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“The continued capacity of the soil to-

—

-

as a vital living ecosystem

“that sustains plants, animals, and
~humans
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.3 The Four Ecosvstem Processes

>Carbon Cycle S e e
2 >Blocommumty Cycle (soirosd web, piants and Animais
< > Water CyCIe (infiltration & availability)
_»Nutrient Cycle oueansiont aciae

> Physical Stability and Support
» Habitat for Biodiversity
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Two Systems for Growing Plants! ° SECRETS
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Dysfunctional Chemical
Paradigm

i
P

b R,

Functional Ecological |
Paradigm




Uiﬁ“u%@k the

 Paradigms for Growmg Plants e SECRET:

Dysfunctional Chemlcal
Paradigm

" Functional Ecologiéal
Paradigm




Downward Spiral of

Soil Degradation
in annual systems

1. Intensive tillage, insufficient added residues, low diversity, no surface cover

2. Soil organic
matter decreases, erosion,
subsoil compacted g

3. Aggregates break down

5. Infiltration decreases
Erosion by wind and water increases,

4. Surface becomes _ Yield consistency declines

compacted, crust forms . .
P ! 7. More soil organic matter,

_ nutrients, and top soil lost
6. MORE ponding & persistent wetness, but LESS 3
soil water storage; less rooting; lower nutrient
access efficiency; less diversity of soil organismes, 8. Crop yields
more disease and pests decline

9. Hunger and malnutrition, especially if little access to inputs
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We have made our soil “leaky

Chemical paradigm

B

“Simplified cropping

»

——

“system l

Maximize nutrient
saturation in space
- & time




| A Common Myth about inor"‘gﬁri'ic fertilizers:
‘ They feed the plant directly

Fertilizer Total N in Fertilizer | Soil- Fertilizer- | Fertilizer- _
| Nitrogen corn plant derived N | derived | derived N | derived N in
B applied Ibs/ac in Corn N in in corn as | corn as '
Ibs/ac Ibs/acre | corn,in | percent of percent of
Ibs/ total N in N applied
acre corn % %

™A

S

56

95

(Calculated from Reddy and Reddy 1993)
Page 725 13t Edition Nature and Properties of Soil




* Regenerative

Soil Health Management Systems

9. Better crop yields & quality;
lower cost, risk, environmental

7. Less energy, inputs and tillage impact
needed, more water stored,

better rooting, more nutrient

access, greater soil organism

8. Field conditions
more resilient and

diversity, less disease 5 : consistent
5. Infiltration increases, wind - 9 6. More SOC, nutrients, and
and water erosion decrease 4 top soil built
. --._‘“-__'.J'f'.' 5 I —
3. Aggregates rebuilt 4 4. AWHC increases 'a’}) not
DISTURB
e Reduc;e‘fi :"ag?' e 2. SOC increases, rooting reduces m)x it
rooting, higher diversity, compaction T uUP
surface cover =
dlscover




How do we enhance
~ Ecosystem Processes?

Soil Health Management Systems
— . agr N I
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Agricultural Management

Practices and Soil Health

-\

-

Tend td Reduce Sdil Health

Aggressive tillage

Annual/seasonal fallow
Mono-cropping

Annual crops

Excessive inorganic fertilizer use
Excessive crop residue removal

Broad spectrum fumigants/pesticides

Broad spectrum herbicides

e
lena to Promote S
No-till or conservation tillage
Cover crops; Relay crops
Diverse crop rotations
Perennial crops
Organic fertilizer use (manures)
Crop residue retention

Integrated pest management

Weed control by mulching, cultivation

Lehman, R. M., et al. (2015). J. Soil Water Conserv. 70(1): 12a-18a.

Choose practices
that feed soil
organisms and
protect their
habitat (soil
aggregate)




Extensive Natural System N Y o Intensive Chemical System

Ecological 4
_Intensification

TN | %

I T4 | Soil Health Management System
1¥l h ) it‘ I pm‘ {hfﬂ N

lle hlog

fl }:f
i engmeénn

e -

""l.

_ ln r\..-"; el ,.r ™ r f ;_.-*l;;.-
o oo .'.I if - .
\ " ‘- N

X

] . High soil biodiversity S. Franz Bender, Cameron Wagg and
Trends in Ecology and Evolution \ ; . , Marcel G.A. van der Heijden)
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Properties of Soil Health SECRETS

Inherent Properties:

|
[

'Dynamic Properties:

l Ml  9| nllla.gem‘ le‘nt!d‘gl‘p ‘% ‘ng\ent properties

Organic matter content
Soil texture \ /»..-Blologlcal activity
Type of clay Aggregate stability

Depth to bedrock Infiltration
Soil fertility

Soil reaction (pH)




Vs

Evaluate How Your Soil System is Functioning g sus
Typically we focus on physical and chemical- Biology is King! QE@RE?%
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4 Physical =
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Eye Of The Needle

Carbon Dioxide Solar Energy

Nutrients
fung ol
i, o "
F 4 & —
r\ J’.’ = _..‘-"/ bacteria
4 { '\ %
0 ¢

#

protozoa springtail

nts
- V‘t‘;&\’; i e \
= : < ’ ”% " N
centipede £ - ../I \
- ™ millipede spider

/
AaF |
ground beetle T 'M
ant /

earthworm

http://landscapeforlife.org/soil/support-the-soil-food-web/

Functions of a Healthy
Soil Food Web

Organic matter decomposition
Carbon sequestration

Soil structure, soil porosity
Water infiltration

Pest control

Nutrient storage

Nutrient release

Breaking down toxic compounds
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* Macroscopic and A+ - <» Management activities
microscopic ./ i+ improve or degrade soil

organisms o7 " 'health

—Food MW o/ —Tillage

— Water - = — Fertilizer

— Shelter . | — Pesticides
— Grazing

—Powered by & — Plant Diversity
sunlight -




R — The Soil Food Web

Rae e ls complex

(\R\ > S0 e T T
: Every trophic level must function for
the soil food web to function!
R

{ Nematodes
Y Root-feeders

Fungi
Mycorrhizal fungi
Saprophytic fungi

Shoots and
roots

< Org‘;lfnixl
Matter

Waste, residue and
metabolites from

plants, animals and Bacteria b : Protozoa (10,000,000,000)
microbes:
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




Areas of influence resulting from Biological
Activities Through Ecological Succession

. * Hierarchical Approach to Understanding Soil Function ! .
v - Dr. M.H. Beare




Secondary Succession

Growth of Pioneer Species in
Areas that have been disturbed &

But have not lost their soil.
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Beech and maple

Aspen, cherry, broadleaf forest
and young pine
Perennial forest

Annual weeds and
weeds grasses

Time




Perennial
Annual weeds and

Soil Biological Succession Follows Plant Succession
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Aspen, cherry,
and young pine

Ya

Beech and maple
broadleaf forest
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Dr. Elaine Ingham



Biological Succession and Ever Increasing Complex1ty
Lead to More Available Forms of Nutrients

Beech and maple

Aspen, ch erry, broadleaf forest
and young pine
Perennial forest

Annual weeds and - i nH
weeds grasses Acld|C D

Funga\ comp
ba\ar\ced

........ NO3..ennereesss™ nd NH4 - rthropods
----- ‘:(f) 3 aT.....Predatory ..... Microa
Protozoa...- B"f-"\i'e‘r-‘-\-a-isdes

Dr. Elaine Ingham
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Natura\ Flo
Low D'\sturbance

High Diversity

High D'\sturbance
StaLd

Low Diversity
Low Human Inputs

g Eco services

“_Djnamic Equ'\\'\br'\um

Highly Funct'\on'm

High Human inputs

D'\srupted

Eco services




| ‘What do plants need?

100% Bacterial

F.B=0:01
F:B= 100:1to 1000:1 FB=0-1

EEEEM [ wessiuc
Web Structure F:B=03to0:5

through Succession

FB=5:1t0100:1 Mic-Grasses
-

FB=0.751

FFB=21to5:1 FB=11

late Successional |
e
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Uﬁfﬁ@ck the

Impacts of Disturbances . R ﬁmmg
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P s Foodweb
AT W W .
- - development: s . .
«| Bare parent material .| Cyanobacteria Weeds
100% bacterial True bacteria " -high NO3
t -lack of 02
¢ .| Protozoa . Eo o9
Nematodes - N, Ve
Microarthropods s ¢ A

Conifer, old-growth | _. SR , ™

forests
F:B= S
100:1 to 1000:1 F:B=0.3

- | - Mid-grasses,
Deciduous trees Shrubs, vines, Pasture, row “| vegetables

FB= === bushes €| CTOPS €= (mid-successional)

5:1 to 100:1

Early annuals

F:B=2:1t05:1 | |F:B=1:1 1 FB=0.3

Dr. Elaine Ingham




Impacts of Disturbances
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Foodweb

development:
Cyanobacteria

*| Bare parent material ,
100% bacterial

Conifer, old-growth
forests

F:B =

100:1 to 1000:1

'

% True bacteria

| Protozoa
Nematodes
Microarthropods
F:B=0.01

&m}@ck the

Sﬁﬁﬁﬁ%

“Weeds”
-high NO3
-lack of 02
| F:B=0.1

Eirly annuals

FB 0.3

m

Deciduous trees
F:B =
5:1to 100:1

=

B2l tooe )

.| Shrubs, vines,
bushes

Pasture, row crops
e |

(late-successional)

F:B=1:1
Cattle

| vegetables

Mid-grasses,
(mid-successional)

F:B=0.3

Dr. Elaine Ingham
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Plant Succession

Bacterial Bacteria/Fungi
Dominance Balance Dominance
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This soil is naked, hungry, thirsty and running

a fever! Ray Archuleta 2007
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Influence of “Spheres” on 50|I Function
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The Detrltusphere Influence of re5|due

/ B s
: otects the soil aggregates (agre atusphere) W
~and the pores’(poroshpere) from t e sun wmd AN :‘/

and ra|n oy

/*Reduces evaporatlon' 3 ,
: -PrOVIdﬁi habltat and f)00d for sonl organlsr\rwl's\;N
e ’-Enhances biogeoch\e/\rr{'l/éa!?n‘utr’lent cycling __\r
-Bwlds sml_structu\rji\ar}d ?utrlent reserves




Types of Arthropo_ds.
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Influence of Spher'es on 50|I Function
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Nature’s Tillage Machine and Residue Managers
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(Odette Menard)
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Earthworms increase the availability of nutrients
. Led® o 3T ANOTAY, R 1 ‘\‘ ‘ : BN
' ~ N -

Earthworm casts contain:
11% of the humus

7X the Nitrogen

11X the Phosphorus

9X the Potash

More Available Water




Earthworms Are Soil Engineers

Bastardie, Capowiez et al. Biol Fertil Soils (2002)
36:161-169
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Earthworms
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S e v/ /- 1 DaveBrandt- Ohio







Influence of 'Spheres” on 50|I Function
'3“ -Dé'i'r'f’f"u§p\her'e Bt
s 21-,@.-1:% i - Dr'llospher'e _
4—“ Pbrospher‘e 2Lz / -~

e

Rhlzospher'e




The Rhlzosphere is the
zone surrounding the
roots of plants in which
complex relations exist
among the plant, the soil
microorganisms and the
soil itself.”
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Statoliths
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Root_*
hairs —a

© 2012 Nature Education Jones, D.L., Nguyen, C., and Finlay, R.D. Carbon flow in the rhizosphere: carbon trading at the soil-root interface. Plant Soil 321:5-33 (2009). All rights reserved.
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Influence of "Spheres” on 50|I Function
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Brady & Weil, The Nature and Properties of Soils, Chapter 4, pg. 140, Figure 4.20.
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Fungi Retain Nutrients 5 ey smm

W

BENEFICIAL

FUNGAL HYPHAE
ICalcium (CA) Crystals:g{\

CALCIUM ON FUNGI




Influence of “Spheres* on 50|I Function
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Por'ospher'e Ar'r'cmgemen'r of Sollds and Voids

Lungs and Clr'culafor'y Sys'rem of fhe 50|I

f’f{%_ﬁ

Less porosity

M.H. Beare, D.C. Coleman, D.A. Crossley Jr., P.F. Hendrix and E.P. Odum (1995)
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‘Mineralization and Immobilization .. géwgrfg
s | | . -
Organisms consume other organisms and

excrete inorganic wastes.

mineralization , ‘
' Inorganic nutrients
are usable by
plants, and are
mobile in soill.

Organic nutrients
are stored in soill
organisms and
organic matter.

immaobilization

-

Organisms take up
and retain nutrients
as they grow.




VD

y . un)ack the
Essential Nutrients gmﬁmg

- T—

Non-Mineral Nutrients
 Carbon (C) Essential Micronutrients

* Hydrogen (H) e Boron (B)

« Oxygen (O) Chloride (Cl)

Primary Nutrients Copper (Cu)
“ « Nitrogen (N)

e Phosphorus (P)

Iron (Fe)
i : Manganese (Mn)

® « Potassium (K)
- Secondary Nutrients Molybdenum-{(Mo)

~ * Calcium (Ca) : RAGRNg)
e Magnesium (Mg) — Nickelghi)
B - Sulfur (S) —==e 7inc{Zn)
S e e - Trace Minerals —Over 100 Types
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Plants take up Nutrients in  “JfSEsS

SE@RET%
Forms of IONS! -

. Root Hairs Absorb Watr
¥ and Nutrlents from the Soil

e - —

Root
Soil hair
particles

What are lons?

An-on'is a positively or negatlvely charged compound.
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Strongly
Alkaline

Strongly
Acid

Acid
Very Slightly
Alkaline
Slightly
Alkaline
Medium
Alkaline

Very Slightly

NITROGEN 1B Without biology, you

i PHOSPHORUS are stuck with pH as

_ P0TASS|U|\1__ e __\ the sole arbiter of

Y what is available to
plant roots. . Add
microbes, then plant
nutrition is no longer
ruled by pH alone.
Microbes can use
enzymes to solubilize

plant nutrients.

40 45 50 55 60 65 7.0 75 80 85 9.0 9.5 10.0
pH




4 £ Plant Uptake of SECRETS
¥ Chelated Nutrients FEUM8

a®
-

' With Biology, Chelation
+. can happen as part of an
Y organism’s digestive

“ process. Add microbes,
-and plant nutrition'is no
~longer ruled by pH alone

and chelated nutrients
are no longer salts.

. The word chelate derives
from the Greek word

~ “chel”, meaning a crab’s
claw,’and refers to the

. pincer-like manner in
“which one mineral is
bound by another.
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un)@ck the

“Mycorrhizae assist with | o Smﬁmg
Organic Nitrogen Uptake i

-

Amino Acids inside mycorrhizal hyphae ‘ “““Amino Acids have entered the root from
\ “mycorrhizal hyphae
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-Fungal Digestion is Humification @mﬁﬁ‘m

» ’ .
b . ;A | - . -
Organisms consume other organisms and
excrete inorganic wastes.

Humification * |
oy Inorganic nutrients

are usable by
plants, and are
mobile in soill.

Organic nutrients
are stored in soill
organisms and
organic matter.

immaobilization
.

Organisms take up
and retain nutrients
as they grow.




& Humification Process °

N

Mycorrhizae

Photosynthesis
Sucrose to Hexose
Hexose to Lipids

Cycled and Translocated into the extraradical
network outside the root.
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Healthy Plants Produce Healthy Soils SE@RET&E
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.+ All Plant Cells have a Plasmalemma

putside the cell

A hvdrophilic ___ ™ " hydrophilic
eads W i - region
hvdm]:lh-:-hlf l % ) J J
iy tails

[ |
— | hydrophobic
inside the cell 3

| | | region
1 L;
5 hydrophilic

reglon

I.I'I:!itd{' the cell

phospholipid cell membrane




‘ Benefits of lmp'rolving Soil Health

|

l' Water Soluble
Organic Carbon

.//.,-' /.« Productivity
Water & -/ / o Air & Water Quality;

¥ o
% e Soil Biota Habitat

Aggregation &

Infiltration 347 ppm

Y o
-
© (O
Q
=
.'6
v

Nutrient
Holding

160 ppm .
Transition Period ; Biological




Plant Health Pyramid

The Degree of Plant Health & N -
& Immunity is based on a plants
ability to form structurally

% complete compounds:

Metabolites
(PSM)

PSM’s act as natural

S
‘Trophobiosis’ has its

* foundation on the premise that

insect and disease pests cannot
utilize complete proteins and
carbohydrates as a food source.

1) Carbohydates i

2) Proteins

3) Fats, Lipids, Oils

4) Plant Secondary
Metabolites

plant protectants. Francis Chaboussou =

Healthy Crops
A New Agricultural Revolution

Fats, Lipids, Oils R

o,
Surplus energy now stored as fats, lipids and oils.
Lipids build strong cell membranes which increase

b 7K ’ resistance to airborne pathogens and disease. John Kempf

Advancing Eco Agriculture
Jerry Brunetti

The Farm as a Ecosystem . 8

Complete Proteins

Root exudates to microbes who release nutrients in plant available form.




Plant Health Pyramid

}

r \ . ,
b“ ' J \ -
2 ) . - b " el
! 3 4 -
i

4. Production of phytoalexins including terpenes, #® 4. Resistance to Cucumber Beetles, Colorado
phenolics, bioflavanoids which are natural plant Metabolit Potato Bee.tles and Japanese B?etles.
protection compounds that contain pesticidal etabolites Production of advanced antifungal

PSM’s act as natural
plant protectants.

FatS, Lipids, Oi|S 3 Res.istancle to Downy Milde\;v and

Surplus energy now stored as fats, lipids and oils.
' Lipids build strong cell membranes which increase
o - resistance to airborne pathogens and disease.

Powdery Mildew as well as
Bacterial Invaders like Fire
Blight, Scab, Rust and

. Bacterial Spot.
_ , Production of Complete o
flies and larval insects

such as cabbage looper, Proteins

corn earworm and
tomato hornworm.




Trophob|05|s Theory
A Pest Starves on a Healthy Plant

“a pest starves on a healthy
plant”. It is “a revolution in
pathology and is a mortal blow
to agrochemistry as commonly

practiced in modern agriculture”

Jose Lutzenberger

Former Minister for
the Environment in Brazil

A New Agricultural Revolution

FRANCIS
CHABOUSSOU
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Tilagetype ~ ~ Fertility pr o
Plant species/variety Cover crops
Crop rotation Manure/compost
Crop residue addition
Grazing Irrigation

- b v
- M | | ' v .

Timinc



Extensive Natural System . e Intensive Chemical System

. . A
\ Ecological /

Intensification

e 1 “y

b

High soil biodiversity

High Disturbance
Low Disturbance

Low Diversity
High Diversity
High Human inputs
8 Low Human Inputs

§ Dysfunctional
Highly Functioning

. ) High soil hin:iiuersitv S. Franz Bender, Cameron Wagg and
Trends in Ecology and Evolution = Marcel G.A. van der Heijden)
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Importance of §0|I Blologyz i SE@RE‘E"&
Release Plant-Available Nutrients

Nitrogen
mineralization

N

Plant-available
N release

—

Reduction in
fertilizer needs

e~ o ﬂlm!n'r'" . ﬂ"!

Soil protozoa, springtails, nematodes,
mites, etc. consume bacteria and
mineralize more nutrients (N, P, S)




Importance of Soil Biology: '. %%}E%%%g
Release Plant-Available Nutrients N

G SR *"f'l':ﬂ T e B S AN

s Sail Function

Nitrogen
mineralization

N release

Reduction in

| fertilizer needs . . .
organic molecules from residues into

soluble nutrients (N, P, S)

{Pla nt-available




Importance of Soil Biology: '. %%}E%%%g
Release Plant-Available Nutrients N

""”I'" " _""'lm - el _.i.'-.""l"?."':llf
g T -?' mtr!

s Sail Function

Nitrogen
mineralization

N release

Reduction in - el : s
| fertilizer needs Bacteria release enzymes that act convert | 2.

organic molecules from residues into
soluble nutrients (N, P, S)

{Pla nt-available




