
teria, protozoa, and nematodes—the base that will attract arthropods, worms,
or other soil food web participants that are missing.

The care and feeding of microbes

At the beginning or end of the growing season, spread an organic fertilizer (mi-
crobe food, really) on your lawns. This will ensure that there is a sufficient sup-
ply of organic matter to feed the microbes in the soil. Microbe food? This is a
big but necessary change in gardening terminology. When you team with mi-
crobes, you feed them, and they feed the roots.

Rule #14 warns that if you want to work with the soil food web, you need
to stay away from additives that have high NPK numbers. Most gardeners
know these letters represent the percentages of nitrogen, phosphorus, and
potassium in the fertilizer, and this NPK trilogy appears on all fertilizer packag-
ing. Don’t put anything on the lawn with NPK numbers greater than 10-10-10;
traditional organic fertilizers usually meet this criterium. Of particular note 1s
that a high (anything over 10) concentration of phosphorus not only prevents
mycorrhizal fungi from growing but kills off the ones that are there. As a resullt,
the grass loses its ability to take up a resource easily, and no matter how much

- 4 T g
- - T

_ll.
= 1 =Y Bl

the amrn_w help lawns grow. Courtesy Mycorrhizal

A A Ly ....- L 1B |1} ._ e Bl N @ W Tt W '.-“_.
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lawn, it 15 locked up quickly and unavailable . |
- 0 the

phosphorus you put on the
ess grass plants.
Our favorite microbe food for lawns is soybean meal with an NPK of ¢ |

This is applied at a rate of 3 or 4 lbs per 100 square feet. Other usefy| Organic
ods include alfalfa meal, blood meal, cottonseed meal, feather 1y,
rate of 4 1bs per 100 square feet at first and then adjusteq ¢,
3 Ibs per 100 square feet—but we warn you, ther,
days). These all feed the soil biology;

gy; they

Bﬁoﬁrﬁmm-_

microbe fo
(all applied at the
taste) and fish bone meal (
will be a heavy fishy smell for a few
are not absorbed by plant roots—hence, microbe food, not fertilizer.

It also helps to encourag

We know from Rule #2 that lawns prefer slightly bacterially dominated sois
For this reason alone it 1s a good idea to leave grass clippings on the lawn, 3]
season, as a bacteria-favoring mulch. The sugars in the grass will attract a
healthy population of bacteria. Clippings also foster populations of protozoa,
which ensure nutrient cycling. And you will have to mow less, now that high
amounts of concentrated nitrates are not being sucked up into by plant roots.
When leaves drop at the end of the season or when twigs and small
branches fall after a storm, do not rake them. Instead, mulch them up in place
by running your lawn mower over them once or twice. This will open them up
and make them available to the fungal components of a lawn, which are also
important; fungi help provide structure and drainage and help with the
harder-to-digest grass stems that can build up to a thatch layer in their absence.
This is why you should rejoice when you see mushrooms in your lawn. They

are EE&% a sign that things are healthy beneath the green grass.
Lawns that have not had the benefit of a healthy soil food web (which may
#.m attributable as much to poor drainage as to chemical fertilizers and weed
killers) should be plug-aerated, a procedure wherein 2-inch-long plugs of soll

e a suitable environment for the lawn’s microbe

~ Ahandful of plugs pulled
#eﬁ w_m_wﬁﬂ.%__:nm_.m.m_.mma:.

1) o
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The Lawn

| %%&Fa from the lawn, creating holes throughout. These holes open up the

§ lawn, allowing water, air, and organic food to enter the root zone. The plugs
~ should be left on the lawn and allowed to decay. PG

_ : Plug qeration w“: the early m.@ism mﬂm@ three or four years will help the soil
food web because 1t helps repair compaction caused by the weight of snow and
ice or the back-and-forths of pets, children, and vehicles. The aeration is par-
ticularly useful in keeping the lawn’s fungal population healthy: as the most
fragile, fungi are also the first soil organisms to go when a lawn becomes com-
@ﬁﬂ&u as it inevitably does. After this spring aeration, apply an organic mi-
crobe food. This will fall into the plugholes and provide food down in the
J]awn’s root Zone.

Next, inoculate the lawn with beneficial microbes to put microbiology back
into the soil or to maintain what s already there. If the lawn is small, this is eas-
ily accomplished by applying a thin (up to a half-inch) layer of bacterially
dominated compost to the lawn with a fertilizer spreader. If the lawn is large,
apply a slightly bacterially dominated compost tea (see “Applying Compost Tea

o Lawns” later in this chapter).

What about chlorine in the water you use to water your lawn? It shouldn’t

~ affect microbes if you water using a sprinkler. The fine mist spray and the trip

" from the air to the ground helps clear most of the chlorine from this water. Of

~ course, you can buy an inexpensive chlorine filter and install it on the outside

=
e

hose bib. One filter should last all season, but you should check the output oc-
casionally to be sure.

Weeding the soil food web way

m weeds can be influenced by the soil food web. Dandelions, for example,

ar in calcium-poor soil surfaces. Their long taproots seek out the calcium
ey la k, and the calcium is deposited in the soil when the dandelion dies. In
) ime—the soil food web biology

is calcium into the upper layer of soil, where it has been missing. In

delions can mine themselves out of existence. To get rid of dande-

ost fungal activity in the soils; fungi tie up calcium, much more

ia. You can also use a microbe food, corn gluten (a by-product
duction), as an organic, preemergent agent Pt it an feves
other weeds just as they are coming to seed, E& it 3:
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B .
h nitrogen. Adding nematodes and protozoa via com
a soup can Increase nitrogen cycling. Chick:

there is too much nitrate, which i«

not cycling enoug
t tea, or a protozo

in lawns, thrives when
n a commercial lawn fertilizer. Stop applying .

compos
frequent weed

you get when you put dow -
ical fertilizers; instead, use the soil food web tools to increase the funga| 1;,

mass (and hence the available ammonium) in your lawn.

Moss, on the other hand, indicates that your lawn soil 1s already fungy],
dominated instead of being slightly bacterial, as lawn grasses prefer. :?
like acidic conditions. Apply very bacterial teas and a thin topdressing of very,
bacterially dominated compost to moss-infested lawns, and the pH wil] m_..,..a_
ually change to one “acceptable” to grass and not as “acceptable” to E:_,,,_,u..___._m,?

will lessen and eventual
move the existing moss with a thatching rake and may have to apply iron to kil

ly prevent the appearance of new moss. You should re-

it first.
As a “soil food webbie,” you already know you should be happy to sce

mushrooms in your lawn. Not too many, of course, which would mean vou
need to apply a bit more bacterial tea. If you are worried about fairy rin for
example, just increase the diversity of the fungi in your lawn soils by :w_;,.,:ﬁ
sure your teas and compost have a good diversity of fungi; the fairy ring fun m
should then be outcompeted. In addition, recognize that sﬁﬁ.m; a :fg
macroarthropods as well as mice and shrews eat these and many other fung.
keeping them in check. -

K,

- o ” -

, &ﬂﬂnswwmw _ﬁ_*ﬂ:_m_ in the lawn can be overcome by increasing
T .._._.mm. Courtesy Clemson University, USDA Cooperativé

wlorestryin ages.org.
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“gasy changes and good starts

[

' You can use the soil food web to your advantage when it comes to changin
%ﬁ Normally you would have to put down hundreds of pounds of lime, @ﬁm.
sum, Of sulfur to alter soil pH a few points in a decent-sized lawn; lime in par-
ticular acts slowly, taking a season to effect even a point’s change. However, you
use considerably less (about one-quarter the amount) and take'less time to
mﬂmﬁ same results by applying some soil food web science. Instead of putting
it directly on the lawn, mix lime in when you are making compost. It will be
tied up by the microbes in the compost and released during the normal food
web cycling. You can put this compost directly on the lawn or you can make
- compost tea.
Obviously, if you are just putting in a lawn, you have an opportunity to es-
 tablish a healthy soil food web from the very start, sparing your lawn the indig-
~ nity of chemical addiction. Before you broadcast grass seed, mix it with the

~ typeof endomycorrhizal fungal spores associated with grass plants, vesicular-
~ arbuscular mycorrhizae (VAM). A healthy lawn should have a good portion of
roots colonized by VAM for the lawn as a whole to get the benefits of the
mycorrhizal relationship. VAM colonization helps grasses compete with weeds
__ for nutrients and blocks root-eating nematodes. And mycorrhizal fungi bring
' both water and nutrients back to the roots. Biological testing labs can tell you
" how much VAM you have in your existing lawn soils.

 Twenty-four hours prior to seeding a lawn, roll wet grass seed in VAM and
store it in a dark, cool spot. VAM will help achieve a healthy lawn that does not
need watering or feeding as frequently as those without mycorrhizal fungi.

What if you need a quick fix?

Some lawns are seemingly hopeless, and while soil food web management
ly prevails, quicker action is sometimes desired. Consider first the use
to get rid of weeds In lawn; if weeds are so bad

or if the lawn needs an instant nitrate green-
then you should take remedial

negar, or manual labor
hat you need to use a herbicide,
1g (say, for an emergency backyard wedding),
re the soil food web. |
ce Rule #15: follow any chemical spraying or soil drenching
: n of compost tea. Give the stuff a few days to ioaﬁ.. and Emw
e tea. The microt @mE the tea will immediately start to detoxify the soil

g the remaining chemicals and repopulating it. Repeat in a

ovaarry e M r=t =
Iy 1 111c 1 C 1
‘¥ 11 ._............\ RSB

ck the status of soil food web life.

.
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Both bacteria and fung!

that attack and

therefore nee

sources with complex proteins

d to inoculate

ysate, and humic acids.

break up these com
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.

can degrade pesticides, but it is mostly |
plicated chlorinated n:_._:_u:.____:.
contaminated soil with lots of organic f
(the kind fung: like), such as kelp, fish h

Applying compost teas to lawns

One of

bacterial aerated compost tea

to admit that

the best ways to establish the right biology in lawns is to use a slig

applying com

at a rate of five gallons per acre. We are the
post tea to a large lawn can be problematic i

TSI

i

you

don’t have the right equipment. A commercial tea sprayer service is the easies

way but can be more difficult to arrange and much more expensive than apy

) _ .__..q..
¥

ing it yourself.

Concrete sprayers (see chapter 17) are fine for a small area. For larger areas,
you should consider a traveling sprinkler (one that follows along a w: r&
out on the lawn) with an inline fertilizer dispenser (a tank made for applying
soluble fertilizers) attached to your water source. Instead of holding W_H

the dispenser can be filled with actively aerated compost tea, which it will feed

to the sprinkler as it travels across the lawn.
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Atraveling lawn sprinkler and a fertilizer dispenser make applying tea to a lawn easy
work. Photograph by Judith Hoersting.

A3

P

If you plan on applying tea to a really large lawn, you might want to con-
sider renting or buying a gas blower (and using its lowest, most gentle setting).
' You can mist an acre of lawn in about five to ten minutes and spray up into 30-
foot trees. Rental is the best idea, as you will only need applications in the
spring and autumn once the soil food web is established. Do ensure the tank is
free of any residual herbicides, pesticides, or other harmful chemicals.

- Once your lawn has a thriving soil food web system, it will be much easier
to care for. You will no longer have to thatch or rake clippings or leaves. You
will need to water less, mow less frequently, and best of all, have the satisfac-
s_;gm able to play and work on your lawn without worrying about dan-
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Chapter 19

Maintaining Trees, Shrubs, and
Perennials

REES, SHRUBS, AND PERENNIALS are the mainstays of any yard’s |.
>

scaping. Yet they seldom get specialized care and are instead lupeg 0
with the lawn. Whatever fertilizer goes on the grass is usually all the e,
and shrubs receive, and all many perennials get as well. The roots of trees ag
shrubs and some perennials run under the lawn, and they are affected by traf.
fic and by the use of nonselective herbicides, which besides killing lawn weeds

kill even the beneficial organisms that protect plants. With a diminished soj]
food web, you have to become their defenders and continue to feed trees,

shrubs, and perennials.

Irees, shrubs, and perennials prefer
fungally dominated soils

Ever wonder why the lilacs never bloom? or why that spruce didn’t survive
when you planted it in the middle of your beautiful green, nitrate-fertilized
lawn? Remember, Rule #3 dictates that trees, shrubs, and perennials prefer
their nitrogen in the form of ammonium, not nitrate. This means fungal soils.

I._.ln
=

Lawns, on the other hand, do best with nitrates or slight bacterial dominance

and therein lies the problem. If the soil is very heavily bacterial, many trees
have a difficult time establishing themselves.

mﬂwm surrounded by lawns may not be a good thing for trees, shrubs, and
mﬁnuE&Iw the gardener—unless some soil food web management prac-
tices provide a different soil food web specifically where they grow. We realize
that trees and shrubs in particular oft i I

scape, an 3 .
. Mﬂmﬁ_ . d Hmﬁ 4 conifer, for example, that craves ammonium nitrogen might
. e middle of a lawn that prefers nitrates. The trick, then, is to {7 1€

each tree and shrub with a fungally dominated soil

en function as specimens in the lanc
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Trees growing in a . * _
reesg acterially dominated or bal . |

L ; . anced environme J

mulch that will attract fungi. Photograph by Judith Hoersting nishodiduERE RS

aspen. The . : .

&mMm - Emm do well in bacterially dominated soils when they are young be-
: - W. ﬁ. stage of their development they can easily utilize nitrates. Once
o however, even these prefer ammonium nitrogen.

W« ﬁMMpmem WmMMMHM_MﬁMMm WmMHHE@ Ew victims of no:%mmﬁa soils, es-
i ns (as is often the case with trees and
,@ﬂE pathed gardens (as with perennials). Every precaution should be
..Wﬂ@ua this condition (and every st€p taken to correct it), as roots
1s plants, obviously) do best in soil with good structure, and good soil
re as you now know absolutely requires an active soil food web.
I organisms cannot survive in compacted soil—they cannot move
1 search of food because transportation pathways have been de-
d; if the compaction is really severe, it may be impossible to establish new
r not worth the bother. With the nematodes and many of the protozoa
rients accumulate in fungal and bacterial biomass instead of being ré-
| available to plants. At the same time, the fragile mycorrhizal fungi
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h the roots of trees, .
sal fungi that compete with Pythium and

and root rot problems, for example, are

d it shrubs, and perennials are |jte,
! wi
| assoclate .

_ or drowned; mycorrhi

| i that cause St€m .
two m_.:wum._ e only 6ol food web organisms left are the bacteri,
whie,

and protozoa that are so small in size they are
[
. The food web is not in good shape an

ter a
| tunistic fungi |
through even compacted sol .
w full of fungl as trees and shrubs ?‘m?_”

_ : plant roots too have trouble moving through compacted soil
7

r rely on mycorrhizal fungi to bring back nutr

they can no longe | |
ouble whammy in compacted soils: they not only don’t get |

| facead
| nitrogen they prefer, but their access to water and phosphorus and
| 7 trients is limited. They become even more stressed.
il It gets worse. Compaction reduces oxygen levels, and anaerobic bactey,
| take over. Anaerobic bacteria produce metabolic products that kill roots, Tpe
| tunnels and burrows through which water flows, pulling and pushing air, dis.

appear. No mycorrhizae, no beneficial fungi, harmful elements galore—thjs is

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-

7 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
.moa_ trees, me_u_mu and perennials. Start with compost and place it under all trees
MMMMM@M .MHM wwﬂﬁua all @ﬂ.mbs.p&m to a depth of 1 to 2 inches (2.5 ﬂ. J:_:

/s R arieastout to the drip line of the tree or shrub, but make sur the
“>mpost doesn’t touch the stem or trunk of any of these plants (so that, agailh
themicrobes in the compost dort attack the bark). Obviously, you should 8%

W H_. Lying to %H@dﬂ @Hmmm g&.mﬂ trees.

¢ m.m ” u s ST . 1oave t
iy, | aﬁ the only reason trees and shrubs drop their leaves here ! 4
€ nitrogen and carbon ip these d some
_H =r X into the plant. Nature places mulch over tree 109 ©
"o, to atleast the drip line—using brown mulches. M ulch ¢¥

- HdAVe compy s QW1

“POSLLO put under your plants. Start with the Pl

hey

leaves is naturally recycled, 0
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.
. o ....u,.,J“J Place compost and mulch under
hﬂr > l._.u...., trees mm:a shrubs at least as far as
‘¥ . 5 the drip line. Diagram by Tom Hall
* s Jﬂ\- & b Georgia Forestry Commission, ,
-~ www.forestryimages.org.

leaves if you can (open these up for bacteria and fungi by running them over
‘with a lawn mower); don’t remove them. Add to nature’s mulch with brown
ﬁ_;mm of any kind, but don’t let it get too deep. A few inches is all that 1s
,..L; to support a healthy population of fungi. The mulch has the added
benefit of keeping down weeds and grass by blocking the light.

ost tea around trees, shrubs, and

Finally, consider an application of comp

nials, once at the beginning of the growing season (two weeks before

ominated food

nd s rubs leaf out) and again at the end, just as leaves finish falling and
> In place under the plants. The icrobes in the tea will really speed up de-

g the winter months and support a good, fungally d
u can simply soil drench, and don’t need to bother with
perennials, which in addition to the two soil drenches should

st once after their leaves appear 10 add microbiology to the
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those where they are not—-so it is important you get the right ones. Which my-
corrhizal fungi to use on what1s answered by Rules #16 and #17: most conifers
and hardwood trees (birch, oak, beech, hickory) form mycorrhizae with ecto-
mycorrhizal fungi; most shrubs, softwood trees, and perennials form mycor-
rhizae with endomycorrhizal fungi. These rules are based upon the research of
soil scientists, who now have the tools to assess what types of fungi naturally
associate with particular plants and have codified these assessments. There are
exceptions to these rules. For example, plants in the heath family, which in-
cludes rhododendrons, azaleas, and blueberries, require ericaceous mycor-
rhizae, which are not yet commercially available. Nonetheless, if you stick with
these rules, you should be on stable (but, we hope, not compacted) ground.
Mycorrhizal fungi spores must come into direct contact with roots within
24 hours of being exposed to moisture in order to grow. Commercial prepara-
tions that contain mycorrhizal fungi are always dry powders or grains (mixed
with various materials to help in their delivery), so they are easily applied when

L,

?_u\nb ﬁwmwm__mﬂb..mm. Courtesy Mycorrhizal v,

Applications, www.mycorrhizae.com. The pine on the left was treated with
mycorrhizal fungal spores when planted;
note the increased size of both the seedling
and its root ball. Courtesy Mycorrhizal Applica-

tions, www.mycorrhizae.com.
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plants are about to be put into the ground. Simply sprinkle them on the roots
or dip the roots directly into the spores before you plant
new plant as usual.

Existing trees and shrubs are a bit more difficult to colonize, Let’s hope your
soils have not been degraded to the point that natural mycorrhizal fungi have
been affected. Look for signs of mycorrhizae in the form of one particular kind
of mushroom growing near the same kind of tree. Birch trees, for example,
often form an association with the fly agaric, Amanita muscaria. If your exist-
ing trees have mushrooms under their drip line, you most probably are look-
ing at an existing mycorrhizal association and don’t have to add to create one.

If you have a yard with really compacted soils, have not seen mushrooms
around your trees and shrubs, or have noticed they are not doing well, consider
using a root feeder or long syringe (the kind used to apply glue) to inoculate the
roots of existing plants with the appropriate mycorrhizal fungi. In the case of
most perennials and shrubs, you can carefully dig into the root zone with a spade

, and then water in the

or trowel and apply endomycorrhizal spores whenever you come across roots.

u_“. ..r._m..f.. . o v
WY Al

!ﬂ&g often form mycorrhizae with the mushroo
- HUdith Hoersting.

m Amanita muscaria. Photograph by
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Unstressed plants are healthier

Stressed trees put out a signal recognized by aphids and other insects; they
know the tree is weak and attack it. Unstressed trees don’t emit this Emmmmﬁw
and they are able to produce extra pitch and sap to trap any invading beetles.
Their exudates attract all the right microorganisms. Their leaves are coated
with beneficial bacteria and fungi to outcompete disease. Their roots have
formed mycorrhizae that increase their reach and allow them to dine on phos-
phorus and wash it down with ample water.

The bottom line when it comes to caring for your trees, shrubs, and peren-
nials: try to plant them in soils that are already fungally dominated. If not, apply
fungally dominated compost, mulches, and teas to and around them. Let leaves
remain under the plants from which they drop. And, obviously, use all three
soil food web tools, especially compost teas, at the first sign of any diseases.




Chapter 20
Growing Annuals and Vegetables

WHOLE INDUSTRY 1s built around fertilizing annuals and vegetables.

The lawn might be the number one dump for chemical fertilizers, but
homegrown tomatoes and marigolds are not that far behind. The

same high concentrations of soluble nitrates that work on the lawn, with their
percentages tweaked a bit, work quite well when it comes to feeding flowers
and vegetables; and the vicious cycle that develops in lawns treated with chem-
ical fertilizers will also occur in your flower and vegetable beds. The natural cy-
cling of nutrients ends. You have to feed the plants you grow with increasing
amounts of chemical fertilizers because no longer are there microbes to pro-

vide them with nutrients, and in the absence of microbes, soil structure dete-
riorates. Without a healthy soil food web, opportunistic pathogens and ani-
mals appear, and these seemingly require other chemicals to keep them at bay
or in balance.

Annuals and vegetables prefer bacterially
dominated soils

What are the soils in your vegetable and flower beds like? Look for earthworms.

They survive by eating protozoa and bacteria, and, as with lawns, if you have
_ lots of earthworms and earthworm castings in your soils, then you probably
have bacterially dominated soils with plenty of nitrates, which are what most
vegetables and annuals prefer (remember Rule #2). Set up the Berlese funnel
and see what kinds of microarthropods are roaming the soils. You want to see
lots of bacteria-eating mites and good diversity of animals. Measure your soil'
pH in the rhizosphere. If it is decidedly alkaline, you most ?.ovmgw have bac-
terial dominance. Similarly, an acidic reading means you have mem_ and ﬁnwwl
ably fungal dominance. Finally, get your soil tested for its Emﬂo_u_o_omww this is
the best way to know what is missing, if anything. Sure, an NPK test won’t hurt,
nl y the biology you need to know about.
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No more rototilling

If you are an organic gardener you probably already employ one or two of the

_ soil food web tools. But there 1s one traditional organic practice we must ask

_h you to drop. With one exception we recommend the no- dig principle: never

| rototill again. This is a real shocker to those who regularly rototill or otherwise

turn their soils. Soil turning is so ingrained in the psyche of the home gardener

| that Rule #18 is a special rule against it: rototilling and excessive soil distur-
| bance destroy or severely damage the soil food web. They are outmoded prac-

tices and should be abandoned in established garden beds. This is heresy in
most gardening circles. Many organic gardeners advocate rototilling and dou-

| ble digging as ways to mix organics back into the soil; indeed, rototiller manu-

l
[

facturers are major advertisers in magazines that promote organic gardening.
The age-old agricultural practice of plowing the earth really picked up
| steam, so to speak, when lawyer Jethro Tull (1674—1741) inherited a farm in

| southern England and invented a seed drill that mechanically placed seed at a

set depth in a premade hole, replacing hand-broadcasting. Tull also actively en-
couraged farmers to loosen soil before planting crops; he had noticed that veg-
etables did better in loosened soil and from this concluded that plant roots
possessed little mouths and ate soil particles (how else could a plant ingest nu-
trients?). Believing that loose soil consisted of smaller particles that would
more easily fit into root mouths, he developed a horse-drawn hoe to put his
theory into practice. His writings later caught the attention of gentlemen
farmers like George Washington and Thomas Jefferson, who encouraged their
fellow Americans to break up soils. The end result is that most home garden-
ers still break up and turn over their soil at least annually, even though we |
know plant roots don’t eat soil.
For reasons unknown to Tull and his contemporaries, vegetables did grow
better in soil that had first been loosened and to which manures were added
This had nothing to do with tiny particles of soil; it was because breaking up
the _mcﬂ supports Rule #2. Breaking up forest soil in order to plant a garden ac- |
tually does more than make a treeless field; it reverses the results of years and 3
%@mﬁw am mnnnmmm_o? destroying the network of fungi in the soil. With fewer
i, soils become bacterially dominant, a boon to nitrate-loving vegetables
: Em. The addition of manures by these early American farmers alsc
_ w»ﬁoﬂﬁ populations, as these are great bacterial food.
DL, AR % g breaking up America’s virgin forest soils and mixing
mEﬁEn mon agriculture; _uoimﬂmb o_”o::_um or o_ﬂrmni_vm

[
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soil food web. It completely chops up the miles of fune: o £
1 bacterially dominated soils. 5_,:.”: tunnels m_“%””m HHWMTMMHMH mx_m._ o
o . , en soil par-
ticles are all blown apart. Sure, the soil is fluffy after rototilling, but that’s a
dog’s name, not a soil mﬁmn._._t:o:. The first time water hits disturbed soil, it be-
gins to compact, spiraling, downward course that continues every time it
rains or the bed is watered.
Even bacterially dominated soils need to contain some fungi to maintain
soil structure and microbial diversity. Soil food web gardening practice re-
quires that the soil be disturbed as little as possible when it comes to annual
and vegetable gardens, unless you are trying to establish a vegetable or annual
garden in fungally dominated soils. Use a trowel, dowel, or dibble to make dis-
crete holes for plants or seed. You can also lightly pull a hoe or the corner of a
2-by-4 board along a row and plant in the limited disturbed wake, backfilling
with good bacterially dominated compost. You will get fewer weeds using this
method because you are not opening up the soils and exposing weed seeds to
the light that is required for germination.

Soil food web workers are great farmers

How do you encourage the bacterial domination needed for your annuals, veg-
etables, and row crops if you cannot rototill? Like everything in the soil food
web, if you feed them, they shall come. Green mulches promote bacteria. In
this case, not only does green mulch provide nutrients for the proper and nec-
essary soil food web organisms, 1t also prevents weeds from germinating and
holds moisture in, preventing it from evaporating. Too, bacteria like the easy-
to-digest stuff, so the finer the green mulch, the higher the bacterial growth.
Since soil bacteria also favor dampness, wetter mulches—to a wogﬁlﬁm: also
promote bacteria. There is a fine line between damp, aerobic mulch and wet
mulch that fosters anaerobic conditions, however, SO be careful. Use your nose
as the tester. If there is a bad smell, you put in too much water and need to aer-
ate the mulch and back off a bit on the water. |
In addition to bacteria-supporting mulch, your soils should have plenty of
good organics to feed the microbes that are feeding your plants. Use any or-
ganic microbe food—with all three of the NPK numbers below 10—to ensure
that E@bn fungi are not killed. You can put these in the root zone i&mﬂ. wo.:
plant, or side-dress before you mulch and then add as u_mmam&.%ﬁ@_% bacteri-
‘ally dominated teas as both a soil drench and foliar spray to prevent o control
diseases and to keep microbial populations in the soil at high wﬁﬁvﬁw p0
7 green mulch to use around your annual How

Lawn clippings are a terrific

-
—
-
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ers and your vegetables during the growing season. Even though they lose the:
color and turn “brown,” they are still considered “green”™ mulch because whe,
they were cut, they contained sugars that remain even after the chlorophyl] .
faded. The same is true of straw. And it is still a good idea to add organics 1,
garden soils in autumn so they have a chance to start to break down befor.
spring planting. Try alfalfa meal, straw, or grass clippings—all good bacter;
food. The bacteria get started in autumn; during this season, they can combine
all the nitrogen they need with available carbon, without interfering with any

plant’s needs. Nitrogen tie-up at the soil-mulch interface, if it occurs at all, wi]|

be over by spring.

When it comes to growing plants that require nitrates, good populations of
protozoa and nematodes are part of the equation as well, as they are the cyclin

mechanism. Apply protozoa soup as a soil drench to help increase nutrient re-

cycling in your vegetable and flower gardens. It may take a week or so for the

protozoa to find the bacteria in the rhizosphere, so wash down any application
of bacterial food with an immediate dose of protozoa soup. Commercial nem-

atode products have hit the home horticultural market, but these are usually

specific for garden pests such as slugs. Your best bet for increasing the popula-
tions of nutrient-cycling nematodes—and by far the most economical—is still
good compost and compost tea.

el 1-....

ffnﬂﬂf\lﬂ’ AT LN

WIS garden with straw gc_h_; on the beds. Courtesy National Garden Bureau.
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And, of course, you will have the benefit of mycorrhizal fungi working in
vour %:_.Lr.:m :.V.S: follow soil __:.:L web pract 1CES. ?.x._u,..ﬁr.m:._._,__u..:ﬁ — _.:,.:4 —,___:S_.f
.,E.:i.: in containers. The longer the season, the _:ﬁmc_. their role. This is because
w_ takes time for these fungi to establish and grow. Rule #19 requires that soil
food web gardeners always mix endomycorrhizal fungi with the seeds of annu-
als and vegetables at planting time or apply them to roots at transplanting time.

Of the plants that do not form mycorrhizae, many are vegetables. In par-

ticular, the families Brassicaceae (which includes cabbages, mustards, and

The potted marigolds on the right show the benefit of endomycorrhizal fungi. Courtesy
Mycorrhizal Applications, www.mycorrhizae.com.

" 4
__ . . are treated wit
i < o no:mmam_.md_% Ager Ul B_m:G Qm_.j__v\ ﬂﬂﬁahuﬂw_w“ww ?‘_vﬁn::_mm_
€ndomycorrhizal fungi, as was the one shown here on the right.

bnv.:nmza:m__ www.mycorrhizae.com.
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b

broccoli) and Chenopodiaceae (spinach, beets, lamb s-quarters) do not fory;

mycorrhizal associations; using mycorrhizal products on these particulas

plants is a waste of time and money.

Once you stop applying chemicals, |
your vegetable and flower gardens. An application of a few inches of bacteri-

ally dominated compost in early fall will help attract and support worms, as
will a bacterially dominated compost tea as a soil drench. If you fail to attract
earthworms, it is a sign that you need to increase bacteria and protozoa popu-
lations. Do so, and then add some worms to your annual and vegetable gardens
if you want to speed things up. You can soil drench your plants once a week to

once a month, depending on their performance.

you will eventually find earthworms in,

Weeds

All too often the reaction of the gardener to a weed in a flower or vegetable gar-
den is to douse it with whatever herbicide is suggested and often a bit more
than the directions call for, for good measure. For obvious reasons this is not
sound soil food web practice. Applications of powerful nonselective herbicides
harm the soil food community in much the way chemical fertilizers do, killing
micro- and macroarthropods, as well as microbes. Instead, carefully hoe weeds

up or use vinegar, heat, boiling water, corn gluten, and other weed-controlling
methods that have fewer and more temporary consequences to the microbiol-
ogy in the soil. Should you ever need to resort to an herbicide (and we sincerely
hope you won’t), you must take remedial action as soon as practicable (Rule
#15 again). Let the poison take its toll and then take steps, using all three soil
food web tools, to get the biology back where it belongs.

When it comes to preventing weeds in the first instance, nothing beats
mulches. The nitrogen, phosphate, and sulfur weeds need to germinate and
grow are tied up by the biology at the interface of the mulch and the soil. This
makes it doubly hard for weeds to do well, as in addition to facing no light and
ﬁwrﬁ_n& barrier to their growth, they are given a poor supply of nutrients.
Wn&m_ when you think about it, why fuss around with the other tools, compost
mﬁm compost teas? Put down 2 to 3 inches (5 to 7.5 centimeters) of a bacteria-
Eﬁw@m a.m@ mulch before weeds appear, ﬁ%bm care to leave a bit of “bare” soil
# ﬁ the work it takes to apply mulch, soil food web gardeners need
HEVEr worry about weeds again. Indeed, our experience has convinced us that

R e .

appropriate microbiology to your soils may be the only step

ullneed to con of your annual weeds, those that thrive on the high
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entrations of nitrates found in chemical fertilizers. M
ad in our gardens disappeared once we st |

| conc |
any of the plant pests

we h arted worki .
| ng with the soil £
. - - . 3 - L . : ﬂ.voa
| web. Chickweed, our nemesis, completely vanished, as plants no lon
< ger got

their fix of high nitrates and had trouble germinating in the first instanc .
seeds buried under mulch and not exposed to light because smm %LHM:*F 4 &_m:
Ewm:xiﬁdmm: fertilizers encourage opportunistic annual weeds _ﬁ M._“oﬂ _ |
* ample supply of nitrates, an unwanted plant suddenly has the moo,a. MQMM. _“H:
| really take over. Adding to the injury, the mycorrhizal fungi your veggiesand a :nw
quals use to help obtain water and nutrients, particularly phosphate, are killed.
The host plant doesn’t do as well; the surface-feeding, nitrate-loving weeds
grow faster and overrun the garden, outcompeting the main crops for light.
| Once you get the soil food web humming, any nitrates needed by plants
. will come from the natural course of cycling. Instead of being poured on in a
concentrated, chemical form and killing off the soil food web, the only nitrates
being used will be those produced by the soil food web itself. And—without
| chemicals and with a bit of inoculation—mycorrhizal fungi will return.

“Pests”

=

It is never an ideal world, unfortunately, but most insects (we use the term
loosely to include spiders and others that are not truly insects) we encounter
_ in our flower and vegetable gardens are helpful in lots of ways. Who needs to
be reminded that insects pollinate flowers? Their larvae tunnel through soil
and aerate it, and insects eat each other and participate In the recycling of plant
_, nutrients. In most instances, insects get out of hand in your gardens because
| something is wrong with the soil food web, which normally maintains a bal-

A spined soldier bug
makes a meal of the
Mexican bean beetle

larvae on this snap
bean. Courtesy USDA-ARS.
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ance between pests and predators. But you are not going to have a totally pest
free garden even with the soil food web in place. Accept 1t as part of the science

1f vour soil food web is healthy, this community will help plants overcome any
‘ If there are a few bad guys, you need to realize that these help main

insect pest.
tain the good-guy populations. | | | 5 :

Every gardener has access to local agencies that will provide assistance in
distinguishing beneficials from pests: learning about the beneficials in your
area is part of learning to garden with the soil food web. Ladybird beetles and

A ladybird beetle larva devours aphids. A stink bug does in an eastern tent caterpillar.
Courtesy Clemson University, USDA Cooperative Photograph by Robert L. Anderson, USDA Forest
Extension Slide Series, www.forestryimages.org. Service, www.forestryimages.org.

Braconid wasp larvae parasit-
ize a hornworm. Courtesy R. |.
Reynolds Tobacco Company,

R. ]. Reynolds Tobacco Company
Slide Set, www.forestryimages.org.
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their larvae feed on aphids, scale, and spider mites Ground beetles eat cut
worms, root maggots, slugs, and snails. Rove beetles eat fly m

aphids, mites, slugs, snails, and nematodes

aggots and eggs,
_ . Assassin bugs are adept
flies, mosquitoes, and caterpillars. Green lacewings and |
aphids, spider mites, whitetlies, and caterpillars. Hornets take
food web gardener observes and learns what relationships
the good ones.

We don’t like the use of pesticides in flower and vegetable gardens any more

than we like the use of herbicides. These very nonselective substances

at getting
arvae gobble up
out flies. The soil

exists—and fosters

have a
mmmg:? negative impact on soil food webs (again, Rule #15 will see that you

rejuvenate the microbial universe in the soil and break down the residues of
your action, if you have to use a pesticide). However, don’t forget the lesser
evils—insecticidal soaps, botanical insecticides, Bacillus thuringiensis (Bt)—all
of which have varying impacts on the soil food web, but usually none as dam-
aging as chemical insecticides.

Schedule for restoration and maintenance

[f you habitually used chemical fertilizers in your vegetable and flower gardens,
you will need all three soil food web tools. Apply 1 to 2 inches (2.5 to 5 cen-
timeters) of bacterially dominated compost before you plant annuals and veg-
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etables. Spray seeds with bacterially dominated compost tea and treat (.,
and any seedlings with mycorrhizae right before you plant them. Afi., Vou
plant, lay down green mulch. Start weekly applications of bacterially ;.

nated compost tea. These measures will restore or maintain the soil food .
organisms in your vegetable beds. | .

Spray your vegetables with a bacterially dominated compost tea as 5001, 4
the first leaves appear and at least one more time a few weeks before haryes
Spray a third application on the debris left over from the growing season.

Avoid compaction; try to stay out of the garden beds, and limit and direy
pathways through them. Side-dress and top-dress plants with compost when-
ever possible, and put compost on garden beds before the winter. As long a it
is bacterially dominated, you cannot apply too much.

Finally, it is important to mulch garden beds in autumn so that the bacteria,
fungi, protozoa, and nematodes can work during the winter to cycle nutrients.

Restore and maintain the soil food webs in your flower and vegetable gar-

b

dens. If we are not mistaken, the great size and taste of organically grown pro-

duce will only match the particularly lovely glow of annuals raised using the
soil food web.



Chapter 21

A Simple Soil Food Web
Garden Calendar

HERE IS NO ONE WAY to garden with the soil food web. Each garden is
different, and so are the various soil food webs in them. Climate, too,
plays a big part in when and even how you apply soil food web science.
When it is very cold, compost teas are definitely not going to work, and colder
temperatures freeze up compost and mulch. Times of drought might not be
the best time to apply compost tea, and putting down mulch at the wrong time
ina drought situation could prevent the soil underneath from absorbing water.
Still, no matter where you garden, you should at least consider the mi-

—t

Croc

s and other animals in your soil food webs as each season rolls by. Yard

-
T

and garden care is no longer just about plants. You have to pay attention to the
microbes if you are going to team with them.

L
S el B
'K R

=

ost. The compost pile should be cranked up so you'll have ample supply of
compost throu . out the growing season. Turn last fall’s pile, and if o have
oom, start a new pile designed to be fungally dominated. Use the organic de-
bris that accumulated during the winter and some of last fall’s leaves. Use the
first grass clippings to get good bacterial compost going as well.
Mulches should be pulled back to let soil warm up if I and Emm
ut back and supplemented. Use compost teas on seedlings vo& as a so ..
ench a 4_ spray. Inoculate all seeds and transplants with the appro

ng is when you first check things out and give your soils a microbiological

€ Kind of mycorrhizal fungi. .
1ree we ua | sofore leav 'S %ﬁgu Ed.ﬂ .‘O.—Hﬂ MOH—@ m.am. tea ﬁﬂmﬁﬂﬁw m.OH HTQHH
o+ You dontt have to do this every year, but you surely should the
w0 of sardening with the soil food web. Thereafter, your plants

A = g
sy . e e - T = Y
" i ) 14 ¥ E a [ . r i 1 . “. ¥ E N ... _.
* O Mal b i, o 11 5 _._ -— T e e
i —_l B s |m..$..|. e i ....h._r_

know how you are doing. You might want to B&ve 7 ©
S . o test things yourself, using bets
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we

fore leaf-out, acr
finitely a consideration the first year af;

ate your lawns. Again this doesn
Two weeks be T

done every yean but it is de
using chemical fertilizers. Thereafter, you only need to aerat

three or four years, depending on the amount of traff;

spring every
receives; the amount of ice that accumulates each winter, if any; a oy
of the soil food web as evidenced by worm, mite, and mushroom :

After aeration (0T tWO weeks before leaf-out of trees and shrubs did.
't aerate), apply an appropriate organic microbe food, such as sa ks
to lawns. If you experienced too many mushrooms (or mushroom _ g.:,_.
species) the previous year, apply some alfalfa meal instead, as it wi more
bacteria than fungi.

This is also the right time to spray lawns with a slightly bact e bl
anced compost tea, at the rate of at least five gallons of tea per acre. n the
lawn created by winter traffic should be cordoned off and %.__ ith 2
fungally dominated compost tea to restore structure. When you finish making
teas, throw the leftover compost and any excess on these wm% rlow

_ applications, things will be downright spongy. Even without tea, m: re the
organic microbe food in these areas 1s sufficient to support existin: obial
populations. You can’t burn the lawn applying these Organics, so « OITY.
Tidy up the brown mulch layer under trees and shrubs and around peren-
nials and refresh it if you need to. This is why you should save leaves i et
ﬂES when they drop: they can be hard to come by in the spring. It don't
Wmﬁw leaves, bark chips will do. You can spread compost at this time cover
it with mulch to control weeds. Apply a fungal food (humic and fulvic acids,
“.._.m.sﬁmn kelps, phosphate rock dusts) to your plants, and then give each tres
m,_.... _Eﬁ _mraau a mom &mbnr of your most ?:mm_ compost tea. 5pray e
 first.
. com-
e - E ﬁwwmanw wwﬂbnbmv and apply a soil drench after germina! | EM.
The st € mma.mn nor turn over the soil in the anit | bed>:
u__.__h.._._ IR dneal as soon as you <21 afer the 0"
————— Aa bacterially dominated tea. When planting 4!/ "
sre

e

..1 Eﬁﬂﬁﬁﬁ they will be planted. Use lots of
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- Sumit er

nuring the summer months you need to continue with the spray and drench

DU . . : nc

started in the spring, especially the first year after you stop usi
ng

Microbial activity should be taking care of lawn clippings. If they are acc
mulating at a noticeable rate, or the lawn is not greening up enough and _mm_.ﬁ
of water is not the cause, spray or sprinkle on a protozoa soup. A second appli-
cation of soybean meal or other microbe food is in order. It is useful to do more
Berlese funnel tests to see what is going on. Keep records for later comparisons.
Liberal applications of bacterially dominated compost and frequent re-
_,“.._m,___.____,.“_._i_ﬂw__m.,__\___..__”_w...BmE of green mulches will keep weeds down in vegetable and annual
gardens. Apply microbe food once every two weeks if needed.
~ Fungal compost and mulch should be applied liberally around trees,

shrubs, and perennials. Mix in any twigs or sticks these plants drop. You might
run these over with a lawn mower, in place, just to open them up a bit and
‘make them look neater.

- Any plants showing signs of disease or stress should be immediately

sprayed with compost tea followed by a soil drench of tea.

Jus - before the tree leaves start to drop, gather up a load of grass clippings for

Ul ¢ mpos ing, which should begin while the grass is still fresh and green. You
can also put some of this green mulch on annual and vegetable beds, even if
season is coming to an end. Use mycorrhizal fungi on the roots of any au-

transplants.

rn leaves that fall on lawns into a fine mulch with your mower (you may
to run over them more than once). Leave them in place. This will provide
ngal balance to the bacterially dominated teas you have been applying
m. Gather the rest of the leaves, every single one you can. Brown leaves
1 short supply when it comes to spring and summer composting.
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B ———

bout half the Jeaf mass within a month or so if it is warm (and by the ¢, y
abou |

. oen if it is cool).

spring, Mﬁ.u _MM mﬁo M.Mmuvwn microbial food of the appropriate type. Let th, o .
MM@ M M,,. m_mﬂu with full stomachs, wake up early, and start cycling nutriep

o gm harvests, have youl soils tested again and make some Berlese funne|
After ot too cold; compare these tests to those you took in the s pring

runs, if it 18 1
and summer. This
months so they are 1€d

will allow you to manage your soils during the wipte,
dy come next spring.

Winter
Spend winter reading up on the soil food web, surfing the Internet and brows-
ing libraries with that subject in mind. Thisis a new science, and its applications
to the home gardener are ever expanding. New products, such as specialized
predatory bacteria and nematodes that take out pests and pathogens, are being
introduced all the time. All sorts of new compost tea makers, sprayers, and
nutrient ingredients are hitting the market. There is a lot out there to help you
team with microbes, and you need to keep abreast of the latest developments,

Of course, just because it’s winter doesn’t mean you should stop using
compost teas. You can have an abbreviated soil food web system working for
your indoor plants; make sure the potting soils contain ample organic foods to
support the microbial life you are adding.

Finally, depending on where you live, your compost pile may still be w ork-
mEm Eﬁrm winter. Give it a few turns. You know the saying: a few go od turns
will make you a better gardener.




Chapter 22

No One Ever Fertilized an
Old Growth Forest

_0BS THE SOIL FOOD WEB really support plants? Will it work in your

d rd 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

t forest. Or simply close your eyes and visualize any wooded area you re-

ﬂmnﬁm You can almost hear a stream nearby, the wind running

oh the leaves. It 18 beautiful, majestic—and no one ever fertilized any of

\&Qm. Not one single time. How can this be? You know the answer.

ul plants in these beautiful areas are completely controlled by the

éng in which they live.

It often comes as a surprise when gardeners so reflect. Only then does the

-e of the realization hit: every single plant you are seeing produces exu-

@n@ -acts microbiology to its rhizosphere. This community in turn at-

racts micro- and macroarthropods, worms, mollusks, and the rest of a com-

lete soil food web. It 1s a natural system, and it operates just fine without

ference from man-made fertilizers, herbicides, and pesticides. Tall oaks

,aw_p acorns with no blue powders to feed them or nasty smelling

orotect them. Plants flourish nonetheless, thanks to bacteria, fungi,
_ggﬁe&mm, and the rest of the soil food web gang.

Hm possible to let the very same kind of soil food webs take over

_ong before construction, traffic, rototilling, the application of

&.ﬁ. chemicals, a healthy soil food web existed there. You can
u work with the microbes at the

t soil food web. We know. We

an even improve it. Once yo

yod web, wod, will reestablish tha

our @m hbors and friends have done it.
rodu mw& to Em basic science of soil food webs. You know

have been mﬂmommm to its benefits. With the mi-
,,.m._.m mﬁh mﬁﬂ re uﬁwﬂaﬁm My noﬁENm_ fungi

off e ¥
W
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$
|

stressed. And you don’t have to work so hard; you will have lots of helpers. Be
of all, you won’t have to worry about the affects of chemicals on you or you
family, pets, or friends.

Remember: no one ever fertilized an old growth forest. They didn’t have

You have been given the rules to garden using the soil food web. There are nof
art teaming with microbes and gef

you. Gardening with the soil food

LO),

many of them. What are you waiting for? St

that biology into your soils and working for

web is the natural way to grow.
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Appendix

The Soil Food Web
Gardening Rules

gome s prefer soils dominated by fungi; others prefer soils domi-
nated by bacteria.

~ 9. Most vegetables, annuals, and grasses prefer their nitrogen in nitrate form
and do best in bacterially dominated soils.

3. Most trees, shrubs, and perennials prefer their nitrogen in ammonium
form and do best in fungally dominated soils.

4, Compost can be used to inoculate beneficial microbes and life into soils
around your yard and introduce, maintain, or alter the soil food web in a
 particular area.

f%&m ir g compost and its soil food web to the surface of the soil will 1
late the soil with the same soil food web.

6. Aged, brown organic materials support fungi; fresh, green organic mate-

- ||......-.-.

rials support bacteria.

e I.-..Jn...r

”_.._.“_._L.__m_.._ M ulch ﬂﬁm on the surface tends to support fungi; mulch worked into the

ends to support bacteria.

it speeds up bacterial coloniza-

e, dr yer mulches support fungal activity.

€ % Wmlﬁ_.mm multiply and grow; kelp, humic and fulvic acids, and
k dusts help fungi grow.

e compost you begin with and what nutrients you add to
nake teas that are heavily fungal, bacterially dominated, 0T

- . E.F
g . -.. < ATe Verv ..... ..- ....|.. H ﬂen ﬁ@. OEOHEG g& wﬁﬁmmﬁaﬂmﬁd‘mm E gm ._U.mum
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13. Applications of synthetic fertilizers kill off most or all of the soil food web

microbes.

14. Stay away from additives that have high NPK numbers.

15. Follow any chemical spraying or soil drenching with an application of
compost tea.

16. Most conifers and hardwood trees (birch, oak, beech, hickory) form myc-

orrhizae with ectomycorrhizal fungi.

17. Most vegetables, annuals, grasses, shrubs, softwood trees, and perennials
form mycorrhizae with endomycorrhizal fungi.

18. Rototilling and excessive soil disturbance destroy or severely damage the
soil food web.

19. Always mix endomycorrhizal fungi with the seeds of annuals and vegeta-
bles at planting time or apply them to roots at transplanting time.
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866.476.7800, http://www.mycorrhizae.com/ index.php?cid=60.

T and J Enterprises, Thomas Giannou, 2328 W. Providence Ave.,
Spokane, WA 99205, 509.327.7670, http://www.tandjenterprises.com/.
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AACT. See compost tea

Aceria anthocoptes 79

acids 25, 29, 30, 41, 57, 58, 100
acids, amino 25, 45, 48, 55, 100, 120
acids, butyric 46

acids, carbonic 35, 66

acids, fulvic 141, 176

acids, humic 141, 156

acids, nitric 29

Actinomycetales 46

actinomycetes 46, 47, 121, 123

actively aerated compost tea. See
compost tea

active transport 45, 56

aeration 99, 128, 144, 153, 176

aerobic 32, 46, 51, 115, 120, 135, 167

Agrobacterium tumefaciens 51

air pollution 60

air pump 136

air stone 136, 137

Albugo 62

alcohols 32, 47, 50, 120, 122, 135
alders 103

alfalfa meal 124, 127, 131, 152, 168, 176
algae 28, 60, 6466, 82, 93

algae, blue-green 66

algae, green 59, 65

algae, yellow-green 65

ﬂ ww vera 141

aluminum 29, 34, 36, 39
Amanita muscaria 53,163

ammonia 46, 126

ammonium 40, 49, 50, 57, 73, 99, 101,
102, 154, 158

amoebae 70, 71, 72, 135

anaerobic 32, 34, 46, 50, 71, 115, 120,
124, 125, 126, 135, 136, 140, 143, 145,
160, 167

anion 40, 41, 42, 100

annuals 26, 61,101, 102, 103, 114, 133,
143, 165-174, 176,177,179

antibiotics 25, 49, 51, 63, 119

ant lions 80

ants 19, 80, 82, 123

aphids 11, 164, 172, 173

apical growth 55

Aporrectodea 85

apples 51

Arachnida 79

Armillaria mellea 63

Arthrobacter 121

Arthrobotrys dactyloides 58
arthropods 22, 27, 74, 78-84; 95, 99, 105,

106, 107, 128, 130, 145, 151
Ascophyllum nodosum 141
aspens 103, 159
Ataenius 146

autotrophs 71
autumn 168, 174, 177

azaleas 103
Azotobacter 48
Azospirillum 43
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Bacillus 120

Bacillus thuringiensis 173

Bacillariophyta 65

bacteria 19, 21, 22, 24, 25, 26, 28, 29, 39,
42, 43-51, 52, 54, 55, 56, 57, 62, 64,
66, 69, 70, 71, 74, 75, 76, 82, 86, 87,
88, 89, 99, 100, 101, 102, 103, 105,
108, 109, 114,117, 118, 119, 120, 121,
1220123 124, 127, 128130, 132, 153,
136, 139, 140, 141, 143, 144, 148, 149,
150, 151, 152, 156, 160, 161, 162, 165,
167,170, 174,176, 178, 179

bacteria, active 111, 112, 135

bacteria, aerobic 46

bacteria, anaerobic 46, 50, 84

bacteria, denitrifying 48

bacteria, nitrifying 57, 58, 66, 73, 76, 100

bacteria, pathogenic 24, 46, 51

bacteria, psychrophilic 121

bacterial slime 23, 26, 26, 37, 49, 50, 57,
725 995100, 155, 159, 149

bacterivores 75, 76

baking soda 139

bark 124, 131

bark chips 129, 131

basidiomycetes 120, 123

beach 102

beeches 103, 162

bees 80, 84

beetles 24, 39, 66, 78, 80, 82, 105, 106,

108, 127

beetles, ground 173
beetles, ladybird 11
beetles, Mexican bean 171
beetles, pine shoot 81
beetles, predatory 81
beetles, rove 93, 123, 173
beets 170
Berlese, Giovanni 106
Berlese funnel 106, 107, 108, 109, 151,
175, 177,178
biofilm. See bacterial slime

biomass, bacterial 25,102,103, 109, 111
159 g

biomass, fungal 25, 101, 102, 103, 109,
110, 154, 159, 160

bioslime. See bacterial slime

Bipolaris 146

birches 11, 12, 158, 162

birds 19, 20, 24, 89, 93, 94-95, 150

black spot 51, 149

blood meal 152

blueberries 141, 162

Botrytis cinerea 62

Brassicaceae 169

branches 119, 124

broccoli 103, 170

brown material 44, 47, 122, 123, 124, 128

brown patch 146

brown rot 120

Bt. See Bacillus thuringiensis

bugs 80

bugs, assassin 173

bugs, pill 80

bugs, sow 80

bugs, spined soldier 171

bugs, stink 172

Burkholderia cepecia 51

burrows 89

butterflies 78, 80

C:N ratio 123, 124, 131, 132

cabbages 169

calcium 29, 39, 40, 61, 87, 91, 92, 153

calcium carbonate 87

cane syrup 140

carbohydrates 21, 61, 88, 102, 122, 128

carbon 15, 19, 22, 44, 47, 48, 55, 115, 119,
121, 123, 124, 132, 140, 160, 168

carbon dioxide 29, 32, 47

cardboard 128

carrots 103

Carson, Rachel 11

caterpillars 78, 173

caterpillars, eastern tent 172

cation 40, 41, 100

cation exchange capacity 14, 41, 87, 109
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cation exchange site 41
CEC. See cation exchange capacity
cedar chips 131
Cellulomonas 47
cellulose 47, 52, 55, 56, 63, 64, 84, 88, 90,
102, 120, 122, 131
centipedes 19, 80, 105, 106, 123
chafers 146
chemicals 14, 26, 179, 180
chemoautotrophs 47
chemosynthesizers 19
Chenopodiaceae 170
chickweeds 147, 154, 171
Chilopoda 80
chipmunks 94, 95
chitin 47, 52, 55, 56, 75, 78, 93, 123
chloride 40
chlorine 140, 153
chloromine 140
chlorophyll 52
Chlorophyta 65
cicadas 81
ciliates 70, 71, 72, 135
citrus canker 51
clay 34, 35, 36, 37, 40, 41, 100
Clostridium 46, 48
clover 147, 153
cockroaches 80
cole crops 103
Coleoptera 80
Collembola 83
compaction 153, 159
competition 24
compost 114, 115, 117-128, 133, 134,
135, 136, 137, 138, 139, 140, 141, 147,
148, 154, 155, 160, 164, 168, 173, 174,
175,176, 179
compost, bacterially dominated 128, 174,
177
compost, cold 115, 127
compost, fungally dominated 128, 160,
177
Compost, hot 126, 127
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compost, instant 127
compost extracts 134
compost inoculum 121
compost leachates 134

compost tea 114, 115, 134-147, 153, 154,
155, 156, 160, 161, 164, 168, 176, 177,
178

compost tea, bacterially dominated 146,
156, 167, 174, 175, 176, 177

compost tea, fungally dominated 146,
176

compost tea brewers 136, 137, 178
concrete sprayer 144
copper 57, 61

corn 103

corn gluten 153, 170
cotoneasters 103
cottonseed meal 152
cottonwoods 103, 158
crickets 80

crickets, mole 81
crickets, Mormon 80
cucumbers 51
Curvularia 146
cutworms 78, 146, 173
Cyanophyta 66

cyst 72

cytoplasm 54, 55, 68

daddy longlegs 79
damping off 146
damselflies 80
dandelions 11, 153

Darwin, Charles 86
decay 23, 24, 46, 47, 55, 56, 66, 88, 935
119, 124, 125, 129, 132, 133, 145, 152,
161,177,179
decomposition 11, 34,
deer 94

depolymerization 120
diatomaceous earth 65

diatoms 64, 65
Dictyosteliomycota 66
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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, 155, 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,
51501655167, 170,176, 179

earthworms, Wisconsin red wiggler 85

earwigs 80

E. coli. See Escherichia coli

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, 156,
158,179

fertilizer, chemical 11, 23, 26, 27, 114,
145, 148, 149, 154, 164, 170, 171, 173.
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, 52—-63, 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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fungi, coral 52

fungi, ectomycorrhizal 60, 61, 162, 176,
179

fungi, endomycorrhizal 60, 61, 155, 162,
163

fungi, mycorrhizal 25, 60, 61, 102, 133,
142, 151, 155, 159, 162, 163, 169, 170,
1705 X75, 177

fungi, parasitic 62

fungi, pathogenic 62

fungi, puftball 52

fungi, rust 62

fungicides 27, 60, 95, 109, 114, 124

fungivores 75, 76

fungus, oak root 63

fungus gnats, dark-winged 81, 82

Fusarium oxysporum 63

fusarium wilt 63

Gaeumannomyces 146

gamasids 82

gastropods 91-93, 106, 107

Glomales 37

glomalin 37

glucose 120

glycoproteins 92

| gophers 94

Gramineae 169

| grass 26, 61, 84, 101, 133

grass, bent 147

grass, lawn 128, 130, 131, 152, 158, 160

grass, quack 147, 153

grass clippings 11, 115, 119, 124, 129,
133, 149, 151, 152, 156, 167, 168, 175,
177

grasshoppers 80

grasslands 102

grass seed 155

gray mold 149

green lacewings 173

8reen material 44, 121, 122, 123, 124

groundhogs 92

- grubs 75, 14¢
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guano 89
gypsum 34, 155

hay 133

heath 162

Heliospirillum 120

hemicelluloses 121

herbicides 11, 27, 95, 114, 124, 157, 158,
170, 173,179

herbivores 75, 76, 99

hermaphrodites 92

heterotrophs 71

hickories 162

hormones 99

hornets 173

hornworms 172

humate 142

humic acid 141, 156, 176

humus 31, 33, 36, 37, 40, 100, 120

hydrogen 40, 41

hydrogen peroxide 139

hydrogen sulfide 46

hyphae, fungal 12, 14, 19, 23, 27, 37, 52,
54, 55, 58, 75, 99, 102, 117, 135, 144

immobilization 23, 25, 44, 56, 59, 73, 76,
99, 132

Ingham, Elaine 10, 13, 25

Insecta 23, 56, 79, 80, 99, 146, 164, 171,
172

insecticide 12, 173

ions 40, 44, 57

iron 19, 29, 34, 36, 39, 40, 57, 61

ivy 147

Jefferson, Thomas 166

kale 93

katydids 80

kelp 141, 176

king bolete 53

kitchen scraps 119, 124

kiwi 121
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lacewings 11, 80

lacewings, green 173

ladybird beetles 19, 172

Laetisaria 146

Jamb’s-quarters 170

larvae 19, 66, 78, 95, 99, 105, 171, 173

lawns 11, 103, 104, 105, 114, 128, 130,
143, 158, 159, 165, 176, 177, 179

leaching 50

leaf curl 51

leaf spots 146

leaves 115, 124, 126, 128, 129, 130, 131,
132, 134, 143, 145, 156, 160, 162, 174,
1755176

leaves, autumn 119, 149, 176, 177

Leptosphaeria 146

lettuce 93, 103

lice 80

lichens 30, 59, 60, 66, 82, 93

lignin 47, 55, 56, 63, 88, 102, 122, 123,
131

lilacs 103, 158

lime 155

Limonomyces 146

lizards 93

loam 36

Lumbricus terrestris 85

macroarthropods 78, 84, 105, 106, 108,
127,129, 154, 170, 179

MacroScope 107, 151

maggots, fly 173

maggots, root 81, 173

Magnaporthe 146

magnesium 29, 34, 36, 40, 61

Malacostraca 80

malt 141

mmals 24, 28, 94-95 99, 105

manganese 34

mantids 80

mantids, praying 11

manure 12, 119, 129, 148, 166

manure tea 134, 135

maples 103

maple syrup 140

maturation stage 122, 123

mayflies 80

meats 119

melons 51

mesophilic stage 120, 121, 122

methane 71, 84

mice 92, 154

microarthropods 59, 73, 78, 84, 94, 104,
106, 108, 117, 127, 128, 129, 130, 151,
154, 165, 170, 179

microbe food 151, 152, 176, 177

microbes 19, 26, 31, 60, 108, 114, 115,
BEGNNL7 5119 120,125, 127,131, 132,
1935195651575 138, 165, 139, 140, 141,
142, 143, 144, 147, 148, 149, 150, 153,
155, 160, 161, 170,175, 178, 179, 180

microbial populations 86, 117

microbiology 12, 14, 26, 100, 109, 134,
143, 144, 145, 147, 148, 150, 151, 161,
165, 170, 175, 179

Microdochium 146

microorganisms 19, 25, 40, 42, 86, 88, 89,
94,108,114, 115,119, 162

microscope, electron 12, 13, 21, 35, 71,
104

mildew 149

mildew, downy 62, 146

mildew, powdery 62, 146

millipedes 80, 105, 106, 127

minerals 31, 33

mineralization 23, 25, 44, 73, 74, 75, 76

mites 39, 78, 79, 81, 82, 84, 123, 165, 173,
176

mites, dust 80

mites, gamasid 82, 83

mites, oribatid 82, 83

mites, rust 79

mites, spider 173

miticides 95, 124

molasses 140, 143

mold, gray 62, 149
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mold, leaf 149 nitrate 26, 40, 48, 49, 57, 58, 73, 76, 99
moles 89, 94, 95 100, 101, 147, 148, 152, 158, 159, 165
Mollusca 91 166, 168, 171 “.
mollusks 91, 179 nitrite 48, 49
moose 94 Nitrobacter 49
mosquitoes 173 nitrogen 12, 15, 19, 26, 44, 47, 57, 58, 76,
mosses 30, 82, 154 87,115, 119, 120, 151, 154, 160, 168,
moths 80 170, 179 %5
mucilage 66 nitrogen, ammonium form 26, 76, 100,
mulch 108, 115, 129-133, 134, 139, 152, 10,119, 158

160, 164, 167, 175, 177 nitrogen, nitrate form 26, 101, 119 _
mulch, bacterial 170 nitrogenase 66 1 £
mulch, brown 130, 131, 133, 160, 168 nitrogen cycle 48, 147 7,
mulch, fungal 177 nitrogen-based fertilizers 11, 26, 100, 148 |
mulch, green 133, 167, 168, 176, 177 nitrogen fixation 48
mulch, organic 115, 129, 130 Nitrosomonas 49
mushrooms 54, 58, 108, 152, 154, 163,176 NPK 14, 151, 162, 167
mustards 169 nucleic acid 48
mycelia 52, 108, 141 nucleus 43, 52, 69
mycorrhizae 60, 152, 161, 163, 164, 169, nutrients, microbial 115

174 nut sedges 147
mycorrhizae, ericaceous 162
mycorrhizal. See fungi, mycorrhizal oaks 62, 63, 103, 162, 179

| mycorrhizal spores 162 oat bran 141
myxamoebae 66, 67, 68 oatmeal 141
Myxomycota 66 oats 62
oligochaetes 85

necrotic ring spot 146 onions 51

__ nematodes 12, 13, 14, 19, 21,22, 24,26,  operculum 91

_ 39, 49, 54, 58, 72, 73, 74-77, 78, 82, 84, oranges 141

: 86, 90, 93, 99, 100, 105, 108, 109, 111, organics. See organic matter

w 114, 117, 120, 122, 130, 133, 135,136,  organic matter 19, 20, 28, 31,33, 34, 36,

| 139, 146, 148, 151, 154, 159, 168, 173, 37 41,43, 45, 52, 56, 57, 65, 82, 84,
53. 108, 114, 119, 120, 121, 123, 124,

174,178,179 =
nematodes, bacteria-eating 74, 75 126, 128, 130, 175,
nematodes, ectoparasitic 75 osmosis 45, 140

osmotic shock 148
oxygen 27,29, 31, 32,72, 9%, 120, 121,

143, 160
oyster mushroom 58

nematodes, endoparasitic 75
nematodes, fungi-eating 74, 75
nematodes, plant-eating 74, 75
nematodes, predatory 74, 75
nematodes, root-eating 75, 11 gt 1
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rairie dogs 94
PP Ew... Mwm.ﬁwm@ WE&@SE 13,79, 127, 144, 172
MMHMMMM EH 27,51, 63, 115,121, 127, E@.Hm% decomposers 43, 44
146, 150, 165, 179 primary producers 64
_.H prokaryotes 43
P 130 prostomium 86, 87
ﬁm“ﬁ._mwmwwm 63 proteins 44, 92, 120, 122, 125, 128, 138,
penicil ;
: - 143, 156
EHMMM_MJM u H_ww (ke protozoa 19, 21, 22, 24, 26, 28, 43, 49, 50,
_ﬁ pesticides _w_ 27,60, 95, 108, 114, 124, 56, 58, 66, 69-73, 74, 76, 82, 86, 89,
_k 130, 156, 157, 173, 179, 179 90, 99, 100, 102, 105, 108, 111, 114,
| pH 14, 26, 41, 42, 47, 49, 57, 63,99, 100, 117, 120, 130, 133, 139, 146, 143, 149,
| 109, 118, 124, 148, 154, 155, 165 151, 159, 160, 165, 170, WE, 179
| : rotozoa soup 154, 168, 17
; S Wmmxmaﬁosﬁwmr 121
| phenology 147 .
_ phenol oxidase 55 pseudopodia 70
| phosphate 40, 87, 130 wmmﬂmowomm 70
| phosphate rock dusts 141, 176 psocids 80
| phosphorus 25, 57, 61, 151, 152, 160, 164 Puccinia 146
| photoautotrophs 64 Pythium 146, 160
__ @roﬁomﬁﬁrmam 20,71
phyllosphere 25, 134, 146, 161 rabbits 94
Physarum 67 red thread 146
Phytophthora 62, 146 reptiles 94-95
pill bugs 80 Rhizobium 438
pine needles 129, 131 Rhizoctonia 160
pines 60, 62, 162 Rhizoctonia cerealis 146
pink patch 146 Rhizoctonia solani 146
Placentonema gigantissima 74 rhizosphere 21, 22, 23, 25, 42, 45, 49, 50,
plantains 147 76,99, 132, 132, 165, 168, 179
plant succession 25, 101 rhododendrons 103, 146, 162
plasmodia 68 rice 66
Plasmopara 62 robins 81, 95

Pleurotus ostreatiis 58

plug aeration 152, 153, 160
polysaccharides 37, 128

rock crawlers 80
root hairs 81

root tip 21, 22, 41, 45

poplars 103 rots 149

pores. See soil porosity rots, crown 146

potash 87 rots, stem 160

potassium 29, 34, 40, 151 rots, root 62, 146, 160

potatoes 51 rototilling 11, 25, 27, 89, 95, 104, 1 16,
pot worms 85 166, 167,171

powdered algae 141

roundworms 74
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row crops 99, 167
rusts 146
rusts, white 62

rye 62

salamanders 82, 93
salts 148, 149
sand 34, 35, 36, 41
sawdust 119, 124, 131
sawflies 80
scale 146, 173
_ Sclerophthora 62, 146
Sclerotinia 146
scorpions 79
seaweed 129
| seeds 148
f septa 52, 54
shredders 26, 79, 81, 88, 129
shrews 154
shrubs 26, 61, 105, 117, 133, 134, 143,
158-164, 176,177, 179
silicon 29
| silt 34, 35, 36, 37, 41
silverfish 80
____ slime molds 64, 66—68
slime molds, cellular 66
slime molds, plasmodial 66, 67
| slugs 19, 26, 75, 91, 105, 106, 123, 168, 173
| slugs, red 92
snails 91, 105, 123, 173
| snakes 93, 94
snap beans 171
snow mold, gray 146
snow mold, pink 146
soaker hose 137
sodium 29, 40
soil, acidic 41
._m.@mr. alkaline 41
soil, humic 33
soil, sapric 33
soil color 34
s0il compaction 60, 95, 152, 159, 160
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soil drench 144, 145, 161, 167, 168, 170,
175,176

Soil Foodweb, Inc. 109, 10T, 112,413

soil food web 19-27, 99103

soil food web gardening rules 100, 101,
I17;5°019, 124, 128, 130, 132, 133, 139,
147, 148, 151, 155, 158, 162, 166, 169, I

170, 171, 173, 174, 175, 177, 178, 179,
180, 181-182

soil horizon 33

soil peds 37, 38

soil porosity 14, 32, 36, 89, 90, 99, 167

soil profiles 33

soil science 28—42

soil structure 23, 37, 39, 99, 150, 159,
165, 166, 167

soil texture 14, 34, 35, 36, 37, 41, 51, 76

soybean meal 141, 176

sow bugs 80, 123

spiders 19, 23, 39, 78, 79, 83, 93, 105, 123,
171

spinach 170

Spitzenkorper 55
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sporangia 68

spores, fungal 54, 54, 55, 62, 63, 66, 120

sprayers, concrete 144, 156

sprayers, electrostatic 144

sprayers, garden 144

spring 176, 177

springtails 19, 39, 59, 80, 82, 83, 105, 103,
123

spruces 11

squirrels 94

Staphylococcus 63

stoneflies 80
straw 119, 129, 133, 168
strawberries 62
Streptomyces 46,121
streptomycin 25
stripe smut 146 -
ssion 25, 65,
MHMMWMMM“P 45, 55, 92, 102, 121, 140,

141, 152, 168
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. sulfate 40
sulfur 19, 47, 48, 130, 155, 170
summer 177, 178
summer patch 146

take-all 146

tannin 124

termites 71, 80, 84

terpenes 131

Thanasimus formicarius 81
thermophilic stage 120, 121, 122, 123
thrips 80

ticks 79

toadstools 62

tomatoes 13, 51, 63, 103, 165
traveling sprinkler 144, 156, 157

trees 26, 95, 103, 105, 117, 133, 134, 143,

158-164, 176,177, 179
._ trees, coniferous 60, 101, 102, 104, 158,
trees, deciduous 103
ﬂmnm, rﬁ&ieom @@ 101, 162

vermicastings 87, 128, 140
vermicompost 85, 128
vesicular-arbuscular mycorrhizae 155
vinegar 46, 126, 155

vitamins 63, 99

voles 94

walking sticks 80

Washington, George 166

wasps 75, 80, 84

wasps, braconid 172

water 31, 32, 132

water, capillary 32, 35, 36, 37

water, dechlorinated 109, 115, 133, 135

water, gravitational 32, 35

water, hydroscopic 32, 72

weathering 29, 30, 33, 34, 66

web spinners 80

weeds 124, 128,129, 148, 158, 167, 170

weevils 75, 146

wheat 51, 62, 103

whiteflies 146, 173

winter 174, 178

wood chips 115, 119, 124, 129, 130, 131,
152

worms. See earthworms

Xanthophyta 65

yellow patch 146

mm@_nmm 141

nc 57, 61, 143
N@Eﬁﬁw@bm 80




Jeft Lowe i fels is + mem-
BEL Ol Lo Writers
of America Hall of Fame
and has been writing a
weekly column for the
Anchorage Daily News
since 1977. A native New
Yorker, he now works as
an attorney in Alaska and

is a leading proponent of

gardening using the con-
cepts of the soil food web.

Wayne Lewis is a lifelong
Alaskan gardener. He has
worked with Jeff on many
projects over the past 20
years, including the now
national Plant a Row for

the Hungry program
(started in Anchorage by

Jetf), which encourages
gardeners to donate a
portion of their harvest to charitable organiza-
tions in their community.

Jacket front photos, background: Endomycorrhizal fungi
penetrating roots. Courtesy L. H. Rhodes. Reprinted,
with permission, from http://www.apsnet.org/, American
Phytopathological Society, St. Paul, Minnesota.

Circle upper left: Bacterial biofilm on stainless steel,
1600%. Image copyright Dennis Kunkel Microscopy, Inc.
Circle midline: Electron microscope photograph of
organic compost humus (brown), decaying plant material
(green), and some mineral particles (purple and yellow),
25%. Image copyright Dennis Kunkel Microscopy, Inc.
Circle lower left: Diatom skeletons, 445x. Image copyright
Dennis Kunkel Microscopy, Inc.

| Jacket back photo, courtesy USDA-NRCS.

Authors’ photos by Judith Hoersting.
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