Healthy Solls — Part 1.:
Soll Science for Sustainable Landscapes
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Natural solls vsS. Disturbed urban soils

 Uniform across site  Vary across site

Topsoll layer removed
Compaction, low OM
Subsaoil (or worse) fill layers

e Natural horizons
* Adequate OM, nutrients,
structure for native plants

o -1~ A 2] L ¥
St - e Y
= = ' IR T 4 ! SR
-y ” - 4 - » "
h e Fi b .
- ' Th
u




Soil Goals and Requirements

Tree Issues

Expected /4'5x Tree
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Soil Issues Space for roots Sufficient soil volume
iSoiI drainagei and trunk flare Imported soil  Existing soil Grading
sources conditions



Critical Aspects of Soil

Density
N weight / volume
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Organic matter
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Physical properties of soil

-Density

weTght / volume




X 9 ; — - i
Pind Y T G . , : £

lgneous Sedimentary

Wind deposited o Glacial

e =
P ——————

o e i e




Sub-Soils in the Puget Sound Basin: e
Leftovers from glaciers & volcanoes

glacial till: unsorted, unstratified mixtures of clay, silt, sand, gravel,
and boulders; deposited under ice, or in moraines

hardpan: till compacted under glacier

outwash soils: layers sorted by particle
size by water - sand / gravel / rocks —— £

lake/marine bed soils: clay or silt that
settled out in lakes & estuaries

volcanic ash: light, fertile, holds moisture -
mostly blown east of Cascades

mudflows: mixed size, compact - like till

Learn about Puget Sound soils at:

www.puyallup.wsu.edu/soilmgmt/Soils.html



Glacial till

 May be piled, uncompressed
and unsorted, in moraines at
edge or terminus of glacier

« Basal till from under the glacier
(1/2 mile of ice over Seattle!)
has been compressed into hardpan

 Good for foundations, but low
permeability and hard for roots
to penetrate




Glacial outwash

 May be sorted boulders, gravel

e ...Ssand and fines.....

Or a mix!




Lake beds,
lenses,
and layers

» Silts and clays settle out...

 And then may be overlain in
lenses with sand or gravel from
succeeding outwash

* Grey-yellow color when
saturated and anaerobic

e Great for farming,
(best nutrient capacity)
but unstable
In slopes or foundations!



Volcanic ash
or mudflows

« Tephra (ash) — light, fertile,
holds moisture, erodable

Py -~

ct, mixed fines and boulders, low
permeablllty, Iooks and acts like basal till, but more fertile




Alluvial solls

* Flat, loamy deposits

In river floodplains
(or ancient rivers)

» Best for farming,
often wasted on
development because
they’re flat




Layers upon layers...
ignore them at your peril!

e Sandy outwash over
compacted basal till hardpan

e Thin soil over bedrock
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» Clay lenses over hardpan,
or inter-layered Wlth sand
(unstable!) el







Disturbed sons N urban areas
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Topsoll layer removed
Compaction

Subsoil (or worse) fill
layers.

Debris or toxins?






|deal range
for imported
landscape

Percent Sand

The soil textural triangle.




Soil Texture Test

See video at
www.puyallup.w

] su.edu/soilm d mt 5 = g v, A0

Ribbon-+feel test: ™ QR
. . .;__._- 50 £% ~.*“.- i t.jr-._.::-l..

Moisten soil, roll between 'sa;;gsr QVARVERY =Y\,
hands, then squeeze A Clay loam xf".?ﬂﬂl“"

L : sandmwmn}————
out with thumb: o0 MBRVERVAR (. 1L |

. . 10 Sandy loam _. Sitloam & o4

— Sand: no ribbon, grainy Q _t.u-arn,r 2 N/ N
— Sandy loam: Y inch ribbon EEEEE
— Loam: thick 1 inch ribbon Percent sand

— Silt: makes flakes rather than ribbon
— Silty clay loam: thin, breaks easily, has floury feel
— Sandy clay loam: stronger, has grainy feel
— Clay: long (3 inch) ribbon, has smooth feel



Soil Material

Clay

Silt
Silt, fine
Silt, coarse

Sand
Very fine sand
Fine sand
Medium sand
Coarse sand
Very coarse sand

Gravel
Cobbles
Stones
Boulders

Size (mm)
Medium

<0.002 S
0.002 - 0.05

0.002 - 0.02 |

0.02 - 0.05 Fme Sand
0.05 - 2.00 |
0.05 - 0.10 O Very Fine
0.25 - 0.50 Coarse Sand |
0.50-1.00 o Silt

1.00 - 2.00

2.0 - 75.0 Clay

75.0 - 250.0

250 - 600

> 600 Very Coarse Sand



Structure

Don’t grind up your soil! Mix loosely to preserve the peds.




“Sandy soil - Almost no structure

Organic amendments (compost) improve structure in all soil types,

through blologlcal act|V|ty and b|o chemlcal modlflcatlons




Sandy Loam Topsoil Sandy Clay Loam Topsoil



Density or Compaction
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Buik Density of
Different Soils
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Bulk densities of soil mixes are different for similar natural soil textures.

Compost is very light, while sand and lost structure tends to make soil test
heavier.

You have to test bulk density at a stated Proctor percentage.




Solid 50% Void Space
50%

~ Mineral |
. JParticles* .-

Organic
Matter 2-57 Water

IDEAL FOREST
SOILS

Solid 70-80% Void Space
20-30%

Mineral
Particles

Organic Matter
less than 1%

URBAN SOILS

As compaction increases, pore space for
water and air decreases




Units

% maximum bulk density Units Units

standard proctor or Bulk PSI LB pressure per Sq Bulk density Lb/CF Dry No Units

density Lb/CF Dry weight Inch Comparative feel only
o TN ; ] a

Densitometer Penetrometer Bulk density cores  Rod penetrometer

Moderately slow 10 minutes  Fast less than one minute  Slow one day Inexpensive 3/8” bar with
Accurate Not very accurate Accurate T-handle, driven by
Expensive Soil moisture limited Somewhat expensive inspector’s weight:

Must calibrate to soil. Inexpensive LA or soil service Inaccurate, but gives
Readings impacted by OM Anyone can operate comparative feel for

Soil service only compacted or

SOIl Compaction Testing uncompacted conditions



[ 11b/sf force
at surface.

Increasing soil structure
Increases soil strength
and force-spreading,
\ SO decreases net soll
compaction.

._—T"_0.11 Ib/sf force
12" below ground.

There is a decrease in compaction with depth as the compaction

force spread out into the soll in a cone shaped wave.



Organic matter

Surface or top-soll

Eluvium (leached)

Sub-soll

Parent material
(substratum created &
deposited by geologic
processes,
un-weathered)

R Bedrock

Soll Profile



Mountain soll Coastal soll




Imported topsoll

Fill soll

Remnant Soils — Buried layers of
original soil that can support tree
rooting.

Remnant topsoil

Remnant subsoill




= Examining

a soll profile with a Dutch soil auger

L




Examining a
soll profile
with a soill
probe / core
sampler

Only works
6 -12” deep,
So better for
lawns than

) p o~ 7~ N o o~im Al Al
Lolrpacte . Alllelrtueu

Examining soil profile with shovel

To verify scarification of subsoil and
amendment of upper 8” with compost.

Test holes should be
one foot deep — after
first scraping away

any mulch, and about

{
M;__ ~ ‘ one foot square.

LOOSE SOIL

with visible dark
organic matter

LOOSE OR
FRACTURED
SUBSOIL




Chemical properties of soil

.. Density
weight / volume
po¥e space
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Chemical properties
of soll
- endless cycles

Nitrogen cycle o
Atmospheric Nitrogen (N,)

Nitrogen-fixing
bacteria living in
legume root nodules
Decomposers

(aerobic and anaerobic
bacteria and funai)

Ammonification Nitrification
L) Ammonium bo
9 (NH,) A9

Nitrogen-fixing

soil bacteria Nitrifying bacteria

v}

plugit

rAnon)

soil carbon (2,300)

fossil carbon (10,000)

A Nitrifying

bacteria

Nitrites (NO, )

microbial respiration
& decompaosition

&y

=== Carbon cycle

Ju+2
50

=g

ocean (1,000)

réspiration &
decomposition)

photosynthesis

ocean sediments

deep
ocean (37,000)

reactive sediments (6,000)

Sulfur
cycle

photosynihenc bacteria
green and purple

S(Elemental Sulfur) .
or Polysolphides Desimilative
reduction

Oxidation
Hydrogen Sulfide)

o™
o
A
oV

@\

Reduction

S- Sulfide
Minerals .
()
& S042—
Assimilative 7
‘ Reduction (Sulfate)

.‘0

Organic Sulfur

fungi, prokaryotes &
plants




Elements Required by Plants
Base elements Macronutrients Micronutrients

Oxygen (O) Nitrogen (N) Boron (B)

Hydrogen (H)
Carbon (C)

CO,, the source
of carbon for
Photosynthesis,
diffuses into
leaves from the
air through
stomata.

Mineral

Roots absorb
H,O and minerals
From the soil.

Phosphorus (P Chlorine (CI

y\

Roots take in
O, and expel
CO,. The plant
uses O, for cellular
respiration but is

a net O, producer.

image: extension.missouri.edu



Trees feed themselves!

7/ Food is minerals (made available
by soil organisms) air, water, and

organic matter — leaf fall & mulch




Cation Exchange
Capacity (CEC)

CATIONS ANIONS

calcium l.'.'.az:l absorption flilrat& NOy
- E.r _+ h

magnesium Mg L sulfate Eﬂ,ﬁ'

potassium K* tﬂ-:.‘:
ammonium NHg" | x@q-"' | phosphate HsPOy
&

|release
The soil particle is like a bus. The seats are H® % | | » OH

the negative charges. All the seats must emarensss piy \ mcikagee oy
always be full with positively charged particles. I\_,a“'

Hydrogen has a weak charge and Ammonium
(NH, ) a stronger charge, so they “exchange” Lowering pH (increasing acidity)
seats if the Ammonium Nitrogen ion wants to increases availability of cations, but

sit down. decreases availability of anions.



Sand Silt Clay

1 Particle Fine Sand .2mm 1,000 Particles Silt .02mm 1,000,000 Particles Clay .002 mm
0.24mn Surface Area 2.4 mmi Surface Area 24 mm’Surface Area

.

|

|
T .
I -

The smaller the particle
the greater the CEC.
Humus/clay colloids have the mostI

Fine sand 0.24mm
Cation Exchange Capacity (CEC) for

planting soil mixes = Silt 2.4mm

Low fertility soll Less than 5
Medium fertility 5-10 B Clay 24mm

High fertility 10-30
Compost/humus up to 200!

Relative surface area



Learn different soil odors: W\ =y
Sweet smell is good respiration = aerobic "'“% L PE
Sour smell is no respiration = anaerobic  [E= b |
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Soil Odor



USDA pH Classification

pH range
Ultra acid 1.8 - 3.4 Toxic to most plants
Extremely acid 3.5-4.4 Restrictive to most plants
Very strong acid 45-5.0
Strongly acid 5.1-55 Acid-tolerant plants
Moderately acid 5.6-6.0
Slightly acid 6.1-6.5 Best nutrient availability for most plants
Neutral 6.6 -7.3

Strongly alkaline 8.5-9.0 Restrictive to most plants
Very strongly alkaline 9.1 -11.0 Toxic to most plants

Lower or higher pH decreases availability of different nutrients
Humus (compost) buffers ph towards optimal 6.3 to 6.8



Organic & Biological properties of soil

Density
w&8ight / volume
pdie space
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Soil formation Z{

Organic Properties
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Nutrient cycling & availability LS
Atmospheric Nitrogen (N,) . : Vs 5 i
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= Bacteria
Nitrogen-fixing
bacteria living in - =
legume root nodules : /) Nitrates(NO, )

Decomposers
(aerobic and anaerobic
bacteria and funai)

G nitrifying
Ammonification Nitrification (@Y bacteria

‘.\ Ammonium
yy) (NH,")

Nitrogen-fixing
soil bacteria

Nitrites (NO, )

Nitrifying bacteria



Soll development processes,
from parent “dirt” & rock

Soil horizons & their evolution

o Substratum (C) or bedrock (R
weathers physically &
chemically to subsoll (B)

N’

e Primarily biological processes
create topsoll (A)
and organic (O) horizons

USDA - NRCS

http://solls.usda.gov




Understanding Soll Biology

Soll life provides essential functions
5 j:f?’ { N
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Cyst
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e
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Amoeba A “‘
R ¥ - ,':5‘,,'. »
Flagellate oS Vb ¢ YRR iSRG Soil Biology
' : PO 2 Primer

Bacterial Colonies

Nematode

'Y
Ciliate

gm Clay-Organic Matter
Complex

b Decomposing Plant Cells

N E Fungal Hyphae % L K —
and Spores & b, USDA-NRCS | H—v‘
<. Actinomysete “Soil Biology Primer”

hyph dsS . . '
S. Rose & E.T. Elliott \ yp e pores http://SO'lS.USda.QOVISQ|/ ‘




Common organisms in the soil foodweb
Nematodes

Bacteria of Fungi Protozoa

L Earthworms ,@ ﬁfj{j{o}
'. \\_ ‘ 200 Billion 100,000 Meters 20M|I||on

One cup of
undisturbed

native soll
can contain....

100,000 Nematodes 50,000 Arthropods



What Fuels the

Soil Foodweb?

<5
A
Oxidation _—)

s  Photosynthisis
E Animals
Plant photosynthesis: 5 Tree :
Sunlight = living and /N Bio Mass
dead organic matter |
{Earbnhydrateﬂ Drgani:,
Plants exude 20-30% of Decay
their photosynthetic / \ ;L
energy as | =N
carbohydrates ~——| Roots ——> | Erosion

released in the root \L \]/
zone to feed beneficial Decay Exudates

soll org_anisms | SEil HiFHLE
(bacteria & fungi). —

g Leaching




Restoring soll life, to restore solil functions

Soil organisms create:
 soil structure

o fertility = nutrient cycling
e plant disease protection
« Bio-filtration

e erosion control

e stormwater detention &
moisture capacity

BEE el TN

Compost kickstarts the soil ecosystem!
(Provides food and home for organisms)



How does soll life create soll structure?

Bacteria secretions glue clays, silts and sands together
INto micro-aggregates.

Micro-aggregates are bound
together by fungal hyphae,
root hairs and roots.

Spaces are made by movmg
arthropods & earthworms,
and decaying roots.

Only when all organisms
are present can roots and
water move into the soill
with ease.

S. Rose & E.T. Elliott



How does soll life and increasing organic matter
Increase plant-available soll water storage?

Increased structure,
pore space, and
soil colloids.

" Available Water

Storage % of Soil
Volume

Organic Matter % 1%



How does soill life provide fertility
(nutrient cycling)?

« Soil foodweb stores nutrients in living & dead organic matter

* Nutrients are released in root zone as organisms eat and
excrete “waste” (nitrogen, etc.)

« Mycorrhizal fungi bring nutrients
and water to roots of plants

Plant-feedi Fungal-
Shoots P?nt' s Feeding Predatory
Roots . ematodes Mites i Nematodes
I;Jflmps ’/
e
\"“-\.._ N, P, pnutrients / /
H‘\""““ M tizal |/ Fungal-
rcorrhizal .
yFun‘ri Feeding Predatory
g Nematodes

/ \

Algae

P-Bacteria

Bacterial-

Lighen Saprophytic Feeding
y Fungi Nematodes

Co

I'ﬂ.p!l:!, /
Miattor q Predators
Simple sugars \I:%i Amo
Bacteria
e Ciliates

ebae
Material =

oM R Dr. Michael P. Amaranthus, Mycorrhizal Applications Inc.



How does soil life provide
plant disease protection?

Diversity = predation, parasitization & competition
with the few disease-causing organisms

Bacteria cover leaf surfaces, block infection |

vesicular-arbu r
mycorrnizae

Ecto- and endo-
mycorrhizae
prevent root
Infection

Soil Foodweb Inc.

Many organisms
prey on the few
disease-causing
organisms




How does soll life filter out
urban pollutants?

Creates structure

Breaks down hydrocarbons, pesticides

Converts fertilizer

available to plants but
won’t wash away

Binds heavy metals
In soll, so they don’t
wash into streams




How does soll life
control erosion? -

» Creates pore spaces,
Increases infiltration

« Sticks solil particles & aggregates together
with bacterial slime, fungal hyphae,

& root hairs (bigger aggregates are
harder to move) ffd
— “aggregate stability”

 Promotes rapid plant growth
& deep root development



How does soill life provide stormwater
detention / infiltration?

e Builds soll structure,
moisture-holding capacity

 |ncreases surface
porosity *

Uw tria_ls, turf on glacial till soil

Cyst

Amoeba \ . \

Flagellate . N y 3 . !

Bacterial Colonies > Bt P - - ¢ ] C O m p O St_
Nematode F “‘{" - e ; 2

aw R : amended
E[:n{;::eamr Matter . A - . .
Decomposing Plant Cells 2 . v tl I I SOI I -
e W AREs B g up to 50%
:;::::;tsparﬁ . ‘ e 2 . . re d u Cti O n i n

storm water
runoff




How can we enhance & restore soll
biodiversity, to improve plant growth, water
guality, and reduce runoff?

* Prevent /reduce compaction (keep heavy machinery off)

e Reduce intensive use of
pesticides & soluble fertilizers ™

e Incorporate compost into soill,
and mulch regularly,
to feed soill life

organic matter + soil organisms + time
Creates =
soll structure, biofiltration, fertility, & stormwater
detention



Clearing up the confusion about “% organic”

“% Soil Organic Matter Content” in lab soll tests
IS by loss-on-ignition method

- Most composts/plant materials are ?
40-70% organic content by this method. -

Recommended soil amendment rates
(for low-organic soils or soil/compost topsoil mixes):

3% Soil Organic Matter (by lab test) for Tree solls
= 10-15% compost amendment into soil by volume

e 5-8% Soil Organic Matter (by lab test) for Turf/Landscape
=15-25% compost amendment by volume

e 10% Soil Organic Matter (by lab test) for Stormwater
bioretention soil mixes
= 30-40% compost amendment by volume




Air and water movement in soil

. Density
weight / volume
pore space

A
\




Sandy soils infiltrate faster, _ Clayey soils infiltrate slower,
but can hold less water. s _ but can hold more water.

UNIVERSITY
SOIL PHYSICS

SOIL

WATER APPLICATION INTERVAL TH

e
o
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Micro-pores

Macro-pores

Saturation Point

all pores full

Field Capacity

gravitational water
has drained out Wilt Point

remaining water
held in micro-pores
too tightly for plants
to suck it out



§ 4 Gravitational

‘g,: 3 water

e

-

: 2 z

Q

© .

E 1 - Unavailable

5 water

N 0 - )
Fine Sandy Loam Silt Clay Clay

sand |loam loam loam



Plants and decaying organic matter in soil must respire
(bring in oxygen expire carbon)

P ff__..' (te

Aerobic Soil Saturated Soll _ $0|I
Good respiration Slow respiration No respiration

Plants will die more quickly with



Avoid
interfaces!

Mix or
scarify soil
layers

Soil interface slowing the flow of water
Upper layer must become saturated

before water moves into lower layer



VASHINGTON
UNIVER
ii'JL P ’!t}t*

Organic material Iayers can also limit
water movement — mix organics into soll.




Water Source Water Source
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Sandy Loam Soil Clay Loam Soil



Analyzing Existing Site Soil

vveﬁght / volume
po\i space
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SOIL SURVEY OF SOIL SURVEY OF ‘
District of Columbia Durham County, North Carolina

: : United States Department of Agriculture
United States Departme f Agriculture Soil Conservation Service
Soil Conservation Service ‘ ’ in cooperation with

Cooparation w North Carolina Agricultural Experiment Station

l.lmted States Department of tll terior
National Park Service ;

National Capital Parks

SO|I Survey

1. The existing survey description

2. Changes since development

3. Consistency with existing conditions
Graded and compacted conditions
Imported solls



Limitations of traditional soil analysis methods

for disturbed urban solls ; s v
« Soils vary across site: fill?,
native? Subsoil? § [

e Mixed or missing horizons —
topsoil layer often removed
e Sharp interface problems . N
(between native and fill soils) SRS
« Compaction e
e Low ph, anaerobic?
e Low organic matter
e Debris, toxins?




Jim Urban’s Real Soil Classifications

Sort of Bad Good Real bad
Drainage Excessive Moist but Excessively

Dry well drained Wet
Compaction Very Consolidated Very

Loose or Aggregated Compacted
Organic Greater than 10% 2-3% 0.5-0%
Content or less than 2%
Texture High sand Loam High Clay or

Silt

Fertility high or Low Just Right Very high or low
Indicators
pH Below 5.5 6.0to 7.5 Above 8.5

or Below 5



Non traditional ways to survey urban soill

Boring Mo.:  B-15 Ig?:alln 25.00 I Surface Elev: 673 (approx.) B
Type of Boring: HSA ]Equipm'\: Started:  2/23/06 Completed: 2/23/06 : \\‘J k | JML\ } l\. IIL —
Sample
Approx. Depth** - Sample |0
el Project o | B OId maps and photos
67224 08 3 B 1.0
L 4 . H rown, 2-2-2 :
6700 30 SOl I et. 25
- ndy 35
EIEM [ﬁ; - MOIS 10 WEL 579 5.0
667.0 | 6.0 7 6-0
41| Loose, Tan and Gray Xlayey Silty Fine 34-6 .
665.0 | 8.0 — || SAND (SM) - moist to wet. 75
Stiff, Gray and Tan, Sandy Lean CLAY (CL) 445 85
with trace rootlets - moist to wet. B
10,0
661.0 | 120
= Dense, Tan, Silty Fine SAND (SM) - moist to
s wet.
b 3
656.0 | 17.0 -
—|l| Very Stiff, Tan and Gray, Sandy SILT (ML) -
E moist.
651.0 | 22.0 1
— Dense, Brown, Silty SAND (SM) - moist to
= wet.
648.0 | 25.0
Boring Terminated at 25 feet
Groundwater:
0 Hour - 14.5 feet
1 Hour - 4.5 feet
Stabilized - 2 feet

| Read existing |
topography

3 W

AN



Plants as indicators
of soll differences -

and problems




RHL. LIGH

Compare urban tree leaf  ©wic Cenrer
growth with those from
nearby native solls.

FGFEE‘..ST EDGF_




Stressed tree ¥ o | . Healthy tree
Poor soil WIS O R Good soil
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Early Fall Color
Indicating soil stress



WSDOT

I-5 Marvin
Rd.
Interchange

Which site
Is selling the next job?
Which needs more water,
fertilizer, weed control?

up to 50%
reduction in

glacial till soll
. Isamended
3‘% with compost.
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Clayey or silty soil

Shoe test . &
The harder to clean your shoes, | Loy
tools, trucks; the greater the % clay aFSSESS=

]
¥
i
a
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A ERNN
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Find a reference soll in
or near the site that might
be undisturbed.

Under old trees, at
property lines, cemeteries,
parks etc.

Use this to find remnant
soils.




Constantly smell
the soill Sour
odor indicates
poor drainage

Grey color, porl
draining soll




Washington Cathedral Washington Cathedral
Surface Soil Investigation Surface Soil Investigation
July 25, 2005 July 25, 2005

o BT
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Pit 3 - Seil Zone C: Good guality lawn, no trees. Soll is poorly drained but not anaerobic.

R e -

iﬂﬂlﬂ

A Horlzon = Brown clay loam topsoll, moalst, litte
humic edor.

B/C Horlizon - Orange brown clay transition
between A and C horizons, moist to wet, no
hiimie: pnr

€ Horizon - Crange clay, sharp change in
firmness at 17" due to dryer soll condition.

Soil test results and evaluations:

Pit 3 - A horlzon: Clay koam scil. low pH (5.8)

This zoil is similar to the topscil found in zone and D. These topscils are usable as deep soils for trees
and for lawns that are not expected to have significant compaction forces or as a base material for
sand/zoil mix for compaction resistant lawn

Pit 3 = B/C horizon: Clay.
This =oil could be a useful base to mix with sand and compost in areas of trees, shrubs and or lawns.

Pit 3 - C horlzon: Soil determined at field evaluation to have too much clay and too compacted to be
useful.

Make a soil survey map
Record all the information on a
drawing to show the different soll
types and soil issues




What Next?

preview of next soll class section,

“Preserving, Restoring & Maintaining Healthy Solls”



Develop a “Soil Management Plan”

step 1. Identify & map
- Healthy soll areas as “vegetation and soil protection zones”
- Disturbed areas needing different soil restoration treatments
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MODEL “SOIL MANAGEMENT PLAN" FOR BMP T513
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Resources to learn more:

WSU Soil Management
www.puyallup.wsu.edu/soilmgmt/Soils.html see
videos and factsheets on “Collecting a soil sample”,
“ “Determining soil texture by hand”, “Understanding
soll tests”; plus more info for gardeners at
www.puyallup.wsu.edu/soilmgmt/Gardening.html

Building Soil Manual: construction best practices
www.BuildingSoil.org or www.SoilsforSalmon.org

Low Impact Development Manual for Puget Sound
http://www.psp.wa.qov/LID manual.php

Soil Biology Primer
http://soils.usda.gov/sgi/concepts/soil biology/biology.html

Up by Roots: by James Urban: practical soil science
and strategies for successful urban landscapes
(available on Amazon)



