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Feeding the population on a shrinking available land base

World Population: 1950-2050
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Departures in lemperatire [°C)
from the 1961 to 1930 average

Increasing
Temperature
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U.S. Drought Monitor SePenieis 2012

' Lireught fmpact Types.
|| DO Abnormally Dry

— r~' Delineates dominant impacts
H E; gmwm = ;‘Indamta S = Shart-Term, typlcally <8 months
rOUget - SBvere (&.g. agriculture, grasslands)
B 03 Drought - Extreme :
— Drought - Exceptional L = Long-Term, typically >6 montha |
{e.g. hydrology, ecology) USD A . \E‘E
The Drought Monitor focuses on broad-scale condifions, _ N e e e
Local conditions may vary. See accompanying fext summary |

IRF RO SNDATES, Released Thursday, September 27, 2012
http://droughtmonitor.unl.edu/ Author: Anthony Artusa, NOAA/NWS/NCEP/CPC
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United States Department of Agriculture USDA N RCS
Natural Resources Conservation Service

National Water Quality Challenges
 Biological conditions of nation’s rivers and streams

Natienal Biological Condition

 Poor-55.3%

e Fair—23.3%

e Good - 20.7%

e Unknown — 0.8%

Greatest stressors:
* Phosphorus

Nitrogen

Riparian cover and
disturbance

Streambed sediment  Biological condition of the nation's rivers and streams,

) based on the Macroinvertebrate Multimetric Index. From
Enterococci National Rivers and Streams Assessment (2008—2009)
(EPA, 2013.)
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Our Win-Win
Opportunities

Feed ourselves, improve profits,
AND improve the environment!
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Infiltration - Brookings County, SD sgcrits
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1 2011: Resilience to SECRETS
extreme weather ESOLL

After Hurncane Irerie
Cornell Wﬂlsboro Reéearch Farm, NY

NT corn remalned

Photos: Daniel Moebius-Clune, Sep-Oct ‘11
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Conventional 5U510
Potato System

Soil Improving
Potato System

Honeycutt et al., 2007; Maine ARS



Bushels / acre
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USDA-SARE, CTIC Survey 2013 sscm:'rs

’ _. Corn Yield, Drought States
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Chart1

		With Cover Crops

		Without Cover Crops
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Corn Yield

Bushels / acre

114.4

103.1



Sheet1

				Corn Yield		Series 2

		With Cover Crops		114.4		2.4

		Without Cover Crops		103.1		4.4

		Category 3		3.5		1.8		3

		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.






An Aggregate is like a House e

SECRETS
The interesting stuff is going on in the “empty” spaces! £ OEL

small pore large pore =0 mediate
pore

Aggregate (crumb)



Feed your underground livestock

Mo (the soil food web)

/\i

=

Arthropods
Shredders
\ Nematodes
Root-feeders
Arthropods
Predators
Birds
Nematodes
Fungal- and
/\ bacterial-feeders

Fungi
Mycorrhizal fungi
Saprophytic fungi

Nematodes
Predators

" Protozoa

Matter \ Amoebae, flagellates, >
Waste, residue and and ciliates .
metabolites from . o i Animals
plants, animals and Bacteria
microbes. 1

Earthworms
First trophic level: Second trophic level: Third trophic level: Fourth trophic level: Fifth and higher
Photosynthesizers Decomposers Mutualists Shredders Higher level predators trophic levels:
Pathogens, Parasites Predators

Higher level predators
Root-feeders Grazers




Downward Spiral of
‘Soil Degradation

in annual systems

" P

1. Intensive tillage, insufficient
added residues, low
diversity, no surface cover

2. Soil organic 3. Aggregates break down

matter decreases, erosion,

subsoil compacted 5. Infiltration decreases

Erosion by wind and water increases
4. Surface becomes

compacted, crust forms
P ! 7. MORE ponding & persistent
. . etness, but LESS soil water storage;
6. More soil organic matter, ' . W -

. . less rooting; lower nutrient access by
hutrients, and top soil lost plants; less diversity of soil organisms,

8. Crop vyields more disease
decline

9. Hunger and malnutrition,
especially if little access to
inputs

Moditied from Buzlding Soils for Better Crops
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WIN-WIN Regenerative SECRETS
Soil Health Management Systems for - OLL
Healthy Soils

9. Crop yields increase,
lower cost, lower risk,
environmental benefits

7. Less energy and tillage needed,

more water stored, better rooting,
more nutrient access, greater soil i
organism diversity, less disease and consistent

8. Field conditions
are more resilient

erosion by wind and water ( nutrients, and top soil built

decreases

2. Soil organic matter increases,
reduced compaction from rooting,
decreased erosion

4. Available water holding
capacity increases

3. Aggregates rebuilt

1. Reduced tillage,
increased biomass with
more rooting, higher
diversity, surface cover

Modified by Dr. Bianca Moebius-Clune and Dr. Dorn Cox from Building Soils for Better Crops



Return on our Nation’s Soil Health Investment ;EE;HI'Q

Changing the Face of Agriculture and ENOLLL
How We Feed our Nation

BENEFITS
- Nutrient cyc lng L amada
Pest suppressmn
Carbon sequestration and energy savmgs

Water mﬁltrziJ

Less runoff;‘er o, flcﬁ oding
Water storage an-ﬂaﬂablllty

Resmery
Biodiy:Tsity, groundwater, clean water and air ...

0 g -term economic viabiliﬁ'ty




What'’s in Soil Health for the secrers
Fertilizer Industry? -

e Higher productivity = greater nutrient uptake
e Lower risk of crop and soil loss

— lower risk of nutrient loss to the environment
— Reduced regulatory risk

e Opportunities to expand services to
— Other products: cover crop seed

— Application services: sidedressing N as needed,
fertilizer injection in no-till, etc

— Information services: Soil Health improves nutrient
use efficiency = opportunity to provide precision soil
health adjusted nutrient management consulting



How do we get there?

Producers and service

unjock the
SECRETS

= B

. 4‘-; |

providers must understand
basic processes

Assess current soil health
status

Develop appropriate plan
Implement and adjust!

Need economic info for
broader adoption
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\—/4 Soil Health Campaign ~ SECRETS
ESOLL

W | i - | - Raised awareness
- Expanded demand
for system adapted

information

Bail Health Awarsnass Unlock the Secrets in the Soi

,“PROFILES IN

o o | - Raising many good
B ey, N questions

Vete and help promote Soil Health

ar veting, you con wiew the ravults o ses which ad = [
urrantly in the leed. The poll clcass November 1, 80

iter peas, berseem clover, ]
IR & halry votSi iy e SECRETS

HOLL
Ch ange g Julse Taylor, whe farmi on the Fairfieid Banch. b

POF. SQII HEALTH Soil HealtlT




Adapting Soil Health Management Principles to soils, unjock the

SECRETS

regions, and cropping systems requires broad collaboration! ESG‘W

\-\
..;ASE 0

nat

DIS"

N 4

TURB

V Minimize soil disturbance.

m X 3'& VMammlze diversity (plants, animals,
ﬂ P

amendments, inoculants...).

Keep the soil covered.

cr ¢f
o ¢

Maximize living roots.




Staffing up the USDA-NRCS Soil Health Division ;ﬁ:;ﬁg

B Y
Division Director = 0&&

Dr. Bianca Moebius-Clune

National _ _
Communications & National Soil Health National Soil Health

Partnership Liaison Team Leader Specialist

Mr. David Lamm Dr. Diane Stott
To be hired in FY16

Regional Team Leaders (4)
Mr. Barry Fisher — Central
Dr. Brandon Smith — Northeast
Dr. Dennis Chessman — Southeast
Dr. Jennifer Moore-Kucera — West

Regional Soil Health Specialists (12)
West: Rudy Garcia — NM; Marlon Winger — WY;
Central: Candy Thomas — KS; Doug Peterson — IA;

Southeast: William Durham — TX; Nathan Lowder — GA;
Ray Archuleta — AR;

MNRCS Soil Health Division Suaffl \Oj Ly

g; Lusated in Sate Oifices
. 8 National Teclaology Suppart Centers

Northeast: Justin Morris — WI; Paul Salon — NY;
3 others to be hired
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Sfaffing’ up to represent varied production systems, SFCRTTS
~ leverage efforts, address critical issues ESONT,

Plant Materials Centers

Ag Pl‘OduCtIOH Systems Addressing the Nation’s most critical issues

e through Soil Health Y -
OF 5 ; e -1 . ’- y
L 3 g Pt Y,
"l i [harey Fatiry - 7 o
Climate Change Adaptation and Mitigation ey, T
- " - SO, X <5 "’,\';("‘ L
; i m—um-—-—-l \- ] ‘ s "n'l‘-‘ il nadn 2 c“&“ e
AN - e
..- ;:rT T Gullans LA O
> ' -
Critical Conservation Areas

Click on o reglon to learn more about the
LSDA Climate Hub in your area.

Long-T A o rch Sit
ong- enn Fgrn eé:":g:tg:n;:sea Sites

ARS & Land Grant Research Partners

Climate



Natural Resources Conservation Service

Regional Boundaries

WA

OR

MW
uT

CA

|:| Central Region
|:| Mortheast Region

|:| Southeast Region

|:| West Region

National Soil Health Division Team:
Primary coverage areas, but national scope,
responsibility, and collaboration
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Goals of the new Soil health SECRETS

NRCS training ESOLL

Soil Health Division ‘

Soil Health
Assessment

(il
Pl

Soil Health Management
Planning

Soil Health Management

* Leverage Partners Systems Implementation

NACD, SARE, TNC, EDF, Soil Renaissance, ARS,
NIFA, Hatch, Universities, Nonprofits, Industry ...

 Ensure Scientific Basis
Observation,

e Evaluate Economics

Adaptation

 Quantify Benefits



NRCS Soil Health Assessment Sk.‘n”fi I'S
Initiative

[ N b
gy |-y )
':-:LJL 'u-_-" =~

e Will gather national soil health sample dataset

— Initially ~1000 samples planned, contributions to larger
national dataset welcome

— Multiple commercially available soil health assessments
on each sample (Cornell, Haney, PLFA, beta-glucosidase)

— Long-term experiments
— Commercial farm sites

— Soil management history
— Inputs

— Yields

e Collaborations to expand dataset? (contact Diane Stott,
National Soil Health Specialist, diane.stott@in.usda.gov)



mailto:diane.stott@in.usda.gov

Example Framework:

Cornell Soil Hea

Advanced work from ‘90s and early
2000’s by many soil scientists

Publically available since 2006,
revised 2014 with new indicators

Measures 16 indicators

Representing agronomically
important bio/phys soil processes

Includes std nutrient test

Standardized methods and
minimum data set

Focus on individual indicators is
key
Identifies soil constraints

Guide for management
decisions
Report now includes explicit

written interpretations and
management suggestions table

Soil Health Management Planning
Framework

th Assessment

i i Blas
UNOCK LNEe
i L Ao

SECRETS
EOATT

Z iy o e il

Cornell Soil Health Assessment

Smith, George
Jim's Consulting
George@jimsconsulting com

Coordinates:

Joe Vegland Sample ID: A 123

123 Main St. Field/ Treatment: Field

Anytown, NY, 12345 Tillage: No Till

Aericultural Service Provider Crops Crown: M MIX, MIX
T Date Sampled:  5/31/2014

Given Soil Type:  Anytown
Given Soil Texture: Silt Loam

4244700 °N; 7647570 *W

Measured Soil Textural Class: Silt Loam

Sand: 5%

Silt: 70%

Clay: 25%

Test Report

Chemical

Indicatar Value Rating Constraint
‘ Available Water (?apacit}" ‘ 0.13 |-‘ ter Ret 1 Availabili
E ‘ Surface Hardness ‘ ‘ 148 H
Eﬁ ‘ Subsurface Hardness ‘
-
‘ Aggregate Stahility ‘ ‘
‘ Organic Matter ‘ ‘ 32 H 42 ‘ ‘
‘ ACE Soil Protein Index ‘ 6.5 35 ‘ ‘
Root Pathogen Pressure ‘ 5.5 H 44 ‘ ‘
Respiration ‘ ‘ 1.17 |-‘ Soil Microbial Abundar 1 Act

[ [

Active Carbon

[eo |
Phosphorus H 2.3 |-‘
Potassium H 264.7 |-‘

Minor Elements
Mz 412

| vl

Feell Mn-129 Zn-19

[ |
49

Overall Quality Score

Low

soilhealth.cals.cornell.edu
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H itural Resources

Interpreting Soil Health Assessments in NH

servation Service NH-590 Quick Reference
Test Results Suggested Management Practices NH NRCS Practice
Short Term ﬁ Long Term {code)

Physical Concer

ns

Low Aggregate
stability

« [ncorporate fresh organic materials
« |se shallow-rooted coverfrotation crops
« Add manure, green manure, muich

= Reduce tillage
» Use a surface mulch
« Rotate with sod crops

{328) Consenvation Crop Rotation; {340} CovER CROR;
{329) Residue Mgmt No-Til'Sirip-TEl;

{484) Mulching; (212) Forage & Biomass Planting;
{328) Prescribed Grazing

Low Available
Water Capacity

= Add stable organic maternals, mulch
s Add compost or biochar
» |ncorporate high biomass cover crop

« Reduce tillage
» Fotate with sod crops
= |ncorporate high hiomass cover crop

{328) Consemnvation Crop Rotation

{329) Resdue Mgmt Mo-TilSinpg-Tal;

{31T) Compost Facility; (340} CovER CROD:

{484) Mulching; {312} Forage & Biomass Planting;
{328) Presc. Grazing

High Surface
Hardness

= Perform some mechanical soil loosening
(strip till, asrators, broadfork, spader)

Use shallow-rooted cover crops

Lse a living mulch or inferseed cover crop

« Shallow-rooted coverfrotation crops
» Avoid traffic on wet soils, monitor

« Avoid excessive trafficflilagefoads
= sz controlled traffic patterns/lanes

{328) Conservation Crop Rotation

{343) Residue Mgmt, Mulch Til; {340) COVER CROP:
{484) Mulching; [328) Prescnbed Grazing

{312} Forage & Biomass Planting

{348} Grazing Land Mechamical Trt;

High Subsurface
Hardness

Biclogical Concerns

Use targeted deep tillage (subsoiler,
yeomans plow, chisel plow, spader.)
» Plant deep rooted cover crops/radish

» Avoid plows/disks that create pans
= Avioid heavy loads
» Reduce traffic when subsoil is wet

{324) Deep Tillage; (328) Residus Mgmt, Mo- Strip-Till;
{343) Residue Mgmt, Mulzh T

{340) COVER CROP ; [948) Grazing Land Mechanical Tri;
{66} Subsurface Drain

Low Organic

« Add stable organic materals, mulch
= Add compost and biochar

» Reduce fillage/mechanical cultivation
« Rotate with sod crop

{328) Conservation Crop Rotation; (340) SOVER CROP:
{329) Residus Mgmit Mo-TIRStrip-Tdl;
{31T) Compost Facility; (484) Mulching

Matter S i S I ATy,
1 N 1 {328) Prescribed Grazing
= Incorporate high biomass cover crop + [ncorporate high hiomass cover crop {51) Forage & Biomass Planting
. . : - " . {328) Conservation Crop Rotation
Lo Active = Add fresh organic materials : » Raduce ql!age.r’mechanlcal culfivation {329) Residue Mgmt, No-Till: (240} COyER CRoe
E b, « |se shallow-rooted coverfrotation crops » Riotate with sod crop {345} Residue Mgmt, Mulch TaI; {484) Mulching;

Add manure. green manure. mulch

« Cover crop whenaver possible

{328} Presc.Grazing; (311} Forage Haneest Management;
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Results from Soil Health Management Planning unjock the

and Implementation — Improved Productivity %%gﬁs

and Pond Eutrophication Cleared

¥

:;'_;LPlliétét)'s,'fl‘Bign‘:_ca Mo,el‘qiuSrClun J APy Doen Cox, 2012

e

Moebius-Clune, et al., 2014. Implementation of a Soil Health Management Plan resolves pond eutrophication at Tuckaway Farm, NH. What’s
Cropping Up? https://blogs.cornell.edu/whatscroppingup/category/soil-health/



https://blogs.cornell.edu/whatscroppingup/category/soil-health/

Thank you!

How can we
collaborate best?

Leverage Partners
Ensure Scientific Basis
Evaluate Economics

Quantify Benefits

u‘_r:fnck the

Soil health SECRETS

SOIL
>

Soil Health
Assessment

e

Soil Health Management
Planning

S o

Soil Health Management
Systems Implementation

Observation,
Adaptation

Bianca Moebius-Clune, Ph.D., Director, Soil Health Division
USDA-NRCS, Washington, DC
bianca.moebius-clune@wdc.usda.gov



mailto:bianca.moebius-clune@wdc.usda.gov
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