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4 Cornerstones of Soil Health “50:r.

1. Little or No Soll Disturbance

2. Diverse Crop Rotations and Multi-species
Cover Crop Mixtures

3. Living Roots Growing Most of the Year
4. Year Round Residue on Soll Surface

5. Livestock



Mimic Nature
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Evaluate How Your Soil System is Functioning

All parameters are important ; té pically we focus on
physical and chemical- but lology is King!

Health




The Soil Food Web sméagiﬁ\

Working Toward A Higher Quality No-till =500,
The “Below Ground” Players...

The Soil Food Web * Bacteria-

Decomposer of simple
carbon chains (low carbon
residue).

Little bag of fertilizer.
One bacterium can produce 5

st residye and

& = ; flageliates
r"“;'.-7 S— and cilistes X
v S
mimals and i [ [ [} °
Illion offspring in 12 hours
First trophic Second Third trophic Fourth trophic Fifth and .
trophic level: level: level: higher trophic fo O d ava I | a b | e
Decomposers Shredders Higher level levels: [}
Mutuglists Predators predators Hioher level
Pathagens; parasitas Grazers predators
aot-feaders

Feed on root exudates.

Soil Biology Primer



The Soil Food Web anlocitne
Working Toward A Higher Quality No-till =577,
The “Below Ground” Players...

= * Fungi-
The Soil Food Web

Saprophytic-primary
decomposer of complex

carbon chains (high carbon
chains).

Mycorrhizal-transports
nutrients.

Little bag of fertilizer.

First trophic Seco}:\.d! : ;lhirtli trophi IFoun}th trophic :lhlh antd = - a
evel, tro IC ievel. evel: evel. g ner trophic
e Forms the soils glue (glomalin)
Pathagens; parasitas Grazers r;réc'am:
t-fead °
along with the plant roots
exudates.

Soil Biology Primer
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Sections of fungal
hyphae in no-till soil
with cover crop

(Fayette County, I1A)
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This conventional tillage soil in Fayette Co. exhibited §§c°f1ﬂ§
8-10 times less fungl than the no-till soil W/ cover crop.
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Mycorrhizal Fungi

Glomalin is naturally brown. A laboratory
procedure reveals glomalin on hypae and
soil aggregates as the bright green material
shown here.

Fungal Hyphae




The Soil Food Web lock th
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Working Toward A Higher Quality No-till =§0%T,
The “Below Ground” Players...

* Protozoa-

The Soil Food Web
;ﬁm : Mineralize nutrients by eating
[ /T the little guys (fungi and
bacteria).

o/ / &:y!‘lemat? des N\
) s / Consumes an average of
Bl G S 10,000 bacteria per day.
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~ otozoa AW -:‘t“’\-.'” ;
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Matter [/~ - fimoste !
laste, residue and W& and ciliztes ni
memtoli:e'; frgm W & >
plants, animals and a —
{
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First trophi Third troph Fourth trophic Fifth and CI | I ates m e d I m
level: level: higher trophic u
nthesize Shredders Higher level levels:
Predators pred: Higher leve!
Grazers r;ré lllllll

Flagellates - small

Soil Biology Primer
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The Soil Food Web unjock the

. . : .. SECRETS

Working Toward A Higher Quality No-till =§0)¥T,
The “Below Ground” Players...

e e Nematodes-
The Soil Food Web

Mineralize nutrients by eating

(G the little guys (fungi and
bacteria).
Taxi for the bacteria & fungi.
/= Locate food by temperature.
,,,,,, Types: Herbivore, Bacterivores,
foe Fungivores, and Predator.

Large in size, compacted soil
restricts their travel.

Soil Biology Primer
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Bacteria-feeding nematode in no-till soil

" with cover crop (400X), Fayette Co.
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Video of nematode at 400x magnification ok T

- ‘S\
( 1:10 501/ to-water solut/on) f}fiﬁ'ﬁ% !"

Y

= i 4
3 £ ol

L & _




The Soil Food Web ock 4
. : : ; SLLRL!\
Working Toward A Higher Quality No-till =§0)FT,

The “Below Ground” Players...

The Soil Food Web * Actinomycetes-

9

Matt

Waste, residue and

metabolites &

plants, a

microbies:

First trophi Second

trophic level

nesizer Decompose
Mutualists
Pathagens,
Raot-feede

Soil Biology Primer

Source of antibiotics:
tetracycline, neomycin,
streptomycin.

Controls bacteria in the soil
and in humans.

Convert dinitrogen gas to

L]
dammaonia.
Third troph Fourth trophi Fifth and
level: level: higher trophic
Shredders Higher level levels:
Decompose SOM.
Grazers predators

Cure compost.



What Do They Weigh?

Bacteria 2,000 - 2,500 Lbs/Ac
2,200 - 2800 Kilograms/Hectare

Fungi 1,000 - 15,000 Lbs/Ac
1,200 — 17,000 Kilograms/Hectare

Protozoa 20 - 300 Lbs/Ac
Nematodes 10 - 300 Lbs/Ac
13 — 340 Kilograms/Hectare

Microbes in Humans 3 lbs/Person

Source:
The Nature and Properties of Soils
Brady and Weil, Fourteenth Edition.
Soil Biology Primer.
National Geographic, Nathan Wolfe, January 2013.
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The Nutren GycCIE

2. Animats take in
nitrogen by consuming
plants and other animals.

S,Nlm)gen in the form o{ fertilizer
(here. anhydrous ammonia) can
be added to the nitrogen cycle.

3, Microorganisms release nitrogen rich

compounds, including ammonia, from

decaying plants and animals. Animal waste

also containg nitrogen rich compounds

such as urea.

B

s 4. Ammonia becomes
<> * ammonia lons when
lu»‘th 2005 mixed with water.

8.S5ome bacteria in the soil

ore "denitrifiers.” They use nitrites.
and nitrates for energy,
producing nitrous oxide (INZO)
or free nitrogen (N}, which is
redeased back into the stmosphere.

Nitrate ion

£y

7.0ther bacteria
in the soil change
nivite lons 10 g
nitrate jons,

6. Bacteria in tharoots of legumes,
such as beans, péas and alfalfa,

use the hydrogen in ammonia
for energy, releasing nitrogen

unjock the
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11, Excess nitrates can leach from the soit These nitrates

can reduce ground water quality. Managiog nitregen

application levels is eritical both for praviding sufficient
potential
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e Current labs

1. NO3-N
2. 2MKCI (1965)
3. None
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Nitrogen
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Soil Health Tool
NH4-N
NO3-N
WETN
Solvita
Org N
Org C:N
MAC WEON
N min
Water

un)ock the

SECRETS

SOIL,




INTHESAIC
B

L7 % L
A A
ST ﬁ -
- Sl
= =
,;,‘4,‘] ;q, -

Soil Health

* Current labs * Soil Health Tool

1. Permanganate: active 1. Solvita (microbial
carbon (not what soil respiration/activity)
microbes “see”, they see 2. Water soluble Organic C
water soluble carbon) (microbial food)

2. Organic matter (the house, 3. Water soluble Organic N
not the ff)od) | 4. Org C:N

3. Anaerob_|c7day Nmin (40 C, S YRR s
anaerobic, not what :
happens in the field, can’t 6. Cover crop suggestion

measure N immobilization)
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Traditional Soil Testing Methods:50:T.

Soil pH, CEC
‘ ‘ ‘ ‘ ‘ ‘ Recommendations

% Organic matter 7
00000 Where's the

Ssoil
biology?



Lab Chemistry

Sulfuric acid

Hydrochloric acid

Nitric acid

Acetic acid

Phosphoric acid

KCI

Ammonium acetate

Diethylene triamine pentaacetic
acid
Ethylenediaminetetraacetic acid
Ammonium nitrate

Water

Naturally occurring organic
acids (H3A)
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Soil Microbial Activity (respiration) SECRETS

Solvita 1-day CO,-C
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Soil Biology is a Complex Integrated Living
System UL

* Organic carbon in
water drives the
Microbial system

A _ » Population 8 .
\ 4 * Soil microbes take in O,

and release CO,

Soil microorganisms have been in R&D for millions of
years.
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Soil Organic Matter is the “House” mlcrobessggﬁ
in, Water Extractable Organic Carbon is the

“Food” they eat.

5'SOM, 12, OOO

House
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ESOLL

: 16*4 ATMOSPHERIC B‘%\ ==
P NITROGEN N
" OSPHERIC prater
IXATION
fog extractable
‘. DENITRIFICAT) Inorganic N
> VOLATILIZATION
o P
PLANT.UPTAKE
INDUSTRIAL
‘‘‘‘‘‘‘ FIXATION
Animal\.f;
fanures
ALIZATION
Water
extractable
LEACHING Organic N
LOSS

Source: The International
Plant Institute
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We have been missing half of the E%k’fj

Water Extractable Total Nitrogen

Average of 6227 soil samples 2M KCI 1965 Bremer

“If plants could not

take up
mmm [norganic N organic
mmm Organic N
e Ibs N compounds
S e
herbicides

would not work”
. Liz Haney 2013
3a1bs N fe W Plants eat:

' Inorganic N
And Organic N
from soil organic
matter
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Balance in your Soil-water extract sgcrers
EQNNTT
. : =sd VAL LY
* C:N = 0Organic C =~ Organic N
* High C:N >20 :1 calculates no N and P mineralization
e AsC:Nislowered N and P mineralization increases but is dependent on soil microbial

activity

Organic N
and P
release

Organic - .
C:N




Nutrient Cycling
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Carbon/Nitrogen Ratios ESOIL
* Soil Microorganisms, Bacteria * 5/1
 SOM, Mollisol Ap horizon * 11/1
 Rotted barnyard manure * 20/1
 Mature Alfalfa Hay * 25/1
* Protozoa ** 30/1
e Corn Stover * 57/1
e Wheat Straw * 80/1
 Newspaper * 120/1
e Deciduous Wood ** 300/1

Source:
*The Nature and Properties of Soils, fourteenth Edition.

DR. Nyle C. Brady and DR. Ray R. Weil
** DR. Elaine R. Ingham, Soil Food Web
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Soil Health Calculation SECRETS
ESONLL

Overall health of your soil system.

Combines several independent measurements of your soil’s biological
and chemical properties.

Varies from 1 to 30.
Track the effects of your management practices over the years.

Used to calculate cover crop input




Soil Test Integration §§;TE§'E¥§

ESOLL

Extractable
Organic C

Extractable
Organic N

{ Inorganic
N, P
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(plant available

Nitrogen
Phosphate %

Soil Microbes

H50

Fertilizers,

manures Soil Organic Compounds

(Carbon, Nitrogen, Phosphorus)
Unavailable for Plants




New Soil Testing Methods ;gﬁg;‘ﬁg
soil testing in nature’s image S¢ bl u:

Soil N, P, K
® 0060060606 0

Soil Organic N and P
® 0000

Microbial

Activity
eccece@®

Water Extractable C C
® 06606 0

C:N balance
® 06006 0
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SOI| Health TooI - Results ESOTT,
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Plant,aﬁllable NPK and fertlllzer calculator
" Soil-Health s S '
> N|trogen R
. Phosphate |

Explanatlon sheet paf .
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YouTube Video ESOTT,
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* Soil Health Principles — Rick Haney

* http://www.youtube.com/watch?v=qQ3tl-KwgEE



http://www.youtube.com/watch?v=qQ3tI-KwgEE
http://www.youtube.com/watch?v=qQ3tI-KwgEE
http://www.youtube.com/watch?v=qQ3tI-KwgEE

