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How it’s tested: Soil NPK

Treat the soil as a non-living
non-integrated system

Focus on physical and
chemical

lgnore the biological

Extract soil with chemistryl
that soil never sees |

Measure the house and
the food




How can we test it?

Treat the soil as a living, 4 Better information leads
integrated system VY to better efficiency

Use new indicators of A 1 . Measure biological activity
soil health and function 3

Measure microbial food
and not just the house

Use soil extracts that are
naturally occurring

Integrate the data to form a more compete
picture of biology and chemistry




Wheat yield attributable to fertilizer: 1930-2000
Magruder plots (OSU)

Average= 40%
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1930-37 1938-47 1948-57 1958-67 1968-77 1978-87 1988-97 1998-00
Year

Upward trend due to depletion of native N and P through crop removal.
P P & P Source: IPNIl.net




Corn yield attributable to fertilizer and lime: 1955-2000
Morrow plots (U. of lllinois)

Average=57%
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Outlier in 1956 reduced average for 1955-59. Source: IPNl.net




We can Unlock the Secrets in the Soil
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We can GROW microbial and organic
chemical diversity with plant roots
(Plants fix dirt)




ground with rsin snd s
absoebied by the soll.

Z Animads take in
nitragen by consuming
plants and other animals
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3, Microorganksms refease nitrogen nch
compounds, including ammonia, from
dacaying plants and animaks. Animal waste
also containg nitrogen rich compaounds
such as urea
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5. Nitrogen in the form of fertilkzer
(heere, anhydrous ammania) can
be added to the nirogen cycle.

Ammoniue kn

4. Ammaonia becomes
ammeonla lons when
mied with water,

A Soma bacterla in the soil

are “denitrifiers” They use nitriies
and nitrates for enengy,
producing nitraus oxide (Na0)
or free nitrogen (Nl which s
rebsased back inlurhu'.nws;:he-r!
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6 Bacteria bn tharoots of legumes,
such as beans, peas and alfalfa,
uge the hydeogen in ammonis
for enengy, redeasing nitrogen

F al P

MNitnte ion
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11, Excess nitrates can leach from the soil These nitrates
can reduce grownd water guality. Managing nitrogen
application levels i eritical bath for providing sufficient
nwtrients for crop growtfand for avalding potential
-EnvionMmental contenm.
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7. Drthver bacterla
in the sail change
nitritelonsto o

nitrate ions,
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Nitrogen

Soil Health Tool
NH4-N
NO3-N
WETN
Solvita
Org N
Org C:N
MAC WEON
N min
Water

e Current labs

1. NO3-N
2. 2 MKCI(1965)
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Phosphate Cycle
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P in produce removed
from farm - grain,
vegetahbles, fruit, milk,
meat, egos, etc.
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P return wia
wastewater
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Crop uptake SEESEER TS
and removal
in produce
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Loss ot P+soil
by erosion
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Crop litter stalks, Cung, urine
leaves roots manure
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Loss of dissolved
P in drainage




Phosphate

e Current labs Soil Health

1. ICP P or PO4-P using 7 . ICPP
different extractants . PO4-P

H3A (mimics plant root
exudates)

Solvita

Org C:N

P min

% water P/ H3A P
% P/ FeAl
Ca/FeAl




Soil Health

e Current labs Soil Health Tool

1. Permanganate: active . Solvita (microbial
carbon (not what soil respiration/activity)

microbes “see”, they see 2 \water soluble Organic C
water soluble carbon) (microbial food)

Organic matter (the . Water soluble Organic N
house, not the food) Org C:N

Anaerobic 7 day Nmin

(40 C, anaerobic, not Soil health score .
what happens in the . Cover crop suggestion

field, can’t measure N
immobilization)




Traditional Soil Testing Methods

Soil N, P, K

Soil pH, CEC

Recommendations

% Organic matter
Where’s the

soil biology?




Lab Chemistry

Sulfuric acid
Hydrochloric acid
Nitric acid

Acetic acid
Phosphoric acid

KClI

Ammonium acetate

Diethylene triamine
pentaacetic acid

Ethylenediaminetetraacetic
acid
Ammonium nitrate

Water

Naturally occurring organic
acids (H3A)




Oxidation of
Organic
Compounds

Gainey stated
that CO,,
NH,* and

NO;
formation are
parallel
processes
and of a
biological
nature

History

1924

Lebedjantzev
noticed that
soil, which had
been dried and
rewetted, was
more fertile
than field moist
soil

Corbet stated that,
“for purposes of
agriculture it would
be preferable to
evaluate microbial
activity rather than
the total population”

“CO, evolution was a
more pertinent
estimation of
microbial
concentrations than
that of plate
counting”

Vandecaveye
and Allen: a
sequence of

microbial
groups involved
in organic
matter
decomposition

CO, evolution
was greatest
the first day
after rewetting
dried soil




Bodily
showed that
CO, evolution
was closely
correlated
with
fluctuations
in the
numbers of
bacteria

Stevenson
showed that
the flush of C
and N from
rewetting
dried soil was
due to
biological
activity and
not chemical

\.

Birch stated
that spores
are very
resistant to
drying and
when
rewetted, soil
followed a
uniform flush
of CO,

\

Birch:
Successive
drying and

rewetting
resulted in a
flush of C and
N which was
repetitive and
also occurred
in the field.

1970 and beyond: Change focus from CO,
evolution to soil microbial biomass C (SMBC)

Birch:
Laboratory
results
underestimate
field
conditions




Research History - 1994
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Soil Microbial Activity (respiration)

Solvita 1-day CO,-C




Soil Health Tool

Measure soil health by

asking our soil the right
guestions:

e What is your
condition?

e Areyouin
balance?

e What can we do

to help?
“Whoa! That was a good one! Try it, Hobbs — just poke
his brain right where my finger is.”




Soil Biology is a Complex Integrated
Living System

i, e Organic carbon in
PN “\ﬁ\ ,) water drives the

'~ Organic

'-.Qrbon Microbial ) i system

» Population . . |
A e Soil microbes take in
o :

, O, and release CO,

<)

Soil microorganisms have been in R&D for millions of
years.




Soil Organic Matter is the “House”
microbes live in, Water Extractable Organic

Carbon is the “Food” they eat.

-

SOM, 12,000
ppm C

100-300 ppm
C from water
extract =
microbial

food /




Maine Wyoming Wyoming 1 4aho

Alfalfa  Native

-1

mg CO,-C kg sail
£

Scil microbial activity

Water extractable organic C




Water extractable total N

ATMOSPHERIC
NITROGEN

DENITRIFICATL

VOLATILIZATION

INDUSTRIAL
FIXATION

AMMONIUM

LEACHING
LOSS

Water
extractable
Inorganic N

Water
extractable
Organic N

Source: The International
Plant Institute




To be processed

Soil Nitrogen Pools

Water soluble
N 501lbs N

water
extraction

Intermediate N
pool

300 Ibs N

Soil organic N
1800 Ibs N
Soil combustion

Storeroom

Plant available
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Organic N: amino acids
Exudation of proteases by
plant roots

Inorganic N: NO3-N, NH4-N




We have been missing half of the N

Water Extractable Total Nitrogen
Average of 6227 soil samples

mmmm [norganic N
mmm Organic N

36 Ibs N

34 Ibs N

Phosphate

Carbon

Nitrogen

2M KCI 1965 Bremer

“If plants could not take up
organic compounds
herbicides

would not work” Liz Haney
2013
Plants eat: Inorganic N
And Organic N from soil
organic matter




Balance in your Soil-water extract

e C:N = Organic C = Organic N
e 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
NandP
release

/

Organic A

C:N




Soil Health Calculation

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




New Soil Testing Methods

soil testing in nature’s image

Soil N, P, K

Soil Organic N and P

Microbial
Activity

Water Extractable C

C:N balance




Soil Test Integration

Extractable
Organic C

Extractable
Organic N )




Sample Analysis

4 grams each

40 grams




Soil Extraction H3A and Water

e WATER and a complex mixture of plant root exudates along with
microbial derived enzymes and nutrients

* The below ground root system flows with elegance and
complexity

 We extract soil with highly disruptive acidic or alkali solutions
and call it “plant available”




Soil Extraction

After shaking for 10 minutes B lite centrifuge

4 grams soil 40 mls (1) H3A, (2) water (1) H3A (2) water




Soil Extractant Filtration

After Centrifugation

Filtration: Whatman 2V pleated filter paper (8 micron)




Organic C and Total N from Water Extract




Inorganic N and P
H3A and Water
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ICP Elemental Ca, P, K, Fe, Al




| Soil Microbes

Fertilizers,

manures /8 Soil Organic Compounds
| (Carbon, Nitrogen, Phosphorus)
Unavailable for Plants




Solvita Soil Microbial Activity

25 ml water . . . ) ]
Capillary action rewets soil to field capacity




Woods End
\Laboratories
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1996-2013

 There are over 20 peer reviewed journal
articles by Haney and others to support the
science behind these soil analysis tests.

_%s Biology and Fertility
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|
Soil Nutrient Assessment P
Field Information
State [ Texas (=] Estimated Local Yield
Bell
County | EHsn 0000065 5.6.6.6.6.6.6.6.0
CI’Op | Winter Wheat EH
40

Field Area (Acres) | 200 | “
Yield Goal | s | 2
Soil Test Results

- 10
Nitrogen (Ib N/acre) |40 |

S— 0
Phosphate (Ib p205]tacre)| 15 | 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

- 1992 1994 1996 1998 2000 2002 2004 2006 2008
Potassium (Ib k20/acre) | 75 | A Pest Yields &, Your Yieid Goa
Fertilizer Needed Fertilizer Cost Chance of Success %
Nitrogen (Ib N/acre) | 250 | N | 05 | ny
Phosphate (Ib P205/acre)| 100 | p205| 085 |
Potassium (Ib K20/acre) | L | K20 | 035 -
Cost/Acre | s2100 |
Total Cost | $4,20000 |
Y e G N ST N i v R s S pon | i S i




Field Information

State

County

Crop

Field Area (Acres)

Yield Goal
Soil Test Results
Nitrogen (Ib N/acre)

Soil Nutrient Assessment P

o
b

i

| Texas

]

| Bel

B2

I Winter Wheat

Phosphate (Ib P205/acre}‘

Potassium (Ib K20/acre) |

Fertilizer Needed
Nitrogen (Ib N/acre)

Phosphate (Ib P205/acre}‘

Potassium (Ib K20/acre) |

Cost/Acre

Total Cost

(=]

200

35

40

15

75

5.5

2.5

$4.88

$975.00

v b i i TR 1 ol s A0 ot 1 " _,._- . "
WA 2 1\ 50 USRS N LT VeI TGN\ o W F ], o e e S "l:tj!',"‘;_“

Estimated Local Yield

% 8

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
1992 1994 1996 1958 2000 2002 2004 2006 2008

B Past vields M, vour Yield Goal

Fertilizer Cost Chance of Success %

N | o5 | P
P205! .8 ‘ S
K20 | 0.35 | | — 20




C Excei flle via email

« Plant available NPK and fertilizer calculator
o' Soil Health

. Nitrogen
. Phosphate
. 'Explanation sheet pdf
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http://research.brc.tamus.edu/snap/

Rick Haney T
Soil Scientist % [ =

USDA - ARS

Grassland, Soil & Water Research Laboratory
808 E. Blackland Road

Temple, TX 76502

(254) 770-6503

rick.haney@ars.usda.gov




