Boosting soil health
in your garden

Master Gardeners Webinar
April 21, 2022

2 ONR

United States Department of Agriculture
Natura | Resources Conservation Service



What is soil?

* Today we are
talking about
natural soil, not a
purchased
landscape
material or
"potting soil”

* Think of soil as a
natural resource,
that varies from
place to place




Soil Forming Factors

Parent Relief
Material (Topography)



Presenter Notes
Presentation Notes
Of the five soil forming factors, which ones can humans control? 
Think about your site: is it a hill side or is it flat? How much rain do you get, and when? Temperature regime? How long has the soil had to form in place (Riverwash vs. old soil)? What kind of rocks or parent material are under the soil (Granite, alluvium, glacial till, volcanic ash or lava flows)? What kind of plants and animals live above and below ground? 


Soils are unique to their place

DesertSoil
(hot, dry climate)

Mosaic
of closely
packed
pebbles,
boulders

Weak humus-
mineral mixture

Dry, brown to
reddish-brown, with
variable accumulations
of clay, calcium
carbonate, and

soluble salts
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Grassland Soil
(semiarid climate)

Alkaline,
dark,
andrich
in humus

Clay,
calcium
compounds

United States Department of Agriculture
Natural Resources Conservation Service




Soils are unique to their place

Acid litter
and humus
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Tropical Rain Forest Soil Deciduous Forest Soil C-:mlferous Forest Soil
(humid, tropical climate) (humid, mild climate) (humid, cold climate)
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~Very steep slope

(no soil)

Flat slope
P (thick soil)
Deeply weathered g
bedrock A

Steep slope
(Shallow soil) Lowland valley
(very thick, rich soil)

: : * Soils are a product of their environment
Soil properties

i * Soil characteristics vary across landscapes
affect function Y P

* Functions (Soil Health) vary across landscapes






ealthy Soil:
ow does it...
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..the continued capacity
of soil to function as a
vital living ecosystem
that sustains plants,
animals, and humans.
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Presenter Notes
Presentation Notes
NRCS uses this definition for soil health…  There’s a lot packed into this definition: Concept of sustainability or resiliency of soil functions now and in the future; concept of soil as a living ecosystem, not inert matter, with organisms and processes that are invisible to the naked eye and fundamental to the food web, supporting plants, animals and ultimately humans.


What is soil made of?

Solids

Pore Space

m Water

H Air

® Minerals

B Organic matter




Soil Organic Matter

*"Dead” Soil Organic N
Matter (SOM) E Mineral
measured in soils Water 25% A\ ~ Particles8%
(Humus) &I //

*Hot, dry climate = low
% organic matter

j Grgamc Matter 5%

Organisms— |
10%

Small increases in In California, SOM
organic matter can have  tends to be lower than
HUGE impacts on soil this ideal.

function!



Presenter Notes
Presentation Notes
What’s measured in soil is the “dead” SOM. We have observed that the level of SOM in a soil has impacts on soil characteristics like biological activity, soil physical features, and soil chemistry. But this is a very static and 2-dimensional idea of soil organic matter. 
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Presenter Notes
Presentation Notes
Tiny but mighty!
2-5% of volume of soil
Affects nearly every soil property



Would you rather have sandy soil
or clay soil? Why?

== OK
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Presenter Notes
Presentation Notes
Texture is important because it plays a large role in how soils function. 
Capacity for soil to hold and transmit 
Water
Nutrients
Air
Resilience of soil to:
Erosion
Compaction




What is soil made of?

Solids

Pore Space

m Water

H Air

® Minerals

B Organic matter




Soil
Texture

The relative
proportion of
sand, silt and
clay particlesin

[ &0

it Percent Sand

d SOl | Figure 6.3: The percentage of sand, silt, and clay in the basic textural classes.
(Source: USDA Soil Textural Trangle courtesy of United 5tates Department of
Agriculture, Matural Resources Conservation Service).
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Presenter Notes
Presentation Notes
Definition of Soil Texture is the relative proportion of sand, silt and clay particles. 


Mineral particle size classes
USDA Standard Relative Partide Size

Beachball

Sand

Sand (2,00 - 0.05 mm)
Gilt (0.05 rmm - 0.002 mrm)

Qay (= 0.002 rorn]

Frisbee

2 mm = width of a nickel

0.05 mm = width of a baby hair

0.002 mm = electron microscope
needed!


Presenter Notes
Presentation Notes
2 mm is the width of a nickel
0.05 mm is the width of a baby hair
0.002 mm is 1,000 times smaller than the width of a nickel. Can only be seen with an electron microscope


Texture is important

Because it has a big impact on
many soil functions



Presenter Notes
Presentation Notes
Texture is important because it plays a large role in how soils function. 
AND it is something you should understand about your site, because you can’t change it. 



Texture is important

Loam
nd

..and it can't be changed



Presenter Notes
Presentation Notes
Texture is important because it plays a large role in how soils function. 
AND it is something you should understand about your site, because you can’t change it. 



Texture Is Important

*Big impact on many soil
functions

*|t can’t be changed
*|t can be mitigated- with

Soil
Organic

Matter



Presenter Notes
Presentation Notes
Texture is important because it plays a large role in how soils function. 
AND it is something you should understand about your site, because you can’t change it. 



“Tilth”

How easy is It to
work this soil?

loosens clay sail, g = s
gives body to et g
sands and silts olin
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Presenter Notes
Presentation Notes
Tiny but mighty!
2-5% of volume of soil
Affects nearly every soil property



Circle of (soil) Life

Plants Die
Dead plant
materials
become Soil
Organic
Matter

Plants Grow pudes
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Presenter Notes
Presentation Notes
Primary concept in “soil health”: the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and humans. Thinking of soil not just as a pile of mixed detritus, but as an ecosystem that is in a constant feedback loop with our management choices. Think of Carbon as energy for plants and animals. 
This is a simplified schematic of how carbon moves between plants and soils- Plants grow, then die, then are turned into soil organic matter


Circle of
(soil) Life-
Living
organisms

Plants release UP TO
20% of the sugars they
make through their
roots!

Why?

Plants absorb
CO; released
from soil

Soil organisms
release some CO,

C0, enters the soil carbon pool through
leaf litter, roots, and soil microorganisms

Plants form
carbohydrates
using C0- and

water from

the soil

Carbohydrates are
exuded by roots to
feed soil organisms



Presenter Notes
Presentation Notes
Because microbes will work for food! Plants help feed microorganisms because those microorganisms decompose organic matter, which releases nutrients in a form that plants can absorb through their roots. There are also other symbiotic “favors” that microbes can do for plants, in return for the food. 


Soil Ecosystem- Players

* Living roots, root hairs
*“Shredders”

e Earthworms
* Arthropods

* Microorganisms
* Fungi
* Bacteria
* Actinomycetes

100



Presenter Notes
Presentation Notes
Soil Biology drives the decomposition process and drives the fertility cycle in soils. 


Soil Ecosystem- Actions

* Decompose organic
NMEICUEIS

* Release soluble
nutrients

e “Exhale” CO2

* Symbiosis between
plants and microbes
* Mycorrhizae
* Rhizobia

* Pests and pathogens

100



Presenter Notes
Presentation Notes
Functions of belowground life in the soil
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Presenter Notes
Presentation Notes
Tiny but mighty!
2-5% of volume of soil
Affects nearly every soil property



What is soil made of?

Solids

~ Pore Space
\

m Water

H Air

® Minerals

B Organic matter




Soil Components

m Water

H Air

Hm Minerals

B Organic matter

=5 Dry soill

-



Presenter Notes
Presentation Notes
As soil dries out, there’s more air and less water…


Soil Components

Wet soil

m Water

H Air

®m Minerals

B Organic matter



Presenter Notes
Presentation Notes
And as water is added by rainfall or irrigation, pore spaces fill up with water and air is driven out. 


Pore Space

Pores are
defined by soil
aggregates
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Presenter Notes
Presentation Notes
Pores are irregularly shaped spaces between soil aggregates and rock particles and other solids like roots. The size and shape of pores are related to the soil texture and the soil structure. Pore space and soil aggregate strength relate to FUNCTION of soil structure


Soil Structure

soil particle soil aggregate soil structure

l |
tartilizer B %@

r organic &
matter
soil ¢ / /

particle aggregates—

Soil aggregates are held together by organic glues
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Presenter Notes
Presentation Notes
Soil particles don’t usually exist in single grains. They clump together in units called “aggregates” or “peds”. 


Soil Structure

r———

Soil structure

SYell
aggregate
shape, size,
and strength
determine
o]l
structure
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Presenter Notes
Presentation Notes
Shape: crumbs, blocks, columns
Size: smaller near surface generally
Strength: Stability of aggregate, stability of pore space, resistance to compaction


Pore Space- Compaction

Soil Particles
. Same stuff,

less volume

Mon-compacted Compacted

More pore space Less pore space

== OK
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Presenter Notes
Presentation Notes
Compaction reduces porosity and restricts air and water flow. Reduces WHC and makes tillage and root penetration and aeration difficult. 


Water Holding Capacity



Presenter Notes
Presentation Notes
With nice big stable pores, you get more Water holding capacity. WHC is a very important characteristic determined by soil texture, porosity/density, and the size distribution of pore space. Terminology of WHC: Saturation, Field capacity, permanent wilting point. 


Stable Resists erosion
aggregates Good infiltration

Water holding

H
S el

(Eaete s Y capacit
.More organic Stabie PeRY
S g . pores Aeration and
-~ 'matter drai
3, rainage
Less Root penetration
compaction Easy to work
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Presenter Notes
Presentation Notes
Now, how SOM affects fertility of soil



Native Soil Fertility

Influenced by:

* Minerals present in
rocks

* Ability of soil to hold
nutrients

* Cation Exchange
Capacity
* Clays (amount and type)
* Soil Organic Matter

40

30

20

10

o

CEC (meg/100q)



Presenter Notes
Presentation Notes
Soil physical characteristics- Clay type and content and OM content- determine CEC 
Number of negative charges per 100 grams of soil. Cation Exchange Capacity is like the seats on a school bus. The more seats on the bus, the more kids can ride it. 


Native Soil Fertility

5O
40
30
20

10

CEC (meq/1009)

Sand

Sandy Loam

Loam

Silt Loam



Presenter Notes
Presentation Notes
The biggest buses are your clay and organic matter particles. 


Root hair

-t e
’ e
\ g

Cell wall



Presenter Notes
Presentation Notes
Here’s a schematic of what CEC looks like in soil. You have soil particles like humus or organic matter and clay, with their negative charges, or their school bus seats. Then you have the ions, the kids, who occupy those seats, and those ions are positively charged. The root hairs are covered in positive ions too, H+, which can exchange seats with the ions on the particles so that the root can then suck up the ion, or nutrients. 


What is the ideal way to ?
get the healthiest
possible soil? ®




Build organic matter!




How do | build ;

Organic Matter? ®




Management principles for soil health

Disturb the soil less:

Reducetillage to
preserve organic matter

Feed the soil
food web:

Add organic matter
and keep living roots
in the soil

Cover the soil more:

Grow vegetation and
leave mulch on the
surface

Diversify the system:

Add different kinds of
plants to the systemin
open times or spaces

ONR
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Don't dig or till (and
maybe don't walk
on it) when it's wet!

Reduce
compaction



Presenter Notes
Presentation Notes
Till only when necessary
Till soil only at proper moisture levels
Don’t walk on freshly tilled soils and wet soils
Designate traffic lanes and growing beds



"If you want your soil to be healthy,
you shouldn‘t see it very often.”
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Presenter Notes
Presentation Notes
Qualitative measures


FOURTH EMTION

BUILDING SOILS ror BETTER CROPS

ECOLOGICAL MANAGEMENT ror HEALTHY SOILS

Resource:

https://www.sare

.org/resources/bu

ilding-soils-for-

better-crops/

Free as pdf

$23 for print copy
(not including tax
and shipping)


https://www.sare.org/resources/building-soils-for-better-crops/
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You are Here: Home / Soils / Soil Health / Soil Health (i u |I-1-‘: ﬁ *%
Stay Connected

Soil Health
Soils

Soil Health

Related Links

+* Home

+ Soil Biology

+ Soil Health Assessment

+ Soil Health Management
+ Education and Outreach
* Resources & Publications
+ Soil Health Literature

+ E-mail updates &

+ Contacts

ﬁ Sign up for E-mail updates on Soil Health =
Soil is not an inert growing medium - it is a living and life-giving natural resource. It is teaming with billions of
bacteria, fungi, and other microbes that are the foundation of an elegant symbiotic ecosystem.

Soil health is defined as the continued capacity of soil to function as a vital living ecosystem that
sustains plants, animals, and humans. Healthy soil gives us clean air and water, bountiful crops and forests,
productive grazing lands, diverse wildlife, and beautiful landscapes. Soil does all this by performing five essential

Soil Health | NRCS (usda.gov)

Resource: |
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/n

ational/soils/health/?cid=stelprdb1048783



https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/soils/health/?cid=stelprdb1048783
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/soils/health/?cid=stelprdb1048783

Thank you!

Wendy Rash
State Water Quality Specialist
USDA-NRCS California
wendy.rash@usda.gov
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