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Understanding Soil Health

Farming in the 23 Century
a practical approach to improve

Soll Health
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wWhy in Now?

A World population is estimated to be at 9.1 billion by
2050

A To sustain this level of growth, food production will
need to rise by 70 percent

A Between 1982007, 14 million acres of prime
farmland in the U.S. was lost to development

A Energy demands

I Increase use of biofuels (40% of corn used for ethanol)

I Increase use of fertilizer (use of Anhydrous up 48%, Urea
up 93%)
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Soll Health What Is It? =50,

A The continued capacity of the soil to
function as a vital living ecosystem that
sustains plants, animals, and humans

I Nutrient cycling

I Water (infiltration & availability)
I Filtering and Buffering

I Physical Stability and Support
I Habitat for Biodiversity




R o The Soil Food Web

Is complex

Every trophic level must function for
the soil food web to function!
R

Nematodes
Root-feeders

Fungi
Mycorrhizal fungi
Saprophytic fungi
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Nematodes (5,000,000)
Waste, residue and
metabolites from .
plants, animals and Bacteria Protozoa (10,000,000,000)
microbes. ;UUU,U0Y,
| Bacteria and
- : . 1 Actinomycetes
First trophic Second Third t (10,000,000,000,000)
level: trophic level: level:
Photosynthesizers Decomposers Shredder:
Mutualists Predators _
Pathogens, parasites Grazers Dr. Nardi

Root-feeders



['A Macroscopic and A Management activities
# microscopic ’ Improve or degrade soll
+| organisms health
1 I Food ) I Tillage .
|1 Water - - "% | Fertilizer :
I Shelter . w 1 Pesticides v
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What can Soil Organisms Do ?

orove Soll Aggregation/Strength
orove Water Holding capacity
orove Nutrient Cycling

orove Infiltration

Reduce pest problems
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Organisms per gram (teaspoon) of soil
sl - 100 mil. -1 bil. [ 100 mil. -1 bil. 100 mil. -1 bil.

SIi[o[ Several yards 10s 7 10006s o f1-49 oikes

Ide)leyde-0 1 0 0 0 O s 10000 s 100, 00060s

Nematodes MO, 104Gs1000s 1000s

Organisms per square foot

Arthropods 500 -2000 10,000 -25,000

Earthworms 10-50 10-50



Fantastic Voyage into the Rhizosphere
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fungi

Dennis Froemke

ND Area Range Specialist







Rhizosphere unfock the
SECRETS

Where Roots Meet Sall ESOIT,

Zone of
Concentrated
Biological Activity
A Bacteria
AFungi

A Protozoa
ANematodes




o To Do Io Do Do Do

BACTERIAunctions

Decompose Organic Matter
Keeps Nutrients in the Root Zone and Out of Water
Soi |

Enhance Structure

by
Competes with Disease Causing Organisms

Filters and Degrades Pollutants

Actinombacteria (filamentous bacteria) T Soil Smell

Feed other members of the food web (Prey)
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' Decompose carbon compounds
" Improve OM accumulation

' Retain nutrients Iin the soll

' Bind soll particles withGlomalin

" Mycorrhizal fungic Associate with Plants
- Compete with plant pathogens
" Food for the rest of the food wel
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What is GLOMALIN? ;§§%M‘S
A Glycoprotein (Sugar Protein) T
A 4-6% sugar

A Coats and protects hyphae

A Heat and enzymatically stable

Hyphae from a pot culture of Gi. Same picture, except under fluorescence.

gigantea at 90X under bright field.




o To Io Do o
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PROTOZGOG@&redator)
FlagellatesAmoebaeCiliates

Single Celled Animals

Feed on Bacteria and Release Nutrients (N)
Increase Decomposition Rates

Food Source for Other Soil Organisms

Prevent some Pathogens From Establishing
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on Plants

Need Soil Moisture to Move
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Drilosphere: Zone of earthworm

g g= Influence

AnCarbono thr o
soil the profile

ASoils are enriched with
N,P, and humified

organic matter

Ancrease water

infiltration

Arovide a bio pore for

| plant roots

1 Adomogenize soil surface
n Ancrease bio " “diversity in
solls

M.H. Beare , D.C. Coleman, D.A. Cr
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The Soil Food Web
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The Water Cycle S ‘
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Soll Health SECRETS
Planning Principles =

A Manage more by Disturbing Soil Less

A Use Diversity of Plants to add diversity to Soil
Micro-organisms

A Grow Living Roots Throughout the year
A Keep the Soil Covered as Much as Possible

Goal: To creatéthe most favorable habitat
possible for the soil food web



Disturbance: Whathings change w

you stop tilling the soiP

A Soi
A Soi
A Soi
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pores remain continuous
aggregates form and are not destroyed
Food Web increases and diversifies

A Weed seeds are not planted

A Water is captured and stored

A Bulk densitydecreases

A Soil fungi and earthworms increase

A Microarthropodsincrease (>20% of nutrient
cycle



Agricultural Disturbance
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MICROBIAL ACTIVITY

Effect of tillage on microbial activity

Which tillage system has
more microbial activity ?

Soil respiration in NT system

APR MAY JUN JUL  AUG "SEP
TIME OF YEAR

Havlin et al. (1999)



Soil Health Principle St.i,m !“°
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Grow Living Roots Throughout the Year"

Benefits:

A Increases microbial activity influences the N mineralization
and immobilization

A Increases plant nutrient/vitamin uptake/ concentrations with
mychorrhizabnd bacteria associations

A Increases biodiversity and biomass of soil organisms

A Improves physical, chemical and biological properties of soils
A Sequesters and redeposit nutrients

A Increases OM



Biomass Production
Annual Cropping Systems

Missed opportunities for resource assimilation

after A.H. Heggenstaller

and dry matter production

Additional opportunities for resource losses

A. H.HeggenstallerUniversity of Alberta
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Soll Health Principle St.mw«

Keep it Covered as Much as Possible

Benefits:

A Control Erosion

A Protect Soil Aggregates

A Suppresses Weeds

A Conserves Moisture

A Cools the Soil

A Provides Habitat for Soil Organisms
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SECRETS

S0IL.

A Conserve moisture and reduce temperature.
A Crop yields are limited more often by hot and dry,
not cool and wet.
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When soll temperatureeachesﬂmm

i?@g fi
140 F  Soil bacteria die
130 F  100% maoisture is lost through
evaporation and transpiration

113 F
4  Some bacteria species start dying
100 15% moisture is used for growth
S 85% moisture lost through

05.F evaporation and transpiration

O 100% moisture is used for growth

J.J. McEntire, WUC, USDA SCS, Kernville-3& 43-12198. 1956
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