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Ay Keys To A Healthy Economy

| Supply (Producers/SeIIers)
s Demand (Consumers/Buyers)
Currency-

Capital

- «Energy and Resources
Infrastructure
Defense and Protection
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T Keys To A Healthy S OIL ’

Supply (Producers/SeIIers)
»Demand (Consumers/Buyers)
Currency.

Capital

Energy and Resources
Infrastructure

Defense and Protection
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Supply (Producers/SeIIers)

(e Plants— Producmg Carbon

Sun’s energy

Carbon
dioxide
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Supply (Producers/SeIIers) o

L

_+Soil-Provides = o 4 e
*Nutrients (Mlnerals) '
+Soil — Provides = =
Habitat for Roots - - | —
and Biology | BN 2T et s
e Soil - Provides
Water storage

MAGNESIUM
P
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Supply (Producers/SeIIers)
_a,.Son Blota Producmg “-
“Nutrients (leatlon) : 5
3 (Cycllng)(\vaulabuhty) |
- » Soil Biota—Providing

Defense and Protec_tloh

b

.

g |

g
T
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Demand (Consumers/Buyers)
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Producers -(Sellers) = Consumers (Buyers)

A a

o Ina@ strong human economy, one-of the Ieadlng
" indicators is low unemploymentrate, where most
people are both consumers AND producers and are
actively engaged in making a contributionsto the .

r'l;"_||
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o . »The soil economy is

-..strongest when plants,.

~soil,-and ammals are ALL

by -'-pmducmg and

. Consuming.-

= -Dwersny is very T R el
|m’porta nt o 3 T

S |

. -..-._ J - __:_H_ '_-_.__'-__ . _...- .-. _-_ \ 7 _J/ //n_\ r_’“«— \\ lr ‘\( 'i
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~ . with everything that i *“_- S
’ja_.;, needs from the - R
~ . outside, we we aken =
Lhe econc)my s
__ OFeﬂﬂlgy mputs o e T
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Agrlcultural Welfare

o .Wﬁén we éxternally
prov1de the plant

ol

° Crop protectlon mpuIs o

hq- . - _E.- :I.l
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Agrlcultural We;lfare

o .Wﬁén we éxternally
. provide the plant el T

L, with everything that (B e
. ‘needs from the - ' '

ol

il <=4 Youcannot help
5 out51de we Weaken TEA gy |
~ the economy. . - . | toing for them what they
- TR (ould and should do
-. OFeftﬂlty mputs o=k for themselves.
: ' Abraham Lincoln

TR Crop protectlon mpuIs .";'-:.ﬂ, 4

Carbo‘norme$ The Wonderful Economygf t:.he So'iT .
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- ~Currency
e« Currency is important because it

~ allows goods and séervices to be -
exchanged more efficiently |

Carboneriics .—1}16 Wonderful.Ecor.lon_’ly SFthe ST .~ Keys To'A Healthy SOIL! -




A CUrrency . G 20107

L}

oin the plant economy, the s e
X Currency is Carbon A EH o

CARBON |

Sun’s energy

Carbon
t  dioxide

. Chlorophyll

Ceirbo‘nofnic$ .—111_6_ Wonderful.Ecoflon_’ly ofthe S.b'il — R Keys Td A'. H'eaifhy SOIL!




Carbon Currency

',' .Currency Carbon) | IS |m'portant because it &
“allows goods and services to be exchanged 5
-more eff|C|entIy W|th the soil economy %

Carbon Payments

“Root E_)_(__ud_ates .

- P = i 4 e
\ < : L - - ; e - & $._‘ 3
- 2 W2z LRt . Wl d i
e ; L o B" o A - o -
B, . . -Plant.Services
- 0} 3 /;5 = \
¢ ) " b A \l . ) .

> “ 3 2 | N

\ 27 T f i — |
¥ 4 ’}‘- '.- -1- ] .
,, i | . }

Sourcmg, Dehvery, Protectlon s,

AN LA .
Carbonom1(:$ - Th_e_Wonderful Econen_’ly_o_f_the S0 ] S - s Keys TO A Healthy SOIL /




- ~Importance of Carbon s B 20107
~+Carbon s essential' to all life s
“sPeople are 19% carbon

Carbon can form over 10 million CARBON
compounds f S -

Carbon is themost importanbut
most overlookeadf all plant nutrients

Carbon is the main food source for soil biology

CarbEnoRteY. — ThesWonde il ECoROMYEO e ST .~ Keys To'A Healthy SOIL! -




- ~Increased Soil CarborCurency - [P -
«Normalizes soil pH . s
elncreases CEC

CARBON

Increases availability of
PCaKSZnFeMoB

Reduces availability of Na and Al

CarbEnoRteY. — ThesWonde il ECoROMYEO e ST .~ Keys To'A Healthy SOIL! -




-~ Carbon Currency f 120107 [8
~eCarbon can be: (: _

collected (photosynthe3|s)

CARBON

spent(traded to soil organisms)

saved(soil organic matter)

desiredby all members of the economy"

CarbOnomies - ThesMorde riil ECOROMSEL e SO .~ Keys To'A Healthy SOIL! -
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~Carbon Currency . o gl 6 - \

, .Carbon has different states = B
+Gas-CO, ®
.quwd N plants and soils s

: .Solid—in'_living organisms
and Organic Matter

ﬂ‘ill’ l-’\l'[}l B ‘-i‘]l\l LS OFAME IH(I

ll\l- 'l“ll'lll ‘il\ll I‘Hll lﬁillﬂ
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12.0107

| -'Cérbc)n Cu[renby_ _
«Carbon has different states

»Gas—CO, N 3
.quwd N plants and soils !

and Qrganic Matter TNy -

i UM 'ﬂliﬁ ‘i',l‘l.\llhli] AME ili(l

FOR VALUEL &
l.'l\l' 'I“ll'l" HL\]I I‘HII lﬁ\"ﬁ
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Capltal

‘e Accumulated (stored or saved) _
(. currency - :

@ Needed for Growth and Stab|I|ty

TREAS Lll'll'l" LF HD
"‘F ."I:-

- L -
‘ = Pufre= e p §® |-;'|
k| ol 'z wi® .'J!I.1

4'I‘HI** F\I’l‘rl.ﬂ H’ﬂﬂ'lhll] l\lll llHI A

H'\I' ’I“'IHII "linl\ll Illll..l.ﬂ.llh
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-~ Soil Carbon Capltal Biological:

- Source of Energy

" > - Reservoir of Nutrients

+ Organic Matter and Hunus Soiliplant System Resilence

Accumulated (stored or
saved) carbon currency

Needed for Growth and Physical Chemical:
TS Structure Stabilit - Cation Exchange
Stability : | Water Retention - Soil pH

Thermal Property - Binding of SOM
to Soil Minerals

Carbonemics .—‘_I'he IVoReewEl ECOROMY Of:the-So Nl .~ Keys To'A Healthy 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

/

A | NRCS | Linking Soil Biology to Soil Health L




~ ~Capital Rich _ “High Organic

_Economles - W—— Matter Smls. NI g

™ "* T Lo o AN e
“«Productive = - '_ .Productlve
«Stable: "~ 5. oot T eStables s b i
:Resilient =~ <Resilient =~
oEfficient  «Efficient

CérbOﬁdI.IliC$ =The Wonderful. Ecdno_my of thez SOl .57 Keys To 'A'_Héaft.h:y SOIL! -




12.0107

Carbon Capltal

« Capital (Savings) can't be increased WIthOl C§N
*an excess of cash income

Soil Organic Matter can’t be increased without an
excess of sail carbon currency

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

Carbonomlc$ The WondermlEconomy Bfthe ST “ Keys To'A Healthy SOIL! -
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Energy and Resources

» Plant economy ,
~energy comes from
_the sun

Sun’s energy

& CO, +H.0 » C.H,,O. +O,

Carbon Water
dioxide

CélI‘bO'IlO-I.ni'C-$ =The; Wonderful Ecdno_my of eSOl

Sugars Oxygen

. Chlorophyll

Keys To'A Healthy SOIL! -




E“ergy and Resources = (M "

. Plant economy energy AR
{ ~ from the sun

e Plant solar collectors L gt
__(seeds) are MUCH e il
cheaperand easierto 7K
install than man-made %,
solar panels! -

Carbohoniic$ = 1he; Wonderfal Ecdho_my ofithé-Soll e




Energy and Resources

o Plant economy energy comes -*‘-_
« from the sun .
« Plant solar collectors (seeds) are .
MUCH cheaper tharman-made AT
“solar panels! o

' A healthy soil economy
should not need
significant purchased
energy inputs- -

CélI‘bO'IlOﬁliC$ =1he; Wonderful Econo_my_ Ofsthe-Soiln

g4 dioxide

Sun’s energy

&% CO, +H,0 » C.H..0, +O,

Carbon Water Sugars Oxygen

. Chloro
phyll
® .

1 , | /4 ""f .;\ ;-.1.' T*\‘ 1:‘* b
. AN Wk ,,/ Wy § \\},‘ et
' Keys To'A Healthy SOIL!




Energy and Resources |  Bolvwe
~sPlant economy -~

* resources - .o
~+#1is CARBON" -~

CélrbOﬁOI.IliC$ .—'_I'h__e Wonderful. Ecdno_my 6f.the'_SOiI & .2 Keys To 'A'_H'eaft.h'y SOIL!




Energy and Resources _ Atmuspert composition

Plant economfy -

resources - R
#1 is CARBON S
#2 is NITROGEN = iy

I Nitrogen (N:), 78.09%

B Oxygen (03), 20.95%
B Argon (A, 0.93%
B Carbon diaxide (CO»), 0.038%

Keys To'A Healthy SOIL!




Energy and Resources :'

L

s Plant economy -

" resources C o s
#1 is CARBON Sl

-2ARNpnsleleiZN Nitrogen Gas
| (Dinitrogen)

[ Nitrogen (N:), 78.09%
B Oxygen (03), 20.95%

B Argon (A0, 0.95%

B Carbon dioxide (COy), 0.038%

Keys To'A Healthy SOIL!




g

Energy and Resources

« Nitrogen getsf“fixed’_’ or 2
-made plant. available when -
combined with hydrogen or -

oxygen -

Nitrogen Gas

(Dinitrogen)

- _— P
f -

S 3H;2 —> NH —> (dissolves) — NH4+

(ammonia) (ammonium)

A

Carbohortic$ .—The Wonderfal EC6ROMY Ofsthe: S0l =~ Keys ToA Healthy SOIL! -




. + 3H, — NH;4 (disslv)—>N.,_

(ammonia) (ammonium)

Energy and Resources

~sNitrogen-gets “fixed” or
“made plant available when Il v <J
.combined with hydrogen or RN T e
Oxygen i i

- «Very energy
intensive process

Carbonhoniic$ .—'_I'h__e Wonderful. Ecdno_my ofsthe- SOl .2 Keys To AHealthy SOIL!
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N rt r‘“@gen ?actarles

- o, T gt ,,; *
e o Azospﬂlllum SO
“ . Azotobacter A
Rhizobia .~ ~

-+ “Trade” nitrogen to the

3 plant for carbon |

e Wil no’ehappen i excess
: '_ ‘Nisiin the SOI|

Carbo'nofnic$ —The; Wonderful Ecoromy. ofithe:Soil»

"+ Must associate with 2 plant 5

Keys To'A Healthy SOIL!




Energy and Resources

Plant economy.resource
#1 is CARBON |
 #2 is NITROGEN

Other mineral
resources

THE 16 ESSENTIAL ELEMENTS REQUIRED FOR PLANT LIFE

|

BASIC NUTRIENTS

6
E [ kI

CARBON HYDROGEN OXYGEN

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

Color-Coding Key:
Elemenial
Classiflications

NONMETALS

.ﬁ.LF.A.Ll METALS
ALKALINE
EARTH METALS
TRANSITION
METALS

PRIMARY MACRONUTRIENTS

7 19
N K

NITROGEN PHOSPHORUS POTASSIUM

Available mostly
through fertilizers

SECONDARY MACRONUTRIENTS

20 12
ca ll Mg

Available through soil CALCIUM  MAGNESIUM  SULFUR

but usually not through

fertilizers MICRONUTRIENTS

26 25 30 29 42 1?
Fe § Mn B Zn Cu Mo

IRON MANGANESE ZINC COPPER BORDON MOLYBDENUM CHLORINE

Keys To'A Healthy SOIL!




Energy and Resources

« Plant economy.resources
“» #1is CARBON |
. #2 is NITROGEN

Other mineral _ - Sy
resources _ s
Employ tiny
miners to extract
‘the nutrients from the soil.

Carbohontie$ —The Wonderfal ECOROY Of:the: SOl “ Keys To'A Healthy SOIL! -




{Mycorrhizal Fungi run the Largest
2§ Mining Operation in the World

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

F

sHARE @ £ B & .. §

. aa N [.'EI-.'I:E.E_E'.'I_E.'EI.dE'"i'E-E'It =00
e L’ \ Thin-section micrograph of a tunneled feldspar
Scale bar = 100 micrometers

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

Keys To'A Healthy SOIL!
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- Mineral Resources

e Mycorrhizal fungi mine the solls'not only for the basic
« nutrients like nitrogen, phosphorustc, but also those

~hard to come by trace element$Zinc, Copper,
Manganeseegtc) which plants need for strong immune
system health and survival.... Oddly-eneugh 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 AmericaaJennifer Frazer)

Carbonofnic$ — ThezsWonde rfvl Ecorem$cofithe SO - : Keys To'A Heaithy SOIL!




Infrastructure -

in-fra-struc-ture in-fra- strak-char, -( Yfra-\

i Simple Definition of INFRASTRUCTURE

: the basic equipment and structures (such as roads and bridges) that are needed for a country,
j 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!
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Infrastructure -
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¥ National Highway System (NHS)
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Myé“@frh‘lz“al fu ngl tramsports

e Phoﬁphorus —\one of the
“ hardest to access S e

.Nltrogen Potassmm o
Calcium, Magnesium, fron
- .Zme Boron Manganese and

: Copper _' %
o In‘dry times they help
. stransportand supply water.
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: Communication Flavonoids ete. | ROO! Amino acids etc.
Infrastructure [ ——rr e

- (@dre IAA
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e HOChENIN

Plants.use liquid - |t b .
" = Adenine _____——>(MO) (Azotobacter
Ca r b O n ro Ot - - oY — chroocaccum)

Ectomycorhiza <7 — P;ﬁ;ﬂ' C acid _—

exudates to o =
communicate to [T R —" vy I N — T
soil biota what - e : -

; theyneéed nel ﬂ -, Marschner, 1995.
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<"/ Root cap cells
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Watch out
mate, aphids

- Communication
~Infrastructure - are about!

+ Mycorrhizal networks

—.interconnect root

systems and allow

“~plants to

-~ commubnicate threats
through chemical
signaling
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TheScientist

EXPLORING LIFE, INSPIRING INNOWVATION
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-Defensewand.

Protectlon 5t®

: The second line of

. defense is plant

““signaling - plants

= signaling each other and

._signaling insects and 50|I
organisms to assist in
defense 4

Carbonomie$ —The-Woride riil Econom$of e SoT .. KeysTo 'A'_H'eal"thy SOIL! -




_ Th/s plants roots were
= . treated with the beneficial ,' 4,“

-

- 4 ,.':"1" m bacterium Bacillus subtilis. T
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Defénse aﬁd Protectlon

The third line of B '.q, AN L SV R T
defense'is |
healthy plants .~ =
producing
complex - =
compounds :
-which give

natural :
resistance

- -

“Healthy plants can become completely resistant to diseases and insects.”
- John Kempf -




PLANT HEALTH PYRAMID
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Defﬁnse ’aﬁd PrOtectlon

The fbu rth*llne of bt 28
“ defense is'symbiotic
: ~relationships between =+
:;_'plants and organisms " -
“ such as endophyte
: fungus

Noble Research Institute
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I)efé“nse ’aﬁd PrOtectlom

ql

e The%fn‘th Ime of defense

L~

_'r;_ 1S DIVérs|ty Of plants ,,L .
' roots, types, seasons, < .~

~~" insects, biota

on only one ortwo things

e
e R
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Keys To A Healthy S OIL ’

Supply (Producers/SeIIers)
»Demand (Consumers/Buyers)
Currency.

Capital

Energy and Resources
Infrastructure

Defense and Protection
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-Eight Take*Away Points:_ St 3

-3. Increase your “cash flow” of carbon currency
B 20107 '

e |

_ SE%PESR Less than 50% efficiency in g
e | B ﬂ.hf'x =\ O A |

g
"k - Fos, |
¥ o -; "'l: < ; '_ .-
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Elght TakeiAway Pomts

5 Take advantage of free
_tiny workers

“¢ Manufacturing:
» Mining

‘e Transportation
20 Communlcatlon
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