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started in 2009
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7 Keys To A Healthy Economy

& Supply (Producers/ Sellers)
» Demand (Consumers/ Buyers)
Currency | S~ e
Capital T B TS s
- «Energy and Resources e WP
Infrastructure
Defense and Protection

~
e,

Carbo‘nofnic$ = Thel\Wondertul ECOROmMY.Ofthe Sail
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03 Supply (Producers/ Sellers)
»Demand (Consumers/ Buyers)
Currency
Capital
Energy and Resources
Infrastructure
Defense and Protection

x
e,

Carbo‘nofnic$ '— The\Wondertul ECOnOmY.Ofithe STl | ‘ Keys To A‘Heafthy SOIL!
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Supply (Producers/ Sellers)

£ Plants Producmg Carbon

Sun’s energy

Carbon
dioxide

Cérbdnofnic?ﬁ = The\Wonderful Econdbmyeot the‘ Soil. B R Keys To 'A.VH.eallthy SOIL-’



Strongly Acyd

Supply (Producers/ Sellers)

~

oSOll = Prowdes 5 S AR
“Nutrients (Mlnerals)
-“+Soil - Provides | v
Habitat for Roots i
and Biology \
. Soil = Provides
Water storage -

» - .
y a ol
MAGNESIUN
=y -
T —
- b
e _ \
e - »
-
- 5 {7 gy
- AA o » =
-~ . ...
-
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Supply (Producers/ Sellers)

{,.Sml Biota - Producmg ’ \,
*Nutrients (Fixation). ~ 3

-~ (Cycling) (Avallablllty) =}
'SOIl Biota - Prowdlng g %

- Defense and Protection

J

1

Carb0n0m1c$ — Th‘e.\Wonder‘fL]l.Eéor:ibmy of _thet.S.‘b”llj e S KeyS To AHeafthyS OI L)
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: (Protectlon Support '
. etc...)

.Plants Need Nutrlents
tand Water  ~ .

e ‘Plants - Need Serwces
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“o .system.

Prodiicers -(Sellers) ' Consumers (Buyers) 5

Y

.« Ina’strong himan economy, one of the leading
indicators islow unemployment rate, where most
people are both consumers’AND producers and are
actively engaged in making a contribution:to the .

Carbehontie$ -~ The \Wongderfél Ecomornyzof the SO .~ Keys To A‘Heafthy SOIL!
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e The soil ecOnomy is
~..strongest when plants,
g;,‘ ~.soil,;-and anlmals are ALL .
' preducmg and

- consuming.-,
e Dlver5|ty IS very

mrportant o =

Carhohontie$ - The, Wonderful.Ecohomy Ofithe SO aw AR Keys ToA Healthy SOIL /
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Agrlcultural Welfare

af .WF\en we ekternally

. provide the plant 9
-~ with everything that (B
. “needs from the ‘
" outside, we Weaken
the economy.

: Fertllltylnputs v

a0 Crop protectlon mputs

\-.\-,—,

Carb@nom1c$ ThaWonderful Economy of the So"l e CSF
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AgrlculfUral Welfare

g‘- .When we externally

—.-provide the plant ~ FF&"
- with everything that it e
. ‘needsfromthe .
" outside, we Weaken
the economy.
: Fertlllty mputs

° Crop protectlon mputs

\ .\..-
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_ ~Currency
o Currency-is important'because it -
* allows goods-and services to be
exchanged more efficiently

Carbo‘nofnic$ - The;\Wondertal ECOnOmMY.OF the SO TR Keys To A'Heafthy SOIL!




_“Currency f Bl 20| 5
+Inthe plant economy,'the .~ $ et
* currency.is Carbon S e

/. - o -, o A G

Sun’s energy

&4 CO, +H,0 » C.H.O, +0,

Carbon Water Sugars Oxygen §

dioxide
' ‘ Chlorophyll
o

Carhonomied - theondertil Economy.afthe SAT o =7+ - - Keys To'A Healthy SOIL!




-

Carbon Currency

~ .Currency (Carbon) | S |mportant because it
* allows goods and services to be exchanged
-more efﬁuently with-the soil economy

6 120107

G

Carbon PayMents

o ) ESEEE Root Exudates

; S SO QL - - . . -

* “«.— - Plant Services \

Y AL .
- | f--i*H _ e

' : ! ' \ ] !

< Pa

Sourcmg, Dellvery, Protectlon

- A e

Carbonom1c$ The\WonderfGl Economy Ofitive SO e == 13 Keys To'A Healthy SOIL /




.~ Importance of Carbon s B 2 107
~»Carbonis essential to all life - - $
“ s People are 19% . carbon

Carbon can form over-10 million
compounds |

Carbon is the most important but
most overlooked of all plant nutrients

Carbonis the main_food source for soil biology ‘

CARBON

Carbo‘nofnic$ -— The\Wondertul ECOnOmY.Ofithe STl | ' Keys To A'Heafthy SOIL!




‘ Increased SmlCarbon Curency B 21078
~»Normalizes soil pH | $

Increases CEC

oy CARBON &
Increases availability of -
P.Ca, K S Zn Fe, Mo, B

Reduces avallablllty of Na and Al

-

Carbo‘nofnic$ .— The\Wondertul ECOnOmY.Ofithe STl | ' Keys To A'Heal'thy SOIL!




12.0107

G

CARBON

: "Ca'rbon Currency
~eCarboncan be:
| collected (photosynthesis)

spent (traded to soil organisms)
saved (soil organic matter)

desired by all members of the economy

Carbo‘nofnic$ -— The\Wondertul ECOnOmY.Ofithe STl | ' Keys To A'Heafthy SOIL!




~ ‘ ‘12.1?r

Carbon Currency T T Tl N T

_, .Carbon has dn‘ferent states
sGas-CO; I

7253 325k gIHRIRY -

CARBON

¢ Liquid =in pts and soils

- «Solid - in living organisms
and Organic Matter

JI‘III’ P\i’N B S]‘\\Ilh 0] \\l!l lli(l

U\l' 'l'll!ll ﬂ.\\l) l)lll.la.\llﬂ

CaI'bOhOfniC$ — The\Wondertal ECOnOMY.OF the STl v ‘ - Keys To AHeafthy SOIL!
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Carbon Currency

.Carbon has dn‘ferent states

CREDIT CARD

»Gas-CO, &

7253 325k

¢ Liquid =in planfs and soils

B

[} ] [ | [ | PPN I STy e
oll N UVINEG organ S PR
‘ — ‘ XAE 1531253 1
- TREAS ‘ h il
OF 2 i
g 2007 2 A <

and Organic Matter

CaI'bOhOfniC$ - The\Wondertul ECOROmMY-Of the SOl

JI‘HI’ P\ﬂH B SZR\'I Ih 0] \\lll lli(f

U\l' 'l'll!ll ﬁ.\\l) lllll.la.\llﬂ

12.0107

$

CARBON

Keys To A'_Heafthy SOIL!




Capltal

‘0 Accumulated (stored or saved)

(L currency . - - S
s Needed for Growth and Stability - -

TREASURY BOND
OF 2002-2007
siag ¥

JI‘IIH P\I'ﬂl‘ﬂh'll\'l‘ LS OFAMERICA

FORVALUE RIECEVID PRHOMISIS TO PAY TO THE NEANEN THE BUM OF

ONETIHON 'H‘\.\'l) DOLLARS

Carhohontie$ - The, Wonderful_Ecohomy Ofthe SO w2 AR Keys ToAHeaTthy SOIL!




Biological:

| SOil Carbon Capital - Source of Energy

- Reservoir of Nutrients
Soil/plant System Resilence

w

" A

(% Organic Matter and Humus

Accumulated (stored or
saved) carbon currency

Chemical:

-»'Needed for Growth and Physical:
SR Structure Stabilit - Cation Exchange
Stablhty . Water Retention - Soil pH :
' Thermal Property - Binding of SOM
' to Soil Minerals

Carbohoniies : Theg\Wonderttl Ecomomyzofithe Sail Keys To A'Heafthy SOIL!



Benefits of Soil Organic Matter

Jennifer Moore-Kucera NRCS Linking Soil Biology To Soil Health

: Increased Increased microbial
Food & habitat microbial activity, biomass, competition

for soil organisms decomposition, & antagonism against
mineralization plant pests

Increased
infiltration and
water-holding

capacity

Increased CEC &
adsorption of
organic
compounds

Protect surface
from solar energy
and raindrops

Buffers
temperature
extremes

Increased supply Increased
of micro- and aggregate stability,
macro-nutrients macroporosity

} NRCS | Linking Soil Biology to Soil Health



* Capital Rich _ nghOrganlc
.Ecq‘nomle\s __' Matter Smls
’gProductlve oProductlve SR
«Stable . = «Stable
:Resilient %~ «Resilient =
oEfficient ~ ~ «Efficient

- ‘ .
Ul S vag
~ " . - - - »

.1.. \ ; el

v -

A 3 ’ .
p— s A

- . \ v - -

Carbohomies - The Wonderful.Ecohomy_of the Soll AL Keys To AHeafthy SOIL! -




12.0107

. ~Carbon Capital - e @
« Capital (Savings) can'tbe increased without

& - . CARBON
*an excess of cash income

Soil Organic Matter can't be increased without an
excess of soil carbon currency '

Soil Carbon can’t be increased in most rotations -
without the use of cover Crops

Carbonomlc$ Theg\Mongdertul Economy Ofthe Soil ' Keys To A'Heafthy SOIL!




Energy and Resources

\‘_.’.A

» Plant economy

" energy comes from P
_the sun ’

Carbon Water
dioxide

CélI'bO‘IlOI.niC‘$ -1he Wonderful_Ecoﬁomy of the Soil

Sun’s energy

= CO, + H,0 » CH,,0, +0,

‘ Sugars Oxygen
‘ Chlorophyll

Keys To'A Healthy SOIL!




Energy and Resources |

K Plant e’conomyfener‘gy ;omes . ’\ -
- from the sun o W
» Plant solar collectors X
~ (seeds) are MUCH e \4
cheaperand-easierto = .=

install than man-made
solar panels!

<

CéI’bOhOinC~$ -lng WonderfUl.Ecoﬁomy of the Sall




Energy and Resources
+ Plant economy'energy e e CO, + H,0 » C.H,,0, +0,

Carbon Water ’ Sugars Oxygen
‘ Chlorophyll

(  from the sun RPN dioxide ®
S =

o P[ant solar collectors (seeds) are
MUCH cheaper than man-made
...~ solar panels!

* o A healthy soil economy
should not need
significant purchased
energy inputs

-

Carbohofnic~$ — The\Wonderttl Economy.of the SOl




Energy and RESOUI‘CES -  sunsenemy

% 3

K, Plant economy

* resources i A CO, +H,0 .
> #1is CARBON bt S Carbon Water
3" ‘ ST dioxide “

‘ Chlorophyll

CaI'bOhOfniC$ — The\Wondertal ECOnOMY.OF the STl v TR Keys To AHeafthy SOILY}




Energy and Resources Atmosperic composition

s Plant economy

resources |
#1is CARBON S
#2 is NITROGEN " ., e

I Nitrogen (N:), 78.09%

B Oxygen (0:), 20.95%
B Argon (A, 0.93%
B Carbon dioxide (CO:), 0.038%

Keys To'A Healthy SOIL!




Energy and Resources

v'.

s Plant economy

" resources
#1is CARBON
#2 is NITROGEN

I Nitrogen (N:), 78.09%

B Oxygen (0), 20.95%
. - Argon (Ar), 0.93%
Carbon diaxide (CO), 0.038%

Nitrogen Gas
(Dinitrogen)

Keys To'A Healthy SOIL!




Nitrogen Gas
(Dinitrogen)

Energy and Resources - ...

» Nitrogen gets “fixed™ or

* made plant available when
combined with hydrogen or _
oxygen A L R e

o T 3H2 . NH3 —> (dissolves) — NH4+
(ammonia) (ammonium)

J

Carbo‘nofnic$ '— The\Wondertul ECOnOmY.Ofithe STl | ‘ Keys To A‘Heafthy SOIL!




' + 3H2 — NH3 —> (dissolves) — NH.,.
(ammonia) (ammonium)

Energy and Resources

+Nitrogen gets “fixed” or
* made plant available when : o’ 5
combined with hydrogenor -~ . = -
oxygen . g

— .
/ - ‘ T L —
: : .
. | - '
- v o

--e'Very energy
intensive process

" ‘S

Carhohontie$ - ThegWonderfil Ecomomy.of the SO AR Keys To AHeafthy SOIL!
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. » A o

*’NLtf@ 'en iFacta ries

- - » A - ‘» . ! A .
o - b - -r . . s '-.\ h s

N L .,1._,_ \-__:,~ _'..:__“\_'- % ‘.‘ ,. ' -

- “ osprllhum
Azotobacter

‘.

‘ . N T ? “- o ‘\.
‘: " e Sin . SR AT - B ...“
2 . : oy ’5 < 7 ;:_ o ~ -
X | s ¥ e
A A o P o v ST N ' P
CélI‘bOthIlijfS - Th_e‘-WonderfUI.ECorimomy 6f the _S(')‘ﬂ_. N AT Key ‘O’A'i“lea'lthy !21[«.‘ *“



Nltf'ogen iFac:tcjrles,

o -~ Azosprllllmm .
“ +. Azotobacter =
Rhizobia .

= “Trade” nitrogen to the
* plant for carbon

Wil nothappen if excess
N |sz|n the soil .

Carbo'nomlc$ - The,Wondertul Econem¥ of the Sail

-+ Must associate with a plant - v T

Keys To'A Healthy SOIL! = -+




Energy and Resources

Plant economy resources

#1is CARBON
#2 is NITROGEN

Other mineral
resources

THE 16 ESSENTIAL ELEMENTS REQUIRED FOR PLANT LIFE

|

BASIC NUTRIENTS

6
cQafo

CARBON HYDROGEN OXYGEN

Generally available to
plants in sufficient
quantities through air,
soil, and water

Color-Coding Key:
Elemental
Classifications

ALKALI METALS

ALKALINE
EARTH METALS
TRANSITION
METALS

PRIMARY MACRONUTRIENTS

NITROGEN PHOSPHORUS POTASSIUM

Available mostly
through fertilizers

SECONDARY MACRONUTRIENTS

20 12
Ca Mg

CALCIUM MAGNESIUM SULFUR

Available through soil
but usually not through
fertilizers

MICRONUTRIENTS

26 25 30 29 42 17
Fe fMn | Zn § Cu Mo § d

IRON MANGANESE ZINC COPPER BORON MOLYBDENUM CHLORINE

Keys To'A Healthy SOIL!




Energy and Resources

« Plant economy resources

#1is CARBON
» #2 is NITROGEN

Other mineral T e e

resources _ s
e Employ tiny

miners to extract

the nutrients from the:soil.

Carbo‘nofnic$ - The;\Wondertal ECOnOmY.Ofthe Sail ' Keys To A'Heafthy SOIL!




{Mycorrhizal Fungi run the Largest
Mining Operation in the World

Up to 85% of plants depend on fungzt to survive. Plants and fumgt
depend on each other for nutrient cycling and water absorption

Cea

siaRe @ f B @ . §

o
RN ‘? Image: Landeveert 2001
. 3
A , Thin-section micrograph of a tunneled feldspar
N Scale bar = 100 micrometers

Photo: Amanita gemimata by Courtney Celley: US Fish & Wildlife Service

Keys To'A Healthy SOIL!




Arﬁ?uscular\
l\/lycorrhlza[

’

R o e

Funglaxx.g:f‘

Carbo‘nofnic$ -1he Wonderful'Ecohor‘ny oOf the SOl S TR Keys Td AHeafthyS OIL}




-~ Mineral Resources

# Mycorrhizal fungi mine the soils hot-only for the basic
» putrients like nitrogen, phosphorus, etc, but also those
~hard to come by trace elements (Zinc; Copper,
Manganese,-etc) which plants need for strong immune
system health-and survival.... -Oddly enough many soils -
are rich in important nutrients, but they are often locked
up in a physical form.which makes them unavailable to
-~ “most plants.
(Source: Scientific American - Jennifer Frazer)

Carboheniie$ : ThegWondertal Ecomom$zofithe Soil | ' Keys To'A Heaithy SOIL!




Infrastructure -

in-fra-struc-ture \'in-fra- strak-char, -( )fra-\

il Simple Definition of INFRASTRUCTURE

: the basic equipment and structures (such as roads and bridges) that are needed for a country,

region, or organization to function properly

Transportation
Communication

Economies will be severely crippled or limited when
these are lacking or disrupted (war strategies)

Keys To'A Healthy SOIL!




111frastructul e «

Carbo‘nor'nic$ -lng WonderfUl‘Ecoﬁomy of the SQil
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My€orrhlz§l fungl transports

e PhoSphorus —\one of the
_’{’ hardest to access ;

| .Nltrogen Potassium, . -
~, Calcium, Magnesium, Iron

.Zlnc Boron, Manganese and -
\ Copper |

e Indry times they help ;
. itransportand supply water.
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~ Transportation: =
~Infrastructure "+ "

-
.-Earth worms

~-help-transport:
-+ “Water
b OXygen wiein o g R 1 IR -
-« Surface carbon (residue);';’f"/. ‘ S:*\' S -

5y Otﬁer? ota o, e ~.. £ an ‘

- §
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- Communication | Flavonoids etc. | Fl0O! Amino acids etc.
‘InfraStrU cture - . g < Titeohn | Lirypiophan ————>(l0) Pisolthus

= (ood)~ IAA

-

!

: - “ VAmycorhiza < Biochani
Plants.use liquid T e |
, | s _!\Oejfe; ——>(MO) (Azotobacter

carbon root | - | O eacoceum

p — — '
Ectomycorrhiza <, Paimitic acid

exudates to < KSR

CO mMmun icate tO S"f"ga $p. <, ‘_# ;S—gspvl‘%_?lcng‘ [ L4 onine y:}MO (Acremonium

3 ~ lalcilorme)

—

sojl biota what - | EE— |

5 theynezed R ey -, Marschner, 1995.

“/ Root cap cells
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- Communication
“Infrastructure - &

™ A

+Plants.use liquid

—“ carbon root =

> exudatesto
communicatéto L

“sojl biota what .| =

_sthey need
gL 3 A3 { -
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‘.\\“ Carbohydrates
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Watch out

- Communication s
Infrastructure - . are about

+ Mycorrhizal networks

—.interconnect root

s.systems and allow

“plants to

~'communicate threats
through chemical

~signaling | A

methyl salicylate, which repels the aphids and attracts the parasitoid wasp (an aphid predator).

Mycorrhizal fungus
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\.J~ 5 that Mtract A["'.l-] "uh?u\‘
s WasDs and repetl aphads

EXPLORING LIFE, INSPIRING INNOVATION

Aphids are highly destrnxtive $7 ot y [ g :

iy that ‘("‘vj on 1he \ap of A
Hlants uncer attack emat
AUMerous DAant specied

warning volatile organ

on PO Fatss N YL

6 ) ‘ \ ' - . - . -

Drought 1s 2 common r - !
SLressorfor many planty /
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~Defensewand.

Protectlon .t

The secondlineos

. defense is plant

> signaling - plants

> signaling each other and

: 5|gnallng insects and 50|I
organisms to assist in
defense 3
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The green represents the
beneficial bacterium Bacillus
subtilis, which has formed a biofilm

on the Rock Cress root surface.
Photo by Thimmaraju Rudrappa
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“Defénseand Protection: . =+ <o o0 ST

The thire e of i S S aains 55 it TR sl n it
defense'is

healthy plants =~ =
producing e
complex - |

INCREASED
PSM* SYNTHESIS

. ~ are passive immunity
alanced chamistry
hich gi
which give - s
. “Healthy plants can become completely resistant to diseases and insects.”

- John Kempf -

resistance S _ - pancigsanom




The upper 2 levels are active immunity
and based on vigorous blology,

The lower 2 levels are passive immunity
and based on batanced chamistry.

PLANT HEALTH PYRAMID

&5 @
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INCREASED LIPAD SYNTHESIS

COMPLETE PROTEIN SYNTHESIS

COMPLETE PHOTOSYNTHESIS

- John Kempf -
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Defénse *aﬁd Pratectlon

The feurth1|ne of
defense IS symblotlc
reIatlonshlps between
X plants and organisms
“ such as endophyte
: fungus

Noble Research Institute
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Defé'nse‘aﬁd Pratectlon

-
-t ‘ R g '7 -"._..

o Theiﬁfth N of daoree .

_"* is Diversity - of: plants R
" roots, types, seasons, < .| R
" insects, biota S Ry
\' ® I\/Iost attackers will focus P, Y =
~_-on only one ortwo things .=
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Keys To A Healthy S OIL ’

03 Supply (Producers/ Sellers)
»Demand (Consumers/ Buyers)
Currency
Capital
Energy and Resources
Infrastructure
Defense and Protection

x
e,
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~Eight TaketAway Points. .

2. Reduce the ‘amount of welfare you are
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Elght Take%Away Pomts 3 S ;'_ ;:'". R '.'f'.:“.f‘

.3. Increase yout “cash flow of carbon currency
P | e (i~ g e
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4 I\/Iake capltal"mvestments of Iong term carbon .'
(orgamc matter) and don t sétl off mvestments
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4 I\/Iake capntal’mvestments of long'term carbon
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Elght Take%Away Pomts

5 Take advantage of free
(tiny workers
“¢ Manufacturing
o Mining
% Transportatlon
8 Communlcatlon _
. Pretectlon _ 2
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