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

*;..
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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




Compost
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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

129




130

Teaming with Microbes

e ————————

(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!




Mulch
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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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Chapter 17/
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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