CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE
ENVIRONMENTAL FARMING ACT SCIENCE ADVISORY PANEL (EFA SAP)

MEETING AGENDA
May 14, 2015
l10amto 4 pm
Auditorium
1220 N Street
California Department of Food and Agriculture (CDFA)
Sacramento, CA 95814
916-654-0433

WEBINAR INFORMATION
Webinar ID - 128-713-699
Please register at
https://attendee.gotowebinar.com/register/678515588776947713

EFA SAP MEMBERSHIP
Don Cameron, Member and Chair

Mark Nechodom, PhD, Member Jocelyn Bridson, MSc, Member

Mike Tollstrup, Member Jeff Dlott, PhD, Member
Luana Kiger, MSc, Subject Matter Expert
Doug Parker, PhD, Subject Matter Expert

1. Introductions (10 minutes) Don Cameron
2. Welcome address — Secretary Ross
3. Updates (10 minutes) CDFA

e Minutes from previous meetings
e State Water Efficiency and Enhancement Program (SWEEP)

4. Soil Health Don Cameron
i. State Healthy Soils Initiative (20 minutes) CDFA
ii. Introduction to Soil Organic Matter and Soil Health (30 minutes) Dr. Dennis Chessman, USDA
iii. Strategies to increase soil organic matter in California soils (20 minutes) grRSSff Mitchell, UC Davis
iv. Questions and Discussion (30 minutes) Don Cameron
v. Working lunch (panel members and speakers only) Don Cameron

vi. Panel Discussion (20 minutes each including questions)

- CalRecycle Howard Levenson
- CVRWQCB Adam Laputz
- Department of Conservation David Thesell

vii. Public Comment and Discussion (2 hours) Don Cameron

o Can we set soil organic matter goals?
o What are good strategies to build soil organic matter?
o What are the scientific gaps?

5. Next meeting and location Don Cameron

Amrith Gunasekara, PhD, CDFA Liaison to the Science Panel

All meeting facilities are accessible to persons with disabilities. If you require reasonable accommodation as defined by the American
with Disabilities Act, or if you have questions regarding this public meeting, please contact Amrith Gunasekara at (916) 654-0433.
More information at: http://cdfa.ca.gov/Meetings.html and http://www.cdfa.ca.gov/EnvironmentalStewardship/Meetings _Presentations.html
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CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE (CDFA)
ENVIRONMENTAL FARMING ACT SCIENCE ADVISORY PANEL (EFA SAP)

Mendocino County Administrative Center
501 Low Gap Road, Conference Room C
Ukiah, CA 95482

March 4, 2015
MEETING MINUTES

Panel Members

Don Cameron, Member and Chair
Mike Tollstrup, Member

Jocelyn Bridson, MSc, Member
Jeff Diott, PhD, Member

Subject Matter Experts
Luana Kiger, MSc, Subject Matter Expert

State Agency Staff
Amrith Gunasekara, PhD (CDFA)

Nilan Watmore, MSc (CalEPA)

AGENDA ITEM 1 and 2

The meeting was called to order at 1:10 p.m. by the Chair, Mr. Don Cameron. Introductions
were made and a quorum was established. Members present at the meeting included Mr.
Cameron, Dr. Dlott (phone), Mr. Tollstrup and Ms. Bridson. Subject matter expert Ms. Kiger
was aiso present. Introductions were made.

PREVIOUS MEETING MINUTES

There was a delay in producing the minutes from the December 19, 2014 meeting. Dr.
Gunasekara noted the minutes would be presented at the next Science Panel meeting to be
held in May or June, 2015.

STATE WATER EFFICIENCY AND ENHANCEMENT PROGRAM (SWEEP)

An update was provided on the implementation of the State Water Efficiency and
Enhancement Program (SWEEP) by CDFA. Mr. Cameron noted that those projects involving
the connection of pumps to utility lines (energy grid) might not be completed in time for the
verification component to take place. Mr. Cameron noted that sending a letter out to the award
recipients and highlighted the importance of completing the projects would be beneficial to
CDFA and the growers. Dr. Gunasekara noted that CDFA will compile a letter to inform the
award recipients of the importance of completing the projects by June 30, 2015 and explore
other opportunities, such as contacting the utilities, to ensure interconnect issues do not delay
project completion and the verification component.

BIOCHAR

Foliowing the December 19, 2014 meeting which was focused on Biochar, Dr. Gunasekara
noted that he is in discussions with the CDFA Fertilizer Research and Education Program
(FREP) about potential funding to fund research on biochar use rate recommendations through
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experimental field trials for different crops. The next solicitation for research will be released in
September of 2015 and CDFA plans to include funding for biochar, a soil amendment, use rate
research as one of several research priorities in the request for proposals.

HEALTHY SOIL INITIATIVE

An update on the State Healthy Soils Initiative was provided by CDFA. This initiative to
incentivize and build the organic matter content of our agricultural soils for climate change
resiliency and other multiple benefits from healthy soils was included in the Governor's
January budget. This initiative is timely because 2015 has been memorialized by the United
Nations Food and Agriculture Organization after they recognized 2015 as the Year of the Soil.
CDFA has been working closely with agency leaders and the administration to evaluate
existing state agency efforts on healthy soils and will develop short and long term actions. Dr.
Gunasekara noted that the Healthy Soil Initiative will be a primary topic of discussion at the
next EFA SAP meeting to be held in May or June, 2015.

AGENDA ITEM 3. FARMED SMART CERTIFICATION

The EFA SAP has been interested in learning more about a recent effort by the Pacific
Northwest Direct Seed Association who is partnering with farmers to develop a new
certification program called Farmed Smart. The certification would provide a “safe harbor” from
regulatory agencies that support the program. CDFA had organized to have Ms. Kay Meyer,
Executive Director of the program, to remotely call-in and present an overview of the program.
Ms. Meyer was unavailable and therefore this agenda item will be revisited in a future EFA
SAP meeting.

AGENDA ITEM 4. GEELA

Mr. Watmore noted that the Governor's Environmental and Education Leadership Award
(GEELA) categories were in the process of being reorganized. One of the goals of the
reorganization would be to ensure that agricultural applications are submitted to one category
rather than multiple categories as evident from the 2014 applications. Mr. Watmore was
seeking input from EFA SAP members on the most effective way to organize and frame the
agricultural category for the 2015 solicitation. Mr. Watmore also was seeking feedback on how
to provide greater outreach to the agricultural community on GEELA to ensure more
applications. Dr. Gunasekara noted that CDFA will distribute the announcement for
applications (when released in May or June, 2015) via several internal email lists, University of
California Cooperative Extension, the Ag Commissioners, Resource Conservation Districts, via
the CDFA blog post and the EFA SAP members.

AGENDA ITEM 5. PUBLIC COMMENT AND OTHER ITEMS OF DISCUSSION

Ms. Kiger noted that in the 2014 Farm Bill, farm insurance was relinked to conservation
practices. She noted that some outreach by CDFA to growers would be helpful since not all
California farmers might know about this change. Dr. Gunasekara noted that CDFA would
assist in outreach efforts to farmers. The next EFA SAP meeting would be scheduled in May or
June, 2015, with the location to be determined. The meeting was adjourned at 3:02 p.m.

Respectfully submitted by:

= Halis
Amrith Gunasekara, Ph.D. Date




Administration/Department of Food and Agriculture Work Product

Healthy Soils Initiative Proposal

Issue Statement:

California is the nation’s leading agricultural production state in terms of both value and crop diversity.

Soils are fundamental for crop growth and food production. The importance of soils has been memorialized

by the United Nations Food and Agriculture Organization after they recognized 2015 as the Year of the Soil.

With limited new arable land that is capable of growing food crops in California and an ongoing drought, it

is critical to ensure the soil system is sustainable long into the future, resilient to potential climate change

impacts such as variable temperatures and precipitation, and to be able to produce crop yields to sustain a

growing local and global population. The term “healthy soils” refers to ensuring that our agricultural soils

have adequate soil organic matter (SOM). Increasing the amount of SOM, from its current levels, in soils can
provide multiple benefits such as:

e Source of nutrients for plants - SOM contains important nutrients that contribute to plant growth and
yields (e.g., nitrogen and sulfur).

e Water retention - SOM has the ability to hold up to 20 times its weight in water.

¢ Contributes to the environmental fate of synthetic inputs - SOM affects persistence and
biodegradability of pesticides and other soil inputs.

e (Carbon sink - Stabilized carbon stored in soil serves as a carbon sink, preventing the escape of carbon
dioxide and methane greenhouse gases to the atmosphere.

e Soil structure stability and reduced erosion - Soil carbon can combine with the inorganic clay mineral
fraction to form structural units called aggregates. Aggregated soils have improved aeration, water
infiltration and resistance to erosion, dust control, as well as numerous other benefits.

e Atleasta quarter of the world's biodiversity lives in the soil.

Conceptual Proposal

Recently, the Brown administration recognized the importance of soil health in the Governor’s 2015-16

proposed budget; “as the leading agricultural state in the nation, it is important for California’s soils to be

sustainable and resilient to climate change. Increased carbon in soils is responsible for numerous benefits

including increased water holding capacity, increased crop yields and decreased sediment erosion. In the

upcoming year, the Administration will work on several new initiatives to increase carbon in soil and

establish long term goals for carbon levels in all California’s agricultural soils. CDFA will coordinate this

initiative under its existing authority provided by the Environmental Farming Act”. Consistent with this

initiative, several actions have been identified to:

e Protect and restore soil organic matter (soil carbon) in soils to ensure climate change mitigation and
food and economic security

e Identify sustainable and integrated financing opportunities, including market development, to facilitate
increased soil organic matter

e Provide for research, education and technical support to facilitate healthy soils

e Increase governmental efficiencies to enhance soil health on public and private lands

e Ensure interagency coordination and collaboration

Short Term Actions (within a year)

e Establish a short- and long-term goal for building soil organic matter in California’s agricultural and
degraded soils by December 2015. These goals will be established through stakeholder meetings with
scientific input (lead CDFA and CalRecycle).

e Establish a soil health initiative coordinator position to facilitate interagency activities including
interagency communication, collaborations and to ensure resources optimization and permit
streamlining to build soil carbon with carbon-based inputs (lead CDFA).

e Identify critical agronomic and economic research needed to fill knowledge gaps and build mapping
tools for increasing soil organic matter throughout the state (lead CDFA).



Administration/Department of Food and Agriculture Work Product

e Identify demonstration projects and contract with University of California Cooperative Extension
(UCCE) to begin the cycle of management practice adoption to implement research objectives that meet
soil carbon goals (lead CDFA).

e Integrate incentives for improved soil management practices into the Sustainable Agricultural Lands
Conservation Program (lead Department of Conservation).

e Encourage organic diversions from landfills to more beneficial uses, including composting facilities, by
a tiered tipping fee or complementary mechanism that incentivizes the diversion of organics. (lead
CalRecycle).

e Provide healthy soils guidance in the Climate Change Handbook for Agricultural Water Management
Planning as well as in public and outreach and education efforts (lead DWR).

e Facilitate discussion on the benefits of compost use when managing nitrogen and include as a separate
component in the nitrogen management plans required by the Irrigated Lands Regulatory Program
(lead Water Boards).

e Grow CDFA’s State Water Efficiency and Enhancement Program to promote soil management practices
that improve water retention (lead CDFA).

e Add healthy soils as an Efficient Water Management Practice (EWMP) in the guidebook to assist
Agricultural Water Suppliers to Prepare an Agricultural Water Management Plan, and as a co-benefit in
water efficiency grant programs (lead DWR).

e Explore opportunities to implement healthy soil management on construction, maintenance and
operation plans in DWR (lead DWR).

e Explore with other Agencies opportunities for implementation of healthy soil management on public
lands.

Long Term actions (1-5 years)

Identify sustainable and integrated financing opportunities, including market development, to
facilitate increased soil organic matter

Develop and fund incentive and demonstration programs with new and existing resources such as
Resource Conservation Districts and UC Cooperative Extension, to promote GHG reductions, carbon
sequestration, cover crops, crop rotation and organic amendments including compost to build soil carbon,
increase water holding capacity and ensure crop yields for food production through on-farm management
practices (lead CDFA).

Provide for research, education and technical support to facilitate healthy soils
Identify and secure resources to contract with the appropriate academic institution to develop a user-
friendly soil management data base to incorporate research findings and practical applications.

Identify and secure short and long term funding sources to support a robust scientific research program
that will fund research on topics such as carbon farming, subsidence reversal, wetland restoration,
drainage issues, salt accumulation and multi-benefit farming to support and enhance healthy soils (lead
CDFA).

Increase governmental efficiencies to enhance soil health on public and private lands
Increase the generation and use of compost in California to improve soil health, by permitting 100 new
composting and anaerobic digestion facilities in California by 2020 (lead CalRecycle).

Ensure interagency coordination and collaboration

Include in the regular coordination between agencies the potential for broader discussions on soil health.
Such as: include Healthy Soil Initiative practices to promote groundwater recharge and groundwater
quality protection in DWR Sustainable Groundwater Management Program (lead DWR); with the ARB on
dust mitigation as a key element in all Climate Change work across Cabinet.
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PRESENTATION OUTLINE

1. What is the Healthy Soils Initiative?
2. Why is this initiative important?
3. What work has been done on this initiative to date?



1. What is the Healthy Solls Initiative

GOVENORS JANUARY BUDGET PROPOSAL

“Healthy Soils

As the leading agricultural state in the nation, it is important for

Californid’s soils to be sustainable and resilient to climate change. Increased carbon
in soils is responsible for numerous benefits including increased water holding
capacity, increased crop yields and decreased sediment erosion. In the upcoming
year, the Administration will work on several new initiatives to increase carbon in soil
and establish long term goals for carbon levels in all California’s agricultural soils.
CDFA will coordinate this initiative under its existing authority provided by the
Environmental Farming Act.”

Healthy soil = adequate soil organic matter or humus



2. Why is this Initiative Important

INTERNATIONAL YEAR OF THE SOIL

2015

After two years of intensive work, 20135 has been declared the
International Year of Soils by the 68th UN General Assembly (A/RES

[68/232). The IYS aims to be a platform for raising awareness of the
importance of soils for food security and essential eco-system functions.

GSP: IYS 2015

www fao_org/globalsoilpartnership/._/en... Food and Agriculture Organization

http://www.fao.org/soils-2015 /en/



2. Why is this Initiative Important
FOOD SECURITY

« California is the nation’s top agricultural state and has been for more than 50
years.

 More than 400 commodities

« California remained the No. 1 state in cash farm receipts in 2013, with $46.4
billion in revenue from 77,900 farms and ranchers.

» The state accounted for 12 percent of national receipts.

» Over 1/3 (one third) of country’s vegetables from California

» Over 2/3 (two thirds) of nation’s fruits and nuts from California.
« Some of the most fertile and diverse agricultural solls.

« Some specialty crops only produced in California

| eads the nation in the production of more than 80 crops

CDFA NASS Ag Statistics 5



2. Why is this Initiative Important

Crop and Livestock Commodities in which California Leads the Nation "

Almonds

Apricots

Artichokes
Asparagus

Avocados

Beans, Dry Lima
Beans, F.M. Snap
Bedding/Garden Plants
Broccoli

Brussels Sprouts
Cabbage, Chinese
Carrots

Cauliflower

Celery

Chicory

Corn, Sweet

Cotton. American Pima
Daikon

Dates

Eggplant

Escarole/Endive

Figs

Flowers, Bulbs
Flowers, Cut
Flowers, Potted Plants
Garlic

Grapes, Raisins
Grapes, Table
Grapes, Wine
Greens, Mustard
Hay, Alfalfa
Herbs

Jojoba

Kale

Kiwifruit
Kumgquats
Lemons

Lettuce, Head
Lettuce, Leaf
Lettuce, Romaine

Limes

Mandarins & Mandarin Hybrids

Melons, Cantaloupe
Melons, Honeydew
Milk

Nectarines

Nursery, Bedding Plants
Nursery Crops

Olives

Onions, Dry

Onions, Green
Parsley

Peaches, Clingstone
Peaches, Freestone
Pears, Bartlett
Peppers, Chile
Peppers, Bell
Persimmons

Pigeons and Squabs
Pistachios

Plums

Plums, Dried

Pluots
Pomegranates
Raspberries

Rice, Sweet
Safflower

Seed, Alfalfa

Seed, Bermuda Grass
Seed, Ladino Clover

Seed, VVegetable and Flower

Spinach

Squash

Strawberries
Tomatoes, F.M.
Tomatoes, Processing
Triticale

Vegetables, Greenhouse
Vegetables, Oriental
Walnuts

Watercress

Wild Rice

1/ California is the sole producer (99 percent or more) of the commodities in bold.

CDFA NASS Ag Statistics




2. Why is this Initiative Important

FOOD SECURITY

ALFALFA
CORN

PISTACHIOS

Image Source: USDA Cropscape - Cropland Data Layer 7



2. Why is this Initiative Important

CLIMATE CHANGE RESILIENCE

Vulnerability Index uses 4
sub indices:

1. Climate
2. Crop
3. Land use

4. Socioeconomic

When indices are combined,
total agricultural vulnerability in

some areas of the state is very
high

Study by Jackson et al. UC Davis with funding from CEC 8



Fourth year of a historic
drought in California



2. Why is this Initiative Important

BENEFITS FROM SOIL ORGANIC MATTER

» Source of nutrients for plants — SOM contains important nutrients that contribute to
plant growth and yields (e.g., nitrogen and sulfur)

» Water retention — SOM has the ability to hold up to 20 times its weight in water

» Contributes to the environmental fate of synthetic inputs — SOM affects
persistence and biodegradability of pesticides and other soil inputs

» Carbon sink — Stabilized carbon stored in soil serves as a carbon sink, preventing
the escape of carbon dioxide and methane greenhouse gases to the atmosphere

 Solil structure stability and reduced erosion — Soil carbon can combine with the
inorganic clay mineral fraction to form structural units called aggregates.
Aggregated soils have improved aeration, water infiltration and resistance to
erosion, as well as numerous other benefits

* At least a quarter of the world’s biodiversity lives in the soil.




3. What has been done on this initiative

ACTIVITIES TO DATE

» Meeting with Governor’s Office and administration on initiative

* Interagency meetings with several other agencies and departments

» CalEPA

* DPR

» CalRecycle

» State Water Resources Control Board

 Central Valley Regional Water Quality Control Board (ILRP)
» Natural Resources Agency

» Department of Conservation

 CDFA worked to develop actions document (handout today)
» Set up webpage for California Healthy Soils Initiative

 [|nitiate this preliminary workshop to discuss and take public comment on the
Healthy Soils Initiative

« Additional meetings to gather feedback and actions related to healthy soils
including co-hosting meeting with other agencies (e.g., CalRecycle)



3. What has been done on this initiative

ACTIONS

* Protect and restore soil organic matter (soil carbon) in solils to ensure
climate change mitigation and food and economic security

« |dentify sustainable and integrated financing opportunities, including
market development, to facilitate increased soil organic matter

e Provide for research, education and technical support to facilitate
healthy soils

* Increase governmental efficiencies to enhance soil health on public
and private lands

Ensure interagency coordination and collaboration

More specific short term and long term actions (see handout)



3. What has been done on this initiative

WEBSITE AND BLOG POST



SHORT VIDEO...

http://www.fao.org/soils-2015 /blog /building-humus-watch-the-time-lapse-video-here /en/


http://www.fao.org/soils-2015/blog/building-humus-watch-the-time-lapse-video-here/en/
http://www.fao.org/soils-2015/blog/building-humus-watch-the-time-lapse-video-here/en/

Dernis Criessrrzr

USDA — Nertural Resources Conserve

Davis, CA



Carbon and soil organic matter e
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SECRETS

SOLL

Dry Matter
[PERCENTAGE]

Water
[PERCENTAGE]

Polyphenols

Fats & waxes~, GE Carbon

[PERCENTAGE]
Cellulose
[PERCENTAGE]
Lignin
RCENTAGE]

S Sugars & starches
Types of compounds Elemental composition

Adapted from Brady & Weil, The nature and properties of soils, 14 ed.



Factors affecting SOM levels ‘i,
Climate
Soil texture
Drainage
Vegetation
Management



Soil Profile SECRE
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Benefits of SOM

Improves water infiltration, water holding
capacity, and available water at field capacity

Source of the major aggregate forming cements
(ex. polysaccharides)

Mineralization of organic nitrogen

Accounts for 30 — 90% of CEC

Can be a major source of plant-available P & S
Chelates metals keeping them available
Improves plant root environment

Contributes to favorable habitat



Cropping and organic matter
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Soil Organic Carbon (%)
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Morrow Plots: lllinois

Estimated
to 4 % in 188
YWagner (1988)

sanborn Field: Missouri
¥ Wheat, 6 Tons Manurelyear

41 ® Comn, & Tons Manure/year

A Continuous Wheat
& Continuous Corn

4 4 Com-Oats-Hay Rotation
B Com-Oats (1885-1953, Com-Soybeans (1954-Present)
# Continuous Corn

1870 1890 1910

Al-Kaisi & Reicosky, 2002
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What is Soil Health? SO,

e ..self-regulation, stability, resilience, and lack
of stress symptoms in a soil as an ecosystem...
the biological integrity of the soil
community—the balance among organisms
within a soil and between soil organisms and
their environment. (Brady & Weil, 2008)

e ...the continued capacity of soil to function as
a vital living ecosystem that sustains plants,
animals, and humans. (NRCS)



Adjusting our thinking
about soil

Soil as an ecosystem

Giving appropriate attention to the biotic
component

Ecosystems function

— The collective intraspecific and interspecific
interactions of the biota, such as primary and
secondary production, mutualistic and
antagonistic relationships.

Functioning can be described

Shaﬂﬁy%

AT
h \i“ NSE



Interrelated soil systems 5017,
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6CO, + 6H,0 = C.H,,O, + 60,



Why SOM is important to the  sechers
soil ecosystem

— BV &Y eta =

e Contributes to a favorable environment for
organisms

e Carbon in the labile fraction provides the
energy upon which the system is built



Kibblewhite et al., 2008



How do natural systems differ
from crop systems?

e Disturbance
* Diversity

e Cover

* Roots

—

Water cycling

Nutrient cycling

Soil temperature

C sequestered

Plant health and susceptibility to pests
System resistance and resilience




Management affects soll properties &§E‘§§i,£§
function ESOTT.

63% decrease in soil
organic matter after
17 years of
conventionally-tilled
monoculture

20 cm layer




Decreased SOM, structure and water :¢

Water that cannot

enter the soil leaves
the field.

It carries soil,
nutrients and
pesticides.

Water that leaves the
field is not available
to crops.

Structurally poor
soils hold little water
for plants.

m.m



Can management increase SOM In g
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California?

Sierra Foothills
— 40 acres of orchard with some annual crops

— Increased SOM at 0 — 12 inches from avg. of 2.2 to
5.1% in 30 years

e Sacramento Valley

— ~2000 acres of annual vegetables

— Increased SOM from avg. of 2.0 to 3.8% in 19
years



Can management increase SOM In Qﬁm
California? =50

F 1) F

San Joaquin Valley, fine sandy loam after 18 y

0.9% SOM 4.0% SOM



Help for unhealthy agricultural 50|l

 Reduce tillage and
other disturbance

 Keep the soil surface
continually covered

e Have growing plants
present at all times

* |ncrease plant diversity

 Properly manage
nutrients and pesticides

w\
F



Soil Health Field Assessment Worksheet

Location: Field: Test: of
Name: Assessor: Date:
Soil Map Unit: Soil Moisture: Topsoil Texture:
Indicator Avg. Rating Potential Practices
Compaction (3 = No evidence of compaction; 2 = Some 329, 340, 345
penetration resistance; 1 = Clear evidence of a compacted layer) Location 1 ,2 3
328, 329, 340, 345
Structure (3 = Strong; 2 = Moderate; 1 = Weak or structure-less)
Location 1 .2 , 3
surface crusts (3 = No evidence of surface crust; 2 = Surface crust 329, 340, 345, 484
in places; 1 = Surface crust throughout the field) Location 1 ,2 3
Residue cover (Plant residue cover: 3 = 75% or more; 2 = from 25 329, 340, 345, 484
07 1 — o, .
to 75%; 1 = less than 25%) Location 1 2 3
Roots and Pores (3 = Many roots or pores; 2 = Common roots or ROOTS 328,323,340
pores; 1 = Few to no roots or pores) Location 1 .2 , 3
PORES

Earthworms (Number of worms or worm sign/cubic foot of soil: 3
= abundant (at least 10); 2 = few (1 to 9); 1 = None)

329, 340, 345, 484

Location 1 .2 ;3

Biological activity (The presence of fungal hyphae, macro-
invertebrates, etc.: 3 = Clearly evident; 2 = Few evident upon close
examination; 1 = No biological activity visible)

328, 329, 340, 345, 484, 528,
590, 595

Location 1 L2 , 3

smell (3 = Earthy, sweet, and rich; 2 = Earthy, fresh, not
unpleasant; 1 = Sour, putrid, or chemical-like)

328, 329, 340, 345, 484, 595

Location 1 .2 ;3

Aggregate stability (3 = Clods remain intact; 2 = Clods exhibit
moderate stability; 1 = Clods disintegrate)

329, 340, 345, 484

Location 1 L2 , 3

(328) Conservation Crop Rotation, (329) Residue and Tillage Management, No-Till, (340) Cover Crop, (345) Residue and
Tillage Management, Reduced-Till, (484) Mulching, (528) Prescribed Grazing, (590) Nutrient Management, (595)

Integrated Pest Management

The above indicators are related to the Resource Concerns/Planning Criteria: SOIL QUALITY DEGRADATION —

Compaction and/or Organic Matter Depletion.

Useful assessment materials: shovel, wire flag, clear plastic cups or similar, water, small hand lens, texture by feel guide

Page 10f 6
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Soil health is not just an annual
cropland concern
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Nor are certified organic
producers immune



Summary

Soils are ecosystems

Soil systems are C-dependent
Carbon cycles

Regular C inputs are necessary
to retain SOM

Disturbance decreases SOM
Most agricultural soils are
organic matter-poor
Management can increase
SOM and achieve associated
soil health benefits
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Strategies to increase soil organic matter in
California soils

Jeff Mitchell
Department of Plant Sciences, University of California, Davis
Garrison Sposito and Gil Eshel
University of California, Berkeley
Randy Southard, Will Horwath, and Kate Scow
Department of Land, Air and Water Resources, University of California, Davis
Howard Ferris
Department of Nematology, University of California, Davis
Ron Harben
California Association of Resource Conservation Districts
Eric Kueneman and Judee Fisher
Kueneman Consultancy
Dennis Chessman and Margaret Smither-Kopperl
United States Department of Agriculture NRCS, Fresno, CA
John Diener
Five Points, CA
Anil Shrestha
éﬂfcﬁﬁ'f-‘@r@la State University, Fresno
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| thank you for this opportunity to provide information
and ideas.

| very much support and applaud your consideration of
the importance of goal-setting and long-term planning
for cropping system improvement and sustainability.

| encourage additional partnerships and innovations
going forward.



LONG-TERM and TRANSFORMATIONAL thinking. There is not time for baby steps.
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Main points

There are benefits to be achieved by encouraging farming practices that
address the core goals and principles of soil health

| will share science and experiences related to how intensive soil health
management systems

— lower costs
— are more efficient in inputs, water and energy, and

— have other benefits with respect to soil function, water conservation
and competitiveness

| acknowledge a measure of uncertainty, but also a tremendous
experience base related to why these systems make sense

That long-term planning and goal-setting are extremely important,

Finally, | encourage your consideration of additional partnerships moving
forward






Crop and Livestock Commodities in which California Leads the Nation

Almonds Greens, Mustard Persimmons

Apricots Hay, Alfalfa Pigeons and Squabs
Artichokes Herbs Pistachios

Asparagus Kale Plums

Avocados Kiwifruit Plums, Dried

Beans, Dry Lima Kumquats Pluots

Bedding/Garden Plants Lemons Pomegranates

Broccoli Lettuce, Head Raspberries

Brussels Sprouts Lettuce, Leaf Rice, Sweet

Cabbage, Chinese Lettuce, Romaine Safflower

Cabbage, F.M. Limes Seed, Alfalfa

Carrots Mandarins & Mandarin Hybrids  Seed, Bermuda Grass
Cauliflower Melons, Cantaloupe Seed, Ladino Clover

Celery Melons, Honeydew Seed, Vegetable and Flower
Chicory Milk Spinach

Cotton, Am. Pima Milk goats Strawberries

Daikon Nectarines Tomatoes, Processing
Dates Nursery, Bedding Plants Vegetables, Oriental
Eggplant Nursery, Crops Walnuts

Escarole/Endive Olives Wild Rice

Figs Onions, Dry

Flowers, Bulbs Onions, Green USDA, National Agricultural Statistics Service, California Field Office
F|OW€I’S, Cut Parsley California Agricultural Statistics, Crop Year 2010 (October 28, 2011)
Flowers, Potted Plants Peaches, Clingstone

Garlic Peaches, Freestone

Grapes, Raisins Pears, Barlett

Grapes, Table Peppers, Chile

Grapes, Wine Peppers, Bell



San Joaquin
Stanislaus

Merced
Fresno

Monterey
Tulare

Kern

Ventura

California Agricultural Resource
Directory 2010-2011

9 of the nation’s top 10 producing
counties are in California

San Diego



With historical trends of yield increases
Strawberries for California crop production, are there
legitimate indications that soil function,

soil quality, or soil health is declining?
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Are there indications that soil
function, soil quality, or soil health is
declining in California?

A legitimate, reasonable question
that can be answered by testable
hypotheses



Is there evidence
that water intake
and storage
characteristics of
soils might be
improved?

CONVENTIONAL = Winter Fallowed

ALTERNATIVE = Winter Cover Cropped



Is there evidence that the value of soil biodiversity may not be expressed or realized
to some sort of optimal extent?

Rick Bieber
“‘Soil care’ is what we’re doing.” Trail City, SD

January 28, 2014



Is there evidence that soil water storage and movement are not what they
might be for optimal water use efficiency and benefit?



Is there evidence that the soil management practices that are
commonly used in California cropping systems as water use
efficient as they might be?









Soil health summary profiles of experienced practitioners

David Brandt Gabe Browne Gail Fuller Leon Moses Lawrence Sanchez
Ohio North Dakota Kansas North Carolina New Mexico
Acres farmed 1100 5400 (crops+pasture) 2000 492 300
Years in soil 30 20 8 6 12

health system

Primary crops

Corn, wheat, soybeans

Corn, wheat, sunflowers,
alfalfa, oats, triticale, hairy
vetch, red clover, peas

Corn, grain sorghum,
triticale, winter barley,
winter wheat, soybeans

Corn, soybeans, hay

Grass, alfalfa, corn, winter
wheat, oats

Primary cover

All mixes, some 8- and 14-way

Cocktail mixes with 20 to 25

All mixes, some 8- and 14-

Ryegrass, hairy vetch,

Fescue, orchardgrass,

blend; most used: peas, radishes, different plant species way blend; most used: clover clovers
crops hairy vetch, crimson clover, peas, radishes, hairy vetch,
ryegrass crimson clover, ryegrass
Yields 7-t0 10- bushel/Ac increase in corn, | 20% higher than county Increased Doubled Increased
8% increase in soybeans average
Commercial $100-per-acre No synthetic fertilizer used Cut by 25% overall, up to Commercial nitrogen use Reduced; but often uses

fertilizer use

annual savings in

60% in some instances

cut by 100Ibs/Ac

manure in heavy does on
newly rented land

nitrogen
Rref None None used for past 10yrs. None used for past 4yrs. Better control with reduced
Insecticide use P y past 4y Use None
Herbicide use Very little Cut by 75% Dropped at least 1 Reduced; johnsongrass Reduced

herbicide pass in every field

nearly eradicated

Other benefits

Virtually no soil erosion; nutrients stay
on the farm; less soil compaction;
greener, healthier crops; reduced soil
compaction; better water filtration; less
worry about drought

Organic matter rose from 2%
to more than 5%; water
holding capacity and infiltration
at highest levels; wildlife
populations and diversity
Increased exponentially.

Higher-quality, more nutritious
grains; no live called for in
nearly 15 years; much better
bottom line

Reduced soil compaction;
much better water infiltration;
better soil structure; 35%
return on investment

Superior, more nutritios crops;
less irrigation water needed;
stronger soil structure;
protection from wind and water
erosion

(Source: Lynn Betts, ‘Put the Soil First,” Dakota Farmer, January 2013, Farm Progress (permission granted))







Clay Mitchell in NO-TILL FARMER, March 2012
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On October 11, 2012, at the Carroll, OH
farm of long-time no-till and cover crop
farmer, David Brandt, USDA’s Natural
Resources Conservation Service (NRCS)
launched “Unlock the Secrets in the
Soil,” a major, national education and
awareness campaign about soil health.






2014 SCOBRES GOALS ANNUAL CHANGE OHI+ ABOUT OHI NEWS SEARCH P
TH e @ O ©
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A quantifiable ass.essméﬁ’f of the capacity of our
oceans to deliver benefits and resources
sustainably.

Scores range from 0 to 100 for 10 goals for a
healthy ocean.

Ocean Region Rankings New Score Releases

Antarctica and the Southern Ocean region
scored 72 while the average score of the high
seas was 67 out of 100.

Antarctica Scores ©

High Seas Overview ©
2014 Key Findings ©













Managing for soil health ...

 Minimizing soil disturbance

e Maximizing the diversity of plants in rotation /
cover crops

* Keeping living roots in the soil as much as possible,
and

 Keeping the soil covered with plants and plant
residues at all times

Unlock the Secrets in the Soil

http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/soils/health/



Soil Health Literature Matrix of Soil Properties

Benjamin et al., 2007

Baenjamin et al., 2008

Aninvestigation at Akron, CO, on a Weld silt loam (fine, smectitic, mesic Aridic Paleu stolls) compared
soil conditionsin winter wheat —summer fallow {WF) plots with soil conditions in wheat—corn —fallow
{WCF), wheat—corn—sunflower—fallow (WCSF), wheat—corn—millet (WCM), and a perennial
grass/legume mix. Bulk density, pore size distribution, and saturated hydraulic conductivity were
measured 7, 11, and 15 yr after inception. Bulk density in the grass plots decreased from 1.39 to 1.25
Mg m-3 in 15 yr. Bulk density in the annually cropped plots decreased from 1.38 to 1.30 Mg m-3
during the same time period. The pore size distribution became more uniform among the cropped
treatments 15 yr after the start of the experiment. KSat increased in the grassplots from 27 mm h-1
to 98 mm h-1in 15 yr. KSatin the annually cropped plotsincreased from about 14 to about 35 mm
h-1 during the same period. The results from this study show that improving soil physical properties
by cropping system alone may take many years. Perennial vegetation may be more effective than
annually cropped system s at improving soil physical conditions becau se of less surface compaction
from planting operationsand the apparent ability of perennial root systemsto create a more stable,
continuous pore network.

Comparisons oflong term (15 yr) no-till treatments of non-rrigated continuous grasslegume mix vs.
wheat/corn/ millet vs. wheat fallow rotation at the semi-arid ARS Central Great Plains Research
Station, Akron, CO ona Weld Soil Series {deep smectitic silt loam over silty clayloam), showed
significantincreases in SOC in the grass and wheat/corn/millet treatments over the wheat/fallow in
the surface 95 mm grading to no differences below 295 mm. K-Satwas significantly higher in the
grass treatment to 370 mm but there were no differencesin bulk density and water storage porosity.
There were also no differencesin water stable aggregate sto 180 mm.

Asofluly 11, 2014

Benjamin, 1.G., M. Mikha, D.C. Nielsen,
M.F. Vigil, F. Calderon, W.B. Henry. 2007.
Cropping intensity effects on physical
properties of a no-till silt loam. Soil Sci. Soc.
Am.J. 71:1160-1165.

6/17/2014

Benjamin, 1.G.*; M. M. Mikha; M. F. Vigil.
2008. Organic Carbon Effects on Soil
Physical and

Hydraulic Properties in a Semiarid Climate.
Soil Sd. Soc. Am. ). 72:1357-1362. (* USDA-
ARS Central Great Plains Re search Station,
Akron, CO 80720).

6/17/2014

Beginning in about 2006, the NRCS Soil Health Campaign

began as an effort that grew from the National Soil Quality Department

and grew through grassroots Soil and Water Conservation Districts and ongoing
related efforts in a number of states around the country to become a
natieaalprogram.



Natural systems ...

- harvest the maximum amount of sunlight
* leak very few nutrients including CO,

* have diversity

* tend not to export nutrients

* make maximum use of water and nutrients bz
having highly developed porosity and VAM webs

* do not do tillage

Summary of comments made by Dr. Dwayne Beck, SDSU,
at 2014 Winter Conference of No-till on the Plains, Salina, KS
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Soil carbon is the ‘Keystone” for alm

soil physical, chemical and biological
processes and properties.

e

Management platform e S

USDAARS)




“Tillage-induced carbon
dioxide loss” information and
data from Reicosky used in
commercial advertising

: Tulare, CA




OUR HUNGRY WORLD

OUR THREATENED PLANET
OUR CHILDREN’S FUTURE
OUR ONE CHANCE... Conservation Agriculture

All rest on “OUR LIVING SOIL” that depends on
soil carbon!

The “key” component is:

Don Reicosky,

C a r b 0 n ! (Retired Soil Scientist USDA ARS)


http://bufo.geo.orst.edu/tc/
http://www.ars.usda.gov/is/graphics/photos/feb01/k9268-21.htm

Why Soil Carbon Management?

Agriculture, through better management of the NS
“biological C” cycle, can help society offset negat/i;e\l

environmental impacts of the “fossil C” cycle.

-

Soil carbon is an important link between
sustainability and productivity within our

agricultural systems.
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k30 Years Continuous Corn + Plow

PRI
%% Total
A, Carbon

Fertility low high low high
Silage removed Grain removed
(grain and stover (stover returned)

removed)



30 Years Continuous Corn + Plow

Silage removed Grain removed
(grain and stover (stover returned)
removed) Total Carbon
(Mg/ha)
-150 -162 + 82 + 89

(0-15cm)
Soll
Carbon

Fertility low high

21.4 (g C/kg)

Results suggest intensive tillage(moldboard
plow) common to all treatments overshadowed
stover carbon removal or addition.









Soil Quality 1s everyone's business!

Anyone who eats should be

concerned about soil quality.
\\)/

COZ\ Nz

4 \\\ N /
\\\\\ \\\ 22;]/’\ lvf /)7\\\
co f\\f /:\CO2
N, Ny

Our soils are the fundamental foundation of our life and our economy. Our soils,
water, air and sun are the major resources that sustain our food production. We are
the stewards of those resources and must manage soil carbon to maintain sustainable

production.






Estimated
to 4 % in 1888
Wagner (1989)

Sanborn Field: Missouri

¥ Wheat, 6 Tons Manure/year
® Corn, 6 Tons Manurel/year
A Continuous Wheat

¢ Continuous Corn

Morrow Plots: lllinois
A Corn-Oats-Hay Rotation

B Corn-Oats (1885-1953, Corn-Soybeans (1954-Present)
¢ Continuous Corn
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Soil and human security in the

21st century

Bonald Amundson,'* Asmeret Asefaw Berhe,” Jan W. Hopmans,® Carolyn Olson,*

A. Ester Selein,” Donald L, Sparke”

Human security has and will continue to rely on Earth's diverse soil resources. Yet we have
now exploitad the planet's most prodoctive soils. Soil erosion greatly excesds rates of
production in many agricultural regions. Nitrogen produced by fossil fuel and geological
reseroirs of othar fartilizars are haaded toward possible scarcity, increased cost, andsor
geaopolitical cenflict. Climate change is accelarating the micrebial release of greenhouse
pases from soil organic mattar and will likely play a large role inoor near-term climate
future. In this Review we highlight challenges facing Earth's soil resources in the coming
century. The direct and indirect response of soils to past and future human activities will
play a majer rele in human prosperity and sunsdval.

oil ia the lviog epideris of the plaset (3.
Clobelly, soil isthe medinen theangh which
arurnber of atroospherie gases ave bidog-
ieally opeled ard threongh which waters are
filtered and stored as they pass theangh
the global hydralogiea opele <20, Soil isa large
aradl dymarcic reservir of corbon ard the phoys
ieal substrate for roast of our food production.
Frofound changes are on the harizon for these
interpormected foretions perticulady sparked
by changes 0 clivnate and food produetian that
will likely reverberate theough sodety this sen-
tury. irnately, the wiy inwhich we direetly and
indirectly manage our planet's soil will be inter-
wiver within our future sueeess 43 4 Species.
Soilis eorewodnly thovnght of a3 the ~1-roethick
layer of o geochertically altered vock: ar sedivesnt
at Earth's surface that has acquired rnroerons
fualities duringits expasire ta the atmasphere that
greatly distirguish it frarn its gealogicel sourses {3).
Sail-forroivg cherined reactions Create oo rieter-
sized electrically negative clay roiverals that -
pert soil with plant ontrient retertion capabilities
Zd). The eectrical charge charactecistics of soi,
pombined with its amall partide size and high
surface ares, allow itto Eropararily store rain and
srow toelt for plant wse ard provide sofficient
regidende tirne for a rultitnde of dhemical reac-
tians to ooenr that may reroose or redoce the

IDeptmant of Enviranmental Soience, Paicy, and
Managema-rt. Uriversity of Caliloimia, Bardsley, C 4 34720,
UEA, “Lide and Emdronmentdl Sciences Unit, Lniversity of
Calidimia, Werced, C8 05343, IS0, *Land, b, and Water
Resouices, One Shields fvenue, Davis, CA 95E5, LSA.
Adtimate Chenge Frogram Otlice, Ofliee of the Chiet
Economist, U5, Department of Agricuture {LE0A), 14h and
Independence SW, Washington, OC 20003, LS, *Bozed an
Intesnational Bciertidic Grganizations, Hationsl Academey of
Seiences, 500 Fitth Shect MW, Washington, DC 20001, LSS,
®Fant and Soil Science, Chemistry and Eiochermistry, Cinil
and Enviromentsl Enginssing, and Maine Sdence and
Palicy, Unive-gty of Delawaie, Mewsik, OF 19716, LEA.
*Catrespondig author. E-mail sarth wiberieley el
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toxicity of sontartivents. The water stared in
soil terroed greenwater s sarvesas thesouree
for B0% of the world's agricoltoral production
ardl repeesents ~65% of global frech water ).
Last, the intimete intermingling of life plant,
anirnal, and rierobial within the sl matek
Arives redox reactions that eanteol roary elermen-
tal gpoles {6) ardd creates o reservoir of organie
O that greatly exeeeds the ©in the gobal afroo-
gphere and biogphere 7). The microbial com
Tt a3 that mediate these redox reactions ace
i believed to repeesent roudh of Earth's total
biodiversity {7, but the natore, faneton, and
epanarnie poteritial of this soil biasphere isonly
beginning @ be probed (6.

Sail, due to gobal variations in clirate, geal-
agy, ard Biots £3), has trevoerdons spatial diver-
sity. Mare tharn 20,000 so0il fypes (o soil series)
have been identified and mapped in the United
States alane {51, ard the rormber identified in-
ereases a8 land ares fovestigated indreases If the
soil series to lardd ares relationship (100 is extrap-
alated fo globel icefree land ares, the resnlts
sogzest that there are more than J00000 series
an the planet The respanse of these soils @ per-
turbations o be extrernely varied becanse of their
diverse chernical, phopsical, ard biologieal char-
acteristies, suggesting the irpartan e, a3 & sin-
e pressutiaeary prindple, of roaintaining sernents
of this diversity for the stability and resilience of
obal biogead eraieal spstems in the face of an-
theapagenie disturbances.

Human Imprint on Seil

Huwrrenss altered the ecospsterns they eneonn-
tered asthey began their spread across the gabe.
Hiweener, the roast romentons developrent in
huroan landscape change occurred with the io-
wenton and adoption of agrienltore {17, Mast
agricultnral practices irvalee the remaval of the
Tator al flars, the simplification of biodiversity to
e rodnoodtores, and the physical disroption

of the soil. Sinee the Indostrial Rewalotion, ex-
perding popolafions have relied an the explai-
tation of mare and mare soil far a sorrespardding
srowth in food production. Today, ~12% of ice-
freeland is in crapland, wed 33% 18 used for can-
tired cropping and graxiog 327, an ares conghly
equivalent to the lard ares covered by loe and
sooured or otherwise disturbed during the last
Aadal rmeedrom (Fig LY. In additon o the gdim-
larity iny ares, the agricultural Gopest an soi
pironesses rivals or exeeeds the effect of those ice
sheets in both rapidity and magmitnde.

Thodisturbed soils have the characteristie, as
resolt of & morober of feedback mechanians, of
being able t petain roary of theie featnres indef-
irvitely oo tirne  their tickness, O son e, and
rintrients, for exarnpde s oaodition thatis equat-
able t snstainability (Fig 5. Coltveted soils are
highly madified forrs of their wild predecessors
apd ooy thus be viewed s doroesticared soils
{5, One key dharacteristio is that dormestieated
50ils seldarn are able to maintain the qualities of
their originel eaditions, aod these changes
sreatly affect their prodoctivity and their iropast
dry gurrdording geodenicad opeles The efforts
o irepeove the rana geent and oo st on of
these doarmesticated soils, ard the preseration of
partions of their remadning wild aneestral stock,
will be arnong the oo stimportant challenges this
entury {5 I3, Aralpses of the combired agricol-
tural s ke opacton soil seriesin the Uited
States, for exaraple, revesled large aress in the
agricoltural heartlund where mare than 50% of
the sail series had been domesticated. Soil diver-
gity, like biadiversity {Is), pravides an array of
Torcwaryvaloed goods aed serdoes. Arodeg the st
apparent issnes i the ability of soil to provide
sustaired agricoltural production.

The darmesticated soillardseape is are of Earthl
raast veluable cammuodities. For exanple, nearly
$3816 Hllion (08, dallars) o agrienltoral pro-
duets were peoduced globally v 20192 £15). Howe
gy, agricultire is oaopeting with inceeasing
wrban and suburban sail demards. The doriver-
giar of soil @ orber land islargely irreversible an
T tiree sceles. There is unoertainty bath i
the present ard the fotoee distribotion of wbarn
lard on Earth <Fig. 1B). & recent meta-analysis
sugzests that betwesn 1370 and 2000, an area
sreater than the dzeof Derrnark wes wrbanized,
and that in the nest 20 pears, 15 million km® of
Larrd {the size of Mongalia) will be nrbard zed 6],
The carversian of farmland B arban areas roust
be weighed against the faot that our most pro-
ductve soils have aleady been explaited and
that deroard for food peodochon will eoastinue
B indrease.

Soil and Climate Security

A relatively stable elirnate has been the stage
ary which the great huoan ventons of agri-
ooltireard industrialization haveewalved, and
direct ar ivdivect horan epects on soil © ep-
ding prosesses will have rouch to do with atrno-
spherie greenhanse gas cantentrations and the
assoviated elimate iroplications by the end of this
ey,

EMAY TONS - VOL 348 IS5UE 6235 1261071-1

Is there evidence that soil

carbon levels are not what

they might be in California
soils?

“During the first few decades that soil
is cultivated, up to 50% of the carbon
pool is oxidized to CO,; eventually, a
guasi-steady-state soil C pool is
achieved. Based on the global
agricultural land area, cultivation has
likely released between 50 and 70 Gt
of C to the atmosphere over the
course of human history, and the
combined cultivation and biomass
burning contributions to atmospheric
CO, exceeded that of fossil fuel
emissions well into the 20t century.”
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Human security has and will continue to rely on Earth's diverse soil resources. Yet we have
now exploitad the planet's most prodoctive soils. Soil erosion greatly excesds rates of
production in many agricultural regions. Nitrogen produced by fossil fuel and geological
reseroirs of othar fartilizars are haaded toward possible scarcity, increased cost, andsor
geaopolitical cenflict. Climate change is accelarating the micrebial release of greenhouse
pases from soil organic mattar and will likely play a large role inoor near-term climate
future. In this Review we highlight challenges facing Earth's soil resources in the coming
century. The direct and indirect response of soils to past and future human activities will
play a majer rele in human prosperity and sunsdval.
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surface ares, allow itto Eropararily store rain and
srow toelt for plant wse ard provide sofficient
regidende tirne for a rultitnde of dhemical reac-
tians to ooenr that may reroose or redoce the

IDeptmant of Enviranmental Soience, Paicy, and
Managema-rt. Uriversity of Caliloimia, Bardsley, C 4 34720,
UEA, “Lide and Emdronmentdl Sciences Unit, Lniversity of
Calidimia, Werced, C8 05343, IS0, *Land, b, and Water
Resouices, One Shields fvenue, Davis, CA 95E5, LSA.
Adtimate Chenge Frogram Otlice, Ofliee of the Chiet
Economist, U5, Department of Agricuture {LE0A), 14h and
Independence SW, Washington, OC 20003, LS, *Bozed an
Intesnational Bciertidic Grganizations, Hationsl Academey of
Seiences, 500 Fitth Shect MW, Washington, DC 20001, LSS,
®Fant and Soil Science, Chemistry and Eiochermistry, Cinil
and Enviromentsl Enginssing, and Maine Sdence and
Palicy, Unive-gty of Delawaie, Mewsik, OF 19716, LEA.
*Catrespondig author. E-mail sarth wiberieley el
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toxicity of sontartivents. The water stared in
soil terroed greenwater s sarvesas thesouree
for B0% of the world's agricoltoral production
ardl repeesents ~65% of global frech water ).
Last, the intimete intermingling of life plant,
anirnal, and rierobial within the sl matek
Arives redox reactions that eanteol roary elermen-
tal gpoles {6) ardd creates o reservoir of organie
O that greatly exeeeds the ©in the gobal afroo-
gphere and biogphere 7). The microbial com
Tt a3 that mediate these redox reactions ace
i believed to repeesent roudh of Earth's total
biodiversity {7, but the natore, faneton, and
epanarnie poteritial of this soil biasphere isonly
beginning @ be probed (6.

Sail, due to gobal variations in clirate, geal-
agy, ard Biots £3), has trevoerdons spatial diver-
sity. Mare tharn 20,000 so0il fypes (o soil series)
have been identified and mapped in the United
States alane {51, ard the rormber identified in-
ereases a8 land ares fovestigated indreases If the
soil series to lardd ares relationship (100 is extrap-
alated fo globel icefree land ares, the resnlts
sogzest that there are more than J00000 series
an the planet The respanse of these soils @ per-
turbations o be extrernely varied becanse of their
diverse chernical, phopsical, ard biologieal char-
acteristies, suggesting the irpartan e, a3 & sin-
e pressutiaeary prindple, of roaintaining sernents
of this diversity for the stability and resilience of
obal biogead eraieal spstems in the face of an-
theapagenie disturbances.

Human Imprint on Seil

Huwrrenss altered the ecospsterns they eneonn-
tered asthey began their spread across the gabe.
Hiweener, the roast romentons developrent in
huroan landscape change occurred with the io-
wenton and adoption of agrienltore {17, Mast
agricultnral practices irvalee the remaval of the
Tator al flars, the simplification of biodiversity to
e rodnoodtores, and the physical disroption

of the soil. Sinee the Indostrial Rewalotion, ex-
perding popolafions have relied an the explai-
tation of mare and mare soil far a sorrespardding
srowth in food production. Today, ~12% of ice-
freeland is in crapland, wed 33% 18 used for can-
tired cropping and graxiog 327, an ares conghly
equivalent to the lard ares covered by loe and
sooured or otherwise disturbed during the last
Aadal rmeedrom (Fig LY. In additon o the gdim-
larity iny ares, the agricultural Gopest an soi
pironesses rivals or exeeeds the effect of those ice
sheets in both rapidity and magmitnde.

Thodisturbed soils have the characteristie, as
resolt of & morober of feedback mechanians, of
being able t petain roary of theie featnres indef-
irvitely oo tirne  their tickness, O son e, and
rintrients, for exarnpde s oaodition thatis equat-
able t snstainability (Fig 5. Coltveted soils are
highly madified forrs of their wild predecessors
apd ooy thus be viewed s doroesticared soils
{5, One key dharacteristio is that dormestieated
50ils seldarn are able to maintain the qualities of
their originel eaditions, aod these changes
sreatly affect their prodoctivity and their iropast
dry gurrdording geodenicad opeles The efforts
o irepeove the rana geent and oo st on of
these doarmesticated soils, ard the preseration of
partions of their remadning wild aneestral stock,
will be arnong the oo stimportant challenges this
entury {5 I3, Aralpses of the combired agricol-
tural s ke opacton soil seriesin the Uited
States, for exaraple, revesled large aress in the
agricoltural heartlund where mare than 50% of
the sail series had been domesticated. Soil diver-
gity, like biadiversity {Is), pravides an array of
Torcwaryvaloed goods aed serdoes. Arodeg the st
apparent issnes i the ability of soil to provide
sustaired agricoltural production.

The darmesticated soillardseape is are of Earthl
raast veluable cammuodities. For exanple, nearly
$3816 Hllion (08, dallars) o agrienltoral pro-
duets were peoduced globally v 20192 £15). Howe
gy, agricultire is oaopeting with inceeasing
wrban and suburban sail demards. The doriver-
giar of soil @ orber land islargely irreversible an
T tiree sceles. There is unoertainty bath i
the present ard the fotoee distribotion of wbarn
lard on Earth <Fig. 1B). & recent meta-analysis
sugzests that betwesn 1370 and 2000, an area
sreater than the dzeof Derrnark wes wrbanized,
and that in the nest 20 pears, 15 million km® of
Larrd {the size of Mongalia) will be nrbard zed 6],
The carversian of farmland B arban areas roust
be weighed against the faot that our most pro-
ductve soils have aleady been explaited and
that deroard for food peodochon will eoastinue
B indrease.

Soil and Climate Security

A relatively stable elirnate has been the stage
ary which the great huoan ventons of agri-
ooltireard industrialization haveewalved, and
direct ar ivdivect horan epects on soil © ep-
ding prosesses will have rouch to do with atrno-
spherie greenhanse gas cantentrations and the
assoviated elimate iroplications by the end of this
ey,
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“Better stewardship of domesticated
soils that leads to higher organic
matter contents is a valuable practice
from an ecological perspective and
from an agronomic point of view.”

“These strategies should focus on
regaining a balance in (i) organic C
inputs and losses, (ii) soil erosion

and production, and (iii) release
and loss of nutrients.”



CONSERVATION AGRICULTURE

e ... has developed to be a technically viable,
sustainable, and economic alternative to current
crop production practices,

e ...isgaining acceptance in many parts of the world as
an alternative to both conventional agriculture and
organic agriculture

e ...isthe integration of ecological management with
modern, scientific, agricultural production



CONSERVATION AGRICULTURE

... is not ‘business as usual,’” based primarily or solely on
maximizing yields,

... rather, it is based on optimizing yields and profits to achieve
a balance of agricultural, economic and environmental
benefits,

...it advocates that the combined economic and social benefits
gained from combining production and protecting the
environment, including reduced input and labor costs, are

greater than those from production alone.

Past approaches are not going to be sufficient.



Toward conservation agriculture
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CONSERVATION AGRICULTURE

¥ Minimal soil disturbance

% Preservation of residues that provide permanent
soil cover

%* Diverse crop rotations

#* Use of cover crops

¥* Integrated pest management

% Reliance on precision, highly efficient irrigation

¥ Controlled or limited mechanical traffic over
agricultural soils
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Brazil - Area under CA from 1972 to 2006

Million hectares

Fonte: EMATER-RS, EPAGRI-SC, EMATER-PR, CATI-SP, FUNDAGAO MS, APDC (Cerrado)
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CA globally - history and adoption

Paraguay — CA area 1992-2001
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CA Adoption relative to total cropland

69,0% 75,0%

Paraguay

Argentina

] No-till
B Conventional

It IS estimated that in less than a decade > 85% of
the cultivated area will be under No-till.

(Derpsch & Friedrich, 2008)



“!Soil care’ is what we’re doing.”

Rick Bieber
Trail City, SD
January 28, 2014
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How might we begin to imagine more water- and nutrient-
use-efficient tillage, residue and irrigation management
systems becoming of value and adapted and becoming
more widely adopted in California?



CONSERVATION AGRICULTURE

Row Crop System Development ¢ 1993 - 2015
Integrated Irrigated

Single Crop
Systems Devélopment

Cover Crop Residues
CT Deveg@pment

Tomatod 1996 - Tomato - Cot- n 1999 -
ongoing
ongoing

Species selection
1991 - ongoing

Wheat - Tomato 1999 -

Water Use v
1991 - ongoing Melons 1998 - 99 ongoing

Corn - Tomato 2000 -
Cotton !
ongoing

Water Balance /
2000 - ongoing

Runoff 1997 - ongoing
Dairy Forage 2000 -
Corn and Wheat ongoing
2000 - ongoing

Pollution Reduction
2001 - ongoing
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Merging practices and technologies to achieve
advanced conservation agriculture systems

“No-till is a tool for what we’re trying to

Microbial diversity

Generating and preserving

surface residues
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Precision
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The research base

From 1999, ongoing work with CT tomato and cotton systems in Five Points, CA
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No-till tomato transplanting
into cotton and cover crop
residue

Five Points, CA

2007

U l University - Califurnia

OF

LA ENTH T TTTELR S Nalural Reswuioes

@M{Cb - :?a " ‘ o G ; "

Rt g T £SO







Tillage and cover crop system erosion estimates, soil condition
index sub-factors, soil tillage intensity rating and estimates of
diesel fuel use.

Cropping Erosion Soil STIR Diesel  Fuel cost for

System* Estimates* Conditioning Average fuel use entire
RUSLE?2 index Annual simulation ($)
(Mg ha-1)

STNO 0.2 -0.71 261 32 128.6

STCC 0.07 -0.96 390 40 160.6

CTNO 0.04 0.43 30.6 9.3 36.8

CTCC 0.03 0.52 37.1 11 43.27

* STNO = Standard tillage no cover crop, STCC = Standard tillage with cover crop, CTNO = Conservation tillage no
cover crop CTCC = Conservation tillage with cover crop. USDA NRCS ':




Soil carbon mass for tillage and cover crop treatments* at two soil depths
At the start of the study in the fall of 1999 and in the fall of 2007.

1999

Depth (cm)  Treatment

Means (t ha?)

Depth (cm) Treatment

2007

Means (t hal)

0-15 NTCC
STEE
NTNO
STNO
15 - 30« NTCC
STCC

NTNO
STNO

Total NTCC
STCC
NTNO
STNO

ST= conventional tillage; NT= no-tillage; NO= no cover crop; CC= winter cover crop

9.33 (0.18, A)
9.25 (0.40, A)
9.27 (0.41, A)
8.87 (0.31, A)

10.39 (0.30, A)

10.66 (0.99, A)
11.40 (1.11, A)
9.69 (0.52, A)

19.71 (0.45, A)
19.91 (1.20, A)
20.67 (1.03, A)
18.57 (0.75, A)

Values in parentheses are standard error of the means (n= 8).
Within a column, means followed by the same letters are not significantly different using a one-way ANOVA analysis with Tukey HSD means comparison.

0-15

E55B0

Total

NTCC
2l
NTNO
STNO

NTCC

STCC
NTNO
STNO

NTCC
STCC
NTNO
STNO

16.20 (0.53, A)
12.69 (0.29, AB)
13.13 (0.46, AB)
10.84 (0.19, B)
12.91 (0.62, AB)

13.67 (0.65, A)

10.96 (0.51, B)

11.81 (0.31, AB)

29.11 (0.94, A)
26.36 (0.78, AB)
24.09 (0.81, BC)
22.65 (0.26, C)

Mitchell et al., 2015
Agron. J. 107(2):588-596
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Tillage and Cover Cropping Affect Crop Yields and Soil Carbon
in the San Joaquin Valley, California

|effrey P Mitchell® Anil Shrestha, WYilliam B, Horeeath, Randal |, Southard,
Micholas Madden, |essica YWeenstra, and Daniel 5 Munk

ABESTRACT

R.isingcoees and air qualicy ragulatiore havs crmaedinerscr in Californiss fan Joaquin ¥ellay (5T%) in production systams thar
rachi dillage operatons and soil disnirbance, From 1999 o 2008, we evaluasd comenconal (CT) and reduced rillag BT
syseams fora cornon (Feay p s bisati e L Voomano [ Srleens reoperstee o Blill) romuon wich (23 and widvar (93 cover
zrops ina Fanoche olay loam soil (e bamy mixed, supsmccve, chermic Typic Haplocambid) in Five Poins, CA; inoecms of
yizH, z0il <, and the HRC & s0il corditioning indsw (SCIL The BT redhceed cracoropemcions by 30% for oman and $0% for
eorron, Cover eropping pmdueed 387 thatof bicoass, Tarmaroyislde wem 0.5% higher in BT v, CT syerams and 2.7% higher
inH Qs SCsysrems, The CT cotoon yields wers 10.0% higher than BT yislds and 4.8% higher in} Crsysrams, bacyiald paoscns
werz not consistent from 2005 1w 2009, Sail ©eoncanewas uniform (0-30-crn depeh) in 1999 (1972 « ha Y andincrsased inall
syseams in 2007 (¢ harl): RTCC 2011, CTCC 26 36, RTH O, 24,00 and CTHO 22,45, Sal Coomentof RT and CT sysems did
nodifter, bucwss grearer in CC thanin MO syseeme, Inche O ol 5-em depeh. BT incressed soil O, indicatings cmaeificarion. and
albio increased C inche occluded ligheand mineml frec rions, The $CTwas positive for BT cearmenre, predicring zsoil O iocresss,
and regarive for CT sy rane, pradicting aseil Cdacling, bur mezsured soil © conrentinersassd in all sy ren, Fesules showr dac

RT mainmins or increares yeld rebeive o CT, and OO sores more ol O than HG,

Conservaion dllage practces such e no-tilkgs, sbrp-
tillage and rokch-tllage ars currentynsed on <% of anmual
crop hectarsgs in the Maditerranean clirmate of Califfmist 37
{tefitchell stal 2007). Trditional tllge sprtere in this raginn,
that consistenchy inclodes sizof the rations op 19 agrculniral
prodhuction connties (ST MASS, 2011), beve beenuseddnce
the intmchu onof irrigation beginningin the ke 1500 These
systerrs enable the predicmble pmdueton of romtiors oferops
suchas catban, wheat (Tl aegins L), safflonar (@M:
dagprins L) and sagar best (BeraoudnarisL ), o wellas vagemhle,
suchas borvaro, relon (Gl L), ondon (£8emspp,
letruce {Famscn sonizn L), andgarlic (. s L), Croplandin
the 5V genemlby bas livtls orno slope and thox concerrs abouesail
srocion have nok besna regordriver for BT practicss s inother
eegions. In recentyears, however increared discs | el pricesard

TI Mefibche L Ere p o Pl Scie re e, Ui ofCalilrn i Toais, Cne Shiskde e,
Trawin, SADEELS; A Sheestha Trep of PhnkSeiene: Caliborninmte Db
Fresro, 2415 E San Bamon s, W32 A5 T2,F pene 08 D3TAS0.305; YR
Hoewathand B L Southard De poofLand, Airand Water Besources, Cone Shidlds
Mo, Drawis, CAD 9510 7.0 Madde n, Coffic: ofLnbeenational Frograms, Cne
Shiskds Ao Trawis, G4 3015 1. Feenstrm, Fhgles Collge, 7AFingSt Saint
Augustine FLS20G 4 T3 M unk. Uiy, of Califsrnia oo peraths Exte rgion
Fresrno Couwnty, 390 E Shaw e Feano, G4 93710, Beceived 7 Aug 2014
Agceped 13Ot 2014 "C errerponding an thor Gipr ibchelkucdavis sdu)
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o102 Jdiagoon L4041 5

Zio pprigh t 3 2013 by the Anericon Zocistyof Azronomy, 53583 Guilbord
Fead, Madison, W 33711 Allrighres resered Ha pare of this perindicl
sy b e produced o brremitted n ane form or b g mese, slec o nic oo
sasebanical ine nding pho beeapying, recording, arany inbormation starg: and
setrisvalestern, witho ut pecission inwiting from the poblisher

intarestin ceducing kbor need: and dst arndedons in 5] Vemp
production sy ters have provided incentives for BT options.

A varietyof™ roirirmim-tilkzs” spproaches hatoonsolidate
tillage Functiors and rechice the intal rrcherof Hllage passes across
afied are nowrbsngused (fichel | stal | 2000, These mindron-
prass 55 beroes reby on cornbindng Hllage pass.es and do not necessarily
rechce the overall wobarne of soil that is disturbed (Feioms kopard
Allrrearas, 2007, efirhell sral, 2008 Susrained BT practce: such
s no-Hllags ﬂ:!erpsd'letal_?ﬁlo)ormne tillage 598 bervs (Louna
sral, 2012; Sohistal , 2000 and their abilitier o incrsace soil C
seques ration over Hve bavvebsen reported (Franshubhers and
Falletr, 200 5 Martens stal 2005). However, thers hac been ro
ssterndevelpedin the 5V 10 svabmte the capabilicgof the oo
classic forres of BT e ragernant o padhace prodaction oosts or o
increase soil O sequestration. Aldongh svcessful BT systers have
besnimplarnentad sk swhers fora marnber of thec mps corumonky
produocedin the 3V (Wiamak stal, 2008, 50 Pristo stal | 2007
Sainfuatal 2905, the e BT syteros have been arnploped in rainfed
prodhe tion pagions . The arid 5TV pecsiwes ahonr 180 rrnof minfsll
annallyand conksrmpormnpomp ping s ytene a e commpletely
deperdenton irrzaion Managsrnentof there spsters can be
cornplicated bypsuface plint reciches that terd 1o acoaronkbe in BT

10 1999, e bagan researh inFive Foines, CA, o evwmbawe BT
porraln 20d aothon sy e with and withoutwinter cover cmps

A bbravinbions: S, winker cowercoo p CDEA Culiforni e partmento

Foodand Agricultuee T, conentional tilbge; FC, o winke s sower cxop;

RS, Haturl Besowscs Conssrvakion S aovics; TEW, pink bolbeoom; BT,

redueed vilbge SCT, mdcan&mmguda:,&ﬂ'ﬁm]mqum\ﬁlky,&old
soiloggmnic matber STIR z0 il tillag intensity mting
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Trade-offs between winter cover crop production and soil water depletion in the San

Joaquin Valley, California

Abstract:

Cover crops are currently not widely used in annual crop production systems in California’s
semi-arid Central Valley dueto concems about lost opportunity costs and uncertainties about
wateruse. From 1999 through 2014, we quantified cover crop biomass production for a variety
of mixtures under winter precipitation and limited supplemental irrigation. In a separate study.
we also determined changes in soil water storage under three cover crop mixtures compared to
fallowed plots during two (2013 and 2014) winter periods to investigate tradeoffs associated with
water use by cover crops in this region. Over the 15 vears of the project that were characterized
by recurring drought, a total of 36 t ha'! of aboveground cover crop biomass was produced with a
total precipitation of 209 cm and 20 cm of supplemental irrigation applied in 1999, 2012, and
2014. Cover crop biomass varied from 39 kg ha in the low precipitation period (winter 2006 —
2007)to 9,346 kg ha'l (winter 2000 — 2001). Soil water storage in the sampled depth (0 — 90 cm)
for the fallow and each of the cover crop mixtures was compared each vear from January to
March, the primary growing period for cover crops in this region. Net soil water storage
increased during this period by 4.8 and 4.3 cm in 2013 and 2014, respectively for the fallow
system but in the cover crop mixture plots, there was no additional water storage. Instead, water
use by the cover crop mixes resulted in a negative water balance over the cover crop growth
period on an average of 0.47 cm and 0.26 cm in 2013 and 2014, respectively. Thus, compared to

the fallow system, cover crops depleted 3.3 cm and 0.67 cm more waterin from the 0 — 90 cm
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. NOST at all depths and NOCT 0-5 cm show much higher proportion of Firmicutes (mainly Bacillus and other Bacillaceae)
(28.1+5.5%) than all other soils (8.3+3.5%).

. Higher Fimicute numbers are offset primarily by lower Proteobacteria in the high Firmicute soils in comparison to other soils
(19.9+£3.5% vs 27.4+3.9% respectively).

. Some information on Archaea is available, though the primers used may not provide a highly accurate representation of the
Archaeaal community.
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Figure 1. Taxonomic composition of CCCT, CCST, NOCT and NOST treatments at
three depths 0-5, 5-15, 15-30 cm. November 2013 sampling. Some of the most
important groups are shown next to their respective color bands to the right of

the graph. 80



Beta diversity is the

Beta Diversity

NOCT 5-15

variation in species
composition among
distinct samples (e.g.
treatment, depth).

Unweighted Pair Group
Method with Arithmetic
mean (UPGMA) is a i
hierarchical clustering
method using average
linkage used to interpret

CCCT 5-15

NOCT 15-30

CCST 15-30

CCCT 0-5

CCST 5-15

CCCT 15-30

beta diversity distance
matrices.

Clustering of NOST
treatments at all depths
with NOCT 0-5 cm (Figure
3) is consistent with

similarities observed n

CCST 0-5

NOST 15-30

NOST 5-15

NOST 0-5

taxonomic composition
analysis.

NOCT 0-5

0.02

Figure 3. UPGMA consensus tree for beta diversity of CCCT, CCST, NOCT and NOST

treatments at three depths 0-5, 5-15, 15-30 cm. November 2013 sampling.
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Conclusions (preliminary)

Some of the cover crop treatment soils show highest species richness, while some
of the no cover crop soils show least richness.

NOST treatments and NOCT at 0-5 cm show similar trends in community
composition and also cluster together in beta diversity analysis.

While we have not yet been able to assign soil functions to differences in firmicute
and proteobacteria percentages, the trend for higher percentage of proteobacteria
in conservation tilled plots has been observed in at least one other study (no-till
rice paddy fields; Aslam, Z, Yasir, M, Yoon, HS, Jeon, CO and Chung, YR (2013).
"Diversity of the bacterial community in the rice rhizosphere managed under
conventional and no-tillage practices." Journal of Microbiology 51(6): 747-756)

The sequencing results are consistent with other data from Five Points and show
that:

— cover crops exert a strong influence on microbial community composition as well as soil
properties.

— the NOST treatment is distinct from the other three treatments.
There is more diversity in the cover crop soils.
This might have relevance in terms of resilience.






G. Sposito
Vadose Zone J.
2013
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From Storage to Retention: Expanding California’s Options for Meeting its Water Needs
California Roundtable on Water and Food Supply
November 2012



“!Soil care’ is what we’re doing.”

Rick Bieber
Trail City, SD
January 28, 2014



“...No-till systems have changed cropping practices in the
Central Great Plains because of beneficial impacts on
water relations and soil health. Some scientists have
suggested that no-till systems have initiated a spiral of soil
regeneration in this region, where interactions among
more favorable water relations, residue production, and
crop yield are continually improving soil health and,

consequently, future crop performance.”

Randy Anderson

USDA ARS, Brookings, SD
Advances in Agronomy
Volume 80
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“What we’re doing is
designing
completely new
production
paradigms for the
San Joaquin Valley.”

Dino Giacomazzi
Hanford, CA
2012















S KDY D | G | B W B )

Reply Reply Forward | Delete Moveto Create Other Block Not Junk Categorize Follow Mark as Send to
to All -

Folder~ Rule Actions - || Sender Up~ Unread | ki Select~ OneMote
Respond Actions Junk E-mail £} Options I} Find OneNote
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Jeffrey Mitchell
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I ran across an article in the Minneapolis Star Tribune Parade magazine which had an article on 50 eco-friendly things the various states are doing celebrating Earth Day in the US. The brief article from Oklahoma stated “under a program from the Oklahoma
Conservation Commission, state residents can buy ECO passes ($5-$200) with the money going directly to farmers and ranchers in the state would adopt no-till crop systems to stem erosion.” Even with all of the conservation programs in the US,
wind and water erosion still is a major problem. The eco-pass concept that was presented struck a positive chord as a way of providing incentives for decreasing soil erosion and degradation

In searching the Intemnet, | visited the three websites below looking for information on your version of the eco-pass concept. If there are other websites that | should visit, please let me know.

hitp:/iwww.ok.goviconservation/

htip://fecopassok.com/

htip:/newsok com/oklahoma-ecopass-program-connects-city-country-for-conservation/article/36684 7 2/?page=2

There are many aspects of the ECO-pass program that appealed to me.
-It's a voluntary program, to put more conservation on the landscape,
-this type of a program would help develop sustainable programs and food security for future generations
-may provide an opportunity to support conservation without taxes and regulation and supplement some of the government programs
-people in the metro areas want to help the environment in some way
-urban and rural folks can come together to improve soil, water, and air quality
-reward and incentivise producers with money going directly to the farmers for good stewardship
-the voluntary approach helps ourselves while helping protect the earth
-A voluntary way of protecting the water quality in our rivers streams and lakes
-would provide an opportunity to offset your individual carbon footprint orimpact on the environment
-customer choice allows consumer preferences for sustainable food production to be reflected in market transactions.
-Lessening our dependence on fossil fuels is critical to the health of all living things, and conservation practices can do just that
-Using CA, Soil erosion is reduced, reducing soil runoff into streams and rivers.
-Consumer oriented/approved conservation practices

I'm sure there are other aspects that can be added to this list.
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Carbon Sequestration Certification Program

Projects

The carbon program is growing by leaps and bounds! Check out the projects we are parinering on:

North Canadian River Watershed Carbon Pilot Program

The Pilot Program was initiated to support development of the new Oklahoma carbon sequestration certification program. However, interest in the program has been so great, and project opportunities so bountiful, the pilot is now running tandem with all pre
carbon pilot program is being conducted in conjunction with the North Canadian River Water Quality Project, whose goal is to improve the water quality of the river between Canton Dam and Lake Overholser by reducing polluted runoff from land. The pilot |
incentives from carbon offset payments and water quality program cost share monies to encourage producer participation. As part of the pilot program, seil carbon samples are being taken from select participating fields by Oklahoma State University. Goal:
on the willingness of Oklahoma agriculture preducers to sign carbon contracts; use contracted acres to develop and test field verification protocols; encourage improved land management practices that store carbon dioxide and improve water guality; encot
Oklahoma to determine carbon sequestration rates in Oklahoma. Partners: Western Farmers Electric Cooperative (WFEC), Oklahoma Association of Conservation Districts, OK-NRCS, Oklahoma State University, Central North Canadian River Conservati
Conservation District, Dewey County Conservation District. Partnership Designation: Lead. Funding Source: WFEC. Start Date: 2008. Duration: Five years (rolled into Expansion Project).

Expansion Project: Developing high quality carbon offset verification protocols and quantifying water quality improvements of best management practices to ensure the environmental benefits of agricul

This project completes carbon sequestration verification protocols under development in Cklahoma, pairs them with soil sampling, and demonstrates how verified carbon offsets and related water quality improvements can be bundled for ecosystem market
be compiled into a verification handbook. The purpose of this project is to develop, test, and implement carbon sequestration verification protocols for agricultural and silvicultural practices that are recognized to have carbon market value to ensure environn
market transactions. Partners: Western Farmers Electric Cooperative, Oklahoma Association of Conservation Districts, OK-NRCS, Oklahoma State University, Central North Canadian River Conservation District, Blaine County Conservation District, Dewe
District. Partnership Designation: Grantee. Funding Source: NRCS FY2010 CIG. Start Date: 2010. Duration: Three years.

Soil Carbon Sampling

Soll carbon sampling is an integral part of most Oklahoma Carbon Program projects because the Conservation Commission and partners are committed to expanding soil carbon research in Oklahoma. The overall goal of soil carbon research in Oklanoma
rates of these practices in specific soils in as much of Oklahoma as possible. we have partnered with Oklahoma State University (OSU) to assess carbon sequestration rates in Oklahoma. OSU is evaluating the impact of spatial variations on the accuracy
measurements for use in carbon sequestration verification. Assessments of both small scale (meters) and large scale (kilometers) variations are conducted so that future sampling protocols can be developed that minimize sample requirements and insure
measurements for the aggregated acres by carbon offset verifiers. See the soil sampling page for more details. Partners:Oklahoma State University (OSU), Western Farmers Electric Cooperative (WFEC), USDA-Natural Resources Conservation Service (!
Association of Conservation Districts. Partnership Designation: Lead. Funding Source: NRCS FY2010 CIG, WFEC, OSU. Start Date: 2008. Duration: Five years.

Ecosystem Services Project

The purpose of this project is to continue and expand implementation efforts in the North Canadian River watershed to address nonpeint source (NPS) pollution-related impairments to streams, the river, and the recipient drinking water reservoirs. The proje
approach to conservation management to reap the co-benefits of multiple conservation sirategies working synergistically in a defined area to demonstrate to producers that it is feasible to continue implementation of best management practices (BMP) beyo
improving water quality and optimizing farm yields. The ultimate geoal is load reductions of bacteria, sediment, and nitrogen 1o streams, with the co-benefits of carbon sequestration and avoided nitrogen emissions. This will be dene by providing technical as:
rationales to producers to encourage BMP longevity including managing noe-till fields, pastures, and riparian areas, nutrient management, wildlife habitat, and carbon sequestration beyend their contract life. Partners: USEPA, Oklahoma State University, Of
Wildlife Conservation, Central North Canadian River Conservation District, Blaine County Conservation District, Dewey County Conservation District. Partnership Designation: Grantee. Funding Source: USEPA. Start Date: 2011. Duration: Two years

Bringing Greenhouse Gas Benefits to Market: Nutrient Management for Nitrous Oxide Reductions
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Comingin 2015!

A video series about soil
health in California featuring
local leaders and contexts









Our goals have been to

Develop information

Bring people together

Partner with innovative farmers
Emphasize the whole system

Create a strategy for better educational
impact and wider adoption of conservation
agriculture and efficient irrigation systems
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| would like to encourage and
propose a

formal partnership between CDFA
and our CASI Center and its diverse
partners in moving forward with an
expanded implementation of your
Environmental Farming Act.



South Dakota no-till vegetable farmer inquiry about production details



USDA
Agricultural Research Service

National Program 216

Agricultural Systems Competitiveness
and Sustainability



Dwayne Beck, 2012






2014 Winter

Conference of No-till on the Plains

Salina, KS
January 27 — 28, 2014






‘Overcome the mindset that it
can’t be done.



“Take the ‘E’ out of ‘ET’ and the
‘T’ out of ‘can’t.”



David Montgomery
Professor of Geology
University of Washington

Dwayne Beck

Ag Engineer
Dakota Lakes Research Farm
South Dakota Hall of Fame



David Montgomery was here last week. After seeing all
the no-till in the area he asked “Did you every dream
there would be this much adoption in two decades?”.

My response was that | was surprised that it took so
long and could not understand why other areas were
had not transformed also.

Dwayne Beck
May 9, 2015



“Do everything we can.”

David Pimentel
Cornell University
2005
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