Soil Health Paradigm Shift

Rick Haney PhL RS, Temple, TX




Natures Way

*  Grows a skin for living systems

Cycles nutrients
* Diverse, no monoculture

Seeks balance
Sustainable



How we do it

Strip off the soil’s skin

Destroy organic matter

Increase erosion
Increase inputs
Waste water




When you go to the bank,

do you throw your money at the
window and hope some goes in
or do you make it so you can
deposit it all.

So why do we do this with rainfall
and our fields?
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Description

On-Farm Nitrogen Rate Trials done ir ation with farmers and ag retailers
continue to be the best source of nitrogen response data for use in confirming
or modifying rate recommendations for the Maximum Return to Nitro

(MRTN) system. The lllinois Nutrient Loss Reduction Strategy requests that
farmer the right rate to protect against nutrient losses from the over

Legend
application of nitrogen 9

2 Spring ”Y“ Fall
Nitrogen rate results from 2014 and 2015 are displayed F illustrating the

response to various N fertilizer rates in corn following soybean and corn Both Split
following corn with replicated, fi ale trials over a diversity of soil types and P

weather conditions. The treatments also compare fall applied
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Vermilion Co., Corn after Soy, 2015

A Obti Kane Co., Corn after Corn, 2014
A Optimum

A Optimum

Yield, bu/acre
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Sangamon Co., Corn after Soy, 2015

A Optimum

)
L =
&

S~
S

2

-]

2
5=

100 150 200 250
N rate, |b N/acre




Data from lllinois Fertilizer and Chemical Association
Number of pIOtS =170 http://ifca.com/nrate_map/
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Data from lllinois Fertilizer and Chemical Association
Number of plots =170  htip:/jifca.com/nrate_map/
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oil Test Calibration

Morth Dakota, Morthwestern Minnesota,
Southern Manitoba and Northern South
Dakota Corn N Rate Trials 2001-2013 N Rate
Only vs. Yield

y=-0.001x* + 0.3676x + 129.81
R*=10.0052
50 100 150 200 250

N Rate Only, pounds N per acre

Corn Yield, bushels per acre

MNorth Dakota, Northwestern Minnesota, Southern Manitoba
and Northern South Dakota N Rate Trials,
Total Known Available N vs. Corn Yield, 2001-2013

wr.

y = -0.0008x* + 0.5026x + 89.834
R*=0.1857
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Figure 1. All data from North Dakota, Minnesota, Manitoba and South Dakota
relating corn yield to N rate only (top) or N rate with soil nitrate analysis to
2 feet in depth (below).




Dead Zone in Gulf: 8500 square miles in 2019
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Paradigm shift




How it’s tested: Soil NPK

As a nhon-living non-
integrated system

NEW! 60 POWER MICROSCOPE

Focus on physical and & e |
. CusenT FUN WIR
chemical

lgnore the biological

Extract soil with chemistry
that soil never sees

= TUBES
| s AT CONTAINS Q™ I
Lot =

Measure the house and not
the food



Soil Testing
We are trying to mimic how the soil
responds after rainfall in the field, not how
it responds to 30-60 year old lab methods.




Soil Health Tool

Measure soil health by
asking our soil the
following questions:

 What is your
condition?

* 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.”







An Incredibly Dynamic Living System

* Soil microbes require
organic carbon
compounds for growth

s m‘ ’ " and energy
s )y \_ >/* Soil microbes take in O,
Qrbon Microbial ) and release CO,
o Population ) * This CO, release is
@ S ‘ coupled with energy
o -" & production, nutrient

cycling and microbial
growth

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



Soil drying and rewetting cause an
increase in these processes.

(plant available
Nitrogen

Nutrient Phosphate
Cycle

Soil Microbes

4

Fertilizers,
manures

Soil Organic Compounds
(Carbon, Nitrogen, Phosphorus)
Unavailable for Plants




Soil drying
and
rewetting




Soil Health Methods

The SHNT is geared towards soil microbial activity and the readily available
substrate that they act upon. In other words, we assess the soil as a living
system, using many measurements of health viewed collectively to attain
an overall picture of soil vigor.

b -

The measurements include:

- -~
Mineralized
* Water extractable organic C (WEOC) & Nand ®
 Water extractable nitrogen (WEN) /
* Water extractable organic N (WEON)
 C: N ratio of the two S
* Soil microbial respiration Soil -

* Inorganic N and P and K Microbes
 H3A extractable Al, Fe, K, Ca, and P.



Soil Health Integration

!




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

Carbon is the “Food” they eat.

SOM, 12,000
ppm C

y

House

100-1000

B ppm C from
water

extract =

microbial
food

\

Food




Soil Organic C (%0M)

6.4% 59 % 46% 3.0% 1.0 %
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Soil Organic C (water extract)

6.4 % 5.96 % 4.6 % 3.0 % 1.0%
1200
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Soil microbial activity

-1

mg CO,-C kg soil

Soil Microbial Activity
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Soil Extraction H3A and Water

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

The root system flows with elegance and complexity

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

.
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Liquid Sun

About 20% of the carbon fixed by the plant (photosynthesis)
is exuded from the roots into the soil environment.



Phosphate

 Current labs

ICP P or PO4-P using 7
different extractants

1.

e Soil Health

S

O 00

ICP P
PO4-P

H3A (mimics plant root
exudates)

Soil respiration
Org C:N

P min

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



Nitrogen

* Current labs e Soil Health Tool
1. NO3-N 1. NH4-N
2. 2 MKCI (1965) 2. NO3-N
3. None 3. WETN
4. Soil respiration
 TESTYOUR S0l 22250 20 L 2. iR
%f:“: E:‘If:?ﬁi‘él-}i 6. Org C:N
L P 7. MAC WEON
8. N min
9. Water




Since 1965* we have been

Water Extractable Total Nitrogen
Average of 6227 soil samples

mmmm [norganic N
mmmm Organic N

36 Ibs N

34 Ibs N

Phosphate

Carbon

Nitrogen

missing half of the N

*2M KCI| 1965 Bremer

How can we
“calibrate” a soil test
when we miss half
of what we are
looking for?



Molecular Structure

N-Nitrosamine
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Soil Health Tool N vs nitrate N

T SHTN
[ Nitrate N
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Soil Health Tool Inorganic P vs organic P
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Example: Yield Goal of 200 bushel corn

Soil 1

Nitrate nitrogen 20 lbs

Soil respiration 20 ppm
WEOC 200 ppm

WEON 20 ppm

N recommendation 180 lbs
Soil health Score 8.0

Soil 2

Nitrate nitrogen 20 |bs

Soil respiration 200 ppm
WEOC 400 ppm

WEON 40 ppm

N recommendation 100 lbs
Soil health score 26.0
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Give good feed to the soil Life, it will return good soil to you
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Which Field Captures Solar Energy?
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Sunflower Roots
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Soil From Root Zone

500

mg C kg™ soil
mg C kg™ soil

Sunflower Sorghum Bulk Soil

Sunflower Sorghum Bulk Soil

Soil Health Score
microbial active carbon

Sunflower Sorghum Bulk Soil

Sunflower Sorghum Bulk Soil




Soil From Root Zone
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What can we do?

w ‘e

* Put the skin back on Tk
the soil using no-till
and mixed species
cover crops, which
will decrease iR

erosion and inputs QL & rm— |

, Conservation
)

| QS;,, .

2. Increase Organic
Matter

e Be innovative and
tenacious
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Innovation for soil respiration
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Working with
the Nature

Why mimic nature?

It has been doing R&D
much, much longer than
us

It fills niches

It creates balance

It recycles nutrients
It conserves water

It Is tenacious







Field Research

My Conventional-till research field




My No-till research field



e, Nature finds a way



The End



Contact

Rick Haney
Soil Scientist
USDA — ARS

Grassland, Soil & Water Research
Laboratory

808 E. Blackland Road
Temple, TX 76502
(254) 770-6503
rick.haney@usda.gov



Left: Diatoms circa 1850. Right: Atomic Force Microscopy image of a nanographene
molecule, the resolution is so high that for the first time, we can see the individual
bonds between atoms, shown here as green lines.




Paradigm shift




Data from lllinois Fertilizer and Chemical Association
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Data from lllinois Fertilizer and Chemical Association
Number of pIOtS =170 http://ifca.com/nrate_map/
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» '"bal Soil-CO.

NYell
Respiration

e Stoklasa 1905,
Lundergardh19
24, Jensen
1934, Lees
1949, Makarov
1953, Bunt and
Rovina 1955

Nitrogen Root
Excretions

¢ Lyon and Wilson
1928, N
excretions
decrease with
age of corn plant

Organic Root
Excretions

e Dyer 1894,
Lemmerman
1907, Kiinze
1906, Schreiner
and Reed 1907,
Doyarenko 1909

Legumes as
Source of N
e Lipman 1912,

cereals, oats and
barley







CO,-C evolution

mg C kg™ soil

Research History - 1994

60 -

40 -

20

—&— Moist College Station
—i— Dried

Lubbock

Time in Days



Research History 1995

1995: Haney’s first
attempt at publishing
using a technique
involving drying and
rewetting soil and
recording the flush of CO,
in 1 day to estimate N
mineralization is rejected

(finally published in 2000).

It’s deemed “too
simplistic” by reviewers in
spite of the data
presented.

Haney becomes
emotionally disturbed.

N mineralized 30 days

mg N Il(g'1 soil

100

Infrared CO2 Peak Flush

80 -

60

40 -

y=5.39 + 0.137x
r*=0.87 P<0.001
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Soil Organic C vs. Water Extractable Organic C

A soil with 2 % soil organic matter (SOM) would have 12,000 ppm C. When we analyze
the water extract from the same soil, that number could be from 100-300 ppm C. The
organic C in the soil water extract reflects the carbon in your soil that is highly related to

the microbial activity. % SOM is about the quantity of organic C, water extractable
organic C is about quality.
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Soil Respiration and Nitrogen

1 day CO2-C of 50 ppm WEON of 40 ppm WEOC 400 ppm
Calculation 50/400=0.125
0.125*40=5 5*4 (rainfall events)=20 ppm
20%*2 (0-6 inch sample)=40 |bs N

1 day CO2-C of 80 ppm
Calculation 60/400=0.2
0.2*40=8 ppm
8*4(rainfall event)=32 ppm 32*2=64l bs N

1 day CO2-C of 300 ppm
Calculation 300/400=0.75
0.75*40=30 ppm
30*4 (rainfall event)= 120 ppm 120*2=240 Ibs N

BUT, we only measured 40 ppm WEON or 80 lbs of N

Therefore we will never credit more N from the WEON pool than we
measure

AND whether the credit is 80 Ibs, or 40 lbs, this is nitrogen we would have
missed if we just measured nitrate



Soil Nitrogen
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