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Soil, Compost,

& Gardening Methods
Learn about Soil Health • Improve and Maintain Soil
Fertility for Growing Nutritious Produce

Part 1: All about Soil: More Than Dirt!
I. What Is Soil?
• How soil is created
• Puget Sound soils

II. Soil & Plant Interactions
• Photosynthesis & nutrient cycles
• Soil biology

III. Gardening for Healthy Soil
• Principles of healthy soil management
• Practices for maintaining soil health
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Diagram adapted from Bozeman Science

Soil Forming Factors
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Biota–Life
Topography
Time
From Soil Atlas of King County, by Dr. Karl Hipple
USDA Soil Conservation Service, 1973
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by Jymm
Wikimedia Commons

Three Components of Soil
Physical:
Soil Texture
Chemical:
Soil Nutrients
Biological:
Soil Life
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Physical: Soil Texture Triangle

Clay soils hold moisture and
nutrients, but may be so
dense that they are low in
Oxygen.
Sand and silt soils drain well,
but do not hold nutrients as
well. Clays are flat, platelike,
sticky. Silt particles are
round, sand is more
crystalline and rock-like.

Dr. Cogger video on testing your soil texture:
http://gardening.wsu.edu/compost-and-mulch/
Sand, Silt, Clay illustration from: http://www.agr.gc.ca/eng/science-and-innovation/
agricultural-practices/soil-and-land/soil-and-water/soil-texture-and-water-quality/

Physical: Soil Horizons

Soil Horizon illustration from USDA

Alderwood soil series
From Washington Soil Atlas
by Dr. Karl W. Hipple

Chemical: Nutrient Stores and Flows
Cations
Positively
charged
minerals

Anions
Negatively
charged
minerals

What nutrients are plentiful and which are in short supply?
Plant roots exchange hydrogen for mineral nutrients from the soil
solution, the water that roots encounter.
Historically, agriculturalists have focused primarily on the chemical
component of soil to improve crop yields.

Illustration from Biology, Chapter 37, ”Plant Nutrition”
Pearson Education

Chemical: Nutrient Stores and Flows
The most basic elements
needed by plants are Carbon,
Hydrogen, and Oxygen which
are provided through air and
water.
All other essential nutrients are
accessed by the roots through
the soil solution.
Most essential plant minerals
are more easily taken from the
soil when it is at the optimum
pH range, from about 6 to 7.3,
close to neutral.

Biological: Organic Matter
The living, the dead,
and the very dead

Living

Fungi too!

<5%

Fauna in one square meter of soil
James B Nardi, Life in the Soil, 2007
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II. Soil and Plant Interactions
See some wonderful photos by
Jim Richardson of tall grass
prairie roots:
EXUDATES

https://www.nationalgeographic.com/photograph/
proof/2015/10/15/digging-deep-reveals-the-intricateworld-of-roots/
And at:
https://www.jimrichardsonphotography.com/portfolio/
C0000b.w7eKeUjZ4/G00002LvaeP7vBbM/I0000xoo
Qec5P_y0

Dr. Mark Schonbeck, Caring for the Soil as a Living
System, Virginia Biological Farming Association, 2006

The Carbon Cycle
How carbon enters the soil:
photosynthesis
plant death

plant exudates

consumption by animals
and microbes, then
deposits of waste

How carbon leaves the soil:
microbial respiration:

Carbon Cycle illustration from Biology, Chapter 55, “Ecosystems”
Pearson Education

soil life eats larger carboncontaining molecules, like
sugars, and breaks them into
smaller components, such as
CO2 (carbon dioxide) and
CH4 (methane).

Crop & residue removal, and
through wind and water erosion

The Nitrogen Cycle
Nitrogen
Earth's
atmosphere is
78% nitrogen,
but plants can
only make use
of soluble forms
of nitrogen.
Nitrogen is easily
lost from the soil,
through leaching
and denitrifying
bacteria.
Keywords:
Nitrify, Denitrify
Mineralize
Immobilize
Nitrogen cycle diagram from Wikimedia Commons

The Soil Food Web
Is powered by the
sun, and the carbon
cycled from
atmosphere to soil by
the Producers,
which are the
photosynthesizing
organisms.
Consumers are
those that eat plants
and/or other
organisms.
Some Functions
Nutrient retention
and cycling, creating
and maintaining
habitat.
Soil Food Web diagram from USDA Soil Biology Primer
https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/biology/

Bacteria and their Predators

Bacteria

Nitrogen Fixers & Nutrient Cyclers, Pathogens

Nematodes & Protozoa
Herbivores, Predators

Fungi
Nutrient Cyclers, Nutrient Miners, Pathogens

Illustrations from Pearson Education
Mycorrhizae photo from USDA/NRCS
Mycology-mined feldspar photo from Landeweert et al, 2001

Arthropods

Shredders
Predators
Herbivores
Fungal feeders

Micro-manures
Insect photo from USDA/NRCS
Mite photo from Dr. Dave Walter's blog:
macromite.wordpress.com

Earthworms

Earthworm illustration by James B. Nardi

Soil Aggregates Are Habitat
Hot Spots: Areas of Biological Influence
“Spheres” of Soil Function
Detritusphere
Drilosphere
Porosphere

Rhizosphere

Aggregatusphere

Adapted from Jon Stika, NRCS “Soil Health: A Look at the Living Soil”

III. Gardening for Soil Health
Soil Health is “the continued capacity of the soil to function as a vital living
ecosystem that sustains plants, animals and humans”
—Natural Resources Conservation Service

• Keep soil covered as much of year
as possible.
• Maximize living roots in the soil profile.
• Minimize soil disturbance.
• Energize the soil system with biodiversity.
Multi-species cover crops - 5 or more species
from 3 or more plant families
Based on the work of the NRCS Soil Health Team in Greensboro, NC
– David Lamm, Ray Archuleta, Steve Woodruff, and Terry Briscoe
via Dr. Mark Schonbeck

Know What You Have

Most useful numbers circled in red.

Organic Matter percent
CEC: Cation Exchange Capacity
pH: Acid, Alkaline, or Neutral?

Limitations of soil tests:
Only soluble nutrients are tested.
Different labs with different extraction
methods will come up with different numbers.
Nitrogen numbers will fluctuate with
moisture and temperature.

Fertilizing Your Garden
COMPOST
New garden or those low in organic matter, add 1 to 3 inches of mature compost,
mixed in the top 6 to 8 inches of soil. Once you have adequate organic matter, add
½ inch compost annually.
8 cu. feet will cover 100 sq ft one inch deep, or 200 square feet ½ inch deep

MANURE
Add only aged (at least 120 days) or composted manure, as an alternative to other
compost. If you've added manure for multiple years, your soil may accumulate
excessive phosphorus. Have your soil tested!

CALCIUM
Absent a soil test, it is likely safe to add 5 lbs of ground limestone or dolomite
lime per 100 sq. ft, dug into the top few inches of soil. Add in fall or winter to give it
time to adjust soil pH.

NITROGEN
Add an organic nitrogen fertilizer sparingly, and when it can be taken up by soil life
and plants, generally as the soil warms in spring. Too much nitrogen can leach from
the soil, becoming a pollutant. Your soil biota and compost contribute nitrogen too,
so don't over apply!
“Soil Fertility in Organic Systems:
A Guide for Gardeners and Small Acreage Farmers”

http://pubs.wsu.edu/ListItems.aspx?Keyword=PNW646
http://gardening.wsu.edu/compost-and-mulch/

Benefits of Cover Crops
Cover crops are planted primarily
to feed and protect your soil

• Replace soil organic matter
• Recycle nutrients
• Supply nitrogen (legumes only)
• Protect soil from rain and wind erosion
• Reduce runoff and water erosion
• Reduce leaching of nutrients
• Suppress weeds
• Break up compacted soil
• Attract beneficial insects by providing
pollen and nectar

• Reduce disease and nematodes

Fall & Winter Cover Crops
Cover crop mixes provide more benefits than single species.
Aim for at least three plant families and five different species.
Legumes

Grasses

Fava beans
Hairy vetch
Crimson clover
Red clover
Austrian winter peas

Cereal Rye
Oats
Winter wheat
Annual Ryegrass
Barley

Other Families

Brassicas

Phacelia
Mache (corn salad)
Chicories, Escarole
Calendula

Daikon or Fodder Radish
Mustards
Kale
Turnips

Nichols Garden Nursery

DSV-Seeds.com

“Methods for Successful Cover Crop Management
in Your Home Garden”
http://cru.cahe.wsu.edu/CEPublications/FS119E/FS119E.pdf
“Cover Crops for Home Gardens West of the Cascades”
http://cru.cahe.wsu.edu/CEPublications/FS111E/FS111E.pdf

Fall & Winter Cover Crop Calendar
“Cover Crops for Home Gardens West of the Cascades”
http://cru.cahe.wsu.edu/CEPublications/FS111E/FS111E.pdf

Spring and Summer
Cover Crops
Spring and summer cover crops can fill a niche
between early spring crops, such as peas and
lettuce, and late summer/fall crops like winter
brassicas, winter greens, and garlic.

Legumes

Grasses

Fava beans
Crimson clover
Red clover

Sorgum-Sudangrass
Oats
Corn

Other Families

Brassicas

Buckwheat
Phacelia
Calendula
Sunflowers
And?

Daikon
Salad brassicas
Collards, Kale

Harvesting Cover Crops
• Mow or scythe when crop begins flowering,
best for Nitrogen capture.

• Dig or till GREEN residue into the soil. Wait 3
or 4 weeks for decomposition before planting.
This provides a boost of N and OM for soil organisms,
but disrupts the soil biota and aggregates.

• Use cut cover crops in your compost.
• Use cut cover crops for mulch.
• Allow cover crops to mature to seed.
You'll have seeds for your next planting, but will
also provide an opportunity for cover crops to
become weeds.

• Leave the roots in the soil

Compost and Calorie Crops
Feed yourself AND your soil by growing crops that
provide both abundant carbon for your soil &
compost, and calories for you.
The seeds provide food, and the stalks (and roots!)
provide carbon.

• Rye
• Wheat
• Triticale
• Oats
• Barley

• Amaranth
• Quinoa
• Sunflowers
• Fava Beans,
to dry seed

Including cover crop legumes to harvest at early
flowering stage will also provide Nitrogen for
your compost.
Grow Biointensive gardening
http://www.growbiointensive.org

Feed and Protect
Maximize Biodiversity &
Continuous Living Roots

Minimize Disturbance
& Maximize Cover

Crop rotation

Reduce tillage/digging

Cover crops

Dedicated beds and paths

Biomass/forage planting

Avoid digging or tillage
when wet

Perennial plantings
Pollinator &
beneficial plantings
Organic fertilizers
Legumes in mix

No till
Mulching
Residue retention

“Give to nature, and she will repay you in
glorious abundance”
—Alan Chadwick

“Soil Biology Links to Soil Health & Ecosystem Functionality”
Jennifer Moore Kucera, Ph.D. NRCS Soil Health Division
Talk on Dec 8, 2017 Link to video:
https://www.sare.org/Events/Cover-Crop-Conferences/2017National-Conference-on-Cover-Crops-and-Soil-Health
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