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the interactions of these organisms, which
feed on one another and in doing so provide
an environment in which plants can grow
and prosper. When we use chemical fertiliz-
ers, we injure the microbial life that sustains
healthy plants, and thus become increasingly
dependent on an arsenal of artificial sub-
stances, many of them toxic to humans as
well as other forms of life. But there is an alter-
native to this vicious circle: to garden in a way
that strengthens, rather than destroys, the soil
food web.

Teaming with Microbes enlightens readers
in two important ways. First, in clear, straight-
forward language, it describes the activities of
the organisms that make up the soil food web,
from the simplest of single-cell organisms to
more familiar multicellular animals such as
insects, worms, and mammals. Knowing how
each of these groups contributes to the soil
drives home the complexity and fragility of
their interactions, and promotes respect for
their integrity. Second, the book explains
how to foster and cultivate the life of the soil
through the use of compost, mulches, and
compost teas.

By eschewing jargon and overly technical
language, the authors make the benefits of
cultivating the soil food web available to a
wide audience, from devotees of organic gar-
dening techniques to weekend gardeners who
simply want to grow healthy, vigorous plants
without resorting 1o chemicals.

£17.99
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We dedicate this book to
our wives, [udith Haersting and Carol Lewis,
who allowed us to team with microbes in the first place.
They married gardeners and ended up with
amateur microbiologists. They let compost tea brew
in the kitchen. They put up with fungi, bacteria,
nematodes, spiders, and worms. They remained silent
when we fook the molasses from the cupboard.
They learned to turn compost piles and to
appreciate mushrooms in our lawns.
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Foreword

If you go down in the dirt today, you'd better not go alone!
For today’s the day the nematodes have their picnic]
Sung to the turne of “The Teddy Bears' Picnic™

J =pwords to popular songs i always sood! Soil shouldn't be so ber-

i, but urban landscapes mean dead dire. It means being bent over

croscope for long hours looking at . . . nothing but inert particles. Boring.
And 50, we make up words to songs.

Real swoil s active, alive, moving! Critters everywhere, doing intevesting
thinig "5 need to mvent new lyrics to old songs. No bours staring throagh 2
miicroscope looking at micrometer after micrometer of boring—nothing hap-
pening. Instead, after just 2 few seconds—movement, life, action!

Utban dwellers and other growers have been pouring toxic chemicals oo
their soils for years, without recognizing that those chemicals harm the very
things that make soil healthy. Use of toxics fo any cxtent creates a habssat for
ﬂ:c'“mﬁa‘ofrhrwﬂ,mmbanwmmbykﬁhgdfﬂkmmdﬂanni
ﬁmthatcompcmwilhzb:badguﬂmdhrplhemuhmm
and the nutritional content of yous food, because of the loss, eventually, of the
beneficials in the soil If toxic materil was applied ouly once in your [if, the
bad situation we have today would not have developed. bust typically with that
firs application, thowusands of organisms that wese bencfical 1o your plasis

v T;es.\' ¥OU ARE S0RED looking at “soil” from urban lawns, making
a mc

were killed as well, bt good guys are gove, and they




d them—bacteria,
back to your soil.
at the beneficials get
podweb, Inc., helps
foothold for health 1o
s these hardworking
) dﬂthq’!ﬂ'!’ Who
N0t toxics, to help the re-

1 your soil if you don't know
. “mhﬁmmﬁon" about
material has never been
in your soil, don’t use /.-
ct, test it yourself.

a particularly bad infestatic
t, not as your first respor
er to'replace the good guy:

You may lose a few battlc:
ndage lnﬂmtfmm lines of the

Preface

E WERE TYPICAL suburban gardeners. Each year, at the beginning
of the growing season, we carpet bombed our lawns with a mega-
dose of water-soluble, high-nitrogen fertilizer and watered like
crazy; then we strafed their weeds witha popular broadleaf herbicide: Next, we
attacked our vegetable gardens and flower beds with a bag or two of commer-
cial fertilizer and leveled them with a rototiller until the soil, the color and tex-
ture of finely ground coffee, lay as smooth and level as the Bonneville Salt Flats.
These things we did religiously, as did most of our neighbors. Once was never
enough cither. We continued to use chemical fertilizers throughout the season
asif we were competing in the large-vegetable contest at the Alaska State Fair—
and at the end of the scason we rototilled again, for some inexplicable reason.
When necessary (and it often was), we would suit up into protective cloth-
ing—complete with rubber gloves and a face mask—and paint our birches to
protect them from invading aphids by using some god-awful smelling stuff
that listed ingredients no normal person could pronounce, assuming he or she
took the time to read the incredibly small print on the chemical's label. Then
we sprayed our spruce trees with something that smelled even worse—some-
thing so strong, one application lasted not one but two years. It was a good
thing we did protect ourselves, as both spray products are now off the market,
withdrawn as health hazards.
Don't misunderstand us. At the same time we were also practicing what we
considered to be an “appropriate” measure of environmental responsibility
‘and political correctness. We left the grass clippings on the lawn to decompose
‘and tilled fallen leaves into the garden beds, and occasi.onaﬂr we let loose
‘batches of Jacewings, ladybird beetles, and praying mantids—our “""““mf
integrated pest management. We composted. Werﬁ)“l‘d"“"m .
aluminum cans, We fed the birds and allowed all manner of wildlife to wandez
im our yards, In our minds we were pretty arganic and environmentally con-
scious (if not downright responsible). In short, we were like mose hame -
 deners, maintaining just the right b
 and at least some of Rachel Carson’s teachings.

i 1"




ter-soluble, high-nitrogen fertilizer.
1t sure made the plants grow. And
mm a nonselective, broadleaf one.
an insecticide 0o, but when we considered

rite nurseries, these didn't amount to much

n't be yrm when we were only trying 1o
wmméanddmns and chickweed from

for our gardens and yards was a notion shared
deners and, until you finish this book, perhaps

didn't care if their nitrogen and other nutrients
o ﬁﬁ:mntagcd manure. It is all nitro

3 ‘the gardens were put to bed and we were sctiling
1 hmm hold our horticultural interest for
friend e-mailed two stunning electron micro
[he first showed in exquisite detail 3 nematode trap ;- by a
gal strand, or hypha. Wow! This was quite a picture —  'un

de! We had never heard of. much less seen such 1 hing
how did the fungus kill its prey? What =000l
Hings of the fungus in the first place? How o0 the

ed what appeared to be a similar nematoco oni
al hyphae and had entered the tomato root
s. Why wasti't this nematode attacked, ind

Preface

While researching the answers to these

questions, we stumbled upon th
work of Dr. Elaine Ingham, a sail A

: microbiologist famous for her work with the
life that resides in soil and, in particular, who eats whom in the soil world. Since

some organismis eat from more than one food chain or are eaten by more than
one type of predator, the chains are linked into webs—soil food wbs. ingham,
an excellent teacher, became our guide to the whale world of complex commu-
nities in the soil. Through her we learned that the fungus in the first photo-
graph was protecting the plant's roots; if that wasn't enough to make us stop
and think, we learned the plant attracted the fungus to its roots in the first in-
stance! And we also learned what killed the fungus that would have prevented
the nematode from attacking the tomato root.

Narurally, we began to wonder what other heretofore-unseen things were
going on down there in the soil. Might the world revealed to us by tools like the
electron micrascopes affect how we care for the plants in our gardens, vards,
and lawns? We have all been dazzled by Hubble images of deep space, incom-
prehensibly far away, yet few of us have ever had the opportunity to marvel at

the 1 hs produced by a scanning electron microscope (SEM), which
provi dow toan equally unknown universe literally right under our feet.

: ed for answers. and soon realized that while we were out spreading
fertili nd rototilling our garden beds by rote, an ever-growing group of sci-
entists around the world had been making discovery after discovery that put
these praciices into question. Many scientific disciplines—microbiology, bacte-

riology, mycology ( the study of fungi), myrmecology {the study of ants), chem-
istry, agriculture—came together in recent decades to focus jointly on under-
stunding the world of soil. Slowly, their findings about what goes on in the soil
are being applied to commercial agriculture, silviculture, and viniculture. It is
time we applied this science to things we grow in our home yards and gardens.

With no fungal hyphae barring
the way, 2 NeMatode penetrals ¥
tomato rool o feed. Moangmapn by
SRS
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Pret
Time 15

...... TV garden
and slick commercial pitches . bottie oF gardeners, everything we needed
Erees If e to know came in a bottie or jar and all we had to do w as mux with water and
X IR Sty irncder
: mi“n‘ = apply with a hose-end sprayer: instant cookin § Meets home gardening, Some
ijm alwavs armted
M‘ hobby. Well, we want vou to be tunking gardeners, not mindless consumens

M ad these pase
mg\s Vou Téad ihe who react because a maganine or television ad savs to do womething. If you re-

ally want to be a good gardener, vou need o understand
10 anderstand what is going on in
. mmqhama! fertilizers kall . vout soil
als, the svstem we espoase is an or- Sa, here goes. We now know all nitrogen 1s not the same and that if vou Jet

‘_'1, OO - pe } - - 1 vh 3 - L i
] mmm Yalled off the roor the plants and the biwology m the soil do ther jobs, gardening becomes much
m&e friend access 1o the nnpr ¢asier and gardens much better. May vour yard

¢ and vout gardens grow to their
npatural b]m'. Wi know ours now do

) uhﬁmﬂnsmsunee.&\. SCIETICC iS
‘e v not to make a textbook out of 1 The
“how to/work the soil food web

' 'Mm isasetof pl‘tlil't'lilhlﬂ out-
or lack thereof. In the second half ot the



Part 1

The Basic Science

t
i t hurnus (brown), decaying plan

'microsc hotograph of organic compos e
gﬁeﬂ) :Tdiom?minem particles (purple and yellow),

s Kunkel Microscopy, Inc.




Chapter 1

What Is the Soil Food Web and
Why Should Gardeners Care?

IVEN ITS VITAL IMPORTANCE to our hobby, it is amazing that most of

G us don't venture beyond the understanding that good soil supports

plant life, and poor soil doesn't. You've undoubtedly seen worms in

sood soil, and unless you habitually use pesticides, you should have come

across other soil life; centipedes, springtails, ants, slugs, ladybird beetle larvae,

and more. Most of this life is on the surface, in the first 4 inches (10 centime-

ters): some soil microbes have even been discovered living comfortably an in-

credible two miles beneath the surface. Good soil, however, is not just a few

animals. Good soil is absolutely teeming with life, vet seldom does the realiza-
tion that this 4 so engender a reaction of satisfaction.

In addition o all the living organisms you can see in garden soils (for ex-

ample, there are up to 50 carthworms in a square foot [0.09 square meters| of
good soil), there isa w hole world of soil organisms that you cannot see unless
you use sophisticated and expensive optics. Only then do the tiny, microscopic
organisms—bacteria, fungt protozoa, nematodes—appear, and in numbers
“that are nothing less than staggering. A mere teaspoon of good garden soil, as
‘measured by microbial geneticists, contains a billion invisible bacteria, several
‘yards of equally invisible fungal hyphae, several thousand protozoa, and a few
‘dozen nematodes.

The common denominator of all soil life is that every organism needs en-
\ergy to survive. While a few bacteria, known as chemosynthesizers, derive
“energy from sulfur. nitrogen, or even iron compounds, the rest have to cut
something contuining carbon in order to get the energy they need to sustain
i hon may come from organic material supplied by plants, ml’l_‘?"'
by other arganisms, or the bodies of other organisms. The ﬁ“‘
business of all soil lifc is obtaining carbon to fucl metabolism—it is

d-be-eaten world, in and on soil. .
 remember the children's song about an old lady who accidentally

2 fly? She then swallows 4 spider |“1hnlmimkdah¢w#
:her'l.mumh:hcﬂy.mdmenabirdmaﬂ&ew.nﬂs-
e eats a horse and dies ("Of course!™). If you made a diagram of

19
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The rhoogihere iy 5= ares
of ingETaction betwesr, the
wirtace of a plant root ang
he area surroanding it
Sactena and other s
rgEnnr = el 5o
ot fill the area 10000
Promoarast Dy Santtea Gives,
USDe sfs

Root ox £ ave = the form of arbobvdrates (induding sogars) and pro-
teins, Amarouchy, thaar presence wakes wp, stracys, and grows specific henef-
s the soal tha subsist on these exudates and the
celtuiar — donsphed off 23 the plant’s root tips grow. All thes secretion of
cxudates =gt of cells ks place I the rhizosphere, 2 s -
maodiatels wots, exiending ol heut 2 terth of 2n indh. o2 cou-
ple ol =2 ==llimeter = = inch | The rhizosphere. winch can leck
bk 2 jeils = umder the dlectom microscope. Contains 3 constantly Chang-
D o of - gamsme. Induding bacieria, Ames, nematodes. profoeoa, sad
even Jarges organisons, Al this “life” competes for the exndstes in the rhim-
spbere, of its water 0r mineral content.

At the botzom of the sal food web are hacrerie and fongl. winch are at-
tracted 10 and consEme plamt rom cxudates. In Tom, they antract and arc ez
by bigeer microbes, specifically nematodes and protezoa (remember the
amochas, paramecia. flagcliztes, and Glistes vou shoald have stadhed = hiok
QEY?), who cat bacreria and fungl | primariy for carhon) to fuel their meesbalic
functions. Anvthing they don't need is excreted as wastes. which plamt Toots 2=
readiily able 10 shsorb as nutrients. How convesient that this production of
Pl nurrients takes place right @ the rhizesphere. the site of mot-asnest
At the center of any iable soil food web are plants. Planss control the food
e fr their own benefit, an amazing fact that i 100 bttle maderanod and
; '“ i b deners who arc comstznth imeriering with Na-
wotern. Srudies indicate that indsidusl plents a2 control the smmbers
: deuﬂmmw*w




af times of the growing season, populs
% wax and wane, depending on the ny
ps it produices.
bags of fertilizer, retaining in their
ihergam from root exudates and othe
off root-tip cells). Carrying on t}
actaa‘femha:r spreaders” by releasing
ria and fungi “fertilizer bags.” The nema
g and eat the bacteria and fungi is
| to strvive and excrete excess carbo;

&5, then, plants produce exudates that attract fung
ely, nematodes and protozoa); their survival di

3 these microbes. It is a completely natura
t has fueled plants since they evolved. Soil Lifc |
—' ! E&.mdplm!s imitiate and fuel the

WO&M fangi and bacteria attracted
mwmﬂds {animals with segmented

me?mng called an exoskeleton

What Is the Soil Food Wets
Insects, spiders, even shrimp and lobsters are ary
gach other and themselves are the food of snakes, birds moles, and other

. . . s i A1 er ani
mals. Simply put, the soil is one big fast-food restaur il
this eating, members of a soil food web move about in se¢

hiulnu 5 Sonl l1[h'np.u_.r.“r

In the course of all

. ; . arch of prey or pro
tection, and while they do, they have an impact on the soil

Bacteria are s0 small they need to stick 1o things, or they will wash away: to
attach themselves, they produce a slime, the secondary result of which is 'Ih-u
individual soil particles are bound together (if the concept is hard to .»:“.,‘.
think of the plagque produced overnight in your mouth, which enables |:u:utll;
bacteria to stick to your teeth). Fungal hyphae, too, travel through soil parti
cles, sticking to them and binding them tog -

her, thread-like, into agg
W(‘nrm.\. '.n_:_'t.'!!‘,:'1 WIth 1insect |.!-‘\ ae and moles .‘1!!-."; |‘=.|‘-n'|' |‘l1|"l'l.'!‘-\'|l‘=;: an
mals, mave throu -

wavs that allow air

TRates

the soil in search of food and protection, creating path

Wiler to er

| 1
and leave the soil. Even microscopic

ﬁ.m.gj can help in this regard (see chapter 4). The soil food web, then. in addi-
tiof to providing nutrients to roots in the rhizosphere, also helps create soil
structure: the activities of its members bind soil particles together even as they
]JN‘\"Idc tlﬂl‘ b ssage of air and water ‘.i;r-rslm'h the soil

Soil life produces soil nutrients

When any member of a soil food web dies, it becomes foddder for other mem-
bers of the community
members of the community, A larger | nredator may eat them alive, or they muay
hedm?cd after they die. One way or the other, fungi and bacteriaget imvalved,
be it decaying the organism directly or working on the dung of the successful

\eater, It makes no difference. Nutrients are preserved and eventually are re
Rained in the bodies of even the smallest fungi and bacteria. When these are in
the thizosphere, they release nutrients in plant-available form when they, in
irn, are consumed or dic.
~ Without this system, most imj

Mthcy are retained in the bodies of soil life. Here is the gardener’s truth

1 you applya chemical fertilizer.a tiny bit hitsthe rhizosphere, where it isab-

dibutt most of it continues to drain through soil unrilit hits the water table.

s0 with the nutrients locked up inside soil organisris, # stale known as tm-
tion; these nutrients are eventually relensed as wastes, OF muneralized.
nthe plants themselves die and are allowed to decay, the nutricnts they
are again immobilized in the fungi nd hacteria that consume ther.
nutrient supply in the soil is influenced by soil lifein other ways. For

I'he nutrients in these bodies are passed on 1o other

sortant nutrients would dram from sail. In-

43




mﬁmﬁu soil, where it is shredded |,
opening it up for fungal and bacteriz

ﬁmmmmmrsfor the soil communit

control disease

not being destroyed by pathogenic and
organisms are beneficial, after all. A

soil bacteria and fungi cause many plan:
‘have tremendous numbers of indi

of organisms. Remember that teaspoon
[ to 30,000 different species make up its bil-
in numbers and diversity.

10 mwcﬁ.t\gt‘uni inalogy is
- people around, they vl catch
deom].lf:ln rket is
justas he will be if he 1=
those that would be i«

Mm.dmmmpcunuu keeps the
ted to their death.

iﬁlﬁ)odm:b has its place in the
m ph)r'i 3 spec ific m]c

e as well. A healthy soil

asto destroy the web.
fin and fungi on

nts in the area.

g form around roots act

Mﬂ: fungi and

lor athers to at-
and their num-

What Is the Soil Food Web?

Special soil fungi, called mycorr

hlollf‘:elalmmhip t\‘n.llh roots, prov ::::; :1::&; :::zhjh i £

nly with physical protec-
tion but with nutrient delivery as well. In return for exudates. these fungi pro-
vide water, phosphorus, and other necessary plant nutrients. Soil food web
populations must be in balance, or these fungi are eaten and the plant suffers.

Bacteria produce exudates of their own, and the slime they use to attach to
surfaces traps pathogens. Sometimes, bacteria work in coniunction with fungi
to form protective layers, not only around roots in the rhizosphere but on an
equivalent area around leaf surfaces, the phyllosphere. Leaves produce exu-
dates that attract microorganisms in exactly the same way roots do; these act
as a barrier to invasion, preventing disease-causing organisms from entering
the plant’s system.

Some fungi and bacteria produce inhibitory compounds, things like vita-
mins and antibiotics, which help maintain or improve plant health; penicillin
and strepiomyein, for example; are produced by a soil-borne fungus and a soil-
borne bacterium, respectively.

All nitrogen is not the same

Ultimately, from the plant’s perspective anyhow, the role of the soil food web
15 10 cycle down nutrients until they become temporanly immobilized in the
bodies of bucteria and fungi and then mineralized. The most important of
these nutrients is nitrogen—the basic building block of amino acids and,
therefore, life. The biomass of fungi and bacteria (that is, the total amount of
each in the soil) determines, for the most part, the amount of nitrogen that is
readily available for plant use:

It wasn't until the 1980s that soil scientists could accurately measure the
amount of bacteria and fungi in soils. Dr. Elaine Ingham at Oregon State Uni-
versity along with others started publishing research that showed the ratio of
these two organisms in various types of soil. In general, the least disturbed soils
(those that supported old growth timber) had far more fungi than bacteria,
while disturbed soils (rototilled soil, for example) had far more bacteria than
fungi, These and later studies show that agricultural soils have a fungal to bac-
terial biomass (F:B ratio) of 1:1 orless, while forest soils have ten times ar more
fungi than bacteria.

Ingham and some of her graduate students at OSU also noticed a correla-
tion between plants and their preference for soils that were fungally dominated
versus those that were bacterially dominated or neutral. Since the path from

j hﬂﬂ&! 1o fiingal domination in soils follows the general course of plant suc-

k




se of soil particular plants preferyed
! fals, trees, and shrubs pr

Is, grasses, and vegetables prefer soi

5, for the gardener, has o do with the

or, this is what the soil food web mean
o, some of the nitrogen is retained

Mﬁ!ﬁ!fnﬂﬂufplmt-a\'.isi_mi. an
environment, this can either remais
rate (NO,) by special bacteria. When do
it s released in soils that are dom
ch soils generally have an alkaline pl
‘encourages the nitrogen-fixing bacter
! lﬂi:ybegin to dominate, lower
bagteria. In fungally domimated soil

mpm‘idc plants with nitrogen, but
{NOy). An understanding of the soil tood
nts that prefer [ungally dominatc =
pitrates. Knowing this can muke 4 o

sail food web by killing off entire
h’ﬁﬂhm 10 a slug? Fertil
ol eria, fungi, protozoa, and

‘hm foundation of the
dding fertilizes once you start

o there to do its job, feed

cmatode _mdpmmzm arc
vell. Earthworms, for cx
rates in soluble nitrogen
rRanic material, their
ﬂbwyﬁ)ﬂd web,

ithe soil food web operates; second, you need to know

What s the Soil Food Web?
e Ml Winhy

you not only impuact the nutrient system bt all sl
b1 =S _ il the other things a healthy soil
faod web brings. Soil structure deteriorates, witeringe
b 2 . « Watering can become problemaric,
pathogens anc pests.establish themselves and, worst of all
AL Sy WOTSL OL.all g-xl‘l.it'l‘lmghru:rnc-\.
a lot more work than it needs 1o be.
1f the salt-based chemical fertilizers don't kil
ncal tertilizers : :
il il. Thi i lhl'l““5'””""1"““’“‘ soil food web,
rotatilling will. This gardening rite of spring breaks up fungal hypt i
Pring Dreaks up fung yphae, deci-
mates worms, and rips and crushes arthropods. It destroys soil structure and
F - d -
eventuilly saps soil of necessary air. Again, this means more work for vou in
g ¥ i - ' 1]
the end. Air pollution, pesticides, fungicides, und herbicides. too, kill off im
portant members of the food web community or “chase” them away. Any chain
isonly as strong as its weakest link: if there is a gap in the soil food web, the sys-

tem will break down and stop lunchioning properly

Healthy soil food webs benefit you and your plants
Why should

work? Because then vou can manage them so they work for you and vour
p!ams, By using techmques th
you can at least reduce and at best eliminate the need for fertilizers, herbicides,

wirdener be knowledgeable about how soils and soil food webs

1t employ soil food web science as you garden,

fungicides, and pesticides (and a lot of accompanying work . You can improye
degraded soils and return them to usefulness. Soils will retain nutrients in the
bodies of soil food web prganisms instead of letting them leach out to God

knows whete. Your plants will be getting nutrients in the form each particular
plant wants and needs so they will be less stressed. You will have natural dis-
gase prevention, protection, and suppression Your soils will hold more water.

The organisms in the soil food web will do most of the work of maintain-

“ing plant health. Billions of [iving organisims will be continuously at work

throughout the year, doing the heavy chores, providing nutrients to plants,

‘building defensc systemy against pests and diseases, loosening soil and increas-

'illlsdxainagc providing necessdry p

sthways for oxygen and carbon dioxide
You won't have to do these things yourself,

Gardening with the soil food web is easy,
Your soils. First, however, you have o now somet

but you must get the life back in
hing about the soil in which
what cach of the key

of the food web community does. Both these conceras are taken up
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to go ouitside and get a few handiuls of
Take a good, close look ut the soil
agers. Compare the samples for dif
theu observations after vou read
pctive of what is in your hands

v Mﬂﬂmdwhy itmatters. 1o us,
the organisms of the soil food wel e
\'ﬁu\limp\y have to know something
sunderstand the biology that (1hab
better gardener. Afterall. an e of
eral pounds (about | kilogram)
mmﬂ! each of earthworms,
and 2400 pounds of funy
mlfﬂphct soil that is poor
know good soil when they see
able 1o hold water yet still drain when
s good. Poor soil is pale, compacted,
er or holds too much water,
bad. If you are going 1o use
h"mm. Where does soil
agree to describe it, and
e will help you adjust

veb compatible with
hﬁﬂm know a little

Clissie Soil Science

t the earth. Carve off approximately 756 . ale .
;ﬂthe water, and another 15%, which represents ‘::I:l:l:::‘n\:'::}: iy
‘woa hot, too cold, too wet, or too steep to be usable for growing xla:\l.m"l;_i.:':!
that remiains represents all the earth's soil—soils with the |1cjc ‘I' ]“’ 1‘ h
chemical, and biological properties to support plant life. W dlor oo
) : plant life. When we take into ac-
‘gount the footprints of cities, roads, and other man-made infrastructure
{these, incidentally, usually are sited on some of the very best soils) 1Ee k! [-II
area of usable soil is further reduced. |
For the moment, the thing that concerns us is the tiny strip of apple skin
that represents the soil in our gardens and yards. How did it get there? What is
it2 Why does it support plant growth?

Wecltheri ng

Nour yard's soil It in large part a product of weathering. Weathering is the sum
impact of all stural forces that decay rocks. These forces can be physical,
‘chemical, o icul.

To begit sre action of wind, rain, snow, sun, and cold (along with
glacial grin umps along river beds, scrapes against other rocks, and rolls
in ocean wi. J stream currents) physically breaks racks down into tiny
mineral part ind starts the process of soil formation. Water freezes in rock
eracks and ¢/  and expands, increasing its volume by 9% (and exerting a

foree of about 2000 pounds per square inch) as it turns to ice. Hot weather
causes the surfaces of rock to expand, while the inner rock, just a millimeter
away, remains cool and stable. As the outer fayer pulls away, cracks form, and
ihi‘m'fﬂtt peels off into smaller particles.

Chemical weathering dissolves rock by breaking the molecular bonds that
mhmgcmcr through exposure to water, OXygen, and carbon dioxide. Sonie
materials in rock go into solution, causing the rock to lose structural stability
and making it more susceptible to physical weathering (think of & sugar cube
ped into a cup of tea and then stirred). Fungi and bacteria also contribute
weathering by producing chemicals as they decay their food (fung
acids, and bacteria alkaline substances); besides carbon dioxide, mi-
produce ammonia and nitric acids. which act as solvents. Rock n}atzrul
down into simpler clements, Although there are almost 90 different
elements in soil, only eight constitute the majority: oxygen, silicon.
iron, magnesium, calcium, sodium. and potassium. All have an
.w-r,m a molecular level, and in different combinations these form
) flerent minerals,

. dl&!!fd molecules that combine to form di
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Organic matter
Wedthering breaks rock down into mineral co
othcr. Soil, however, needs to be able to sunport ” _ II il
more than just minerals, On averag od et -I_. e
jure and 5% organic matter, built u rear . I :
their daily business. As plants and , I e

byb:cwri.:.uuimu_;,a. they are wltimately converted in

coffee-colored, organic materi f1
This valuable muterial is hur S .
Humus consists of very jard-to-break vins of carhon
with a Iargc surface are rice ectrica I .1.I \.\
ch attract

and hold muneral particl :
chains resembles a sponge—Ilots of nooks and
concdominiums o
matter, such as o lant m
have a soil alm. mable of supporting
bt not quite

nicrobes, Once vou've

alier and insect

Air and water

Minerals and humu

gen and water—the gasecous and liquid phases—as well. The voids between
individual mineral and organic particles are filled by air or water (1
Aimes both).

iake up the sohd phase ot soul, but

Humus has a rich,
color and is tull of orgamic

material. This handful i3




n one of two ways: by the pull .
e __ es on each ather, or capills;
‘through soils. Picture water bein
*to the bottom as the jar 51
I'water. As the water fills 11,
it of it. When the water flow
> in. When gravitational water hi

 capillary water that is not infly
after gravitational water passe
2 :'ﬂie_attuctidn of its molecules for
; but let’s not complicate things) and 1
Wﬂmm)m credtes a surface

ional wa

les thick
By virtue
iter maol-
ak. Roots
eritical to the ability of
conditions are dry, the soil par-
‘water; it is impossible to remove it
actually bodding it off.

s stale air out and sucks in air

exchange of air occurs, which is
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ofiles and horizons

exposed t_mnstop to the forlccs of weathering. Rain, for example, will
e soil minerals and organic matter 10 leach out ac the wiler moves
gh the ‘.EOIL This material may hit an impervious barrier and b
centrated in a certain zone or laver. The size of particles may cause 2
-material to be concentrated or be filtered. Eventually, over time, dis-
s and zones of different material are formed These can be seen, like
strata in the Grand Canyon’s walls, as you dig down through the soil.
1 g 1s-a map of these layers, or horizons.

scientists have attached a letter or combination of letters (and even
to cach horizon that appears in any typical soil profile. For the gar-
p(thankfully), the top horizons, the O and A, are really the only ones that
: ‘04 harizon contains organic material that can still be specifically
{with 2 bit of training that's beyond the scope of this book); this is
The (e horzon has experienced more décay, and while the materi-
: abls oo phant matter, you cannot tell which specific plants are in-
fen witl 7 aiming: this is humic soil. Finally, the Oa horizon is where
ynic mate: 12l [1as decomposed so much that you cannot tell its origin
be from plasts or from animal matter. This is sapric soil. All this s
sat tisefill lnformation if you want to know if your soils will create mose
y by-products (like nitrogen) because the process that converts the soil to
US ISt complete: o if your soil has been decayed to the point where it ba-
t houses microbes that cause decay.
s & horizon lies under the O horizon. Here humus particles accumulate
runs through the O horizon above and pulls crganic particies down-
er flowing through this horizon carries Jots of dissolved md_
materials. This A horizon has the highest organic matter content ol
soil horizons and the highest biological activity. This is where the

=)
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smallest that make up soil, 0.
W‘uaﬂd somewhat ‘Ili‘l":?
e clay particles absorb and hold
s silicate compounds. Besi|
jum, magnesium, and iron as
more familiar perspective. |f
silt particle would be a large 1,
e '!_\'b;ezlharrmv. Another way to lo
m._impoon‘s warth) of sand, s;
‘an area about the size o/ silver Jo
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i ecl grains they contain. The
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Lalso need soil from the top
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m]tukes a few hours for the smallest silt particles to settle on 1op of thi
auﬂ.ﬂmh of the smallest clay-sized particles will actually stay in sn:pmuo;
ﬁf‘?w a day. Organics in the soil will float to the wop .uul. rcm..l'm thete for an
.mhnser pcrimi.

‘Wait 24 hours and then measure the thickness of each of the layers with a
ruler. To determine the percentages of each, divide the depth or 1I.n(kmm of
each layer by the total depth of all three layers and then multiply the answer by
100, Once you know what percentages of each material are in your soil, you ulﬁ
begin to physically change it if need be. How to do this is discussed in the sec-

wdhnlfof the book

Soil structure
Individual partico

ﬂf!ﬂﬂﬁ. but 50 i+ the actual shape these particles take when grouped together.
“This shape, or -
.Wpﬂfﬁl‘&. Facto
Lamount of clay and humus, shrinking and swelling due to weather (wetting
Vand drying as well as freezing and thawing), root orces, biological influences
{worms and smull anintals), and human activity. Soil structure types, of peds,
fall into several distinet categories.

When you look at your garden soils, you don't see individual particles but
father aggregates of these particles. The biology in the soil produces the glues
ﬂﬁﬁﬂnﬂ individual soil particles into aggregates. As they go about their day-

y business, bacteria, fungi, and worms produce polysaccharides, sticky

drates that act like glues. binding individual mineral and humic parti-

together into aggregates.

's start with bacteria. The slime they produce allows them to stick to par-

ps as well as to each other. Colonies are formed. and these too stick together,
particles to which the bacteriaare attached. Fungi also help create soil

A group of common soil fungi. i the order Glomales. produces &
protein called glomalin. As the fungal strands, or hyphae, grow through
glomalin coats soil particles like super gluc, sticking these particles

into aggregates or clumps. These aggregates change the soil pore
‘making it easier for the soil 10 hold capillary watet and soluble nutrients
cycle them slowly to plants. _

8 process soil particles in search of food. Indi\'idl_tﬂ particles of min-

organics are ingested and ultimately excreted as aggregates; these are

thoy are readily identified as worm castings- Consider, two, the impact

size, OF texture, is obviously an important characteristic

retire, depends on both the soil’s physical and chemical
that influence soil structure are particle orientation,




- lutﬂuln 0.5 cm in diameter,
nly found in surface horizons

ular blocks that are usually
5.0 cm in diameter.

imber of cm long. Usuall,
din lower horizons.

| columns of soil that have a
atthe top. Found in soils
climates
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of soil organisms as they make their way through the soil. Each group of ani

mals has various body widths. As they move, they create spaces in and between
soil p.!rljclt:s and aggregates. By way of comparison, imagine that a bacterium
1 micrometer in diameter (1 micrometer = V15000 inch) is the width of a piece
ofgpaghellj. Fungal bodies are generally wider, 3 to 3 micrometers. Nematodes
{5 to 100 micrometers on average) would be the size of a pencil, perhaps even
one of those thick ones; and protozoa (10 to 100 micrometers) would be the
diameter of an American-style hot dog. Continuing to use our scale, soil mites
and spril'lg!-lﬂ‘-‘ at 100 micrometers to 5 millimeters, would have the diameter
ofa good—;iih;-v'. tree, Beetles, earthworms, and spiders (2 to 100 millimeters)
would have the
particles as they

fiameter of really large trees. Imagine how each opens up soil

about their daily activities.

Finally, electrical charges on the surfaces of organic matter and clay parti-
clés attract each other in addition to chemicals (calcium, iron, alominum) in
water salutior » 15 banding agents that hold together soil particies.

Why are w 1 over this soil structure stuff? Because soil structure is &
key characten od growing conditions. If there is adequate soll struc-
ture, there is ample drainage between aggregates, but also plenty of plant-avail:
able capillary water. The air circulation necessary for biological activity is suffi-

cient. And, perhaps most important, if there is adequate soil structure, there is
space for soil biclogy to live. ( sood soil structure withstands torrential rains,
the drying of desert-like droughts, herds of animal traffic, and deep Ireczes.
Water and nutrient retention is high. Life in and on it thrives

Poor soil structure results in a lack of water retention, and soil collapses un-

der all the abovementioned environmental and man- made pressures, Little life
drives people to resort 10 chemi-

is in it, and the serious reduction in fertility
cal fertilizers in increasing amounts.

Microscophe view ofa
'|UI'I9U! growing an 4 com
root. The round bodies are
fungal spores, the threads
ane fundgal hyphae, and the
green color is from dye-
tagged glomalin, the glue
that halds soil particies
together. Photograph by

Sara Wright, LISDA-ARS.
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pelectrical charges. These particic
Mm called cations and negari
5 particles are electrically attac!
s is exactly what happens when opp.
positively charged cation atta
“absorbed” by the anion. |
th ta carry and be influenced

electrical charges, but both clay o
lots of negatively churged anio
. Lhe cations that are absorbed by o
um (K* ), sodium (Na"), magn:
Jvand hydrogen (H* ). Thesearea
in the soil by two components of goo
e clay and humus particles is so strong
nto contact, the attraction is sa
remains in solution.
e chloride (CI-), nitrate (NO. ).
 nutrients, Unfortunately, soll
clay and humus particles and
d. These plant nutrients are
rleached away in the soil solu-
ding them on to soil surfaces.
It hairs have their own electrical
‘exchange its own cations for
n absorb the cation nutrient
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olved. Roots use i.'lydmgen cations (H*) as their exchange currency, giving
i one hydrogen cation for every cation nutrient absorbed. This keeps the bal-
“‘nnfcharges equal. This is how plants “ear”
The place where the exchange of a cation occurs is known as & cation ex-
; W.sju, and the number of these exchange sites measures the capacity of
“the soil to hold nutrients, or the cation exchange capacity (CEC). A soil's CEC
is simply the sum of positively charged nutrient replacements that it can ab-
.ﬂl‘bpﬂ' unit weight or volume. CEC is measured in milligram equivalents per
100 grams {meq/100g). Whatthe gardener needs to know is that the higher the
mc number, the more nutrients a soil can hold and therefore, the better it is
hswwmg plants. The higher the CEC, the more fertile the soil. You can or-
hfr.a CEC test to be run by a prol}.&sioml soil fab.
" The CEC of soil depends, in part, on its texture. Sand and silt have low

?GECsbecaust these particles are toa big to beinfluenced by an electrical charge
.mdbold nutrients. Clav and organic particles impart a high CEC to soils be-
icause they do carry lots of electrical charges: the more humus and, to 2 point,
;g:‘{ilj'pi'csem i1 so0ils. the more nutrients can be stored in the soil, which is why

‘gardeners scek more organics in their soils.
" There are limits to a good thing. Don’t forget that clay particles are ex-
tremely small; 100 much clay and too little humus results in a high CEC butit-

itle air in the soil, because the pore space is t00 small and cut off by the clay's

W-structurc. Such soil has good CEC but poor drainage. Thus it is not
w'to know the CEC alone; you have to kniow the soil texture and mixture.

of s have a basic understanding of pH as a way o measure liquids to see
Hof 1 is very acidic and a pH

y are acid or not. On a scale of 1 10 15,3 p
very alkaline (or basic), the apposite of acidic. The pH tells the concen-
jan of hydrogen ions (H', a cation) in the solution being msnn:d. lf_:mu
e relatively few hydrogen fons compared to the rest of what isin solution,
s oH is low and the solution is acidic. Similarly, if you have a lot of bydrogen
n solution, then you have a solution mﬁthahighp!—l.oned’sausalkﬂm
agardener, you (fortunately) don't need to know much more 2bout pH.
'Mﬂ-mmanihm.mmmdmcaphntmupw
tion for a nutrient caﬁon.:hcmncmmm-of hydrogen ions in
yincreases. As the concentration of H* goes up, the pH goes up—
also take up negatively charged anions, using hydroxy (OH")
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__tr H to the solution lowers the 1
lowers the concentration of il; .
g cations and anions on their sy
spal nutrients they take in frop
et on the pH of the soil.
lk about the soil food web? The pj
what types of microorganism
mmtriﬁcaiian and other
v, As important, each plant has
‘has more to do with the need of
plants to thrive in a certain pH

g what you want to put into

of soil food webs. And knowing
adjustments should be made

i the soil. You have to appreci-

Chapter 3
Bacteria

kD cnr.mj« are ;t\.'erywhcre. I—"—:w gardeners appreciate that they are crucial

' to t.hc ln‘r:'s of plants, and fewer still have ever taken them into consid-

A cration. Yet no other organism has more members in the soil, not even
lose. In part, this is because these single-celled organisms are so minuscule
Mim'wherc from 250,000 to 500,000 of them can fit inside the period at the
end of this sentence

. Bacteria were the carliest form of life on earth, appearing at least 3 billion
iili!'saso-,']‘hm are prokaryotes: their DNA is contained in a single chromo-
‘some that is not enclosed in 4 nuclens. Their size, or more precisely their lack
’ﬁemﬂf, must be the main reason our familiarity with bacteria is usually lim-
“heﬂ to the diseases they cause and the need to wash our hands before eating.
ﬁbﬂ baby boomers used a standard-issue 1000 power microscope 1o study
gipmorgmis:m. but bacteria are too small to see in any detail at this power.
&_haoi microscopes have gotten better, and some lucky students now dogeta
:itner look. literally, at bacteria. The three basic shapes, all represented in the
Soil, are coccus (spherical of oval), bacillus (rod-shaped), and spiral.

* Bacteria reproduce, for the most part, by single cell division; thatis, one cell
divides and makes two cells, they each divide again, and so forth. Amazingly,
laboratory conditions, one solitary bacterium can produce in the vicin-
5 billion offspring in a mere 12 hoursif they have enough food. Ifall bac-

reproduced at this rate all the time, it would take only a month or 5010

the mass of our planet. Fortunately, soil bacteria are limited by natural
s, predators (protozoa chief among them), and a slower reproductive
e than their laboratory cousins; for example. bacteria must have some form
re for the uptake of nutrients and the release of waste. [nn most cases,
ture is also required for bacteria to move sbout and to transport the en-
ey use to break down organic mattes. When soils become too dry,
oil bacteria g0 muw.mmmmam@.w
med by other decomposers, often other bacteria.
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Thefirst, anaerobic bacteria, are 4|
d, most cannot live in its presence. The .
; '-w.ngtuacdox_\'gcn to survive and
" _W'afdl!caying matter. Bv-products
pnl.ﬁtk {think rotten eggs), butvric .,

smelled by-products of anaerabic decompositio)
ertminly in the refrigerator. These are simells to

\pathogenic bacteria and, worse, kill off beneficia
: md’b&ctum.thosﬂh.nn--; tit
sbacteria are able to live in anacr - condi

emycetes (of order Actinomycetulc -, specit
repromyices) produce enzymes that md\.. atile
&-mﬁudl.mthym Anyone who has gar
wawm* '

‘and gardening with the soil food web becaus.

Agrobic bacteria are not normally | own o

Bactirig

= a7
T es, become 100 big to be eaten by their natural predators, the proto
0. ciliates, which would engulf and ingest them. Actinomyeetes are particu
Wldt‘%" at decaying cellulose and chitin—two difficult-1o digest (“brown™)
mcnmpmmd-\ the former found in plant wall cells and the latter in fun
“muwalis and in arthropod shells. These are not narmal foods of other bac-
uﬁl.:\ﬁmf‘““'ﬂ“' s are also adapted 1o live in a wider range of pH than other
bacteria, from acidic 1o alkaline.
‘Decay of cellulose
lenlosc. a \.nmph‘.\ carbohydrate made up ol |:|I1‘L‘ chains of carbon-based
plucose, is the molecular material that gives plants structure. It constitutes hal
$he mass of plant bodies, and hence half the mass of organic matter created by
[ﬁﬂlls bpcu.mluuf bacteria, like the aptly named Cellulomonas, carry cellulose
| breaking enzymes that they release only when they come into contact with cel.
lulose, as oppose . 1o the random release of enzymes by other bacteria who et
ma hit-and-miss manner
Mast bacteris reach their limit when it comes to the noncarbohydrate
lignin, anothe: dent, molecularly complex plant material. Lignin, the
ﬁngh brow « nent of barks and woody materials, is a much more com
Plﬂ organic 1 than cellulose, made up of chains of interlinked alco-
hols: these arc w1 10 the enzymes produced by most bacteria and are left
for fungi 10 ¢

Element cycling

One way of looking at decay is 1o view it s nature’s recycling system. Bacteria

i the soil food web play a crucial role in recveling three of the basic elements
ed for life: carbon, sulfur, and nitrogen. For example, CO; (carbon diox-

bacterial metabolism. Carbon tied up n
70, gas during decay. Photosynthesis
mpounds, which are eventu-

isa major by-product of acrobic
and animal biomass is cycled into C
1 hisher plants converts the CO, into organic co
v consumed and then recycled back to CO..
Sﬁnilarly. sulfur is recycled. Sulfur-oxidizing bacteria use the element 1o
e plant-available, water-soluble sulfates. Liberated from organic materials
Y anaerobic bacteria, sulfur-containing compounds are produced by chemo-
sty s, bacteria that get energy from the oxidation of sulfur.

n\ﬁ nitrogen cycle, propelled in part by specialized bacteria, is one n!' the
t important systems in the maintenance of terrestrial life: living organisms
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fﬂgmbonds holding atmosphe;

@ this nitrogen nert for all practicable p;,
‘plants to be able to use nitrogen, it b

oxygen of hydrogen—producing amme
0} fons. This important process |

jen from the atmosphere into plant-ava;
) 1 this nitrogen-fixing feat ur Bl
Rhizobium (any one of which would be a ¢
o), Asotobacter, Azospirillum, ancl Clostrid
s Imﬂiyﬁv:inthcmnn,.
where they form visible nodules

equires the interventions of livin: organisn
cal processes, but they are real)

foation

st yo! .w 1o memorize the speci oil bact
g on the fact that nitrogen fiation o« well as 1

Bacteria 9
L — =i 3 . 4

cteria carry out these pm.t.cm:a int the sail, forming symbiotic relationships
Jith p gific plants or existing symbiotically within organisms. Sounds '.1‘}.:: a
cate of the biology creating the chemistry to us.

Anothﬂ' part of the nitrogen cycle, the place at which it “starts” in the soil,
W:ﬂ:c decomposition of proteins into ammonium (NH, "}, This ammo-
mw{]y figures as part of the waste product produced by protozoa and
wod,es after eating bacteria and fungi. Next, special nitrite bacteria { Nitro-
‘somonas spp-) convert the ammonium compounds into nitrites (NO,). A sec-
Dﬂhﬂ’e of bacteria, nitrate bacteria ( Nitrobacter spp.), convert !!1; nitrites
mmiﬁ (NO

Nitrifving bacteria do not generally like acidic environments; their num-
hers (and hence the conversion of nitrogen into nitrates) therefore diminish
when soil pH dro; helow 7. Bacterial slime (already mentioned for its ability

10 bind soil par sether) happens to have a pH above 7. Thus, if there are
enough bacter. rea, the slime they produce keeps the pH in their vicin-
ity above 7, an: ation can oceur. If not, the ammonium first produced
by organisms | is not all converted to nitrate form. If thepH 155 or
lm_wr. very litt f the ammonium is converted.

Denitrifyin. ia convert nitrogen salts back to N, which escapes into
the atmosphe 1ously, denitrifying bacteria do not help the fertility of
soil, but they are essential in that they keep the nitrogen cvcle moving.

Biofilms

‘Bacterial slime, or biofilm, is a matrix of sugars, proteins, and DNA. The fact
M bacterial slime in the soil is slightly alkaline not only influences the pH
where it counts most, in the rhizosphere, but also buffers the soil in the area.
50 the pH remains relatively constant.

Some bacteria use their film as a means o

“ing this substance as a means of propulsion. (Maost bacteria, however, travel
using an astonishing bit of natural nanotechnology—with the aid of one or
‘more whip structures, or flagella, that resemble and operate like propellers.)
‘Biofilms save bacteria from desiccation as the soil dries; soil bacteria often live
“inside sticky globs of biofilms, complete with an infrastrocture of channels
filled with water for transport of nutrients and wastes. Biofilms can alsobea
defense against antibiotics produced by other organisms, including fellow bac-
teria. Bacteria colonies protected by slime are 1000 times more resistant than
individual bacteria to antibiotics and microbicides.

{ transportation, literally squirt-




Bacterial biofilm on stainless <t 1600
Amage copyright Dennis Kunkel Micre

iom. Theylock up nutrients that might
e . They do so by ingesting them while
Mnmgxhem in their cellular structures

m 10 sail particles, the nutrients
away, as is the case with chemical

immobilized inside the bacterin un-
wastes. Since soil bacteria don't travel
S _‘ﬁodin the root zone, the nutri-
¥icinity of the roots. Other organ-
onsuming bacteria, releasing excess

astes, which are deposited in the

that are toxic to plant life and 10
€an be avoided when gardening by

HBacteris

gontrolling the < nditions that allow them to multiply: poor soil texture, lach

ofllfﬂ space, standing water, and compacted soil. Other b
. $ that cause disease in higher plants. The st of p

ACTeTIA are

I athogenic bacteria is
a long onc, including bacteria that cause citrus canker. discases of potatnes

mm;md cucumbers, and fire-blight of pears, apples, and the like. Thots
sands of bacterial pathogens are in soil, and billions of dollars are spent every

year to protect crops from damage by the culprit bacteria Agrobacterium
Wricm(ause: galls or tumors to grow on the stems of certain plants. Burk

holderia cepecia 1s a bacterium that infects and rots the roots of onions. Some
Peeudomonas species cause leaf curl and black spot on tomatoes.

i Despite the presence of pathogenic bacteria, there are more benefits o a
healthy soil bacteria population than not. For example, bacterial activity is also
g&gﬁmpnmibk for breaking down pollutants and toxins. These processes ure
usually aerobic. requiring oxygen to occur. You undoubtedly have heard of
bncmna that can eat oil spilled on a beach in Alaska; there are similar bacteria

that will eat gasoline spilled on your lawn, for example.

. Soil bacteria produce many of the medicinal antibiotics upon which we
Mwmc tn depend. One can only speculate that since these bacteria have to
_émnpet: not only with other bacteria for nutrients but also with fungi and
_oﬂ:lcr organisms, they evolved protective capabilities. For example, Pseudo-

monas bacteria can correct take-all, a disastrous fungal wheat disease, by pro-
ducing phenazines, very strong, broad-spectrum antibiotics. Obviously, many
s0il bacteria keep pathogenic bacteria in check, a big benefit of a healthy s0i}
food web.

All bacteria compete with each other and with other organisms for the f-
fite amount of food the soil offers and thus keep each other’s populations in
balance. Soils with a high diversity of bacterial types are more likely to havea
larger number of nonpathogenic bacteria outcompeting pathogenic bacteria
for space and nutrients. We are convinced that using the soil food web's natu-
tal defenses is the best way to kecp the bad guys in check. Gardeners need 10
appreciate that bacteria are at the front line of defense.
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soil may contain several yards of fungal hy; phae, invisible 1o the nz aked eye; mil

Chaptel' 4 lions upon millions merge together 1o produce something

bolete or an mtricate Amanita muscarig in all their

£ as obvious as a king
I5 truiting glory. These and

Fungi

Amanita muse arid,
the beautiful but
Poisonous fiy agaric
Photogragh by fudith
noeryt .'J_;

|
|

100,000 different kinds of fungi are known, and some authoritic

et 3 million more are out there waiting to be discovered. Say 1
' __'“u._ o MMMimmedimdythinkufthc?';‘.:*.'.:i:.-

white toadstoals, bracket ¢ and coral fungi, and puffballs that appear in the law
Uﬂ&h&ﬁﬂﬂ(ﬁﬂ!"mmﬁ fungi from the diseases they cause—
more on this, later in the chapter). But except for the white threads and 1}
- spore-producing mushrooms, soil fungi are as invisible as bacteria, requiring
 microscope of several hundred power to be seen. Even the visib|

wmmmtheorgmxmamrha are in the proce

!qﬁm“w:m:dbyms and yet they s key r
inthe soil food web and are an important tool for those who g ing
%tm’tmma@ﬂlﬂm»\rﬂe con i plan
3] nd included for dassification purposes in | at kin
fmwﬂtmbkmpholmm and b reir ce
walls from ns d’m.lmongmhermqucma"

A diagram of 2 hypha. Couresy

Tom Hotiman Graptee Detign:

: wim.mmkzyow..om.
mmtﬂ]mhﬂcmﬁremdn

mshy'phe cells are seldom com
the strand, thus allowing liquids 1o flow bet
# growing in close enough proximity form
myeeliom), which you may have seen in <
oduce in many different ways, not just ©
‘mast advanced plants commeonly do.
farger than 2 bacterium, the average lens
neter 0f 0.2 1o 3.3 micmme!ers——\‘x'g' #
of individisal hyphal strands to o7
*blﬁ-h teaspoon of good gar
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fies of fungi. Consider the energ,

and pgrhaps the reason they
&M of fungal hyphae to groy

dis a very finite one, fungal hyphae
: mm:csthat fora b‘!tlerinﬂ

mmpl:. mushrooms above ground
‘ Emgigmwinallsnrh of environ

. _imdjetpropuismn systems. [u‘_--..
-ﬁughmembranes that allow them t
ot right forimmediate germination
; some 5peoes even exist in the

‘walls of the fungi.

Fung

frozen region of Antarctica. Airborne dispersal of spores helps expl
wfmm. say, Alaska, will recognize species of fungi growing in far-off Au
,w While dormant spores can be found atound the iwordd it \is-
*l;t conditions to germinate and grow. Thus, fungal spores
 continents away from their source, but they m
gonditions for growth are not right,

ain why vis-

v need the
s may be found
ay niot be functional becatise the

Fungal growth and decay

While some fungi prefer the “softer” easier-to-digest sugars characteristic of
the foods that feed bacteria, most go for tougher-to-digest foods (mainly be-
gatise bacteria are better and faster at grabbing and taking up the simple sug-
ars). Fungi, however, win in the competition for more complex foods: lh;v
F]bﬂme phenol oxidase, a strong enzyme that dissolves even lignin, the woody
compound that binds and protects cellulose. Another characteristic of fungi is
their ability 1o penetrate hard surfaces. Fungi have perfected apical growth—
that 15, growth a1 their hyphal tip. Apical or tip growth is an incredibly com-
'p_luproccﬁf-. an engineering job akin to building a tunnel under a river and re-
quiring great coordination of events. Even before electron microscopes,
seientists identined
ing hyphae; when hyphal growth stopped, the Spitzenkorper disappeared. It
seems this mysterious region has something to do with controlling or perhaps
aﬁ‘?ﬁﬁﬂgdpi‘..r! growth.

During apical growth, new cells are constantly being pushed into the tip
and along the sidewalls, elongating the hyphal tube. Materials for the growth
of fungal hyphae are supplied to the advancing tip by the cytoplasm, which
transports vesicles loaded with all necessary “construction” supplies. Of
Lcaurse, it is important to keep extranceous material from flowing into the hy-
Eilﬂ as well as out while this growth is happening. All the while, powerful en-
“zymes capable of dissolving all but the most recalcitrant carbon compounds

.m released as the new cells are put into place. Think about it: these enzymes

‘are powerful enough to convert lignin, cellulose, and other tough organic mat-

'wium simple sugars and amino acids, yet they do not decay the chitin cell

a dark spot, the Spitzenkiirper, in the tip of actively grow-

Fungi can grow up to 40 micrometers 4 minute. Discount for the moment

speed, which is incredibly fast for such tiny organisms, and compare the
ce covered to the movement of a typical soil bacterium. which may travel

aly 6 micrometers in its entire lfe. - dhe
- As with the death of any organism in the soil, the death of fungi means
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Excess acids, enzymes, and wastes are |of; behingd
wand as a consequence, the digestion
s has moved on. opening ug

as the tungus continues
t (40 1

O oTganics ¢ MUNSES even

) OTEANIC material for t

g nutrients available to plants and others in the soil
viD Ei\"ﬂ a fungus the .'lhlj”_v Lo move J't-"th:I'-"'i‘. j‘JUL

jees instead of waiting for its food 1o co

ough

racterial decay and

ommunity. Hyphal

distances to food
ogth

me close !h!rL&',.i_.-'J it

4100, as the nematode-trapping fungus proves
jup into the leaf litter on the surface of the

! ¢ so1l, decay leaves, and then
imng the nutrients back down into the root zone—
o=

'I'm:tbc other primary nutrient recycler in the

==
8 Soil fungi dre usually branched and quite capable of gathering orzanic

S eampounds from different sources simultancously, Once

‘comp the n
s inside the cellular membrane, it is transported back through the netwark of
fitngal hyphac that often ends at the root of a pl

exndates. Thus the same fungus can extend |

an clearly do
< Fungi can, for example, ex
a huge advantage over bac-

401l food weh

rient material

ant, where some fungi trade for

‘phae downward and outward,

- ﬁ'ﬂ:ﬂﬂl' ; il ble to other members of the ﬁﬂ l-bing seyeral crucial :;is!rl-_‘nh—;'-}hr-}":mru‘., copper, Zing, iron, mtro-
when f die, their hyphae leave a subway system of micro gen—as well a0 i the case of phosphorus, for example, the propensity
5 indi through which air and water “ ﬁmﬂ‘ pmgi to gather und transport it over distances is truly remarkable. This min-
pbes” are also important safety zones for bacteria 1o 10 eral is almost 4 hemically locked up in soils; even when it is applied as
o "ml’wﬂ"“ the tunnels. ﬁﬂiﬁut. phosg ecomes unavailable to plants within seconds. Not only
decay agents in the soil food web. The enzyr 11 do fungi seck o1 necessary plant nutrient, but they have the ability to free

. o7 B et andl cellulosc in jlant ilEom its chemical and physical bonds. Then they transport their quarry back

also the hard, chitin shells of insects, the bones o il o plant roots, :

v = the protein of strong ! : Pon't forget that in those instances where a fungus brings food back w a
- Mmbu"hzqu“i“' simpler-t . PPEnt root tip. it was attracted to that plant by the plant’s exudates. Fungi are

= Mmﬂﬁﬂlﬂrﬂyaﬁcr R has n'M but the plant is in control.

hﬁmduhm. Compared to fungi, bacteria "

hosphorus 15 absorbed and orilized.

and plant-available nitrogen

fungi trade nutrients for exudates, but most often nutrients are released
after they are consumed by fungi or when the fungi die and are de-
d. Much of what is released is nitrogen. A key tenet of gardening with the
web is that plants cin take up nitrogen in two forms, either as 4mmo-
{NH,") or as nitrate ions (NO;" ). The nitrogen xeh:.:_u:t?l by fungi is
Mo form (NH,"). If mtrifying bacteria are present, this is convertad
1o nitrate (NO, " L.
."‘::?mﬂ produced ;ry fungi are decidedly acidic and lower ‘Ihc pH. Re-
e that bacterial slime raises soil pH; mitrogen-fixing bacteria gmer.llh
apH above 7. As soils become dominated by fungi, the populations of

Kiticer - Mwwwl of their hy )
b ﬂmﬁm don’t require a stom
d, ho er. Like bacteria, fungi lack

Wi Wam usually immobilized.

fa, and later released. Like bacteria,
ers of fertilizer.
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; . W the material, often -.nm{’ur‘lll:g. onc nutrent source material with an-
. 1 T s mtrients -4 he has k
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m&m]'awmg—a sophisticated
B s only three cclls.
*hope to duplicate such a compliaic
2 out a way to kill nematodes, which are
Wﬁ&ﬁm mnstance, In this case, the

)i and symbiosis

ﬁlﬂg‘l also form two extremely important mutual relationships with
& The first is the association of certain fungi with green algae, which re-
the formation of lichens, In this symbiotic refationship, the Tungus gets

de:uq:pmg,:he tip of a fungal
ﬁmﬂﬂm and starts
Insbcmdmm-ﬁ

A small branch protruding from the
miain thallus of a tree ichen, 140~
Image copyrigitt Denmis Numkel Micoscopy. I
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g nematode (our perennial
¢sa drop with its mouth
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ﬂm—mcklmﬂ wood upon whic h
ents for soil, soil microbes,

mmﬂm and then bring them
; on the fungi, and the fungi, in
: a wonderful world, indeed.
1885, when German scientist Albert
ilize -éoll to those grown in ster-
gi. The seedlings in the inoculated soil
A ‘mmﬂ#mmﬂ Yet it was only in
1 (the symbiotic root-fungus relationship;
ufﬁsmadjechve) started to creep
Y's nuch less the home gardener’s.
we were blindsided by the sub_tect—ami e of

mmtly that con-

rhizal fungi, grow
. Ectomycorrhizal

Endomycorrhizal fungi penetrating raots,

gl forming a dense white

tveorrhizal Applica- from hitp://www.apsnet.om/, American Phyto-

pathalogical Society, St. Paul, Minnesota.

netrate and grow inside roots as well as extend outward
wrrhizal fungi are preferred by most vegetables, annuals,
wiials, and softwood trees.
5 types of mycorrhizal fungi can extend the reach as well as the surface
plant roots; the effective surface area of a tree’s roots, for example, can
d a fantastic 700 to 1000 times by the association. Mycorrhizal fungi
rbohydrates they need from the host plant’s exudates and use that en-
extend out into the soil, pumping moisture and mining nutrients from
i plant roots alone could not access. These fungi are not lone miners,
%eyform intricate webs and sometimes carry water and nutrients to
of different plants, not only the one from which they started. It is
o think of a mycorrhizal fungus in association with one plant helping
t the same time, but this occurs.
and bringing back the phosphorus that is so critical to plants
be a major function of many mycorrhizal fungi; the acids produced
fingi can unlock, retrieve, and transport chemically locked-up
iback to the host plant. Mycorrhizal fungi also free up copper, cal-
ym, zinc, and iron for plant use. As always, any nutrient com-
red to the plant roots are locked up in thie fungi and are re-

he fungi die and are decayed.

Courtesy L. H. Rhodes. Reprintad, with permussion,
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: 27C) and high humidity, thess
B e et of : ir yard. How about fusarium wils ;
! Mﬂwﬂﬂ s . : phien 8 tomata’s leaves start to vellow from
.#WF well); this prevent. ' Fusarium oxysporum {. sp. lycoper
et In-n.dmglhr St @ decade or more in dormant stages, ]
M.ﬂl bitrsl crops is ' nvades its water distribution network. Fy
Clll Reope of this one. Smut pifangs is Armillaria mellea (oak root fungus
T —— i tiny fungus taking down towering oaks. T}
__ garden problems arc an ind cellulose to such an extent that th
b _w.),'-matW'P"}”"f”“"""‘ Patt hic and parasitic fungi make use of various entry points into
: pmcluding stomata (the openings on leaf surfaces that
l t wpowdl-‘f) S re fhe) and wounds. And, of course, with all this talk of enzymes decay ing

digest lignin, it shouldn't surprise any gardener that

nic

es sudden oak

1al activity decays 2

allow plants to

s0me Il}ﬂi_l can
ithe cuticle and cell walls of the plant it is attacking. If you think this is

ithink about the fungi that penetrate bathroom tile, and know that
B Ccan penelrate
usentire book could be filled with descriptions of fungi that get their nu-
it the expense of living plants, This is not our purpose—only that vou
soilis londed with fungi. a concept most gardeners readily grasp be-

direct expericnce

granite in search of food.

nal overlap with bacteria

be obvious by now that in a healthy soil food web, fungi and bacteria
‘much the same work and share many of the same functions. Like
m fungi produce vitamins and antibiotics that kill pathogens in
iwell as in the human body. Remember penicillin, the most famous
tumed-antibiotic of all? In 1928, when English bacteriologist Alexander
ried to his lab after his vacation, he found a fungus had contam-

ri.dish full of Staphylococcus bacteria. It ruined his experiment, but
were found growing near the fungus, and the world of medicine

n the same. )
e bacteria, play crucial roles in the soil food web as decomposers,
soil structure builders, and heneficial symbionts, preventing
g diseases. As well, their ability to impact soil pH makes them

'woi for gardening with the soil food web.




Chapter 5
Algae and Slime Molds

LOAK AND SLIME MOLDS are not related; we merely group them 1o
Agclher because, while they have roles in soil food webs, they generally
don't affect gardeners. That said, we hope we have already made the
point that the soil food web 1sa community of organisms playing out a drama:
whien one or another character is removed, it may have significant conse
quences on how the play unfolds.

Algae

Algae are broadly defined as single-celled or thread-like photosyn: organ

sms; including seaweeds and even giant kelp. Who hasn't seen alg: 1 pond

river, or ke, at the beach, or, if not there, on the glass of a fish ere are
three kinds of algae: marine, freshwater, and terrestrial, the latte living
in soil, on or near the surface (where sunlight is available), no: roots

While most algae require very moist conditions, it is surprising to find some
that grow in hot deserts and at the frozen poles—though even these still re

quire a film of water to survive,

Although algae are closely related to bacteria on the tree of life. the
ten thought of as primitive plants because they are photoautotrophic. mean
ing they take energy from the sun and produce their own food. Indeed algac
like plants, are primary producers, not dependent on the soil’s organic mattes
or mhcr miembers of the soil food web for their food needs as are bacteria and
fungi. Moreover, algae lack the specialization that characterizes higher plants
and, unlike plants, they have 0o true roots, leaves, or stems and don't have 2
vascular (water- and fnod-wnducﬁng'l system. The cell walls of all but the di
atoms, 3 form of algac, do contain cellulose, and in this way they are like plants
The cell walls of diatoms are composed of silica covered with an organic skin
that decays and disappears after the organism dies, leaving behind, in huge
numbers, the silica skeletons that make
miliar to many gardeners,

Most gardeners associate algae with bodies of water, not the raised bed o1

up diatomaceous earth, a product
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g and the resulting plasmo

from the soil and slow), Chapter 6
and anvthing else in its way [
- O wlﬁﬂg food as it goes | PIOtozoa

a plasmodium, it will go 10 i r

half or even in quarters, the !

explain why these organisms
ce, there is a need to work to- ! OST GARDENERS first poked and prodded protozoa as part of a
for strength in numbers. Wh, R /B biclogy lab assignment, which invariably involved identifying and
. abit of chemical attractan: | ; -:'-‘ (k. sketching cell parts of a paramecium; they may mcrel'nﬁ.rerhncm-
ath toward nutrients. Other slime ‘her that protozoa are single-celled organisms with a nucleus, which makes
Funlike that left by a slug as karyotic and therefore, along with fungi. members of the domain Eu-
' ﬁa&mﬂm to the path. As more ) ‘Protozoa (which term we use descriptively in this book. as shorthand for

pach adding its chemical slimc to the oup of non-algal, non-fungal, animal-like unicellular organisms, across
arms of myxamoebae congregate | kingdoms—hut don't get us started!) are almost always heterotrophs,
they cannot make their own food. Instead, they obtain their nutrients

ting bacteria, primarily, but also the occasional fungus and, to a lesser
yother protes

aie

spot and forms a fruiting
body is of a distinctive shape
like tiny raised towers, in the I
in yellow, blue, red, hrown, '
really is as pretty as anything |

Il the favorite microbe. That's because these and other soil

icromieters. This muoy still seem small to you, but in the scheme of micro-
500 mitrometers is pretty large—so large that under ideal lighting
§a paramecium, at least in water, is visible to the human eye. You still
¢ very carefully and certainly will not be able to differentiate any of
al or external features you were told to label in school, but without
ope you can see them flitting around. Throngh an electron micro-
nseen detail is observable.

zoa are something to stay away from if you ar
n W"ﬂ]’ of comparison, if a single bacterium was the size of a pea, a
ecium would be as large as a watermelon. This is why bacteria can hide
‘protozoa in soil pores that are too small for the protozoa to reach

‘way to make the comparison is to go back to that same teaspoon
with its billion-count bacteria—and “only” several thousand

help cycle nutrients, and
nd soil particles. When
ry up and turn to powdery dust.
the garden, when a gar-

¢ as small as a bac-

contrary to any residual
ndmﬂ.&mm“f
1o lead an active life.

000 kinds of protozoa are known and,
‘you may have that they only live in po
the soil; however, all do require moisture




Given the crucial role protozoa play, a quick review of some schos
and then some—is in order.

Amoebae, dliates, and flagellates

Protozoa come in three basic “models.” First are the pseudopods elle

animals with amorphous forms most will remember as amoc! se 2
constantly on the move, a feat (if you will pardon the poor pun plished
by pouring their cytoplasm—the soup with all its life parts—int [ Mor
false appendages called pseudopodia ( “false feet”). Pseudopods th ves at

of two types. The first has a shell-like exoskeleton and five pred d
{think of a howling or golf glove), through which the pscudopodi ppea
The other class lacks any shell or predefined pseudopodia; these amocbae ar
relstively large microorganisms, and many would be as visible as paramccia il
they weren't so transparent. Amoebac lack a mouth and ingest bacteria by sur
rounding them and engulfing them in gas bubbles, into which are transmitted
digestive enzymes, The entire vesicle is then absorbed, and waste products sub
sequently expelled.

.N’m in size are the ciliates. These protozoa are considerably smaller than
their amoeboid cousins but still much larger than their bacterial prey. Ciliates
are covered with rows of hairs that beat like the slaves' oars on a Roman galles
!‘Imp:llin;thc Organism 1o food—or awsy from enemies. In addition, these
- g mfmllm bring bacteria into the ciliate’s mouth region, 0
they can be ingested. The familiar paramiecium is a ciliate protozoan.

“The third and smallest type of protozoa are the flagellates, Their one or two

. -like hairs, or flagella, allow them 10 move about in search of food

wqraph of an

An electron micros i
amoeba, 700x. oy kit Denriis Kunlke MicroscODi. I
Microscopy, Inc
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water), produ
maost, howeve:
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1N

the gut
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these fix nitrogen from the atmosphere for the

ﬁl'ld . . 1 i anll'}
a triple symbiotic relationship, though surely more w ill be

exploration courtesy of the electron microscope cont

hiotic relationst

discovered as

ICs.
Lots of ciliates, too. enter into symt yips with bacteria. Some
tiliites live in sand and "farm” bacteria colomes; and :
#hing bacteria inside ciliates that are responsible, in part lort
hdﬂ"’lﬂm in some ciliates as anagrobic res

it is the methane-genes-
he methane gas
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o 4 level that maintain. Ur Premise s that by interfering with or destroving the soil luul.] \\1-;1
. et has o step i and do extra work., making gardening a chore u:.
.Qpemun i that pro | i an enovable hobby. If you are not convinced, then consider that as
w.fm-thcm 10 penetrate, SR s BO% of the nitrogen a plant needs comes from the wastes produced by
prreason is that the bacieriaare gt and funglcating protozoa, Since bacteria and fungi are attracted by I
liany jtes 1 the rhizosphere; and that is where protozoa consume them,
1

R mast ot jgesource al plunt looi is delivered. right around the roots

upon which they prey. s o
on for nutrients among the
:rw means they can her soil food web functions
" 10 cat 40 the) TOLOZOA Participale o some degree in the decay process by inadvertently
REBCk they have ! stmall particles ol organic matter, These are then broken up into
: 24 if not totally digested and become available 1o bacteria and fungi
: ” R In tach fwaste streumn. And other soil food web members rely on protozoaas one
: o i sources—another reminder that itis a soil food web, not chain,
RS ot . are degling. Certain nematodes, for example, are dependent o
s their food source and have developed specialized mouthparts 1
it them, Worms too rely on healthy populations of protoza., With-
1n the area, gardens are devold of worms. Similarly, many s

I8 require a healthy dose of protozoa to thrive,

10 all protozoa are beneficial. Several kinds eat roors, but in &
web these are kept in check by other, cannibalistic profofos: sot0
 protozoa serve as a food source for ¢ remaitl,
them, crucial chuactmmahcdlhywarwdmh
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in their tail end. Nema-
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b wsually have needle-like styler, 1,

st as well as cysts and large bulges h

gthey eat fungi. This type of nematode also Rkt

rates such as slugs (the first beneficial nematodes

Mematige,
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rial. These plap
it enal

He them to pu

p _ c ncture plant
ease. Some of these roor CAUNE nematodes yre ecloparasit
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fieed on the root surface), while s

others are endoparas

‘ <. Tparasityc entering
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: ; i
at gardeners refer 1o g5 ¢

iy: nematodes that eat roots do not help the

Crop in Juestion.
y
are bacterivores, nematodes that eay bacteria. §

t is usually a hollow tube, A bacteria-eating nemate

multitudes of tiny bacteria in an hour. Other nematodes are fun-

oot

he specialized

50 equipped

fiets, for puncturi g

eell walls of fungal hyphae. Like their fellow
these types of nematodes mineralize the

fertilizer-spreaders, pro.

nutrients contained in the
es' bodies, making them once again plant-available.
F nematodes feed on protozoa, algae (including

pall members of the soil food web—grubs, weevils, wasps, even small

diatoms ), and

sold for gardening
1o control siu Predatory nematodes eat other nematodes as well.

of bacteria and fungi and keeping populations of
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Arthropads

= 79
z food for other members of the « il e
to the community as shredders, predators, and soil aerators. Th,
absence of certain of these key plavers can tell a gardeney ﬁw }h

Ith of soils and the plants Browing in them, i

»d web, sail arthropods

g arthropods

than a passing interest in them, most garde
tﬂgeﬂ'l'" as simply “insects” or “bugs Any given gardener may
ofthe popular and unpopular anes that inhabit local gardens, hut
part, not many more. Part of the problem is that there
‘the phylum Arthropoda is by far the largest in the animal | king-
jn-ge:hat 1t presents a real challenge for us: how can we the authors
the readers how to use the soil food web without ov erwhelming you
tion? There are just too many kinds of soil- -dwelling arthropods 1o
e a]] or even come close to doing so, and frankly, there is too much
nclattire as well. Bear with us for the little we do use.

BrS are agreed that using scentific names, usually derived from
15 truly the only way to accurately identify a plant; but most

ners lump all the

_ﬁ;';r'_exmnplc. No exaggera-
a‘miund three- fnunhs of all

Are 100 many

getfhe-idcn]. In addition to
have in common exo0-

alls of tun-

famil-
bare chitin. As with the c:ticle-
protection and a lightweight
erably more complicated and

nnskeleton and SrowW a new,

\phabet soup of words scientists use to classify members
2, whose members have the greatest impact on the

it the classes, as a start:
, senrpions, mites, ticks, and daddy longlegs

,or thorax; and finally an abdo-
3 start as eggs; hatch and live

then metamorphose into a very
10 use one famous examplc is

A rust mite (Aceria ontho-
coptes), 700x. Photograph
by Eric Erbe, digital calor by
Chrnistopher Pooley, USDA-ARS.

-_a plam
1 king crabs that
mmmﬁll_ tm‘cm—

nfa,hmd Icns
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mbet size.
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heir business, they mix and acroc soil:
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s of any soil arthropod, with up to
primary reason for this is that the
zed egps. These important
abit soil surfaces, partic-
and lichens. Some ori-
ingtails. Most, however,
of their large num-
‘web, Although they
iph stage, as adults their
ns of predation except

p predators in the
d gamasid mites in 3

Arthropods

e yard of soil) are dependent on the availab; ity of &
happens to be most any other arthropod '::‘L:z:: :: f}:: j.;d wmft‘
gpresence and numbers of gamasid mites are -.-un;':d:red us-em] mc-r ‘“i-
ing soil health: if there are lots of them, their fellows must be pl =
pa = plentiful,
and that usually means a healthy soil food web. Sofi-hodied for an arthropod
fare less well than oribatid mites against predators, however, and :
gelves prey to all sorts of other arthropods. : e
Most gamasid mites act in @ manner reminiscent of spiders (with whom
are often confused—all mites, like spiders, have eight legs): they inject
3¢ victims with enzymes that dissolve their innards and turn :_hn:m mto alig-
ithe mites then suck. Camasids subsist on collembolans, insect larvae. and
ct eggs, Those that live in the soil, as opposed 1o on its surface. also eat ne-
fodes and fungi.

rin g‘tails

hespringtails ( Collenibola spp.), another important group of arthropods, are
g the more sciive insects in the soil. You can expect to find up to 100 of
e "soil fleas ™ per square inch in soils with enough organic material. Rang-
limelers long, they are often seen as little critters that jump
nto the air when the top laver of soil debris is disturbed.

Springtails lack wings. Instead, they possess a forked tail, or furcula, that
s Beneath them but is capable of being straightened in an instant (flud
Finto its base), propelling the animal up to a yard backward (hence their
non name), out of harm's way.
with many members of the soil community, springtails have adapted to
il different kinds of environments, Those dwelling on the surface, for

Springtail showing the
well-developed furcula that
enables these animals to
“jump” up to a meter away
from predators. Photograph
by Michael W. Davidson, Flonds
State Universty.
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Chapter 9
Earthworms

THWORMS are the most recognizable of all animals in the soil food
web and, as it turns out, one of the most important to gardening, Most
probably the ones you will run into will be a species of Aporrectoden,
stia, or Lumbricus, unfamiliar generic names for the most familiar of the
lor so'species of carthworms common to good garden soils, Technically
IWOrmS are segmented worms, or oligochaetes, and grow anywhere t'mrﬁ
inches to as much as a vard in length. They include the smaller, less fis-
pot worm [ Enchytraeus doerjesi) found in forest soils (gardeners may
= familiar with pot worms unless they have tropical fish, for which live pc;t
vorms are a Livarite food). Pot worms are much smaller than the traditional
en earthworm,

only a few millimeters to a few centimeters in length; they

ed and replice carthworms in acid forest soils, which earthworms shun.
l ) sunbelievable o« 1 sounds, an acre of good garden soil contains 2 to 3 mil-

! ‘earthwornis (anywhere from 10 to 50 per square foot); this is enough to
bulldozer’s mount of work and indeed, this crew is capable of moving an
shing 18 tons of soil a year in search of food. In an acre of forest soil, one
it find about 50,000 of their cousins—a large number, but small in com-
Obviously, carthworms do not play as lurge a role in the soil food web
ests as they do in that of gardens.

p European settlers transported many earthworm varieties to the east-
of North America. The worms rode along in potted plants and ship
tand, one would imagine, arrived as valuable luggage cherished by farm-
knew the high worth worms would have in the new world, Once here,
across the continent in soils that held fruit trees and other nursery
v thrived. The only place in North America Eurapean worms have
well is in the warm desert of the Southwest. The common night
umbricus terrestris), for example, which is dominant in garden soils
 to shining sea, arrived with the Europeans. Nor i!.lhc red wiggler
}, @ common compost worm, a native [
red wiggler); stiil.-’i,toi?a favorite (and rightly so) with those that
picompost (worm composting) bins. All carthworms have the




Earthiwonmy

pushing its pharynx out of it mowtl and
o : food and bring it inside its body. n the tood goes, and sty 1

m WoEms carry both sers o break it down into particles. Suliva iy mized in, mois # Muscles
EEEbate eys tha ;. , the food travels down the worm's esophagus into a crop. From th

i’ﬂm haby worms, who ppartment it travels to the gizzard, an extremely strong l-"““h' ‘h:;

agh to breed in only thiee o pilled with sand and small rock particles. As the l‘l‘ln‘i‘dl(ll..ulll’r.n [;. and

e Hive for 15 years, breeding the food is ground up by the sand, which serves as thee of

‘lylo tremendous populy uses it and 18 prostomium

tenmg things up

. " “teeth” of the
ok dable. . sworm. When the food s sufliciently grownd up, it travel :
_.iiﬁﬂlﬂil an t dup, s 1o the worm's
soil, Charles Darwin, who studied them 1 B Just betore, however, it is mixed with a lipuid calcium carbonate,
ity The Formation of Vegeiabl, o0 their reputation for recycling organic matter, it is SUrPrising 1o sy
vations on Theit Habits), arged ithat earthworms lack the necessary enrymes to digest it relying in
W ShlE dnce. Whether he m_bacu‘rltt All the grinding in the ghictard wssures that what food does
il food web is key, They are intimarely : their intestines is sufficiently small and opened up for the bacteria liv
p the aeration of soil, the g . T 10 quickly digest it Nutrients produced by the bucteria are finally ab
(of orgnic o Fxnd microorgan arbed into the worm's bloodstream, and any organic matter that is not fully
se microbial populations 1 i iggestc s eliminated. This may be useless waste 1o & worm, but to a gardener
a fantastic soil amendment

picasting:

'ﬁh‘b thetr skin are very swensi Vermicastings (11ie naie piven 1o worm poop) are 50% higher in organic mat
hmiﬁldﬂtlllmkl sommiewhat i than soil thai hus not moved through worms, This is an astonishing in
orm Mﬁl.iluttﬂnclv paniscular erease and rodically chanyes the compaosition of the soil, increasing CEC
e of the greater amount of charge-holding organic surfaces, Other nu-
rily, which is why it should come a 1 therefore, have the ability to attach to the organic matter that his

! Mmmuully bacterially arough o worrm.
i enehits don't stop there. The worm's digestive efiaymes (or, properly,
oduced by bacteria in the worm's intestines) unlock many of the
| bonds that otherwise tie up nutrients and prevent their being plant-
e, Thus, vermicastings are as much as seven times richer in phosphate
I that has not been through an earthsworm, They have ten times the
s potash; five times the nitrogen; three times the usahle magnesiun;
one and a balf times higher in calcium (thanks to the calcium car-
d during digestion). All these nutrients bind onte organic matter

5. . =
1 deposit a staggering 10 to 15 tons of castings pet acre

+ This almost unbelievable number is clearly significant to llz
1o increase the availability of nutrients without carting

s of fertilizer i about as close to alchemy a4 one can get.

L1
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Thesir burrows become significant pathways 1 for water drainage and air passage.

©And since some worms move vert icallv and some horizontally through the

mﬁlcse pathways can bring water © all sorts of underground locations,
ahsorption.

ther put to immediate use by plants or stored. for later

‘yone loves earthworms

arasitic flies, and the occasional mam-
(amole, a fisherman—a tropical-fish fancier), carthworms have fow e
The birds they attract 1o the lawn eat them, but from a soil food web
ive, all is not lost. Not only does bird guano contain putrients and
sms; but bird feet carry protozod, and these are spread about when
hops from spot to spot. And, occastonally. a bird will drop a worm nto
lacation (but not the early bird, who always gets the worm.

Jer than birds, a few parasites and p
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Chapter 10
Gastropods

‘AT GARDENER hasn't had a run-in with certain members of the
- order Mollusca? Or perhaps you know them as slugs and snails.
These gastropods (Greek for “stomach-foot™) are often called mol-
whoever bestowed the common name with Greek roots had the right
is an apt description of what these organisms seem to be: one big foot
alot of eating. Most garden slugs are the size of a fingernail, but some
grow to 18 inches, fulfilling every gardener’s nightmare. Besides, maol-

e usually associated with salt- and freshwater creatures, clams and oys-

ticulan pot the garden. With some 40,000 species, gastropods are the

p in the order Mollusca.
ssnails, from which slugs further evolved, emerged from the sea some
lion years ago complete with the shells developed to protect them from
er-dwelling enemies and chemicals in salt water. As one would expect
appearance and the damage either can inflict to a garden, both slugs
s have  similar physiology. The main difference between the two is
shell. which is made of calcium. Garden slugs evolved from these
the years and, depending on the species, either entirely or mostly

snails dre extremely susceptible to dehydration. Here is where the

-advantage over the slug, The stug must find cover in a moist arca

dry times, A snail can pull into its shell; seal off the opening by se-

s material that hardens into a thick, leathery Javer, or opercultm;

! four years inside its sealed-off shell. When the snail is ready
mply eats its way through the operculum and is good to go.

1d snails evolve to slugs, losing such a wonderful device asa shell?

shell has its own distinct advantages. Clearly a slug has greater

F squeeze into spaces a hard sheﬂwuldnm

reported to be up o ;mih: a

can live. Slugs, who need




'ﬁm ’ to roam and ability 1

because this 1s the time o
g heat. It may also be that this i

geymme about by gliding on 4
rsecrete glycoproteins—a stick,

ted in the smail’s or slug’s muscula;
The outer adges of the foot then
ues and snails are able 10 stretc

year Theseare deposited juit under
¢ years until conditions. primarily
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‘they become sexually mature after about six months and are fully
1 might think they are eating only your lettuce and kale crops, but both
d slugs also graze on fungi, algae, lichens, and rotting organic matter.
or not, they don't graze only on surface plants, |
- spmd a mere 5 to l(%"i-. of their time above ground. For every shug
iabove ground, three or four are underground foraging in the soil. ﬂ.nr
d slugs possess a radula, a series of chitinous testh xi:raa unlike 2 wood
ch allows these garden gastropods to grind their food down 10 very
jes. Many slugs and snails are capable of digesting cellulose

and slugs have a place in the soil food web. They speed decomposi-
ad decay by shredding their food before they consume it. Like c.;;*uh-
fand some of the arthropods, they open up organic matter so that fungi

t has been reported

tteria can get at it. Their underground travels create pathways for air.
nd roots; the slime they produce helps bind soil. They themselves are a
isource for ground and rove beetles (particularly in their larval stages),
} alamanders, lizards, and birds. Some nematodes that

le commercially; these blind worms “heat-sink”
f which become a meal for the successful nematode
to bacterial and fungal colonization and decay.
vart of a healthy food web. their numbers are con-
me the serious pests they can be in a garden where the

and (ther damaging practices has thrown the system out of
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Part 2

slying Soil Food Web Science
to Yard and Garden Care

i, extending from a root—and increasing the plant’s abiity 10 oiXain
aler. Courmsy Mycorthizal Applications. waw. mycorrhzae (e




Chapter 12

How the Soil Food Web
Applies to Gardening

| groU NOW HAVE an appreciation of the many benefits a healthy, func-

@ soil food web provides you as a gardener. Of course, what's good

or cut flower feld trials in California will be different from what's ideal
crops in Georgia, but no matter your climate, whatever your soil
will only improve when you put all those fungi, bacteria, proto-
es, arthropods, and other members of the soil food web to work
24 hours a day, 7 days a week, to make yours a better yard and garden
 better gardener,

fully active soil food web will have better nutrient retention in its
bodies af 4!l its members hold (immobilize) materials that will even-
broken do 11 into plant nutrients. Every time a fungus or bacterium

d and 1 ted by a protozoan or nematode, nutrients are left be-
plant-avail. o« form. And since plants attract fungi and bacteria to
sphere: 1 nutrients they provide are in the right location to be

‘healthy soil food web results in improved soil structure, starting
ts of hacteria that produce slime that binds the tiny individual
into larger aggregates. Fungal hyphae, worms, insects and their
even small mammals travel through soil creating tunnels, big and
results in soils that have the right porosity. resulting in water reten-
e as well as aeration, all necessary for healthy plant growth.
webs provide defenses against disease and those whose popula-
‘habits could throw the web out of kilter. Some members of the

stems, or leaves; they also compete for the nutrients, space; and
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What Do Your Soil Food Wetbis Look

¢ Like?

= \\fﬂl want to repeat the following procedures with soils from each of
gardens and lawn areas, and even around specific trees and sheubs, W

A L
dune this dozens of times in our own yards, and what we fin

d never fail
4 5
sh us.

d the bigger animals first

tby digging a hole in the soil at issue, about 12 inches (30 ce
Use a spade or trowel—it doesn't matter, and measurements don’t have
Bxact. Put all the soil you dig up onto a tarp or in 4 box o0 you can then
through it, looking for the bigger animals you might find in the soil:
j beetles, insect larvae—any living organism you can see with the naked
d pick up without having to resort to tweezers. Keep track of what you

ntimeters)

poeto which you have just been exposed,
know is the current state of the soil food
s & base established, vou can figure out
‘up with the best passible soil food web

of us are trained at identifying all the organisms in our soils, and
the variety of them is so great as 1o be beyond the scope of this book.
ir best in making identifications. Seek help from others. In time you will
pe sufficiently proficient for the purpose. This is new stuff, and just being
it it will make the learning experience easier. It didn't take usvery long,
won't take you long to become familiar with soil food web organisms,
it find wormns or their castings, it is a good sign: Remember that worms
foods for small mammals and eat bacteria, fungi, protozoa, and the
pematode. If worms are in your sampling, most probably-a whole
s:ﬂ food web organisms are busy at work in that soil—and it's probably
ich, otgganic, nicely textured soil, at that. Similarly, the presence of mil-
and centipedes, bectles, spiders, springtails—even a few slugs and
ates a healthy soil food web. If you find these. you have a good
You are already teaming with microbes, not to mention macro-

in the book, this shtm]a.i not be
m that attract different
nrganm 20, A5 you
m::mnendro: your house
TTound the roots of vour veg-

: i-'lﬂ'l’ fungi and worms
© an orchard or a foundation
at what life makes up the vari-
u st go hunting in the e
. sure you are really capturing what is in your soils, however, you
et soil traps. Many soil food web organisims roam 4f or above the sur-

he soil for all or part of the day. To count as many of these as possible,

'may find things in vour
s out of you. (In gen-
‘microscope. At that
look at some of the
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What Do Your Soil Food Webs Look Like?

et the mouth of the bottle into 4 quart-sized container. The cop
. The con-

s two purposes. The first is to act as 3 TEpOsIory to collect the organ-

m the neck of the funnel. The
Itis, after all, an upside-down
¢ large, recycled yogurt orcot-
just the right size to hold such a bottle

-_m'hnld the funnel and give it stability.

containers because they are
: really easy to come by.
h’!ﬂ‘ﬂ vimals in your soil. Courtesy . m P 13 el ﬂ'lﬂ e ‘Wilh e a_nd duff; the organic debris that
. top few inches of many soils. Start with a particular garden or your
sample down to about 8 inches (20 centimeters).
vant to do thingsa bit more scientifically, pour a bit of antifreeze or
-in the soil so that its lip is at fylialcohiol into the holding container so it just covers the bottom. Either of
ip some kind of cover (an open jesewill kill alf the arganisms that fall in so they don't eat each other before
the trap. Next, pour in halfan observe your catch. You can skip this step with no fear of the critters
31 othball ortwo, 01 leave : contailier: the plasticis too slippery. A few organisms will be lost to
Aas areas you are [osting, ! 3, a8 (1 (reding frenzy that goes on in the soil continues in the con-
mple his can b 1orbidly fascinating show.
to see I'his gets the life in your mixture to move from the soil

ind use Jlv comfortable) down into the container. Suspending a 40-
trants to the trap (<0 they ) ulb pver the open end of the funnel (or placing it under an ex-
M m‘ [EeeERctants, 5 thcy ! similar wattage) accomplishes this. The top of the funnel
e Jowshould find a few of beabout 6 inches (15 centimeters) from the source of the heat. Be care-
ot penmight g can have the best soil food web going, but if you burn the house do‘wn
ieating the materials in your Berlese funnel, your spouse is not going
py no matter how well the garden turns out.
n the bulb and leave the Berlese funnel undisturbed for at least three
and heat will drive the soil organisms down through the screen
ding pool in the container. Some folks put & few mothballs on the
il instead of using the heat from a lightbulb with the same results:
e of microarthropods and other organisms into your ohm. -
Berl peek as often as you want, but don't stop the process for a mini-
g e dﬁﬁ(aw&kbm}ﬁmuuml'msﬁ““‘h‘h&mmm
who invented it. _ 2
to count your catch. Your best betisto look at the containers
magnifyi glworammimmm‘mm
11} [11] L} : . . m.
arm’s length but view the microarthropods and o¢e:

. of inches orso from your eyeball
asif they were only a couple el i
{and frankly, despite all the

o we did this were the number
as amazing) the first ime
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What Do Your Soil Food Webs Look Like?

gicides, and salt-based fertilizers, and you knoy that oreatic m
N your yard and gardens decays rapidly (within s v: Wtz
ne), you have yet another strong indication that
food webs are at least fairly healthy.
0 ) ‘not want to, but you can measure some nematode populations to
; m First, take a Berlese or kitchen funnel and put a hand’s-length
surgical tubing over its smaller end; clamp the tubing shu wili a
clamp. Next, collect a few handfuls of soil and mi; th

of a half-dozen animals, tiny

seen most of these before,

‘matter involves microbes,

a fairly long life and spent an awfu
ght we knew what was living

X months in a tem-
the base members of

pods are different in differ- - e : em with
‘2 general idea of what is nor- € nated water, forming a thick but soupy mud. Fill the funnel half full
i mud, and then pour more water in, 5o it covers the mud and then

he nematodes will sink into the funnel’s neck. After 24 hours, quickly
d close the clamp, and examine the concentrate you've just released
best magnification you have. A microscope and a few drops on a slide
produce a great show.
i @m. to get a really accurate assessment of microbial populations re-
: € traininyg snd the sophisticated lab equipment of a professional. Tra-
' -ﬁm#flis'agood Kign things are | oil test: determine elemental deficiencies in the soil (NPK tests) and
oS ssoil's pH and CEC. These are useful, but for soil food web pur-
ifying 11 amount of fungi and bacteria, especially, is critical.
gasy o zet soils tested for nematodes by almost any lab that does
801l tests; and protozoa can be seen in relatively inexpensive
pes. If you have good numbers of beneficial nematodes and low-to-
zuys, you know you have good nutrient-cycling capabilities. The same
ou have lots of protozoa. But what you also want to know, from any
s your soil for biology, are biomass numbers, How much fungal
: ere in the soil? How much bacterial biomass is there? This is where
r soils to mineralize and sare stored—in the bodies of fungi and bacteria. This information
l’““ know what is | né which type of organisms dominate in your soils and in what
ns, we will be the first to ad- : -
what is in your soil, even d more agricultural testing labs are recognizing the value of 15t

! to0 are present,
cause some concern; you'll

identify nematodes, ' their microbiology. You should be able to finda fab to take t:.a:: f!f
§y) bacteria. Exact Beeds (an analysis of a compost sample, courtesy w-j:‘::d el of
' - .com, concludes this chapter). Armed :: willel o

ual surveys and such microbiological lab tests,
B what isn't there. Next, you need 0

existing members of the com-
tivated by soil food web

it soil and, by implication,
ou can do to maintain and support
ed: whoever is missing can be ac
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oration and
ance

a of what populates your soils, it is time
0 ensure your soil food webs give
in the way of nutrients and protection.

ibes and become a soil food web
hmm a diverse and whale
'wi[[se_ca difference not only
Some areas {lawns and beds o annuals,

of your yard's response will b.ve 10 do

| saturated your yard with commer-
salt-based chemical fertilizers, vou
thismay take a vear or more.

nd mtensifying others.

t tea are the soil food web gar-
the soil food web using
the right way, with the
aerated compost teas

B .2 . . - which would be ;
erobic microbes doing their thing It should smell earthy md‘ﬁuh.mm s::ng,;

& has a rich, dark, coffee color. The only caveat is that in modern tim
Das 10 know what was used to make the compast, as many of the -
we seek to avoid do not break down quickly Y SEE
Organic mulches, too, are an effect q e S Lt
panic we mean natural riz;almai ful?o?;:,i ﬁmd“t.h gardening tool. By or-
xdiwinsﬁ and wood chips. These }1rm'id: L:: mtmgm_-_nmd"l‘ lca\'m.
2 SO _ Proper environment for the
soalcommunity’s organisms and plenty of organic foods for them to live on.
~ Afterall, 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 OTganic matter as malch, you can
\establish or supplement different members of the soil food web, ones that will
Wemmc of the type of nitrogen preferred by the plants grown in the area.
,., Actively acrated compost tea is a liquid easily extracted from compost. A
papeﬂy made AACT contains the same set of microorganisms as the compost
from which i derives. The term “actively acrated compost tea” is used to dis-
'ﬁngmsh these modern compost teas from old-fashioned teas like the ones your
_fltm!s and grandparents may have made by soaking a bag of compost or ma-
‘nure in water (or a few weeks. AACTs are prepared by pumping air into a mix-
of compost, dechlorinated water, and microbial nutrients. Unlike old-
hioned teas, which went anaerobic, AACTs remain aerobic—and the aerobic
iCroorganisms are the beneficial ones. The energy from the air bubbling
the mixture strips the microbes out of the compest and into the tea.
leve they grow and multiply, forming a stew of beneficial food web microbes
at can be applied to soil.

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

work now, much less later
t, mulch, and compost tea properly wﬂ!g:uﬂymdmthe
ck it takes to maintain your yard mdgar&ns-'l'hmsalﬁef
@ gear up and make the necessary changes, there will be less o




Chapter 15
Compost

mAnd if all this doesn'’t save
or turn your garden soils—ever

0MPOST 15 a whole universe of diverse sil food web organisms. Never
mind the huge numbers in good, fertile garden soil: the numbers of
OIZANISMS per teaspoon in compost, especially the microbial popula-
s, are simply too large to fully comprehend: up to a billion bacteria, 400 to
ifeet (150 to 300 meters) of fungal hyphae, 10,000 10 30,000 protozoa, and
0 300 nematodes. In addition to extremely high microbial numbers, com-
St contains all manner of microarthropods and sometimes worms. It teems
‘Rule#4 {compost can be used to inoculate beneficial microbes and life into
around your vard and introduce, maintain, or alter the soil food webin a
-r. ares) establishes the use of compost as a major soil food web tool,

elaborates on this: adding compost and its soil food web to the surface
soil will inoculate the soil with the same soil food web. The organisms in
pPRpost you apply to your gardens, trees, shrubs, and perennials will
d life as far a5 they can. It is microbial manifest destiny. But you can best '
3 plant’s nutrient needs by adding compost with the right microbial

ain sail food web tools are; cach

you start applying all the rules
e will be no looking back.

 Hoffman Graphic Design.
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Lompaost

ed by bacteria. It all depends on what voy PUt into the compost pile or |

i ) g A i n
part. And because some plants prefer their nitro
pe in nitrate form (see Rules 2 and 3), making compost that

on of one of these forms of nitrogen gver the

o

Ren in ammomum form

st much thought. They make or buy it, angd
sre than one kind of compost, how.
many veteran compost makers. We, too
mmm it, had the same biolog;
upon reflection—and especially after vou know
ganisms that make up compost—the ide.
doesn't make any sense. As with almos;
itdoes luv:somethmg to do with what

tasters the

other makes real sense.

v to make compost

mers have been using compost to improve their soils at least since the time
early Romans. It wasonly in the last century that compost took a back-
tto chemicals when it came to growing things; before that, if you worked
pfarm or in a garden, you routinely used compost and manure 1o increase
ity. This all changed when internal combustion engines replaced the

%ﬁlﬁilﬂt of soil food web science, vou
s do d by fungi or compost that is domi-

.and fewer and fewer homes, particularly in urban settings, featured

5, cows, pigs, and other livestock. Agriculture and horticulture required
cals becaiise there was a dearth of manures and thus compost.

Making and using compost has made a strong comeback among home gar-
sand has cven become politically correct: composting conserves valuable

il space by recycling at least some of our household wastes. Dozens of
apost bins are commercially available, and a like number of books can tell
how to it e compost, in myriad ways. At the heart of every compaosting
i, however. are the soil microorgamisms, the members of the compost’s
web. They are the ones that make compost. no matter what method is em-
ed. Their metabolic activity creates the heat and by-products that make

composting process work.
“This is & chapter, not a book, on composting, What we will describe hereis
2 hit of the science behind composting and a few basic procedures for
‘compost at home. Once you have made a few batches, you can exper-
nt and create a system that best fits your plants’ needs and your cii.matf-.
availability, and even spousal demands. Besides the necessary soil mi-
composting requires heat, water, air, and organic materials \..mh the
sunts of carbon and nitrogen. All are mixed in the proper ratio.
ic materials are casy to come by: grass clippings; autumu leaves,
straw, sawdust, branches, and virtually all kitchen scraps (except
d fats), Human and pet feces should not be composted because of the
v that disease organisms might survive even the high heat "f_‘l’f o
ocess; for the sume reason, we personally discourage the timewori
i risk when you don't
usingcthermmmsmmmpostm!”ﬂk“h‘ .
d of antibiotics and other drugs were used 1 feed the animals?

nts to be worried about E. coli?

1ne




E 10 survive the sext hottes
composting, and they retumn when temperatures 5;\:5- e
rsoil organisms join the fungi and bacieria.
p the pile as they search for food, and microbial ACUVItY In the &unts of
m ammals results in further chemical breakdown. Al ’
mctivity creates heat, raising the temperature to 1045 {40C
smes too hot for the continued activity of the mesopt
jpted to higher temperatures take over. .
i case you are wondering how a compost pile heats up in the spring sfter
g winter, it is simple: some bactenia are psychrophilic !'nc.;m::;_ they
st temperatures just above freezing though some of them—the really
ihacteria—<an continue to operate at temperatures as low as 33F (0C).

Dreaking spart OTRANIC

this mety-

-At this point,

ulic organisms, and

stabolic activity of these cocl-loving bacteria increases the temperature

just enough 10 wake up the higher-temperature, mesophilic orgas-
can take over

he second stage of the composting ovde, the thermophilic

ican withstand temperatures of 104 to 150F {40 to 63C) and over. Dur-

? p._-nm the

e alin decomposed. Hemicelluloses, more resistant structures, are de-

farmy mote bacieria ( Arthrobacier spp., Pseudomonas spp., Smeptosmyves

omplex carhohydrates are fully broken down. Some pro-

T actinonncetes) and ﬁmg‘i 3cin i oT htgin o plm' more mmr
Their metzholic hicat causes the temperature in the compest pile to con-
; Fise: these high temperatures also kill off pathogens that might be in
humus-sof] that also hap- the n
‘I mem' itis pos- ' ' ﬁm.twosugcsmlmpla:e\m'ra;ﬁhﬁ\::\pmpeﬁrmidtm?ﬁ:
QRO matics what ! t up to 135F (57C) in 24 10 72 hours; typically if vou have the right
Dot toninogcn.Lheccnmnf;pikuﬂharupm 135F (37C)ma
4 150F (65C) in three. 1f the pile is not heating up, then you need to tumm
is, switch the inside and bottom materials in the pile with the outside
1 ']mﬂmh‘mtdm‘tNMﬂﬁ&ww
.mfn@ﬂuiusy-m-dtgslsugmdmwﬂlnw}y@cmthdmd
Newspaper, frut or commercial compost inoculams s
a heat up.
:mw anmws?p&s.l:hadv&hkmhepapﬂcm

e ; days because at this
and 150F (65C) for atleastafew dusBes®er W0 0 6560

(¥
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M apart than alimast atvthibing else i e T e
the bacteria that resemble fung eonitiinne theiy m-‘ i l-.-“ul\..-‘. i, e
patlt-to-digest plant remnants these are the s v, ;:H'“'“" 1‘"‘ e beally
garthy smell associted with good compost and soil. whic . ”"‘:‘ '":q art
decay of cellulose. lignin, chitin, and pProtem. The man a1
i this last stage, the basidiomycetes, are still it work

m during this matiiration stage, ph\ steal dec O PORER CONLIE 16 i
the microbial team. Grazing by nematodes springitails, centiy i
s caise the populations of fungi and bacteria (o uh.nu-‘u.._ 0

WO lngnl partick

eades, il

1 ax these 1l
A M‘“I-‘““'\‘ merease, g0 do their soil-binding activities Lats W et
! K ¢ ats « N

g were killed by the heat of the thermophilic stage, but those that sirvive
Jots and lots of bacterta and Pangs o et as o grougs, they do well. Worine
work the drganic matter in the pile, exposing it to bacteria and tiei coal
'pa_l'til:lm with o oueus thar bunds them together into aggregates, Ants
5, sluags, nutes, apiders, rove Iyeetles, and sow bugs can u“llli' |.nln the pil
d apen up the corganie miatter ox they forage, shredding it and making it eas
ﬁ“- microlby itack, The end result of all these organisms going abuiit
._'day-l(l iy [runiness is culnpost
: A It-ii_ll‘l&"l! ny he compost pile Derween 104 and 1 3 F (40 and 3501 alter
. mﬁ-mhﬂ‘gpﬂew treated. 1 turming sintial thermophlic run-up to 150F (65C) Maike sure that the outside of tie
1 Mm’m-muﬁnh, changime the jets turngd (iio the center so all the materdal decavs. I the pile deops be
' M}hm fungal foods. Since bag : A L0AF (400 ) betire it is mature, consider adding some inore green, high-in
ing organisms, this will slow things ert material. 11 it stays above 131F (35C), conmider adding more brow,
sticking your hand into the pile to gauge th Ban-containing material. Of couese, aerating a pile will always initially cool
or metal rebar pipe into the pile, these . 1 h, and it you have the strength, repeated tirming i the only control you
3 are going right. A thermometer e Witering o pile down will also cool it but this 15 0 more drastic steg.
hmﬂflhnmwdmgncd tor the pur mpm needs to remain moist 1"“‘“!*'"“" the process, Don't let it dey oul,
Bt don't let it become so saturated that there is no air supply in the pile. You
hwm add water as you turn the pile, or cover it 1o iu‘rp rainy from soak
f all goes well, and it usully does, “compast happens "After two oF three
oy | 1 i mp“r shotild be composi Itix findshied, or mature,
broken down and begin to i ecognize what's in it.
and the temperature in the pile '

whet vou cinnot

specially protected spores ;
q'j ﬁmm' and replace ratio and tungal vs. bacterial dominance
&final, maturation stage e ratio of catbon to nitrogen has t be right in order to ke compost; the

3501 o A0eL 1 you have
decay process slows. 1
thet carbon is vented

Resistant plant compo BBl GEN ratio for this purpose is somewhere around 2
ofalcohols in lignin ' carbon, nitrogen is quickly used up and the
re difficult 1o attack B have 106 much hitrogen, organisms snatch it up and




to the atmosphere ar mixed with water and washed out of the pile. But at the
mmmpmmmkmmplﬂe. s

Offten gardeners divide available composting materials IO two categories
brown and green. Aged, brown organic materials support fungi, while fresh
m st uw:thls support bacteria (Rule #6). Brown items—includin,
autuma leaves, bark. wood chips, twigs, and branches—contain carbon: car
bon provides members of the soil food web with energy for metabolism. Green
items—such things as grass clippings. fresh-picked weeds, kitchen scraps—
contain plenty of the easier-to-digest bacterial foods and are good nitrogen
sources. The fresher the green item, the more nitrogen it will contribute 1o th
pile. Nitrogen provides soil food web organisms with building blocks for pro-
teinis, which are used, among other things, to produce the digestive enzvmes
necessary in the decay process.

Not all organic wastes at hand have the ideal C:N ratio: sawdust, for exam
ple, i5500:1, and paperis 170:1. The two organic wastes you should have
supplv of are grass clippings (19:1} and tree leaves (40:1 to 80:1 )—mixed 10
gether, these will give you near the proper ratio.

It is possible to manipalate compost materals so that the end pr
highly fungal or highly bacterial, or a balance of the two: simp
brown materials (to increase the amount of fungi) or green mater:
crease bacterial counts). A good mix of materials for a fungal recipe i< 5 '
alfalfa meal. 45 to 50% fresh grass clippings, and 40 to 30% brown leaves o
small wood chips, A suitable bacterial recipe would include 25% alialis res
30% green grass clippings, and 25% brown leaves or bark.

Again. the green materials that go into compost provide simple, casy-1
mm@‘“’dﬁm and are great for supporting bacteria
mm“m piles consist of difficult-to-digest lignin. cellulose
:::“{"’dmwﬂwﬂ} Fungi prefer this kind of material and

1he enzymes to break it down. Only then can bacteria attack it

‘ﬂnhliuhhmﬁtmdmbn&:
: : pH around 7 to 7.5. Fungi in com
W.Pﬁhhﬂ‘u&pﬁanmdﬁmzmmw;t ‘
mmh Pprevent them from getting oo alkaline.
_m' frciul e mmﬁt}am&cmmpem
Inorganic . &ﬂhn.p:;iu&u.hummm fungicides kill off
e e theslon bve ol . compoving. s
m\_ compost pil Mh&!m chemicals. Chances are they

some fungi in all
The more fungal

“why take risks with chemicals when vou don's e

Compost

will break down over time, but maybe not hefr,

of these chemicals are nonselective
Mere with the composting process itself |
to the heat and decay.

The size of the material put into a compost nile ;
‘much fine, particulate matter, and the
wbic. If the material is too big, the
that the pile will heat up too mug
posepmpcriv or fast enough |
o establish sufficien
of materials pu
the understan

Next, a comp
35 feet squarce or 1
can make vour pil
entire pile has
anaerobic. In
will want with: :

It is quite ¢ make compaost literally in a pile. du

Ce, 4 SiX-1001

t of mechanical h

= LSDA-ARS
- — y Hammend. LSDA
5sional tumns his compost to aerate i, Pmsogrph By 12




Compost

B e ciitain 1, notenough predators eating the fungiand bacteria,
fencing or chicken wire, lwon't be cycled and you will be able 1o tell by the
great. Using a wooden ]
bottom of the pile will al- g yst for the lazy
‘work to maintain. Some

then the nutrienis

plant deficiencies

t: in go the organic ? mix for “instant compost” requires three cubic yards of brown tree

ma few times. Once you fig- : 2 50-pound bag of alfalfa meal from an animal feed stare. This mix

| getting too moist (a chronic etter if the leaves are shredded so the bacterial microbes an get

‘effective. Again, you will fhitto work decaying it. If you don't have access to alfalfs meal. start -a.-i;i;

umes of grass clippings and leaves and work from there. if this pile

eye on the pile’s moisture. Ptoo much, use less grass. If it doesn’t heat up enough, use more grass

15 centimeters), alternating be- : moisture and air are adequate. We learned from expcrlem:; that

mioist. Once metabolic activity d fresh grass clippings out and let them dry for a day or two before
pile stays moist for the entire ding them to the compost pile, they won't mat or smell.

> be wet (this encourages syour pile in layers starting with 4 inches (10 centimeters) of leaves

1l with dry material if neces- : by a Layer of the alfalfa meal (or grass) of the same thickness, another

fes, anid another layer of meal, and so forth. Water each laver lightly

rain does fall. Similarly, if vou ! add the next. Add sticks and branches as you go along to increase air

Gkpiorconsider mak- ' ithrough and to the middle of the pile.
& you have accumulated at least the three'cubic yards of organic mate-
ed by your army of microbes and other soil food web organisms, they
i'to work. Heat will be noticeable in 24 hours. Thereafter you will need
itor the temperature: it shouldn’t get over 150F (65C) or coal down
w 104F (40C). Turning the pile will increase the heat until the pile
jthe mature stage, after which it won't heat up when you turn it Turn-
s temperatures temporarily until the microbes start working in con-
Again; water will cool down a pile. _
sounds like too much work far you, try cool or e:r.}!d ccrmPostmg
organic matter in a corner of the yard and leave it. This material
decay, only very slowly: cool composting can take a year of
few weeks or months forhotmmposﬁng.ﬂcmt'im!:ﬁmﬂ;
; i ins the set of organisms, it doesn
and as long as it contains pmp;r«dm TS &
system you use. Note that worms, e mﬂl'l’""'-‘" ; i::d‘
nartn ﬁumt‘?lﬂﬂwdmhwpnp&mmo?“m
, therefore, a good idea 10 kacp'amﬁ Cﬂ&_"" e
‘how energetic you are: the diversity of soil prganisms 156
3 web, higher member diversity
your garden. In the soil food web, : ;
them, either by direct
ability to eliminate pathogens or control
.. etition ﬁl’nma’ld Spau'




imuakes vermicompost,
fungi are involved in
kill the worms. Insiead,
the materials and create
buy or make a small
box. Just out of the

‘castings—coated with g
 proteins—are perfect for

clude food wastes (no fats or
or you can use the same ma
Af your material contains
them ta the bin; this pre
bin. Any brown materi-
1€ WOrms can ngest i
¢ microarthropods to
5. Putting your bin out-

Toinoculate your soils,
itte compost (fungal,
should be applied
Compost is most ap-
Soil Foad Web Gar-
in the soil in as little
‘soil life will be evident

ated. With this
i, aeration,
availability of
roximately 18

A certain

Chapter 16
Mulch

grutch 15 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,
we are only interested in organic mulches, mulches that come from
were once alive and can be recycled back into nutrients by soil food
sms. Organic mulches include leaves and leaf mold, aged pine nee-
elippings, aged bark and wood chips, straw, well-rotted manure (if
st), seaweed, “almost compost,” plant remnants, and paper.

easons to use mulches

pners are [amiliar with the standard reasons to use mulch in the gar-
enough layer will smother existing weeds by depriving them of
t or prevent them from germinating in the first place. Mulches
o give landscaped areas a neater appearance and keep soils cool when
o miuch heat: where it gets cold, mulches insulate the soil, and where
freeze-thaw cycles, mulch is great at preventing premature plant
y keeping soil frozen. Mulches prevent the soil compaction caused by
ns. T tly reduce evaporation from the soil.
ﬁ‘?:: ﬂ;‘:c:st:al list of msP:ns to use mulch is that mulch provides
d a home for certain soil food web organisms, and a good mulch
s in imparting soil food web benefits to the soil. For example.
mulch material into underground dens for shredding; the results
-rich worm castings, more worms, warm tunnels and dens, better
‘and improved acration. All manner of micro- and mﬂﬂ‘ﬂ'
re able 1o lve in mulches, speeding dect. n;il:s Bt the soil s or
ﬂdmmmmnfﬂ:wuw for




ﬂlﬂl in & feeding frenzy by bacteria and

mati he |mm of nematodes and protozo

intutrients being tied up to the detri

iﬂﬂmkm reason mulches contral weeds so

oo m\?mm s phosphate, and other nu
mem 18 put down. These are not avail
MMMM in the soil, where vour plants
mnmmm When mulches are used properly, howeve

s here, A mulch of aged, brown organic matesials sup
hm’nﬁmw organic materials supports by
garden with brown leaves will encourage a flush of fun,
il will foster populations of bacteria. Either will ¢
ds, arthropods, worms, and other soil food «
: through the mulch, pulling bits of it into
: 'w*ymﬁgnﬁnrmmbmo: the web to new

; .mwmﬂdt contain all ‘hl neces
IIMMM taken from lawns where
ied (and don't accept clippings from
ﬁ)‘_&-ﬂﬂﬁﬂ not to pile grass clip-

mmd up into very
who beat fungi into the
grow maore fungi (or at

er, is biologically ster-
e some microbiology.

Muleh

Pine ncedles, anather brown mulch available to some, make great mulct

only after they are aged a bit: they contain te rpenes, vol great mulch, but
toxic to many plants, Cedar chips also contain high levels of terpenes and
should be avoided, but most other wood chips; shredded or hipped bark Im:|
sawdust are great brown mulches and work fine. especially if they .
ifyou mix in some form of organic nitrogen, such as green grass or even alfalfa

meal, to ensure the C:N ratio is adequate and nothing need be borrowed by the
microbes {rom the -unl under the mulch

atile chemicals that are

y are aged or

How long mulch will remain effective depends on the kind of mulch used.
For example, a 2-inch (5-centimeter) layer of bark ¢ hips will last about three
or four years, as the lignin, cellulose, and waxes in the bark are difficalt 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,




an important role. Rule =7
while mulch worked into the
to use one kind of mulch,
pances. Bury most mulch, and
priace, fungi will dominate the
them to travel from the soil to

Iso important. If you wet and
colonization (Rule #R), Bacte-
‘dormant. And il the material is
|surface area means it is cas-

To keep fungi from getting

y produce antibiotics that suppress
tp'attaiu.duminancc once they
‘use green mulches that have been
ye brown mulch material and need 1o
eally fine bits and mix sooic in the

r mulches support funcal activ-

M ‘moisture are considrred “dry
. h‘mmdgow. but bacteria are
ou want fungal activity, use brown Jeaves or

vet them much; and place them on the

n, nitrogen, and the right
 nitrogen comes into play. If
| nitrogen, or a ratio of 30:1 or

in the mulch and, once
‘usually occurs only
‘has a real impact

d ﬁmgi that re-

ence has taught us
wood chip mulch

1, This prevents

Mulch

M.mulches are c?nccrncd—ir is primarily the bacteria that tie upthe nitro
gen in the surrounding soils. ;

Applying mulches

&hh:hu REECR3Y: = aflquire and relatively easy 1o handle and use in support of
?qursoll food webs. Simply appl‘}- the rules and the appropriate mulch (green
wh_m‘ wet or dry; coarse or fine) in the appropriate way (dug in or on the
surface) am.und your pla‘m.s {vegetables, annuals, and grasses, or trees, shrubs,
md perennials). Be careful: add a layer any thicker than 2 to 3 inches (510 7.5
centimeters) _and you may end up blocking moisture and air and smothering
mycorrhizal fungi. Do not put mulch snug up against stems or trunks; this can
cause microbial decay of the plant itself, so back off a bit.
; if you already use mulches on your property. you know what great things
they can accomplish: keeping weeds down, holding in maisture 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 reupply 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 arganisms will inoculate the mulch, and begin to decay it as well.
Finally, you can foster all the bacteria and fungi you want in mulch, but if
\you don't also have the proper nutrient cyclers, specifically protozoa and
‘pematodes, it i not going to have a big effect on your plants, You can actually
grow your own protozoa by soaking fresh grass clippings, alfalfa, hay, or straw
‘in dechlorinated water for three or four days. It is 4 good idea 1o bubble the
- water with an aquarium air pump snd air stone {available at garage sales every-
) to keep the mix aerobic. 1f you look carcfully at this soup. you should
able to just make out protozoa dashing around (use a hand lens, and you're
mteed to), Pour this protozoa soup on mulches, and you will increase the
cycling power of the second soil food web gardening tool.




Chapter 17
Compost Teas

posT TEA—the third tool in the soil food web gardener's shed—
puts the microbiology back into soils. This is a good thing because
. Mmsompucﬂml problems associated with using the other two
tools, compost and mulches. Besides the effort of turning a compost pile,
have a decent-sized garden and lots of trees and shrubs, carting compost
mulches around and applying them can be hard work. You also have «
mmdbtsofbmhtfyvummrjangon anything but a small yard h
p_mhlmwnh these two tools? They take a while to reach the rhizos-
phere. And neither mulch nor compost sticks to leaves, Plants generare cou-
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 micr - 1o
ilhﬂlrh_mmphmt.oxmmthephyﬂnsphm at all, with compost or mulch,
Actively amtu:l Compost {eas, on the other hand, are usually e
M;Mﬂﬂmdhfm—ﬂhﬂmpm right where they are needed
Mmlhw and definitely fascinating way to manage soil 0o
web ology in your yard and gardens, handily overcoming the lin
Wmmm

1

What AACT is not

ﬂm:mdymadm tea with compost leachates, c« -mpmi
Mﬂﬂﬁﬁnﬁm been employed by farmers and g

ﬂ”“"‘m*‘"3'”'\'“!“1}3(!5! when it is pressed
Aches out. Sure, these concoctions get a bit

: wmbmludlm do little to impart mi-
acteria and fungi in compost are attached 1o or
Mthcydon’l simply wash ofL.
you soak campost in water for a

Compost Teas

couple of weeks or more. The end result is 4n anacro
bit of acrobic activity on the surface

bic soup with perh: ¥ps
The 1055 of
alone (not to mention the risk of its containing
h(ﬂS} suggests that COMPOSt extracts are not

it safe or advisable to use them

acrobic microbial diversity
anaerobic pathogens and alco

worth the effort. Wedon't consider

Manure tea, created by suspending a “ag of manure in water for several
weeks, is also anaerobic. U SIng manure is asking for patho genic problems and
especially under anaerobic conditions, virtually assures tk

3 he presence of E cols
We want the beneficial microbes to be workin

ginoursoilsand o get these, vou
have to keep things aerohic

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-

tal 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 it (and some extra nutrients to feed its microbes) o dechlo-
rinated wat id aerating the mix for one or two days. It is this mixing; or ac-
tive aeratio: t brings old-fashioned anaerobic compost teas into the mod-
e era; it is also what keeps these compost teas aerobic, and thus safe. The air

supply must be su :nt to keep the tea acrobic throughout the entire process.
It takes energ

energy you
slime: plaque on your teeth. Bacterial slime in soils is just as strong, Consider,

to separate microbes from compost. You know how much

o use daily (or should) to remove another form of bacterial

aswell, that fungal hyphae grow not only on the surface of the compost crumb

Minimum standards for

10-150 Hg Active bacteria organisms per millifiter of
. compast tea. Courtesy Tom
150-300 pg | Total bacteria o an Chake o

2-10 pg Active fungi

5-20 pg Total fungi

; 1,000 Amoebas

[2-10 Beneficial nematodes |

000 Flageliates

0- Ciliates

135




but inside its nooks and crannies; you have to use energy to pull these st
off and out in addition to getting the bacteria “unglued.” Of course, 10
energetic action can kill these microbes. A brewer’s action must
monghmmmthe microbes but not so strong that the microbe
once they are out of the compost and into the tea.

More and more compost tea brewers are on the market. These rance from
small, 5- 10 20-gallon systems that can easily make enough tea to take ciic i -
H’m(nbmrl 1.2 hectares) to commercial brewers capable of producing ug
to a thousand gallons or more of tea per brew. The Internet is a good place o
look for compost tea brewers and compare them. Manufacturers should be
ﬂ‘mmmm‘ms that their machines can extract viable popu
m“‘fmﬁmﬁﬂum Only a biological test will tell you the num-
Mmmmmm’ﬂhﬂ don't have ane, don't buy the machine.

I hﬂn'd»mhm actively aerated compost tea brewer. [t is very easy and
- S J““’Wﬁﬂswithmshuynu need 1s one of those ubig-
, jwmmmmmaqmairpump (the biggest

X : sand about 4 feet (1.2 meters) of plastic tubing
o T . ; plastic tubing to
usewith it. mmpmnpahnnm”n

MM [ﬁ:ou .wmm if yous have enough air. If the tea

d is m T mm smell bad, the tea is going anaerobic.
mmﬁw ﬁewm’ bubbles, the higher the surface
B air exchange with the water, but when bubbles get

BRI ovaniercial brewer can moke shod

hours to treat -3Cre property. Photog

Hoersting

too small, u nillimeter, they can cut up microbes. Aquarium air stones
work well 25 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
fir stone with a two-foot link of +-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 wir 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 inside 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 in the bottom of the hu;‘k-.‘lt\.il it L'd?iil‘l‘
to keep whatever you use to create bubbles down on the bottom of Lr.u‘.bu;'u:cl
a porous bag before they put it mto the

Some people put their compost i .
ER iy This eliminates the

tea brewer rather than allowing it to mix freely in the water. :
v h vou will have to do1f you are g0
ou are only going to use teadsa soil
d pantyhose works well
h tme: we

need o strain tea before you apply it, whic
ing to use the tea in any garden sprayer (if y :
drerich, straining is not a prnhlcm}. A pair of large-size e
assuch a “compost sock.” We'll save the male readers some TESCArc




Compost Teas

:Fhese biack rings are bioslime that
formed on the inside of 3 compast tea
brewer basket. It allowed to remain,
biosfime can detrimentally impact the
quality of the tea produced. Phatograph
by Judith Hoersting

It should be obvious but must be noted that it is important to clean up
_ﬂﬁtaw:w when making actively aerated compost teas, Bacterial slime s 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-
Iﬂem the crevice at the bottom of the bucket. You may have to take apart hoses
ﬂld fttings to clean them thoroughly: So, even before you use your tea, cleant
systEm If you get to it while 1t is still wet, you can usually wipe itoff or

1at the

."JH

* it off with the force of water from a hose; at a minimum, Hush it with
m Use a 3% hydrogen peroxide product or a solution of 5% baking soda to
- ¥ slime that has dried.
15 ideal. Keep track of the water
adjust later, if need be, and 4 -
: dients

sting your samples. If you
y temperatures, then a aerated compost teas contain lots of bacteria, fungi, nematodes, and
kes these teas such 1 good

because that's what's in compost. What ma A
web tool (besides the high concentration of microbes) is that you can
e AACTS to feed plants according to their specific needs by adding

hich applies equally 0 compost;

nmrien jents 210). Use Rule=10,w
(SCCRUJE -, and:tevvlvesmtoRnkﬂl by

‘these come with auto-
tea, you may have to con-
ally adding ice to it to keep

igh ‘because its ultra-
bﬂdis,pmnaniyl in
you keep your brewer

dof itself, not unlike making beer.

TOCES: Qmmmton hobby inan




ents, the first being chlo
teas are very sensitive Lo
¢ and ingredients. It is vitally
i any preservatives. This
kill or discourage micro
uses chlorine, you will need o
air bubbles through it for an
the water safe for microbes,
also work well to remove
arly useful if you need large

1f it doesn't smell good, it
1s to have it tested. Avord

Ve 3t mhwmwa
ost. These are full of benefy
the role bacterin play in-

of either compost or
st the bigger the brew.
¢ microbial population while

not to kill the microbes) in pow-
uices all feed bacteria
of any of these simple

i l_‘_nm;unl Teas
nance. 1f you make a bigger brew, add more nutrients in e
the amount of all added nutrients will vary linearly o m:l::crpml“"
your brew. Mare complex sugars and fish emulsion are akio L,;Thlhr
| food, though both will also support some fungal growth. e et
courage fungal growth in compost teas, add kelp, humic and fidlvic
and phosphate rock dusts, which not only provide the fungi with nut
pvadue but also give them surfaces to attach 1o while they p,mw.. Asc up.‘n'm:::;r
ot is a cold-water kelp that can be purchased over .Ihc Internet, at gar
prs, and even animal feed stores, where it is often sold us powdered al
pulps of fruits like oranges, blueberries, and apples will also help fungi
) Compost teas, as will aloe vera extract (without preservatives) and I'tsh
sate (which is essentially enzymatically digested ground-up fish—
and all). You can buy fish hydrolysate at some nurseries or make your
(by adding papain (aka papava peptidase) or kiwi (which also contains the
priate enzymes) to a blend of fish to enzymatically digest the bones.
aand zeolites are also good fungal foods and do not support populations

cteris

e fungi o head start

new 1o ted brewing become frustrated because it can be difficult to grow
n quantitics sufficient to make a balanced tea, much less a fungally dom-
| one. This is because bacteria not only grow but multiply rapicly in tea
y adequate nutrition; whereas the brew time is almost never lang enough
i to multiply in tea—they only grow bigger. The better way is to acti-
ate fungi in the compost prior to making tea, allowing populations to multi
they are teased out of the compost and into the tca brew.
activation is casily accomplished: several days before brewing the tea.
‘compost with simple proteins that serve asa good fungal food—such
gs as soybean meal, powdered malt, oatmeal, oat bran, or, best of all, pow-
v oatmeal. Thoroughly mix in one of theseat the rate n!'t‘hmeu‘r four
per cup of compost. Make sure there is sufficient moisture in the
, which is to say a drop of moisture can be squeczed out of a fistful of
‘mixture in a container, and place the container in a warni, &
-germinating mat, placed beneath the container, works great o
your compost, if you had

t three days at 80F (27C), the fungi in 7

hemn in the first instance, will have growth.

visible mycelia. The compost




nutrients to compost before makin ) 12a,

d with long, white, fluffy strands.

‘many fungal threads, the entire container

ignal that worm protein is
i can add mycorrhizal

Compost Teas
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a result of increased metabolic activity. The
‘of compost teas, especially when molasses i
sweet, earthy smell.

tea has a very short shelf life.

O many il.']('}h' P daie the
. I O many m €5 now .0[.‘!.11 te the
y ;llilt tll't) ‘1 s I 2 g - . I‘.
| :I[I" (j P LT more

rtant, they are using up all the oxygen. If you are offended by the odor of
it has probably gone anaerobic and should he discarded; do not toss it :
pur plants, for obvious reasons. It is best to use compost tea within four hm:;:
nufacture, though it will last‘diminishing in populations, for about three
e days if kept refrigerated or if you continue to bubble air through it.
‘After you have had some experience making teas, you may want l(: modify
ir machine in order to make better and better teas, meaning those that ha-.';e
numbers of microbes. For example, besides substituting the soaker hose
the air stone, we also upped the size of our pump; eventually we found a
Y3 horsepower air pump, and now make seriously bubbling tea in a 30-
m plastic garbage can (affectionately known as the “Lawrence Welk—o-
or"). The bulibles come from various pieces of equipment; we are continu-

experimes '

best part is the smell. The
s used as a nutrient i a

pmpo

&, using specialized fish tank and Jacuzzi aerators, watering
n & plastic water pipe pocked with holes made with ¥/ té- and

the outset we will tell you that you can never apply too much compost
ur research shows no ill effects from unlimited applications}. It doesn’t
t roots or leaves, and the microbiology in the tea will adjust to the
available at the site. Repeatedly applying compost tea will only help
diversity of the microbial populations in your soils. Use tea on fawns,
bles, trees, shrubs, annuals, and perennials. Unlike chemical sprays and
compost tea is safe and easy to apply: .
e the tea is ready, apply it as a soil drench using a cup, a plastic “‘di:;
(bacteria can impact the zinc in metal containarf},uor‘ {1{ the I:;w‘
d) a hand pump sprayer. Since compost (€as Wﬂ? Sﬂf-k L =
1t can inoculate leaves with a foliar spray of benefcial m:crz::r :ah
sa foliar spray, the tea must cover 70% of the leaf::;w g7
leaves. When applying compost teas to smlrdS; i
around them with the tea. You ca.ltﬂm ove fouiveinsout
forget the sun: ultraviolet rays kil mﬂf“"f&ﬂ 3 pan, when OV
5, you will want to apply before 10 a.m. oF




o Compost Teas

==

icrobial sunblock lotion, - Compost teas go to work immediately, an

ae to attach themselves that the tea applied be a good one, full of beneficial Organisms,

too long a period to be ex- ens. There is little room or tolerance

drop diameter of at least | up 1o the job yourself, you can purchase AACT from an ever-growing

slop enough slime to estab- ber of commercial nurseries and garden centers: some companies not

V rays can also negatively mutke but will apply compost teas for you, In either case, it is still adyis-
can be a bit more relaxed & to ask for tests to see how the tea measures up and, of

. course, don't he
: sink into the soil and leaf duff d to give commercially made teas the smell test before buying or applying

» They may have started out fine byt gone anaerobic before sale,
s here. The microbes you You can apply AACTS as often as you like, but how often you need 1o apply
j m‘-‘d‘ alive and require i (especially if you are paying for them) depends, as you can imagine, on
f 70 pounds, and the status of the soil food web organisms in the areas concerned. First-timers
or turn the spray head puld get a base reading on microbiology and arthropod counts before “tak-
ces 10 be covered; there _ up” this very effective tool, As your soil food web becomes healthier, you'll
soil or lawn or plants, as peed to apply tea less often. Thus, if your yard has had applications of chemi-
MOf the tank. Electro- cal fertilizers for years, you should put down compost tea every other week for
] putting the wrong charge ggc_c-mumjxs to establish a healthy soil food web population. Then you can
er before using one. start applying (24 once every month fora seasm;.md, ﬁn.?lly. 1hme‘ times a year.
ifywnstmm your tea. but you How much compost tea should you apply in any given sesr.mn?‘Fnr tw.n
mesh of any “compost sock” “years one of us used about 60 gallons a week on a quarter-acre lot with posi-
en .'.to.letfungi and nema- results (save for a few complaints from a spouse that felt too r{mch time
rt § spent teaming with microbes). The general rule, huwe\"er. istoapply
lons of compost tea per acre as a soil drench; ten gallons if you are go-
‘of a lot of the bits and O spray leaves as well. It is fine to dilute the tea; iust. make sure there w:;
hathc tea 1s diminished. Ve s when you started. When you are more expmenctfi. you ‘-'m :‘;un-

. spm.whzch is capable of ount of tea you apply with soil tests and tea tests to achieve specifi
| clog a normal garden sprayer. or bacterial ratios.

d for this reasan it is important

not diseases or
for 3 poorly mage tea. If you are

38 store, concrete | P

) _“PPlY . A gasoline certain times when it nuch_evcn n‘fon’: sense t? e:p‘::y [:u t:::, :;:rm,
y for a large yard. A great = a good idea to apply teas immediately after g
. the soil and leaf litter don't freeze in the \.lvmter. ?;N gnmwof
ter long. Even with snow cover, decay will muraf:, e e
i the soil surface, where it will warm up enough mcmhalpm
e, Come spring, just before plants start their new growth i
ten gallons of soil drench per acre is our mgemnn.. o
and young leaves toafnﬁarspnyof-ﬁyc-gn!lonsﬁmsm
sare thriving and are discase-free, you need apply e
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Teaming with Microbes

Powdery mildew growing on leaves,
Compost tea sprayed on leaves can out-

[: y Clerrsion Ut y, USDA Coop Powdery mildew up close. i
Bmimha.mhmﬁrmgamg Dennis Kunkel Microscopy, Inc

two times; if you live in a tropical environment. you should ap;
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 supprees (.
growth of powdery mildew (Erysiphe graminis on turf, Phytophthora spp. o1
thododendrons), downy mildew {Sclerophthora spp.), take-all ( Gaeuman:

ees spp-J, gray snow mold ( Typhula spp.), pink snow mold ( Microdochium

%L‘M&rﬂd (Laetisaria spp.), crown and root rots
(Pythium spp.), brown patch ( Rhizoctonia solani),

and dampin

summer patch ( Magn:

?‘x{m ': . -” ), necrotic ring spot (Leptosphaeria spp.), vellow patch
M. ) hifi]‘-:w [ Bipolaris SPP» Curvularia spp.), pink patch
v "m,'“dwm ( Ustilago spp. ). Insects too succumb to

s Dy teas, specifically weevils, grubs (Ataenius spp.). cut

m TEpOris attest ta negative impacts on whiteflies, fire

St e 'ﬁhﬁmMmamof your plants, ap
= ?hbmﬁy&w;a prophylactic application

is best e a sense ol your yard's phenolog casonal cyeles
should o apply teas in advance of breakouts

Fin ertain weeds are affected by compost teas, Clover and quack grass
have a tougher time of 1t when you acld lots of protozog and beneficial nema
todes to the soil: this teas do and increase nitrogen cycling. Plantains, chick

weeds, and nut sedges di sappear 1 you reduce the mitrates 1o smis use 4 fup
gali_v:lnm;r-,,m d tea. Ivy also respondds to highly fungal tea

Compost teas are a veritable liquid soil food web, Instead of lugging sround

¢ o anee aticen ¢ the ame

th{'ib&lrrnwuq-r|-pm;---.: msider compost leas, a concentration [ the cam

i } + reall teaming with mcrobes
m:crohmlr-;zv When vou use them. vou are really [Caming wi
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18 applied; eventually requiring readinsrmen

the common practice of remo S

— mowing. The chemical cardener i waall = .‘__ :.‘,- . :""”_‘:' aely wlter
m and'even the organic gardener 4l 1 s i S after mowing
dippmgs. By removing .

| Ve syerp T3 B
N

1t e rakee grass

8 caves, a gardener unveltt it
Cdﬂ'lpﬂl‘lﬂd\' e destruction o 1 the fas il Th
- s i VG, If e ok
have a soil food web 1o break down and deca les -
1 ¥ " re=
mp‘““_i tn remove them o the AT T Bock thie T . i
tH + e

ywith the way vour Liwn looked The use of chemical fertilizers sets nff .
ressed with compost. If you hac oo T you uses, the more the soil food web i 4
mwm‘t All that changed ! you'll need to fill the autrient u've created. It is 3 downward spivell The
fcame up with o wav 1o w0 e end result is sither 2 fawn in reafly terrible condition 2
p so cheaply. The rest is = : RBe Tt of work. Removing
fantastic resuits, the o5 : feaves the rdener
: tibillion: T industry. the trillin Wi et o B
i leave th: = when salts are applied: salts are freitant
respons vorm digestion die if’ fertilizers are ingested
bind so! ates g
ndithey work well. Their conc.- i - indivia. ticles porerates e gone, The lowil's solls lose shase:
e e m fﬂtﬂiﬂ‘.ﬁ are i i 1 ture. Sl ¢ ose the abilitv to hold air and witer: It 1= soon Katy bar-the
- inthesoils. Howeve- LioT door tim d more diseases and problems will arise
Forall of the soil food web mucron— G0 Withic vell-populated sml fond web, natural defenses are gone. Lawns
d i Mmmeinmmm:c: with a1l m inlested anmually with mildew. hiack ot o, gray mold, and other disease-
Hyat is, water in the cells of thec
if saits without, literaily bursting through
hat hold (bacteria and fungi) and v

he mors fertil
M The more leetiliae

V Zardener wive hae

TF 4N appiving salts oy 3 lgven

SOT Tt was formeriv carsied ot Tw

re the

lime thar binds

sRre affected by chemical fer

good rule of thumb, however
e aere will wipe our & healthy
of the soil food web, but &
by four 25-pound bags !

“inod resources or by the

terobiole gy is mmissing, 5
necessary to keep the

gilost, . s0il’s pH
mitrate <aits rc




E— MMMI!‘! diversity of benehionl
== Mmmm{hiw i check. By teaining with
. I‘I' Illl‘lﬂﬂ.wm'mw fawi—with a lot less winl

Takingstock
:'mwmﬂ'&tm&bim;mﬂnm to st deterimine th
vt soil food wel, Biological soil tesis by a competen
only avcurite way to lesrm what needs to be corrected and exacd
estoration work you have 1o do, but other things wall ive v
fcdication of s state, Barthworims, for instance, won't be prowon
0 acteria, faiigh, and protozea 1o cat; their presence, thereton
~ idicator of a healthy food web, 1 you have a good population o
d Whhﬁdw organisms building soil steo
P TS 1 the grass foots building water- and air retention an,
mmwwﬂmmbuﬂs hunting for cai
of exrthworm after a ram, o worm castings deposited on il
h‘mwm bave only to mainstain the lawn's soil
i microbiviogy to establish one.

HEh bach area which was e

Similiardy, vous lawn's sofls should contai ol
nn plenty of microarthin
thropods

fittle arthropods vou need o hand lens, M .
\ srwope, or lght micr

These help with nuteient eveling, open up 1l
VU the grase olin

the soil. Use a Berlese funnel: if vou discover o
AEcOver that your soils

SOOI Loy
P o s

members, you can restore the microbiology by :
(RTLA" Providing |
e, protozow, and nematodes—the base that wil
AT LT TS vill attract |

or other soil food web participants that are missine

The care and teeding of microbes

Abthe beginmimg ot end of the growing season, spread an oreanic fertils
erobe food! '
ply of g
bighul M Bt
crobes, v

Rule Bl it
10 stay aw it

know the sresent the percentages of nitropen, phosphoris, and
potassnim dizer. and this NPK milogy appears on all tert v

mg. Dan hing on the lawn w
tradition 3 5 riliers usually mect th
ll'ultah:},: vithing over 10) conaentra

mycorriis

the grass foses its alwint

S
Ww" Fangl (vee bowd on the i) el Bawin QRS

oniriry MCOrTRE

W T e e




! _glcklnmi dravailnhe

iy meal with an NEPK of ¢
10 _Wﬁﬂ.ﬂﬂ‘wr pefuel erpo
el peittoneted tenl, jeath-r
feer ay first anvel then oo
Squiare feet—but we warn
Mﬂ&fd the el Fne
srabie food, not fertilizer

cariment for fhe Lo

m&tlmaﬂy dermin
grass clippings on (1
wugars in the grass «
”m Mllhtmn
rill have to mienw less o
 beling sucked up o by
season or when twip.
t Instend, mulch ther o
“mmm!h-r.
ments of o lwwn, whi

ire and drainage and help b
pto athatch layer in their abocn
8 mtishrooms in yous loon 1he
tath the green grass.
el “wmblwh-ri- FHay
Wkttﬂizm abel weed
rein 2-inch-fong plogs of !

e

m’u"‘.d frorn the lwivh, creating bl hresghie
1 mﬂ"‘m"'.ﬂ wanter, nif, anidd orguniie fond 1 -. ey
m‘d B deft on the Lawn wivd allenwsd 16, e o
Plug seration in the enrly
Hood web becavise ithelps repair compaction - F vy i vl
e or the back-and-forths of pet. (o e
gttdnrlv psetnl in keeping the lawn's fun il poprilatio | R L
1 m healibiy: as thé e

S feugile, fungl are dlso the first soil arganistng o

w ne i nevitably dees After thi e
Pring
m! fﬂti(l Fhyis will Fall irines the

I msﬂnnl ¥ LAl
Next, inoc olate thie lown

B ;Wﬂ“‘“'il B O ARt in whist je
I_@utﬂmp!-ﬂ" 1 by applying o thin Lig te s half-ineh) laver of bacterially
dominated o0 iy

:er‘lhl‘.l' by Lo teitally
jﬁ_«'_l.amln' Ji hofa L hagrter )

WHat At chlor
Lm il |1 oo wotter usdimg a speiiekler, The fine mist spray atidl the teip
’M the wir 10 1hie g helpa clear most of the
ApEaarse, yuoli o ain by Blesrine filter and inetall it on the oitside
Uhcise bils, Criie THier shicriiled Tast all season, but yoo shoubl chie k the ot o

} I]’Y 1o bse wiide

AETINGE vty thres
hildlean, aricd ol ke e
when a lown becerme win
with Frefiefic Il trvie rebm g g

Ut rivie febedongy back

lteady there 1 the lawn is streall, thie e #as

L | I W Ar
I es the Lawn with o fertilizey sprender. 1T the L is large
latg,

il i I
desfrinated compogt tea [ade “Applying Comrpost Tes

ine i e waler you gse 1o weater gour laven? J1 shoubdn's

chlerine from this water, CF

in mexje nave o

¢ the soil food web way

p weeds can be influenced by thet sl food wels, Dinilelions, foor exrngile,
Fin calcivm-poot sl srirfuces Theie lofig faproots ok ot the calensm
Jack, and the calcium is deposited in the sl whie the dandeliom dies. In
—unfartunately, sometipnes guite a fertige firme—the soil frpaned wehs Bikiddogty
ﬂiilcahium it the upper layer of seill, where [ his been imissifg In
dantlelions can mine ihamiselves ol of existence: fis et piad o eluriele
x ot oot fungal activity in the soily; Fungh tie i caleivits, much more
 do bacteria, You can also tse 4 i rurbye fosond, corrn ghatess (a by prowduct

ihl'cll prmlmlinnl a8 ati inetile, proemenget agent. Pol i:‘:;l h:m
s of other weeds just 4s they are comying 1o seed, sl 1

-. seedds (it develuping secofidaty 1001 I the meatien, 18

D fesrrvtla feeds the soil food web
off tlover of quack grasses in 4 [t it tht fhe seil

frornel wels i




mmdannd PLOLOZOA via cony
 4ou i dnerease nitrogen cycling. Chickwee
W“Mhmmmh ttrate, which s wii,

--i.mdﬂllwafemlucr ‘\lﬂ[‘ .lp|v|\|u- chen

Wﬂmmm lawn soil is already funygall

mm bacterial, as lawn grasses prefer Moo
L mww teas and a thin topdiessing of ver

! ' Whm'inﬁ:ﬁed lawns, and the pd L will gl
ﬂw h’!&umdnnlu! acceptable” tw moss Th
rven .ﬁw“ al new moss. You should 1
b thatehing rake and may have 1o apply ono

odd wehbie,” you already know you should | ¥y 10 o
dawn. Not too many. of course, which wo
. W'mlﬁpumwnm] about fairy rings, tor
hﬁﬂﬂl’ﬁfﬂu ﬁmgi an your lawn soils by making
8¢ _hi-mil diversity of fungi; the fary
ed. In addition, recognize that micro. and
o imice and shrews eat these and many ot g,

di you

e Tung

The Lawr

Easy changes and good starts

| You can use the soil food web 1o your advantage whe
pﬂ. Normally you would have to put down hundeed
suam, or sulfur to alter soil pH a few points in o decent
*ﬂln"mh’["“h taking i seanon 10 effect even a pomt’s change, Howe

gan use considerably less (about one-quarter the amount ke

0l Comes to h.llu'_lhr_
ol pounds of lime, gy P

waed lawn; lime in par

and vake less timie 1o
wlhf saime results by applying some soil food wel s ience. Instead of puty
ead of putting

it directly on the lawn, mix lime in when vou are tmaking compoat, il
5 Lt Wil
ﬁcd “p l“ lhl ““I'“II" Fill ”II ““"]h"l '”“l "E' LE J J'Itm; r||l' I]-!I[]I‘l food

web cycling. You can put this compost directly on the lawn or you can make
' compost tea
Obviously, i you are just putting in s laws, you have an opportuity to &
tblich a healthy soil Tood web from the very start sparing your lawn the indig
| ﬂii}’ of chemical addiction, Betore you bropdeast grass seed, mix it with the
W of end higal fungal spores associated with grass plants, vegicular
_li’hl‘ll&'lll.ll rrhe (VAM )L A healthy lown should have a good portion of
fools colon v VAM tor the lawn as a whale to get the benefits of the
J m}'ﬂ)nht: | wnship. VAM colomzation he Ips grasses compete with weeds
for nutricn! { blocks root-eating nematodes. And mycorrhizal fung bring
I both water and nutrients back to the roots: Biological testing labs can rell you
! Bow much VAM vou have in vour existing lawn soils

Twenty-four hours prior o seeding a lawn, roll wet grass seed in VAM und

store it in a durk, cool spot. VAM will help achieve healthy Lawn that doe

fieed watering or feeding as frequently as those without mycorrhizal fungi

% nol

hat if you need a quick fix?

aind while soil food web management
sired, Consider first the use
f woeds are so bad

lawns are seemingly hopeless,
y prevails, quicker action is sometimes de
vinegar, or manual labor to get rid of weeds in lnwn; i

f redth
you need to use a herbicide, o if the lawn Dietds 651 m’mtms fial
. . 1
By, for an emergency backyand wedding!. then you should take e

W restore the soil food web

s practice Rule #15; follow any chemical $pr e
m application of compost tea Give the stufl a few days tod ““.“ o
tea, The microbes in the tea will immediately start to de GR‘ o
@ down the remaimng chemicals and repopulating it. Repes

check the status of soil food web life

dikin

aying or soil drenchung

w




Teaming with Mictoties

Barth bacteria and fungi can degrade pesticides, but it is mostly
that attack and break up these complicated chlotinated carbon ring.

yuate, and humic acids.

Applying compost teas to lawns
O of the best ways to establish the right biology in Liwns i+ (o .

1o admit that applying compost tea to a large lawn can be problen o
don't have the right equipment. A commercial tea sprayer service 11
u!rbumbe-momdiﬂimltmmmgeand much more expensive t
ing it yourself.

MWHmcham 17) are fine for a small area, For
you should consider a traveling sprinkler (one that follows alon.
‘out on the lawn) with an inline fertilizer dispenser (a tank mal
sohiible fertilizers) attached to your water source. Instead of hol|
“mmhm with actively aerated compost tea, whiol
1o the sprinkler as it travels across the lawn,

therefore need fo inoculate contaminated soil with lots of organic food |
sources with comples proteins (the kind fuangh like), such as kelp, fish hydro,

biscterial aerated compost tea at a rate of five gallons per acre We it

A traveling 1o

work. Phoe : Mostitig
1f you ppiving tea to a really large lowr I

sider renti 1 izas blower i

You can m re of liown in about five to ten minutes and spray up into I,,

foot trees is the best idea, as vou will only need applications it the

spring and in once the soil food web is established, Do ensire the tan

frecof any e

()nu‘ your Lirwn
o care for. You will no longer have to thatch or rake
will need 1o water lisss, mow less frequently, an | best af all, have
tion of being able to play snd work o ut warrying about

Berous chemicaly

pal i I'P'I_||i-'._1-','|'\.|". 0

has a thriving soil food web syitem, it

1 vouir Lawn Wit

clippings or leaves

You
= Lhe satishag

wan

ich eusier




el eare and are instead lumped i
& o1 the griss is usially all the frees
ﬁﬂﬂ]l'ﬁlt Footh ol trees and
iy and they are affictod by tral
*&h‘.ﬁ h’mﬁ Killin Lowin woeds

u f-" ]ﬂdﬂn With a ditninidhied soil
e defenders and continue 10 ood trees

4 Deautiful green, it forilizod
msﬁﬁl"h!l‘ld perennlals prefer

CThis means Bungal soils

od thing for trees, shirubs, and
food web management pr
where they grow, We realine
0 specimens in the Tnnil
MMoRin mitrsgen migh!
tes, The trick, then, is to try 1©

1mall v conysiddered

desertihrough
adls, hivches, and

Ay
lnlnlm_l Treay, Shrubs, anet ta
i Wy LT

I‘ P
'm growing inoa bactenally dominated or balanced environment should Beneit from
m‘.ﬂd‘"‘"' APt Fungi, Phatograph by Judith Hisersting

caspen, Those doowell in bacterially dominated soils when they are young be-

Lcattse it that stage of their development they can easily utilize nitrates. Onee
S, however, even these prefer ammonium nitrogen,

s, shrubs, and perennials dislike compacted soils

¢ victims of compcted soils, es-
with trees and
als), Every precaution should be

shiruby, and perennials are trequently th
ially when they are planted in lawns (ns is often the case
abs) or in pathed gardens (as with perennt
en to prevent this condition (it every step taken (o Correct i) as roat
ik thius plants, obviously) do bestin soil with good structure, and good soil

e 48 vou now kiow absolutely requires ah active soil food web,

vive i compated soil—they cannol meve

it i search of food because transportation pathways have been de-
i the compaction is really severe, it may e impossible '“M“.‘"

ot worth the bother, With the pematodes and many of the profosod
rients accumulate in fungal and bacterial humhﬂudofhd::;

!uilahh to plants. At the sane Hine the fragtle myworthizal

T arEisms cannot sur




anials are literally crush,
\Pythium and Rhizocryy,
'{o(.mmplc,are missing. A
eft are the bacteria and opp,
in size they are able 1o my,
in good shape and surely

through compacted soil. And «in

ubrmg back nutrients, plan:

.‘pmdufti that kill roots. Th
' mPiﬂimg and pushing air, di

mful elements galore—this o

soil food web Qrgar
will be short-lived

and return the organisms that an
:M\lltlm, compost, an ! compost
to treating compacted soil around

iisms toam

he solution

ost tea work best when caring

h compost and place it under all trees
; hiofil 1o 2 inches (2.5 to 5 cen-
tree or shrub, but make sure the
of these plants (so that, again,
-Obviously. you should give

i their leaves where they
¥ l‘ﬂ!ﬂfd' and some
over tree roots; you
mulches, Mulch even
with the plant’s w1

Ma»malmng Trees, Sheubn AN Pers

Piz c
L= ACE COMPOST and muslch rider
trees and

Srubs at least as far 2
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| -Llh Ueaves 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
“mitilchies of any kind, but don’t let it get too deep. A few inches is all that is
“needed to suppart a healthy population of fungi. The mulch has the added

benefit of kecping down weeds and grass by blocking the bight.

Finally, consider an application of compost tea around trees, shrubs, and
ennials, once at the beginning of the growing season (two weeks before
and shrubs [eaf out) and again at the end, just as leaves finish falling and
in place under the plants. The microbes in the tea will really speed up de-
during the winter months and support a good, fungally dominated ﬁ:od
eb community. You can simply soil drench, and don't need to bother with
except for perennials, which in addition to the two soil dreiches should
At least once after their leaves appear (0 2dd microbiology 1o the
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mwwumm-mm«dm Rufes #16
and husdwond troes (hirch, oak. beech, hiickory) form miwor b
evcarrhizal fung: most ireibs, softwood frees. and perennals fo
shimne with endomrycorthizal fungi. These rales are based upon th
il scicnitisss, who now have the tooks o assess whilt types o
m'ﬂ‘%wﬁmlnphn&md harve codified these assessm
mmm"ﬂﬁmeﬂe. plants in the heath Tamil
At shododendrons, wzaless, wnd Blacherries, roquire ¢ooace
shize. which are sot yer commercially available. Nonetheless, if v
anﬁnﬂdkmgﬂktm.wm- HOL COmMPache
Niocaerhizal fuingi spores mmiist come into direct comtact wit
24 hours of being exposed to maistere in order 1o grow. Comm
noms that contain nmhhﬂﬁmam ahways dry powders o7 ¢
wiith wrious snarteriak 1o help in their defiverv), so they are eusy!
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W‘W\G" spares when prlante
ROte-the Increasad wize of both the et
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Chapter 20
T Growing Annuals and Vegetables

Their leaves are coated
Their roots have
them to dine on phos- ’
WHOLE INDUSTRY 15 built around tortiiring ammaals and vepetabies
] A The laown mighs be the number one dump for chemical "_-:m;:::s b
. homegrown tomatoes and marigolds are not thet frhebind The
same high concentrations of soluble nitrates that work on the lawn, with their

nd, obwioushy, se

ol th [ percentags: tweaked a bit, work quite well when #t comes to foedine Sowes
he first sign of any disc s and vegembles: and the vicious cvde that develops in lnwns treated with chem-

iﬂﬁ-ﬁﬁ:ﬂ-— witi 2l50 ocoar i vour flower 2nd vegetabie bade The nzumior-
ding of n=irients ends. You have to feed the plants you grow with increasing
anoents o ~henncal fertilizers beczuse no Jonger are there microbes to pro-
B wide thesn 1L nutrients, and in the absence of microbes, soil strucare dete-
. Tiorates. ut 2 healthy soil food web, opportunistic pathogess and ani-
malsapp- | .~ these seemingly require other chemicals 1 keep them 2t bay

Annuals and vegetables prefer bacterially
ninated soils

st e the soils in your vegetable and Sower beds like? Look for cartinorms,
survive by eating wmmdhx'mmd.aswihhnmﬂmht
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Growing A_nnu-l\ and Vegetablas

\soil food web. It completely chops up the miles of 1
. . g *s Obfungal hyphae tf .
‘bacterially dominated soils. Worm tunnels and the pores hc:w:: “""f‘l even
_ are all blown apart. Sure, the soil is fluffy afier rototillin ln m}: par-
| . . . = e e . z, bt that"
nrg_mlcpracuce. we:- st ask name, not a soil description. The first time water hits d'Limr:cd soil il.fl-:
d the no-dig principle: never jins to compact, a spiraling, downward course that continues every ARG
regularly rototill or otherwise or the bed is watered. =
¢ Wchf of the i:lome Bax ‘%““t'f  Even bacterially dominated soils need to contain some fungi to maintain
mﬁﬂhgmﬂ excessive soil distur- soil structure ancj: microbial diversity. Soil food weh gardening practice re-
| ires that the soil be disturbed as little as possible when it comes i
and vegetable gardens, unless you are trying to establish a vegetable or anmial
m rototilling and dou- garden in fungally dominated soils. Use a trowel, dowel, or dibble to make dis-
¢ soil; indeed, rototiller manu- crete holes for plants or seed. You can also lightly pull 4 hoe or the corner of a
2-by-4 board along a row and plant in the limited disturbed wake, backfillin
b . e : . ¢ - - . -
glamg the earth really picked up with good bacterially dominated compost. You will get fewer weeds using this
¢ m.@s_?{;lnl) mherited a farm in mhud becauze you are not opening up the soils and expasing weed seeds to
ﬁdﬂlmﬂ:ﬁamcally placed seed the light that is required for germination.
d-broadcasting. Tull also activc /v en-
: L veg- =8
.,.:,‘is Soil food web workers are great farmers
: _ gest nu- f_ﬁwdo you encourage the bacterial domination needed for your annuals, veg-
: m_ ed of smaller particles that would * etables, and row crops if you cannot rototill? Like everything in the soil food
peda horse-drawn hoe to put his web, if you feed them, they shall come. Green mulches promote bacteria. In
‘caught the attention of gentlemen ' iﬁiim. nat anly does green mulch provide nutrients for the proper and nec-
: ]&mn,whommuragcd their essary soil food web organisms, it also prevents weeds from germinating anc
: Mm“ that most home garden- htk moisture in, preventing it from evaporating. Too, bacteria llkf the casy-
least annually, even though we ' to-digest stuff, so the finer the green mulch, the higher the baqmd SW“"lh-
soil bacteria also favor dampness, wetter mulches—to a point—will abo
raries, vegetables did grow e bacteria. There is a fine line between damp, aerobic mulch and wet
Lo, 2] . 1
which manures were added. oh that fosters anaerobic conditions, however, so be careful. Use your nose
: s because breaking up ¢ tester. If there is a bad smell, you put in too much water and need to aer
order to plant a. n ac- : : fF a bit on the water.
e : i mt{h‘:handbackt.: = - o mulch, your soils should have plenty of
' of years and addition to bacteria-supporting muich, you Use any or-
$00d crganics to feed the microbes that are feeding your planis. Use 38 2%
:mtnod—mt'hanthOf!thPKmbﬂiwm' = el
g i zone when
e fungi are not killed. You can put mmmwdgd.m Apply bacteri-
o mmmmmﬂd&mﬂm“‘ﬁ” or control
- il drench and foliar spray to prevent<
ed teas as both a soil drench ant the soil at high numbers.




Teaming with Whcrobes

et andl your W‘lﬂ'llhlﬂldllt‘iﬂgtllrﬂﬂ\‘\\'mﬂwll“'ﬂ Eyen though they lose thy R Al cotime. vou will kave
wolor and tm “hrown,” they are still constdered “green” mulch becane yourgiardens it you follow soj III | !
they were cut, they contained sugars that remiin even atter the chlorophyllh, growm in containers. The longer t ot !
faded, The xame is true of straw. And it is still a good idea to add org it takes time for these fung to oat I
garden xoils in autumn 50 they have i chance to start 1o break down bel food web gardeners always mix

ass clippings all good ot als and vegetables at planting time o "

spring planting. Try alfalfa meal, straw, or gr

ol coml M the ,--| stits that do not for
{ Weor

food. The bacteria get started in autumn: during this scason, they

all the nitrogen they need with avadlable carbon, without intertering with B bl Dranicnce ; iy
plant’s needs. Nitrogen tie-up at the soil-mulch interface, if it ocou . WG

by over by springt.

When it comes to growing plants that require mitrates o o
protozoa and nematodes are part of the equation as well. as they ai
nvechanism. Apply protozoa soup as a soil drench o help incroa
cyeling in your vegetable and flower gardens, Tt may take a we
protozod to find the bacteria in the rhizosphere, so wash dowi
of bacterial food with an immediate dose of protozoa soup. Con
atode products have hit the home horticultural market, but t)
specihic for garden pests such as slugs. Your best bet for moreas
tions of nuteient-cycling nematodes—and by far the most cocono

good compost and compost tea,

The pot
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Rool bally are consideralsly T
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mbs-quarters) do not forn,

products on these particular

will eventually find earthworms in

;ation of a few inches of bacteri-
‘help attract and support worms, as
ttea as a soil drench. If you fail to attrac
| to increase bacteria and protozoa popu-
s to your annual and vegetable gardens
out can soil drench your plants once a week 1o

iweed in a flower or vegetable gar-
suggested and often = bit more

are. For obvious reasons this is not
ggpgmfnlnonselmlu Herbicides

2way chemical fertilizers do, killing

robes. Instead, carefully hoc weeds
uten, and other weed-controlling

‘consequences to the microbiol-
10an herbicide (and we sincerely
action as soon as practicable (Rule
then take steps, using all three soil
 the fisst instance, nothing beats
weeds need to germinate and

ce of the mulch and the soil. This
s in addition to facing no light and

0 @ poar supply of nutrients.
d with the other tools, compost
eesitimeters) of a bacteria-
leave a bit of “bare” soi!

g convinced us that
s may be the only step
iat thrive on the high

‘and aerate it, and insects cat cach other

LFOWING Annualy and v )
i Vegetalvie

mtmtions of nitrates found in che
we had in our gardens disappeared once we gt 1
web. Chickweed, our nemesis, completely vanished : \'-ji_-: wititteacl hod
their fix of high nitrates and had trouble m,]_"m_”u”I:'l:: II‘] 1:”'
seeds buried under mulch and not exposed to lig PN N
High-nitrogen fertilizers encourage --i‘pmh:lm‘.n- annial we
ample supply of nitrates, an unwanted plant mqunII\l' 1..\1‘:.‘:.“,“!‘ o
re'allytakl:uvcr.:\ddmglmhclmun.lhc mycorrhizal hm._,;\.__m \.“.‘“. b
‘nuals use to help obtain water and nutrients, p ..:,\1|L,r|\‘|.h._,i]‘1::( e killed
The host plant doesn't do as well; the surface-feeding, nitrate lovine woed
‘grow faster and overrun the garden, outcompeting the main craps 1,”'1“,;“

mucal fer)
L izer
s. Manw of the plant pusts

arted wo

o lonmger got

fE because w don't retotill

1 an

ges andd an

Once you get the soil food web humming, any niteates needed by plants
will come (rom the natural course of cycling. Instead of being poured anin a
'mnﬂmlh‘ih'tl.\.hl‘l]li\..ll form and Ll”ln_\'_nﬂ the soil food web, the only nitrates
being used ill be those produced by the soil food web itself. And—without
‘chemicals and with a bit of inoculation—mycorrhizal fungs will return

“Pests”

1t is never an ideal world, unfortunately, but most insects (we use the term
{posely to include spiders and others that are not truly insects] we encounter
fnour flower and vegetable gardens are helpful in lots of ways, Who needs to
hc-reminded that insects pollinate flowers? Their larvae tunnel through seil
and participate in the res veling of plant
t out of hand in your gardens becatise

putrients, In most instances, Mmsects ge
web, which normally mamtains i bal

something is wrong with the soil food

A spinnd solthet TG
rrakes a measl of the
seelcan bean bestlo
|arvae ot s anap
bein. Courey LADAARL




Trarmng will MTaes

ance herween pests.and predators. But you are Dot going to have 4 o
ﬁngx&nmwﬁ:kwﬂhndwbin place. Accept it as part of the <
 vour soil food web s healthy, ths community will help plants overa
imsect post. i there sre s few bad guvs. vou need to realize that these he
tain the good-guy populatns.

Every gendener has acoess 10 local agencies that will provide assist;
distinguishing beneficials from pests: learming about the beneficials
area is part of learning to garden with the soil food web. Ladybird bec

= &
A stink bug does in an easterm e
¥ 3 by Robert L, Anderson. LS
Service, www_forestryimages org

their larvac teed
WO, TOOT AL, <
aphids, mites, shugs, <
flies, mosquitoes, and ¢
aphids, spider mites, wi
ﬁmd ol gardend
the good ones
Wedon't [1ke
than we like th
flagrantly negatn
reravenatc

your acti
evils—insx
of which
agng as
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Applying compost to flower and veqgetable
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.
ith bactermally dominated compost tea and treat then
ght before you plant them. After you

applications of bacterially dom

ctables. Spray seeds w
and any seedlings with mycorrhizae r
plant, lay down green mulch. Start weekly
nated compost tea. These measuees will restore or m
arganisms in your vegetable beds.

Spray your vegetables with a hacterially dominated compost tea as soon as
the first leaves appear and at least one more time a few weeks before harvest
Spray a third application on the debris Jeft over from the growing season

Avoid compaction: try to stay out of the garden beds, and limit and direc
pathways through them. Side-dress and top-dress plants with compost wi
ever possible, and put compost on garden beds before the winter. As lony s o
is bacterially dominated, you cannot apply 100 much.

Finally, it isimportant to mulch garden beds in autumn so that the bacteria
fungi. protozoa, and nematodes can work during thie winter to cycle nutrient

Restore and maintain the soil food webs in your Hower and vegenil
dens, If we are not mistaken, the great size und taste of organically gro
duce will prily match the particularly lovely glow of annuals raisc
soil food web.

aimtain the soil food web

Wirst year or two of gardening with the soil f¢

Munnel soil traps and your own £yes

Chapter 21

A Silﬂplt‘ Soil Food Web
Garden Calendar

HERE IS NO ONE WAY to g

different

]"I.i\» o big part in when and «
When it is very cold, compost teas are
temperatures freeze up compost an ek %
BBe best titme to apply compest tea, and putting down 1
ina drough -. -.

Sull, no ¢ where vou garden, vou sho _'. " . I. .\ .. .
crobes an at least consides
i garoc 10 longer just about plants. You have 1o pay attention 1o the

microbes | ¢ going to team with them

Spring

Spri“g 1 ot furst check things out and give yout SO o MICTODILICE
'l have

le should be cranked up so youi

boost. Th

» GROWINRE Season ist fall's pile, an

compost t! h

Yoom. start 4 new pile designed 1o B tungally
bris that accumulated during the wintes snd SO

first grass chippings to get good bacteril

dominated. Use

of last talls

pOst gOINg as well

{ 4ol warm up il pecessary and then

Mulches should be pulled back to l

lings both as a =i

put back and -u_;‘}|h‘|.1].'|‘1- d. Use compost teas on SO0C
dm(h and a tohar spray Inoculate all & eds and tr \1‘.\].‘|'-l'-l|" with the appro

pri:m.' kind of myvoorrhizal fumg
Three weeks before leaves appear, have yout corils and ten tested R thent
ﬂﬁnm].\iﬂlog\' You don’t have to do this every year gt vou sircly should the
sodl web, Thereafter, your g AT
Yoo might want 19 have yOUr Coumpost

willl let you know how you are doing

piles tested as well. This ix also the tine
You wan

1 test things vorirself, using Bariese

i to be able to corre [ ATIY S 10

your soil food webs belore you plant
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warn (and by the end of

[ type. Let the my
1 start cycling nutrients
and make some Berlese funne
hm took in the spring
. mm during the winter

{ he Internet and brows
his cience and s applicitions
in M’nﬁnﬂl‘ such as speaialized
. _Wmd-pﬂhngcm. are being
it tea makers, sprayers, and
alotout there to help you

) you should s1op using
Mmh-mlm‘n worEing lor
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" m a few ﬂ:n-.nl turns

Chapter 22

No One Ever Fertilized
zed an
Old Growth Forest

RS THE SOIL FOOn Wen really support plarts? Will it work in yoT
| yard and gardens? Just 1o give you confidence and 1o ENCOTIgE You
L to s whint you have learned, we point you in the direction of the
nearest forest. Or simply close your eyes and visualize any wooded area you re

mh!! visiting. You can almost hear a stream nearby, the wind funning
throtigh the leaves, It is beautiful, majestic—and no one ever fertilized any of

k au p].mr-. there. Not one single time. How can this be? You know the atswer.

The beautiful plants in these beautiful arcas are completely controlled by the
soil food wels in which they five.

It eften comnes #s a surprise when gardeners so reflect, Only then does the
full foree of the realization hit: every single plant you are seeing produces exu-
dates and altracts microbiology to its rhizosphere, This comnunity in tarn al-
tracts micro- and macroarthirapods, worms, mollusks, and the rext of a com-
plete soil food web. It is a natural system, and i1 operates just fine without
interference from man-made festilizers, berbicides, and pesticides. Tall oaks
grow from smull acorns with no blue powders to feed them or pasty smelling
sprays to protect them. Planty flourish nonetheless, thanks to bacteria, fangi,
Protozos, nematodes, and the rest of the wil food web gan
 We know it is possible to let the very same kind of wil food webs ukom
in your yard, Lorig before construction, weaffic, rototilling. the spplication of
fertilizers and other chemicals, o healihy soil food web existed there. You can
Teturh it. You can even improve it Unie you work with the micobes at the
Iase of the sl food web, you will reestabiish that soil food web. We know. We
and thousdnds of our neighbors and friends have done it. :
m’.ﬁumh«m imrod?:cd o the basic science of soil oo webs. You know

! mhmmwlombmﬁmhmﬂ_ﬁ
mare of the
fol-
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I st or all of the soil food weh

1wch .. with an application of

wm hickory) form myec.
pod trees, and perennials
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s of anmuals and vegeta-
t transplanting time

Kilham, K. 1994. Soil Ecology. Cambridge
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- “Ilustrated Glossary of Plant Pathology”
http://www.apsnet.org/education/TlustratedGlossary/default htm.

BioCycle. The ]G Press, Inc., 419 State Ave., Emmaus, PA 18049, 610.967.4135,
biocycle®jgpress.com, hitpy/fwww.jgpress.com/biocycle.htm.

Bugwood Network, USDA Forest Service / University of Georgia, Warnell
Sch Fnrest Resources and College of Agricultural and Environmental
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Ca ®_and S. 1. Salt. 2004. Ecology for Gardeners. Timber Pressc
Portl=nd, Ore.
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Grissell, E. 2001. Insects amd Gardens Timber Press: Partland, Ore.
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Washington, DC 20013,
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United States Department of Interior, Bureau of Land Management
“Soil Biological Communities,” National Science and Technology €
Bax 25047, Bldg. 50, Denver Federal Center, Denver, CO 80225-00
303.236.2772, hup:/iwww.blm.gov/nste/soil/.
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Composting and compost tea

California hm;mlud Waste Management Board,
‘Cm?mufmhology and the Soil Food Web.”
httpu www.ciwmb.ca.gov/ publications/ Organics/4420001 3. doc

mamlﬁm:um&rp, 13727 Holland Rd.,
Cleveland, OH - *H42,216.362.7979, meenteemediatcompuscrve.com.
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