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Soil Health
Definitions




What is “Soil Health”

4 O\

“The ability of a soil to
support and sustain crop
growth while maintaining

environmental quality.”

-

\_ /

Soil Health

/

(Magdoff, 2001; Amundson, 2015)



What is “Soil Health”
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Characteristics of healthy soils

Synergistic Characteristics of

Healthy Soils

= Sufficient supply of nutrients

= |Low contaminant toxicity

= |Low weed pressure

» Good soil structure

= Low populations of parasites

= High populations of plant-health
promoting organisms

* Resilience to degradation

Andrews et al. (2004) and Moebius-Clune et al. (2016).



Characteristics of healthy soils

U.S. farmers have noted that healthy soils:
* Are deeper and darker

* Are easier to plow

e Sponge up and hold more water
* Drain better

* Break down crop residues faster
* Have higher organic matter

* Have less erosion

 Have more earthworms

e Have a sweet, fresh smell




Characteristics of healthy soils

Lower fuel costs

Less machinery wear and tear
Less fertilizer required

Less disease and insect problems
Higher crop yields

Better quality crops — and better
animal performance




Soil Health
Measurement




Indicators of Soil Health/Quality

Select Minimum Data Set (MDS)

Physical Chemical Biological
Indlnatnrs Indicators Indicators

(indicators chosen based on site-specific factors )

Andrews et al., 2001



Indicators of Soil Health/Quality

Some Major Soil Health Indicators

Biological Chemical Physical
Organic matter pH Soil texture
Soil protein P, K, S, Ca, Mg Wet aggregate

stability
Active Carbon Fe, Mn, Cu,
Zn, B Water holding
1 day CO,-C capacity
respiration
Organic C, N




Interpreting indicators

Select Minimum Data Set (MDS)

Physical Chemical Biological
Indlcatnrs Indicators Indicators

( Indicaturs chosen hased on site-specific factﬂrs )

Interpret Indu:aturs

@@@

Scoring Functions

\ ! /

Calculate Soil Quality Index
= f (scored MDS Indicators)

Andrews et al., 2001



1. Soil Management Assessment
Framework (SMAF)

Physical Score

* bulk density

e water-filled pore
space

e water-stable
aggregates

Veum et al., 2015

Chemical Score

* pH

* electrical conductivity
e Extractable P and K

Biological Score
* organic C

e B-glucosidase

* microbial C

* mineralizable N



2. Comprehensive Assessment of
Soil Health (CASH)

|_ Cornell Soil Health Assessment
- smple - L_Sss
FreldTreatment: TengeE
Tillage: 1-7 inches
. . Crops Crown:~ COG, COG, SOV
Sumpacelon Seriion Provaet Dare Sampled:  12:00:00 AM
.= . Given Soil Type:  Muscati
ot e (o Coaliog Given Sail Teature: Silty Clay Loam
Coordinates:
Measured Soil Textural Class: Silt Loam Sand: 18%  Sile: 56%  Clay: 16%
Test Report
':ﬂ Fi IE“ 5ﬂ'li H E'-Elﬂ'l | Indicator Value || Rating Constraint

Assessmentindicators are: Available Water Capacity || 0.31

Surface Hardness || || || Mot Rated: Mo Field Penstrometer Readmgs

sensitive to Management — N.,r:;w —
Agronomically Meaningful Subsurface Hardness || | | Submured
Quantitiative Agaregate Stability || 40.5 |-| |
Standardized Organic Matter || 46 |-| |
u”‘“ﬂ Wi‘lh Ct.ll'l"'ll'l't Hm‘rﬂ' ACE Soil Protein Index || 58 |-| Organie .\ian;ﬁ_ %ﬁx{ﬂﬁmag. |
Inexpensive

Root Pathogen Pressure || 4.7 || 54 || |

Awvallable Water Capacity Respiration | | 0.58 | -| Sil Miencbiil Abmcine sl Aclivity |
et Active Carbon ol |
pH 6.0 66

Phosphorus 10.9 -

Chemical

| Potassium |[ 1645 ]-| |

| Minor Elements | -| |
Mg:4% Fo:08 M2 Zac04
71

Overall Quality Score High




CASH Rating

S0

80 [

40

SMAF and CASH related

y=0.7659x + 0.717
R2=0.53

r=073
n =264

60

70

80
SMAF Rating

S0

100

Karlen et al., 2016



3. Haney Soil Health Test (HSHT)

Woods End

Laborstones.
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May 7, 2014 \., at - I a May 09, 2014
RECEIVED DATE
R Laboratories, Inc.
13611 “B” Street - Omaha, Nebraska 68144-3693 - (402) 334-7770 « FAX (402) 334-9121
www.midwestlabs.com copY T
IDENTIFICATION
1 Low
TIC SOIL HEALTH CALCULATION
SAMPLE IDENTIFICATION 1
LABORATORY NUMBER 26605562 171 [
ANALYTE UNITS | RESULTS LOW MEDIUM _ OPTIMUM __ VERY HIGH ] 20
H3A EXTRACTION The H3A Soil Extractant was developed by Haney *. This extract is designed to mimic
NITRATE-N ppm 1.0 organic acids produced by living plant root systems. These organic acids
AMMONIACAL-N ppm 20 increase nutrient availability in the root zone.
ORTHOPHOSPHATE-P | ppm 20 The Water Soluble Extract provides a snapshot of nutrients that are immediately
PHOSPHORUS ppm 7 available to the plants.
L‘féﬁ‘;’r‘u " e 59 The €O, Burst test is very good indicator of soil health. This test measures the
PP 51 amount of CO, naturally released from the soil due to the activity of the soil microbes
CALCUM ppm 147 through microbial respiration. This test is very dependant on the amount of carbon
S0DIUM ppm 17 that is available to the soil microbes and the form that the carbon is in. As the
IRCN ppm 46 _ available carbon increases in your soil the Microbial respiration will increase.
AT lusi L] Organic Carbon is the available total water extractable organic carbon from your soil.
'WATER SOLUBLE This pool of carban is roughly 80 times smaller than the Soil Organic Matter. The
NITRATE-N ppm 1 organic carhon pool reflects the energy/food source that is driving the soil microbes.
AMMONIACAL-N ppm 2.0
ORTHOPHOSPHATE-P | ppm 1.0 W The Organic Nitrogen pool is replenished by fresh plant residues, manure, composts,
CARBON ppm 370.0 and dying soil microbes.
1.
gEd (LT, 1.0 The Organic C/N rato is a critical component of the nutrient cycle. A soll C/N ratio
above 20 generally indicates that Nitrogen will be tied up and not available to
1 DAY CO,C BURST 134.11 | I plants. The ideal range for the Organic G/N ratio will be from 8:1 to 16:1.
ORGANIC CARBON ppm 370.0 The Soil Health Calculation uses the CO, Burst, Organic Carbon, Organic Nitrogen, and
R e ik 20.0 the C/N ratio to generate the soil health number. This calculation looks at the balance:
L . of soil carbon and nitrogen and their relationship to microbial activity, This number
ORGANIC C/N RATIO 128

ADDITIOMAL NITROGEN CREDIT IDENTIFIED VIA HANEY TEST: 57 Ibs/A

NITROGEN RECOMMENDATIONS MAY INCLUDE ADDITIONAL NITROGEN CREDITS BASED ON
PREVIOUS CROPS AND NITROGEN MINERALIZATION RATES.

The above

apply only to the samplers]

mitied. ‘maximum of 30 days.

represents the overall health of your system. Soil values will range from

0 to 50. A soil with a value below 7 would be considered low. You want to see this
number increase as you make changes and adjustments. Keeping track of this
number will allow you to gauge the effects of your management practices over time.

“Modifications to the New Soil Extractant H3A-1: A Multinutrient Extractant
R.L. Haney (a); E.B. Haney (b); L.R. Hossner (c); J.G. Amold (a)

Our reports and letters are for the exclusive and confidential use of our clients and may not be reproduced in whole of in part, nor may any reference be made
o the work, the results, or the company in any advertising, news releass, or other public announcements without obtaining our prior written authorization.



Three major soil health scores

Comprehensive

Assessment for Soil

Soil Management
Assessment

Health (CASH)

SHP Scored Indicators
» Organic matter
» ACE soil protein
 Active Carbon
* 1-day soil respiration (CO,-C)
» Wet aggregate stability
» Water holding capacity (WHC)
° pH, P, K (Using SMAF scores)

Framework (SMAF)

SHP Scored Indicators
» Soil Organic Carbon
+ Wet aggregate stability
* pH, P, K

Haney Soil Health Test

SHP Scored Indicators
« Wet extractable O, N (WEO/N)
1 day soil respiration (CO, C)

Range

of 0-100

scores:

0-100

0-50




4. Other tests

South Dakota State Univ.




Approximate costs of Soil Health tests

120

100 Indicators Tests
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**Prices obtained from various lab websites on 12/15/18. Prices do not include processing fees or packages.



Should | invest in my farm?
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Should I invest in my farm?

Experimental Design

Site layout:

» On-farm strip trials.

= Cover crop vs conventional.
» 4 replications per treatment per site.

Sampling Protocol:
»= 0-6 in soil depths.

» Multiple samples per strip for soil
nutrients and pH.

= 1 composite sample per strip for
CASH, SMAF, and Haney Test.
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What values might | expect?

100

0

Soil Health Score

80 |

60 |
40 |
20 |

e—

CASH

Haney Test

Corn

SMAF

CASH
Haney Test
SMAF

Soybeans

CASH

Haney Test

Wheat

SMAF
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How do they vary in time and space?

Within-field Temporal Variation

40

mean CV=2.7
n=17

mean CV=21.2
n=23

mean CV=3.1

30 n=17

CV %

20

10

0

D D A2 O AD D AL O 0 12 24 36 48 60 72 0.752.253.755.256.758.259.75

Within-field Spatial Variation

40
mean CV=35.g mean CV=16.6 mean CV=3.6
n= n=52 n=53
30 - i
X
X QSoIL
O 20 HEALTH

PARTNERSHIP
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How do they vary in time and space?

Within-field Temporal Variation

40

mean CV=2.7
n=17

mean CV=21.2
n=23

mean CV=3.1

30 n=17

CV %

20

10

0

D D A2 O AD D AL O 0 12 24 36 48 60 72 0.752.253.755.256.758.259.75

Within-field Spatial Variation

40

mean CV=3.3 mean CV=16.6 mean CV=3.6
n=53 n=52 n=53

Q30IL

HEALTH

PARTNERSHIP

30

CV %

20

10

15 3 45 6 75 9 105 3 9 15 21 27 33 39 06 18 3 42 54 66 7.8
CASH CV Haney Test CV SMAF CV




Are SH and yield variation related?

Regression of Corn Yield CV and Soil Health Assessment Score CV

R2P_=8.gg P=0.14 P=0.47
I =0 | R2=0.13 | R2=-0.15
- 30 ° o n=32 ° [ —3m ° ® 3
o
20 | @ - o i [
T_; ® o o e ©
> P o ®
10! ®ep % ° ® c0®0, ® ' ’g" o0 o
M e N sple
0 °, - 0%% 8 o Vo
0 5 10 15 0 20 40 60 0 5 10
CASH Score CV Haney Test Score CV SAMF Score CV

Q30IL

HEALTH

PARTNERSHIP




Soil Health
Improvement



Some things we cannot change

Sand -

Loamy sand et 6 4 5

Sandy loam M Samples
" n
S Silt loam =
=
3 n
'S Loam bt
m —

Clay loam Py
Silty clay loam b
Silty clay -
] ] ] ] |
0 10 20 30 40 50 60

Mean organic matter (mg kg~')
Karlen et al., 2017



Others we can, and quite rapidly




Soil Health goals

Protect soil surface from erosion (wind and water)
Add OM

— Retain more water and nutrients

— Build soil structure/tilth

— Soil aggregates further resistant to erosion
— Promote aeration and infiltration

— Promote microbial activity and diversity

Add diversity
Refine inputs

Reduce negative environmental impacts



Practices with potential

No-tillage
Reduced-tillage




No single practice, but many

Figure 3
Continuum of soil health based on Veum et al. (2014, 2015). CRP is Conservation
Reserve Program.

Higher L ower
Pasture/forage/hay/biofuel Mo-till + rotation
Tillage +
Cool/warm-season CRP T monoculture
Mo-till + cover crop rotation
Restored + rotation
irie
o Tillage + manure +
monoculture

\ |\ J
| |

Perennial systems Annual cropping systems




Less or no-tillage and cover crops
are great options

Tillage Systems Used for Crop Production

Plowing

2

Cultivating

;
r

Planting/Spraying Cultivating

Wt

Planting/Spraying Planting/Spraying

iy

Spraying

Cultivating

Conventional Tillage Reduced Tillage No-Till

Conservation Tillage

www.advancefarming.com

Laura Greiner, NRCS



Yet.. adoption of no-till still low

Northern G
Non adopters — —+— Full adopters
Partial adopters; - . Partial adopters:
other tillage T\ - No-till, strip-till
7% 7% Northern
Basin and e 52,548 458 Cropland Crescent*
31% f A e 783,555
53% @ ] TN 46,783,555
108 ; |
JJ 1 t.__ e
7443419 | [ fooAr——
e -
o | i
f \\ .'I | — Southern
L\ J‘““ o .. Seaboard
— 5 /
= E — T il
: \;—— | L o J- J'!’J 13%
Fruitful Rim i\h f ; 17%
14% Ll - | ( 19,564,495
%o Y e _|;._--ﬁ_ S R R R
@@ 4% | ‘E L
14,786,283 T — \ Eastern
Mississippi L(\q Uplands
Portal 30% 40%
8% .
16
7,929,295

Claassen and Wade, 2015. Soil
Health Economics Workshop.

ARMS survey

93,234,704

27,219,027

*Results not statistically reliable



And... even lower for cover crops

Fruitful Rim

l}lorthern Great Plains 3
E Basin and Range Cove r_ Cr'O p a do ptiO n '\. ? T
| Heartland by regiOn N e

| Fruitful Rim

d Eastern Uplands 1y i
B Prairie Gateway

National Average (1.8%)

| Northern Great Plains

J Northern Crescent

| Mississipi Portal

1 L1 1 | 1 J
0% 1% 2% 3% 4% 5% 6%

Cover Crop Acres (Percent of total Acres in ERS Region)

Claassen and Wade, 2015. Soil Health Economics Workshop. ARMS survey



Many short-term challenges

Establishment

Seed cost

Time / Labor

Right species

No S return

Cover becomes weed
Cover uses too much moisture
Other

N immobilization

Increased risk

Increased insects

Yield reduction in cash crop
Increased disease

10 15 20 25 30

% of respondents
NCR-SARE, 2015



SHP - few short-term differences

P value <0.1
.Corn Soybean

~ O

N

o

[
N

1
LN

Value of Difference
(@)]

]
oo

7 @ 8 9 10 11 12
Site

B casH (0-100) ] Haney Test  [l] SMAF (0-100) [ Yield (Mg ha)
(0-50)

Different time scales for yield and soil health indicator changes??



What about long-term success?

Establishment

Seed cost

Time / Labor

Right species

No S return

Cover becomes weed
Cover uses too much moisture
Other

N immobilization

Increased risk

Increased insects

Yield reduction in cash crop
Increased disease

10 15 20 25 30

% of respondents
NCR-SARE, 2015



Long-term plot and field research

Missouri

i3
5 ~

-
. L
Centralja=ringfield
-

w

Fansag City \

| 19 - Present

30 plots

1ac 90
each
| dC




Plots - Three cropping systems

Conventional:
Till, corn-soybean

No-till:
No-till, corn-soybean

No-till + cover + diversified:

no-till corn-soybean-wheat-cover

crop (red clover, hairy vetch) + less
total herbicides (atrazine, metolachlor,
and glyphosate).




Conservation systems
maintained corn yield and profit

150 F _:
125 - ab a a =
: abab 7
© y : abc :
ORT) 00 = C c bc -
= & g _:
- _8 75 m Summit
Q= 50 F —= Backslope E
© 25 b mms Footslope ki
0 5 l B |
Conventional No-till  No-till +
Covers +
Diversity

Yost et al., 2016



Conservation systems improved biological,
chemical, and total SMAF scores

Physical Biological
100 F . 100 ~ .
80 - . 80 - .
60 - . 60 .
= \TCS
- == NTCS i i m \ITCS |
40 = NTCSW 40 == NTCS ° 9 d
mmm NTCSW
20 - . 20 .
0 : : 0 : )
0-2 inches 2-6 inches 0-2 inches 2-6 inches
Chemical Nutrient
100 ¢ . 100
80 - . 80
60 . 60
i | m \ITCS
40 40 —— NTCS
20 & | 20 mmm NTCSW
0 0
0-2 inches 2-6 inches 0-2 inches 2-6 inches

Veum et al., 2015



Field Study

1991-2003: Pre-PAS 2004-2014: PAS
MTCS Soybean-wheat (north)
Soybean-corn (south)
No-till + cover crop

B T




Cover Crops

Summer cover after Wheat

* Vetch / Clover / Winter peas

* Radish / Turnip / Cabbage

 Millet / Oat / Sudangrass /
cereal rye

After Corn:

* Cereal Rye

* Cereal Rye / turnip / radish /
oats




Cover Crops

Summer cover after Wheat
* Vetch / Clover / Winter peas

+540 / acre cover crop

* Cereal Rye
* Cereal Rye / turnip / radish /
oats

- herbicides ¢



Soil Health practices maintained
vield and profit

Relative yield

Profit
] E 1 i

“

! . -
e oFETT | 3%of
{0 e ‘i 71 | thearea

Blue = Lower yield Blue = More variable Blue = Less profit

Orange = Higher yield = '
g ghery Orange = Less variable Yost et al., 2017



Improved Soil Health score by 12%

1991-2003 2004-present
MTCS Soybean-Wheat (N)

Soybean-Corn (S)
No-Till + Cover Crop




Field & Plots Summary

10 — 17 years of precision + conservation:

—Increased crop yields on shallow soils

— Decreasec

crop yields in wet waterways

— Decreased yield variability in southern part

of the fielc

—Improved soil health by about 12%

—Maintained profit — without subsidies



Soil Health
Utilization




Soil Health
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Fertilizer Management




Haney Test For Fertilizer Guidelines

Successiul Farming

SOIL HEALTH TOOL SHOWS NUTRIENT
AVAILABILITY AND SOIL RESPIRATION

By Raylene Nickel
11/26/2014




Components/recommendations of
Haney soil health test

CO,-Burst

(24-hr
Solvita)




Components/recommendations of
Haney soil health test

1

Soil

CO,-Burst

(24-hr
Solvita)

Water extractable
Cand N

health
calc.




Components/recommendations of
Haney soil health test

CO,-Burst
(24-hr
Solvita)

Water extractable
Cand N

Organic N release
Inorganic N




Components/recommendations of
Haney soil health test

CO,-Burst
(24-hr
Solvita)

Yield _m_ Fertilizer
goal N rate




Components/recommendations of
Haney soil health test

CO,-Burst

In-Season Tools for Making Nitrogen

(24-h r Fertilizer Recommendations
Solvita)

A Public-Private Collaboration (2014-2016)

David Franzen Fabidn Fernandez
Morth Daketa St University University of Minnesota

lohn Sawyer ﬁg& Carrie Laboski
lowa State Unlversity w University of Wisconsin

Richard Ferguson N . M Emerson Mafziger
University of Nebraska = University of lllinais

* lames Camberato

Purdue University

MNewell Kitchen  E%J
USDA-ARS wascum
University of Missouri AP

@) PIONEER. .
17 sites in 2016

Yield - . Fertilizer )
goal N rate 8 Midwest states




Haney N recommendation
did not relate well to EONR

CO,-Burst

O Planting .

(24-hr R = 0.21 ° o
Solvita)

RMSE =72

@® Split ®
R?=0.24 o
RMSE = 64

Soil
health N ° 1

50 100 150 200 250
Haney soil health test N rate (kg N ha™)



Available N explained
more variation in EONR

COZ'BU rSt @ | | | O P|;nting -
R%*=0.39
(24-hr ! o RMSE = 634
. ® Split
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The soil health calculation
explained even more

COZ-BurSt 300 - © O Planting 1
R?=0.47

(24-hr oL ©  © o0 RMSE = 59 -

Solvita) 200 L o soit -
R*=0.60

RMSE = 46 -

—

0)

o
T

‘Tm
L
=

(@)
<
o
=
O
L]

100 - o
50 - ®
O | | |

2 4 6 8 10 12 14 16 18 20

Soil health calculation

Fertilizer
N rate




The CO,-Burst explained

slightly more
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The CO,-Burst related to OM
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But OM not as related to EONR
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Take home messages

* |t may take 10-20 years to see changes in
vield, profit, and soil health. Be patient,
it’s a long-term investment.

* Soil health and yield/profit likely change
on different time scales.

e Start small, but try something (indicators
for S10-20 then tests for $50-150/sample)
on your farm and don’t give up.



Take home messages

* The Sol-vita/CO, respiration may help
predict N requirements for corn, but

more testing is needed.

* Greater understanding and incorporation
of soil health needed in nutrient
management.



Thank you

Matt.Yost@usu.edu
435-797-4210
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