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7 Keys To A Healthy Economy

& Supply (Producers/Sellers)

» Demand (Consumers/Buyers)
Currency ' , S e
Capital | i -,

--o Energy and Resources ‘ ‘

Infrastructure

x
e,

Defense and Protection

Carbo'nofnic$ = ThegWonderfukEcanomy of the Soil,



Ay Keys To A Healthy S OIL ’

Supply (Producers/SelIers)
»Demand (Consumers/Buyers)

Currency :

Capital -

Energy and Resources

Infrastructure

Defense and Protection

x
e,

Carbo‘nofnic$ '—The \WongderfakEconomy Bf the-SOik, R Keys To A'Heafthy SOIL.’
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Supply (Producers/SeIIers)

e Plants - Producmg Carbon

Sun’s energy

Carbon
dioxide

CarhbonOMHES < THeWoneer il Economy BECAE Soilm 5 .~ Keys To'A Healthy SOIL!
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- Supply (Producers/Sellers)
oy & Sy § - s o s P38 —
(% Soil = Provides AT AR oarn
*Nutrients (Minerals)- =
- Soil = Provides '_ Sy T —
Habitat forRoots = . -~ - crr S
and Biology N o s =
e Soil — Provides
Water storage

Carbohomics ;ThQWonderful Ecandiny of the SO B Keys To A;’iHealthy SUIL!
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Supply (Produ;ers/SeIIers)
a 2 P o Tt
aoSoll Biota - Producmg ' \>
_ “Nutrients (leatlon) | ~ s

“(Cycling) (Avallablllty) e
.Soul Biota — Providing
\ Dgfense and Protection - =

¥
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- Producers -(Sellers) ' Consumers (Buyers) 3

Y

%, « e In astrong human economy, one of the leading

" indicators is low unemployment rate, where most
people are both consumers-AND producers and are
actively engaged in making a contribution to.the
system. |

Carbonofnic$ ‘—The \WongerfukEcanomy B the SO R Keys To A'Heafthy SOIL.’
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s . sThe soﬂ‘economy IS
.-strongest when plants,
soil,-andanimals are ALL:

producmg anoLconsummg

| .Dlver5|ty Is very e
2 |mportant et
A et R S M «/x// f A e

Carbohofnic$ j—Th.e_.WonderfuI Econbmy of the S-ojr' et : ' Keys TO A Healthy SOIL /
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Agrlcultural Welfare

A v—

o .Wﬁen we e%ternally

. provide the plant W|th
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o everythlng- that |t
L. needs from the , ¥
", <-outside, wieweaken, =7E o8 FNNT SeC VN

o . » - E ‘ - = a0 > ~ ’ . -
- . . > P - - . - e - . .,y
- he n m : o, s B ANES TN L
" A - - f‘,.. - o '-\._ - . .. ." . » .- . '_s -"' = -
) : 3 . .“- - e = -‘.;"5 S ™~ - = . 4 - - - . . . - -

. - . o ¥ -

e e S e AEES. S SRR S MSET -

0 ertl It in uts e T RS R e A e g S,
) R - ¥ =, 3 NS S A SN T 4

> ’ N . - - G o e " ~ -,
% B ) '\-".. - ~ — . o~ - I e
- 5 - & ,.‘.‘ 1‘\ a . > ~ . - u.. \
5 A - : v: TELNNALSE " o ) " -~
. O s > — . et — - T ~ - -

e TRl - --.'. S -'“.“- - -y 3 : g e

~ - ‘1 LN ’~ - -~ & " - ‘\\ .

Carbohomlc$ - Theaonder i Economy of the smr T Keys To‘A Heaithy S OIL‘ , A8




W AN A { . ', \- o e el L AL WL L TR O TR e N L AL

Agrlcultural Welfare

-

g" oWﬁen we e>¥terna|ly
s provide the plant W|th .
- everything that it
L. needs from the

"out5|de we weaken

You cannot help

= »=F menpermanently by = |
" the economy. -~ doing for them what they %,
= g ST N could and should do
P Fertllltvmputs =R for themselves.

“

Abraham Lincoln

‘*- 0 Crop protectlon mputs

- * L . - '. 4 ‘_; ‘ :-}.)‘. ..;‘:; - : - : = '.\ - :
Carbohomlc$ The WonderfuT Economy'oj the Smf A TR A Keys To A Healthy S OIL.‘ v e
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. ~Currency

o Currency is important because it .
“allows goods and services to be =
exchanged more efficiently

C&I’bOhOfI’liC$ ;The WongerfukEcanomy of the SO R Keys To A'Heafthy SOIL.’




~ “Currency Bl G _ G
+Inthe plant economy, the ..~ $ S
* currency-is Carbon e

12.0107

, x e CARBON |
Sun’s energy 3
-

Carbon -
dioxide -
‘ Chlorophyll »

Carbo‘nofnic$ .—T_he WongerfalrEcanoiny Bf the SOIT. . - : Keys To A'A HeaithySOIL.’
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Carbon Currency : gt " s> S
' oCurrency (Carbon) IS lmportant becauseit
; “allows goods and services to be exchanged "'
‘more eff|c1ently with the 50|I economy £
» ': 6 ém Carbon Payments
3 ) RN Root Exudates o

el Plant Se’rvices

.-’_ﬂ

Sourcmg, _Dellvery, Protectlon "\.,

Carbo‘nofnic$ = ThegWonderfdl Economy ©f the So_ﬂ e Y : Keys TO A Healthy SOIL /




-~ Importance of Carbon
‘eCarbon is essential to all life
“ePeople are 19% carbon

Carbon can form over: 10 million

compounds

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

..

CARBON

12.0107 |8

$

Carbon'is the main food source for soil biology

Carbo‘nofnic$ = ThegWonderfukEcanomy of the Soil,

Keys To'A Healthy SOIL!




- ~Increased Soil Carbon Curency - | [§

oNormalizes soil pH
Increases CEC

Increases-availability of
P,-Ca, K, S, Zn, Fe, Mo, B

-

Carbo‘nofnic$ = ThegWonderfukEcanomy of the Soil,

Reduces availability of Na and-Al

CARBON I8

12.0107 |8

$

Keys To'A Healthy SOIL!




12.0107

. ~Carbon Currency 27 6
~eCarboncanbe: | $
e collected.(photosynthesis)

. CARBON
spent {traded to soil organisms) y i

saved (soil organic matter)

desired by all members of the economy

Carbo‘nofnic$ .—The \WongderfakEconomy Of theSOif, | ' Keys To A’Heafthy SOIL.’
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Carbon Currency

' ‘ ‘12.1?r

.Ca rbon has different states J

, SEEm———— - \REON
< CRED'TCARD

7853 325k

e Liquid —in plants and s0ils

«Solid—in living organisms
and Organic Matter

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

U\l' 'I‘IHII 'i.\\l) l)lll.lc.\llﬁ

Ceirbo‘nofnic$ T—Thg.WonderfuI EconOmy of the S‘O‘il_- : : Keys To AHeafthy SOIL.’
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-~ Carbon Currency - gl O

12.0107

$

CARBON

~sCarbon has different states
~_sGas—CO, g

7253 325k GIOHERIeN ¢

4 ¢ Liquid —in plants and oils

an‘d Organic Matter Y.

THE PMTEB STATES OFAMERICA

OF VALUE AECEVED FROMISES TO PAY TO THE BEANER THE SUM
ONETHOUSAND DOLLARS

Carhonomics T—T_thonderfuI OBy B the SO vt s Keys To A'_Heaffhy SOIL!




: Czipital

-+ Accumulated (stored or saved)

( ‘currency . - ' L3
# Needed for Growth and Stability
e
*l‘lll’; P\I'IH‘B;S’R\'I‘ LS OFAMERICA
. T ONE THOUSAND DOLLARS

Carbohoniies - ThegWonderfdl _Econbmy of the S-oir' AL Keys ToAHeaTthy NI A




Biological:

| SOil Carbon Capital - Source of Energy

- Reservoir of Nutrients
Soil/plant System Resilence

w

V": -’ ~

_ % Organic Matter and Humus

|

Accumulated (stored or
saved) carbon currency

-» 'Needed for Growth and RYSICal Chemicak:
SR Structure Stabilit - Cation Exchange
Stabl-l |ty . Water Retention - Soil pH :
' Thermal Property - Binding of SOM
~ to Soil Minerals

Kéys To'A Healthy SOIL!

Carbo‘nofnic$ = ThegWonderfukEcanomy of the 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 s High Organic -
| Ecgnomle\s ._ Matter Smls 4
'.Productlve -Productlve
«Stable ... "= eStable
= Resilient e «Resilient e |
s Efficient RSE - R 2 «Efficient

. 2
R ,‘-“ - > ~ ’
-“‘ N . " °‘,.-_-s
v - -
P |
» ) o ,‘

Carbo‘nor'nic$ 5 Thg.WonderfuI _Econbmy of the S-oir' ; : Keys TO AHeafthy SOIL.’ .




12.0107

-~ Carbon Capital i @
o Capital (Savingé) can’t be increased without A
*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
W|thout the use of cover crops

CaI'bOIlOHIIC$ ThegWonderfadkEcanomyBf the SOIL. - Keys To AHealthy SOIL!




f
-

Energy and Resources

\‘_.’.A

. Plant economy

" energy comes from -

,thesun

Carbon Water
dioxide

Carbo‘nofnic$ = ThegWongderful Econbmy of the Soit

Sun’s energy

& CO, + H,0 » C.H,,O. + O,

‘ Sugars Oxygen

©
‘ Chlorophyll
O

Keys To'A Healthy SOIL!




Energy and Resources )

g
"o Plant economy energy comes from . ’

~ the sun

e Plant solar collectors

~ (seeds) are MUCH
cheaper and easier to
install than man-made
solar panels!

-

<

-~ ~ - -~ -~ -~ ~

Carbononiic$ = TheWonderfdl Econéamy_‘oic the SO A TR s - Keys To'A Healthy QUL LT =




Energy and Resources

"o Plant economy energy comes from .
( . the sun
« Plant solar collectors HILHEIE A
MUCH cheaper than man-made :
.~ solarpanels! =

». o A healthy soil-economy
should not need
significant purchased
energy inputs

-

Ceirbo‘nofnic$ — ThegWongerfuktconoiny 8 the SGik,

Sun’s energy

=¥ CO, +H,0 » CH..0, +0,

garbgn Water ’ Sugars Oxygen
, ioxide
‘ ‘ Chlorophyll

‘N : ¢ { \\ WA ) Vil ..‘_’1 ‘{,‘,f\\s
¢ o : ’J‘ ) { ’\ I .f \\ fv \" ! i';"Ii:’]‘"""'..gi)‘ y,\
. . o ¥ :| -

Keys To'A 'Heaithy SOIL!




Energy and Resources INEEEGEGEBEGE

sPlant economy ™ -
' resources <
s #1 is CARBON TE

T

dioxide

Carhonomics T—T_thonderfuI OBy B the SO vt s Keys To A'_Heaffhy SOIL! -




Energy and Resources Atmosperic composition

s Plant economy

resources _
#1 is CARBON ST
#2 is NITROGEN ' s

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'.

sPlant economy ™ -
" resources - :
#1 is CARBON :

#2 is NITROGEN (S Nivogen (N, 70.09%

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 . R

o Nitrogen gets “fixed” or made:
* plant available when
combined with hydrogen-or _
oxygen e S T

| ° N2 2 3H2 — NH3 —> (issolves) — NH+

(ammonia) (ammonium)

J

Carbehoniies$ '—The \WonderfukEcanomyBf the SOIL, | - Keys To A'Heafthy SOIL!




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

Energy and Resources

S|

o Nitrogen gets “fixed” or mad
* plant available when _ N
~ combined with hydrogenor - -~ . © . =

oxygen ey

o

—— — S -
/ - ‘ T L —
- : : .

1 - . . .
- v o ”

--eVery energy
intensive process

-

" ‘S

Carbohemics .—T_he \Wonger i EcarBmy B the- SOI i = " Keys To A‘AHeal't'h.y SOIL!
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_ 'Factarlesf_\ e
\_, ,_7_.::_\‘?'.'__1.,, e N  .:__.:-": AL ., v, e
'osprllhum

* . Azotobacter -

J'l' . - % "™

. Nothmlted to Iegu:mes

Foepd S A b L= =
¢ - & e 2 AR : >R r et
" A ’ ! < . . -".‘."‘A“ . .- > ; _‘ * '.
& - - ‘- ;’.-‘ ‘: e By, ¥ . -“ :
= t I o } N A : N
| . '_“- Y e _._- | .-°~A - :' : "‘7 - - i.
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Nttf‘ogen iFactcjrles

- - o ‘ - : '1_,_ ' )
40 Azosprllllum .
v «. Azotobacter =

=« Rhizobia . =

2 e “Trade” nitrogen to the
3 plant for carbon

e W nothappen if excess
N |sz|n thesoil '
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=+« Must-associate Wlth a plant g

Keys To'A Healthy SOIL! -




THE 16 ESSENTIAL ELEMENTS REQUIRED FOR PLANT LIFE

BASIC NUTRIENTS

Energy and Resources

Plant economy resources’ n B
#1 is CARBON '

PRIMARY MACRONUTRIENTS m
#2 is NITROGEN i

ALKALI METALS
EARTH METALS
NITROGEN PHOSPHORUS POTASSIUM

[ ]
TRANSITION
Other mineral

resources i

Available through soil CALCIUM  MAGNESIUM SULFUR
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

‘o Plant economy resources

#1 is CARBON
, #2 is NITROGEN

Other mineral | Ryt

resources , ' s
-® Employ tiny

miners to extract

‘the nutrients from the soil.
Carbo‘nofnic$ = ThegWonderfukEconomy Of the SOik, | ' Keys To AHealthy SOIL.’




{Mycorrhizal Fungi run the Largest
Mining Operation in the World

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

.

sHARE @ f SN & .. §

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

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

Keys To'A Healthy SOIL!




Arﬁhscular\
I\/chorrhlza[

’ A
. . -

Fung|fua._ f

-

f

Carbohofnic$ — ThegWongerful Econbmy of the Soif,
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~Mineral Resources

# Mycorrhizal fungi mine the soils not only for the basic
» - nutrients 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 enotugh 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)

Carbo'nofnic$ ;The \WonderfulkEcanomy Bf the SOik, - : Keys To'A Heaithy SOIL.’




111f1‘ast1‘uctur

in-fra-struc-ture \in-fra- strak-

i
=1

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 «
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I\/Iydbrrhtz§ I fu ngl transports
=g : q, - g &
~e Pho§phorus one of the

& o
¥ hardestto access -

’ff oNltrogen Potassmm Calc1um
3 I\/Iagnesmm lron

_-;:.. och Boron Manganese and
Ky Copper '

L% " dry times they help
. stransportand sup.p_.ly-water.'
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Transportatlon ;. G
Infrastructur‘e

Earth worms.-
~-.help transport:
o+ “Water =
g Oxygen
-+ Surface carbon (re5|due);‘

Other blota * R = ‘ |
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r—

- Communication | Flavonoids etc. | Fl0O! Amino acids etc. |
Infrastructure R CE a——Ty T —

Dol () IAA

-

!

~ 1 1 VAmycomrhiza <7 Biochani
Plants.use liquid o e o U -
, | s | Adenine _____—— >(MO) (Azotobacter

carbon root | s | O raacoceum

: Ectomycorrhiza <7 — piﬁug :_aad__j
exudates to > K K
COmmunicate to Striga sp. < Sorgolactone | [ Lmethioning ————.>(MO fhcremonium

— =i —— ~ lalciforme)
soil biota what - ) ‘

C:H,;
theynezed e -, Marschner, 1995.

“*/ Root cap cells
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- Communication
“Infrastructure

™ A

+Plants.use liquid

—“ carbon root =

> exudatesto
communicatéto L

“sojl biota what .| =

|
,_-_f
d

_sthey need
gL 3 A3 { -

Céwbo‘nofnic$ = ThegWonderful Economy of the Soit,

Keys To'A Healthy SOIL!
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Watch out
mate, aphids

- Communication
Infrastructure - . are about

+ Mycorrhizal networks

—.interconnect root

s.systems and allow

“plants to

~'communicate threats
through chemical

~signaling | e A

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

Mycorrhizal fungus

C&I’bOhOfI’liC$ ;The WongerfukEcanomy of the SO R Keys To A'Heafthy SOIL.’




[ | [ |
The tecerring plant ermwts delense
VOCs that attract aphid-hunting
s WasDs and repetl aphads

EXPLORING LIFE, INSPIRING INNOVATION

Aphids are highly destrixctive
rsacts that feed on the sap of A
Hlants uncer attack emat
nuUMerouUs “_)u' e ed ‘

Warming voiatie organ

.
.
.
o ompounds (VOCs
St

g Other
pathogem
cCan Couse
~ -_'.l"_.L e |
Seath of

plant tissues

» 5 1
()(.' / _ \ 0 p s i e ® » » - .
L4
Drought i1s 3 common V L 5 s .

stressor for many planty /
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“Defensewand.

i Proge,ction Dt
e .;"\{\" L. \ e,

;.é\

" The second line of

. defense is plant

> signaling - plants

> signaling each other and

.~ signaling insects and soil"
organisms to assistin
defense 3
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Defensesand“
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The green represents the
beneficial bacterium Bacillus
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on the Rock Cress root surface.
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“Defénseafd Protection: . =+ <o o 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 @

eath Ehn Wige of headh

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

4 : : e L 4 :
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Defé'nse‘aﬁd Protectlon

-
-t ‘ R g '7 -"._..

e Theiﬁfth Ime of defense °« 5

“ is Diversity - of pIants S |

o -,
" roots, types, seasons L
-~ insects, biota R

o I\/Iost attackers WI|| focus o

~.ononly one or two things .-

.
& y
N
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Keys To A Healthy S OIL ’

Supply (Producers/SelIers)
»Demand (Consumers/Buyers)

Currency :

Capital -

Energy and Resources

Infrastructure

Defense and Protection

x
e,
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iff Ei ght TakesAway Points. = ©

2. Reduce the ‘amount of welfare you are
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églvmg‘your economy . get everyone workmgI
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Elght Take%Away Pomts T e B -'":5;“:‘

.3. Increase yout “cash flow of carbon currency
0 Lm0 | (i~ e B
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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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