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1. Introductions (10 minutes) 

 
2. Welcome address – Secretary Ross  

 
3. Updates (10 minutes) 

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

Don Cameron 
 
 
 
CDFA 
 

4. Soil Health 
 

i.  State Healthy Soils Initiative (20 minutes) 
 
ii. Introduction to Soil Organic Matter and Soil Health (30 minutes) 
 
iii. Strategies to increase soil organic matter in California soils (20 minutes) 
 
iv. Questions and Discussion (30 minutes)  
 
v. Working lunch (panel members and speakers only) 
 
vi. Panel Discussion (20 minutes each including questions) 

- CalRecycle 
- CVRWQCB 
- Department of Conservation 

 
vii. Public Comment and Discussion (2 hours) 

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

 
5. Next meeting and location 
 
 

Don Cameron 
 
CDFA  
 
Dr. Dennis Chessman, USDA 
NRCS 
Dr. Jeff Mitchell, UC Davis 
 
Don Cameron  
 
Don Cameron 
 
 
Howard Levenson 
Adam Laputz  
David Thesell 
 
Don Cameron 
 
 
 
 
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 

https://attendee.gotowebinar.com/register/678515588776947713
http://cdfa.ca.gov/Meetings.html
http://www.cdfa.ca.gov/EnvironmentalStewardship/Meetings_Presentations.html






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: 
 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.  

 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. 

 At least a 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: 

 Protect and restore soil organic matter (soil carbon) in soils to ensure climate change mitigation and 

food and economic security 

 Identify sustainable and integrated financing opportunities, including market development, to facilitate 

increased soil organic matter  

 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 

 

Short Term Actions (within a year) 

 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). 

 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). 

 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 

 

 

 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). 

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

 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). 

 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). 

 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). 

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

 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). 

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

 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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THE HEALTHY SOILS INITIATIVE 
 
 

May 14, 2015 
 

Environmental Farming Act  
Science Advisory Panel 

 
Jenny Lester Moffitt 
Deputy Secretary 

 
 
 
 



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? 
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GOVENORS JANUARY BUDGET PROPOSAL 

“Healthy Soils 
 
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.”  

 

        Healthy soil = adequate soil organic matter or humus 
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1. What is the Healthy Soils Initiative 



INTERNATIONAL YEAR OF THE SOIL 
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2. Why is this Initiative Important 

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



FOOD SECURITY 
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2. Why is this Initiative Important 

• 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 soils. 

• Some specialty crops only produced in California 

• Leads the nation in the production of more than 80 crops 

CDFA NASS Ag Statistics  



2. Why is this Initiative Important 

6 CDFA NASS Ag Statistics  



FOOD SECURITY 

7 Image Source: USDA  Cropscape - Cropland Data Layer 
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2. Why is this Initiative Important 



CLIMATE CHANGE RESILIENCE 
 

Vulnerability Index uses 4 
sub indices: 

1. Climate 

2. Crop 

3. Land use 

4. Socioeconomic  
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2. Why is this Initiative Important 

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

When indices are combined, 
total agricultural vulnerability in 
some areas of the state is very 
high 



Fourth year of a historic 
drought in California 



BENEFITS FROM SOIL ORGANIC MATTER 
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2. Why is this Initiative Important 

• 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 

• 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, as well as numerous other benefits 

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



ACTIVITIES TO DATE 
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3. What has been done on this initiative 

• 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 
• Initiate 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) 
 



ACTIONS 
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3. What has been done on this initiative 

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

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

•  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) 
http://www.cdfa.ca.gov/EnvironmentalStewardship/HealthySoils.html 
 

 



WEBSITE AND BLOG POST 
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3. What has been done on this initiative 



SHORT VIDEO…  

14 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/
http://www.fao.org/soils-2015/blog/building-humus-watch-the-time-lapse-video-here/en/


Introduction to soil organic 
matter and soil health 

Dennis Chessman 
USDA – Natural Resources Conservation Service 

Davis, CA 



CO2 

Plants Animals 

Active SOM 
Days to years 

Slow SOM 
Decades 

Passive SOM 
100s – 1000s years 

Carbon and soil organic matter 



Cellulose 
[PERCENTAGE] 

[PERCENTAGE] 
Protein 

[PERCENTAGE] 

Lignin 
[PERCENTAGE] 

[PERCENTAGE] 

Hemicellulose 
18% 

[PERCENTAGE] 

Fats & waxes 

Sugars & starches 

Polyphenols 

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

Carbon 
[PERCENTAGE] 

Ash 
[PERCENTAGE] 

Hydrogen 
[PERCENTAGE] 

Oxygen 
[PERCENTAGE] 

Water 
[PERCENTAGE] 

Dry Matter 
[PERCENTAGE] 

Types of compounds Elemental composition 



Factors affecting SOM levels 

• Climate 
• Soil texture 
• Drainage 
• Vegetation 
• Management 

 



Soil Profile 

A Horizon 

B Horizon 

C Horizon 



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 

Al-Kaisi & Reicosky, 2002 



What is Soil Health? 

• …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) 

• …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 



Interrelated soil systems 

Biological 

Chemical Physical 



6CO2 + 6H2O    C6H12O6 + 6O2 



Why SOM is important to the 
soil ecosystem 

• Contributes to a favorable environment for 
organisms 

• 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? 

• Disturbance 
• Diversity 
• Cover 
• Roots 

• Water cycling 
• Nutrient cycling 
• Soil temperature 
• C sequestered 
• Plant health and susceptibility to pests 
• System resistance and resilience 



Forest  
SOM = 4.3 % 

CT Soybean monoculture – 17 yr  
SOM = 1.6 % 20

 c
m

 la
ye

r 
Management affects soil properties & 

function 
63% decrease in soil 
organic matter after 

17 years of 
conventionally-tilled 

monoculture 



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.  

 



Can management increase SOM in 
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 

• 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 
California? 

 San Joaquin Valley, fine sandy loam after 18 y  

0.9% SOM 4.0% SOM 



Help for unhealthy agricultural soil 

• Reduce tillage and 
other disturbance 

• Keep the soil surface 
continually covered  

• Have growing plants 
present at all times 

• Increase plant diversity 
• Properly manage 

nutrients and pesticides  





Soil health is not just an annual 
cropland concern  

 



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 
 



dennis.chessman@ca.usda.gov 



    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 
 California State University, Fresno 
  

Environmental Farming Act  
Science Advisory Panel 

Public Comment Meeting 
Sacramento, CA 
May 14, 2015 

My thanks to Amrith Gunasekara for 
the wonderful opportunity to be with 

you this morning. 



I thank you for this opportunity to provide information 
and ideas. 

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

 
I encourage additional partnerships and innovations 

going forward. 





Five Points, CA 
1982 





Don Cameron 
Terra Nova Farms 

Helm, CA 
Hosting UC Davis PLS110A Class 

October 18, 2014 



Main points 
• There are benefits to be achieved by encouraging farming practices that 

address the core goals and principles of soil health 
• I 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 
• I 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, I encourage your consideration of additional partnerships moving 

forward 
 





Crop and Livestock Commodities in which California Leads the Nation 
Almonds 
Apricots 
Artichokes 
Asparagus 
Avocados 
Beans, Dry Lima 
Bedding/Garden Plants 
Broccoli 
Brussels Sprouts 
Cabbage, Chinese 
Cabbage, F.M. 
Carrots 
Cauliflower 
Celery 
Chicory 
Cotton, Am. 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 
Kale 
Kiwifruit 
Kumquats 
Lemons 
Lettuce, Head 
Lettuce, Leaf 
Lettuce, Romaine 
Limes 
Mandarins & Mandarin Hybrids 
Melons, Cantaloupe 
Melons, Honeydew 
Milk 
Milk goats 
Nectarines 
Nursery, Bedding Plants 
Nursery, Crops 
Olives 
Onions, Dry 
Onions, Green 
Parsley 
Peaches, Clingstone 
Peaches, Freestone 
Pears, Barlett 
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, Vegetable and Flower 
Spinach 
Strawberries 
Tomatoes, Processing 
Vegetables, Oriental 
Walnuts 
Wild Rice 

USDA, National Agricultural Statistics Service, California Field Office 
California Agricultural Statistics, Crop Year 2010 (October 28, 2011) 



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

San Joaquin 

Stanislaus 

Merced 
Fresno 

Tulare 
Kern 

Monterey 

Ventura 

San Diego 

California Agricultural Resource 
Directory 2010-2011 



Strawberries 

Rice 

Tomatoes 

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

soil quality, or soil health is declining? 

Geissler et al., 2012 



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 



CONVENTIONAL = Winter Fallowed 

ALTERNATIVE = Winter Cover Cropped 

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



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

January 28, 2014 

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



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? 





Aref Abdul-Baki 
USDA ARS 

Beltsville, MD 

Ron Morse 
Virginia Tech 

Blacksburg, VA 

Steve Groff 
Lancaster County 

Pennsylvania 

Don Reicosky 
USDA ARS 

Morris, MN 

Dwayne Beck 
SDSU 

Pierre, SD Andy McGuire 
Moses Lake, WA 

John Landers 
Cerrado Region 

Brazil 

John Luna 
Oregon State 

University 
Corvallis, OR 

 
Mike Peterson 

Greeley, CO 

Karl Kupers 
Rearden, WA 
 

Dick and Sharon Thompson 
Boone, IA 

Suat Irmak 
Lincoln, NE 



David Brandt 
Ohio 

Gabe Browne 
North Dakota 

Gail Fuller 
Kansas 

 
Leon Moses 
North Carolina 

 

Lawrence Sanchez 
New Mexico 

Acres farmed 1100 5400 (crops+pasture) 2000 492 300 

Years in soil 
health system 

30 20 8 6 12 

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 
crops 

All mixes, some 8- and 14-way 
blend; most used: peas, radishes, 
hairy vetch, crimson clover, 
ryegrass 

Cocktail mixes with 20 to 25 
different plant species 

All mixes, some 8- and 14-
way blend; most used: 
peas, radishes, hairy vetch, 
crimson clover, ryegrass 

Ryegrass, hairy vetch, 
clover 

Fescue, orchardgrass, 
clovers 

Yields 7- to 10- bushel/Ac increase in corn, 
8% increase in soybeans 

20% higher than county 
average 

Increased Doubled Increased 

Commercial 
fertilizer use 

$100-per-acre 
annual savings in 
nitrogen 

No synthetic fertilizer used Cut by 25% overall, up to 
60% in some instances 

Commercial nitrogen use 
cut by 100lbs/Ac 

Reduced; but often uses 
manure in heavy does on 
newly rented land 

Insecticide use None None used for past 10yrs. None used for past 4yrs. Better control with reduced 
use None 

Herbicide use Very little Cut by 75% Dropped at least 1 
herbicide pass in every field 

Reduced; johnsongrass 
nearly eradicated 

Reduced 

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 

Soil health summary profiles of experienced practitioners 

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

 





Clay Mitchell in NO-TILL FARMER, March 2012 

www.no-tillfarmer.com 









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. 



April 15, 2015 











Managing for soil health … 

• Minimizing soil disturbance 
 
• 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 

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

Unlock the Secrets in the Soil 



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 
national program. 
 



Natural systems … 

• harvest the maximum amount of sunlight 
 

• leak very few nutrients including CO2  
• have diversity 
 

• tend not to export nutrients 
 

• make maximum use of water and nutrients by 
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 





Soil carbon is the ‘Keystone” for all 
soil physical, chemical and biological 

processes and properties. 

C N P 
K Ca 

Mg S 

Zn Mn 

Cl 
Bo 

Management platform 
fertility, variety, irrigation, species, cover crop, manure, rotations, tillage, soil 
type, erosion, timing,   

Don Reicosky, 
(Retired Soil Scientist 

USDA ARS)   



“Tillage-induced carbon 
dioxide loss” information and 

data from Reicosky used in 
commercial advertising 

Tulare, CA 
2015 



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! 

C 
The “key” component is: 

Don Reicosky, 
(Retired Soil Scientist USDA ARS)   

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


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

agricultural systems. 

C 

Why Soil Carbon Management? 
Agriculture, through better management of the 
“biological C” cycle, can help society offset negative 
environmental impacts of the “fossil C” cycle.  





Silage removed 
(grain and stover  
removed) 

Grain removed 
(stover returned) 

low high high low 

- 150 - 162 + 82 + 89 

Total 
Carbon 
(Mg/ha) 

Fertility 

30 Years Continuous Corn + Plow 

@ 410 g C/kg 



Silage removed
(grain and stover 
removed)

Grain removed
(stover returned)

low high highlowFertility

30 Years Continuous Corn + Plow

21.3            21.4                            21.3             21.7

- 150     - 162                      + 82       + 89

Total Carbon
(Mg/ha)

(0-15 cm)
Soil

Carbon 
(g C/kg)

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







Soil Quality is everyone's business! 

      

Anyone who eats should be 
concerned about soil quality. 

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. 
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Corn, 6 Tons Manure/year 
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Continuous Corn 

Sanborn Field:  Missouri 

Estimated 
to 4 % in 1888 
Wagner (1989) 

Morrow Plots:  Illinois 
Corn-Oats-Hay Rotation 
Corn-Oats (1885-1953, Corn-Soybeans (1954-Present) 
Continuous Corn 

Long Term Effects of Crop Rotations 



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 CO2; eventually, a 

quasi-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 

CO2 exceeded that of fossil fuel 
emissions well into the 20th century.” 

 



 
 

 

“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  

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

• … is gaining acceptance in many parts of the world as 
an alternative to both conventional agriculture and 
organic agriculture 

 
• … is the 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. 
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Conventional Minimum 
Tillage 

Direct  
seeding 

Toward conservation agriculture 

Surface crop retention  



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 



Iowa, 2001 

Georgia, 2001 Brazil, 2004 

Iowa, 2001  

Brazil, 2007 

Nebraska, 2007 

Alabama, 2001 

Washington, 2007  



Strip-till cotton into rolled rye cover crop 
Tifton, GA 2005 



Ron and Robert Rayner 
No-till cotton 
Goodyear, AZ 



Strip-till seeded onions in wheat cover crop 
Moses Lake, WA 

2010 
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It is estimated that in less than a decade > 85% of 
the cultivated area will be under No-till. 

(Derpsch & Friedrich, 2008) 
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“‘Soil care’ is what we’re doing.” 

Rick Bieber 
Trail City, SD 

January 28, 2014 



Brazil 

Harvest 

Planting 



Affiliated to FEBRAPDP 



 

Zero Tillage 
The key to safe renovation of hill pastures 

Affiliated to FEBRAPDP 



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? 



Cover Crop Residues 

Species selection 
1991 - ongoing 

Water Use 
1991 - ongoing 

Water Balance / 
Runoff 1997 - ongoing 

Pollution Reduction 
2001 - ongoing 

C O N S E R V A T I O N    A G R I C U L T U R E  
Row Crop System Development  •  1993 – 2015 

 Integrated Irrigated  
Systems Development 

Tomato - Cotton 1999 -  
ongoing 

Wheat - Tomato 1999 - 
ongoing 

Corn - Tomato 2000 -  
ongoing 

Single Crop 
CT Development 

Tomatoes 1996 - 
ongoing 

Melons 1998 - 99 

Cotton 
2000 - ongoing 

Corn and Wheat 
2000 - ongoing 

CONSERVATION 
AGRICULTURE 

Cropping Systems 

Dairy Forage 2000 -  
ongoing 









DIAGRAM OF WHEELTRACKS ACROSS PADDOCK - Conventional Onions
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DISTANCE ACROSS PADDOCK (m)

Agroplow MF 7485 Sunbeam scarifier MF 6465 Lely roterra MF 6465
Top Air onion MF 6465 sprayer MF 6270 seeder MF 6270

onion lifter MF 6270

DIAGRAM OF WHEELTRACKS ACROSS PADDOCK - CTF Onions
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0 5 10 15 20 25 30 35 40 45 50 55 60 65
DISTANCE ACROSS PADDOCK (m)

Agroplow MF 6270 Roterra MF 6465 Seeder MF 6270 Top Air onion MF 6270 onion lifter MF 627

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

Microbial diversity 

Generating and preserving 
surface residues Controlled traffic farming 

Precision 
irrigation 

Merging practices and technologies to achieve  
advanced conservation agriculture systems 



NRI CT Project Field Fall 2007 
UC West Side Research and Extension Center 
Five Points, CA 

The research base 
 

From 1999, ongoing work with CT tomato and cotton systems in Five Points, CA 



Rainfed winter cover 
crop being seeded 

into cotton and 
tomato residue Five 

Points, CA 2007 



Winter, rainfed triticale, rye and pea cover crop no-till  
seeded into cotton and tomato residues 

Five Points, CA 2008 
 



No-till tomato transplanting 
into cotton and cover crop 
residue 
Five Points, CA 
2007 



No-till cotton 2011 yields 
 

3.2  bales/ac  



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

diesel fuel use. 

Cropping 
System* 

Erosion 
Estimates‡ 

RUSLE2  
(Mg ha-1) 

Soil 
Conditioning 

index 

STIR 
Average 
Annual 

Diesel 
fuel use 

Fuel cost for 
entire 

simulation ($) 
 

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.  



Depth (cm) Treatment  Mean§ (t ha-1) Depth (cm) Treatment Mean§ (t ha-1) 
           
0 – 15 NTCC  9.33 (0.18, A) 0 - 15 NTCC 16.20 (0.53, A) 
  STCC  9.25 (0.40, A)   STCC 12.69 (0.29, AB) 
  NTNO  9.27 (0.41, A)   NTNO 13.13 (0.46, AB) 
  STNO  8.87 (0.31, A)   STNO 10.84 (0.19, B) 
         
 15 - 30 NTCC  10.39 (0.30, A) 15 - 30 NTCC 12.91 (0.62, AB) 
  STCC  10.66 (0.99, A)   STCC 13.67 (0.65, A) 
  NTNO  11.40 (1.11, A)   NTNO 10.96 (0.51, B) 
  STNO  9.69   (0.52, A)   STNO 11.81 (0.31, AB) 
         
             
          
Total NTCC  19.71 (0.45, A) Total NTCC 29.11 (0.94, A) 
  STCC  19.91 (1.20, A)   STCC 26.36 (0.78, AB) 
  NTNO  20.67 (1.03, A)   NTNO 24.09 (0.81, BC) 
  STNO  18.57 (0.75, A)   STNO 22.65 (0.26, C) 
         

          

1999 2007 

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. 

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

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. 

Mitchell et al., 2015 
Agron. J. 107(2):588-596  
 



Journal of Soil and Water Conservation  
In press, 2015 
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Firmicutes - 
Bacillales 
(mostly Bacillus  
and other Bacillaceae) 

Proteobacteria 

γ 
δ α 

β 

Actinobacteria 

Acidobacteria 
Archaea 

Bacteroidetes 

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.  

Community Taxonomic Composition 
• 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. 



Beta Diversity 

• Beta diversity is the 
variation in species 
composition among 
distinct samples (e.g. 
treatment, depth).   

• Unweighted Pair Group 
Method with Arithmetic 
mean (UPGMA) is a 
hierarchical clustering 
method using average 
linkage used to interpret 
beta diversity distance 
matrices. 

• Clustering of NOST 
treatments at all depths 
with NOCT 0-5 cm (Figure 
3) is consistent with 
similarities observed n 
taxonomic composition 
analysis. 
 

81 

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.  

CCCT 0-5 

CCCT 15-30 

CCCT 5-15 

CCST 5-15 

CCST 15-30 

CCST 0-5 

NOCT 5-15 

NOCT 15-30 

NOST 15-30 

NOST 5-15 

NOST 0-5 

NOCT 0-5 



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. 
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G. Sposito 
Vadose Zone J. 
2013 

 



RAINFALL 

Green water flow 

Green ET flow 

Green ET flow 
Blue to green ET flow 

Blue water resource 

Blue water flow 

Green water resource 

Blue water resource 
Saturated 

zone 

Unsaturated 
zone 

Sposito, 2014 



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 





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

Dwayne Beck 
South Dakota State University 

(South Dakota Hall of Fame 2008) 



First recorded example of no-till,  
high residue planting with two  

irrigations avoided because of residues 
Five Points, CA 

July 3, 2003 



We estimated 0.89 and 0.97 inches (2.3 and 2.5 cm)  
more water retained in the surface foot of soil under  

no-till than in tilled soil following intercrop tillage between 
wheat silage and corn.   

In press 
California Agriculture 
April 2012 

“Take the ‘E’ out of ‘ET.’” 
 

Dwayne Beck 
South Dakota State University 

 



Soil evaporation study under residue mulch and bare conditions 
Five Points, CA 
September 2009 

Assuming a seasonal crop evapotranspiration demand of 30 inches,  
coupling no-tillage with high residue preserving practices could  

reduce summer season soil evaporative losses by  
about 4 inches (10.2 cm) or 13%. 

In press 
California Agriculture 
Apirl 2012 





“This is the first worm I’ve  
seen in these fields in 30 years.” 

Alan Sano 
Sano Farms 

Firebaugh, CA  
May 4, 2006 



Eight-row 60” strip-tilled cover crop tomato 
transplanting 

The Morning Star Company 
Hollister, CA 

2010 



First-ever strip-tilled cotton 
into wheat residue 
Firebaugh, CA 
2013 
 



Richie and Shannon Iest 
and NRCS Conservationist 

Iest Dairy 
Chowchilla, CA 

Attention to soil health 
2009 



“What we’re doing is 
designing 
completely new 
production 
paradigms for the 
San Joaquin Valley.” 
 
Dino Giacomazzi 
Hanford, CA 
2012 





As of 2014, commercial strip-till and corn planting  
support is now available to help interested farmers 

learn about these silage production system  
alternatives. 



This program has been hugely successful  
in providing learning opportunities 
to farmers who are interested in  

these approaches. 













CT adoption:    
 -  development of systems 
 -  local networks 
 





Coming in 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  



Sharing and showing equipment has  
been a big part of our information work. 



Aref Abdul-Baki 
USDA ARS 

Beltsville, MD 

Ron Morse 
Virginia Tech 

Blacksburg, VA 

Steve Groff 
Lancaster County 

Pennsylvania 

Don Reicosky 
USDA ARS 

Morris, MN 

Dwayne Beck 
SDSU 

Pierre, SD Andy McGuire 
Moses Lake, WA 

John Landers 
Cerrado Region 

Brazil 

John Luna 
Oregon State 

University 
Corvallis, OR 

 
Mike Peterson 

Greeley, CO 

Karl Kupers 
Rearden, WA 
 

Dick and Sharon Thompson 
Boone, IA 

Suat Irmak 
Lincoln, NE 





2005 
Bob Prys 

Lemoore, CA 

2012 
Gary Martin 

Firebaugh 

2011 
Michael Crowell 

Turlock 

2007 
Jim Couto 
Kerman 

2007 
Tony Turkovich 

Winters 

2013 
Ralph Ceseña, Sr. 

Stockton 

2008 
Dino Giacomazzi 

Hanford 

2009 
Alan Sano 
Firebaugh 

2009 
Jesse Sanchez 

Firebaugh 

2010 
John Diener 
Five Points 

2011 
Fred Leavitt 
Firebaugh 

2006 
Tom Barcellos 

Tipton 

2013 
Danny Ramos 

Los Banos 

Conservation Tillage 
CT Farmer Innovator Awardees 



I 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 



‘The agronomic and ecological equivalent 
of the moon race of the 1960’s’ 

Dwayne Beck, 2012 



‘They did not achieve a successful landing  
by testing small incremental improvements 

in rocket design. They did it by having a  
specific goal and teams focused on developing  
the techniques required to achieve that goal.’ 



2014 Winter  
Conference of No-till on the Plains 

Salina, KS 
January 27 – 28, 2014 

 
‘Take the hardest crop you have and show that it will work.’ 

 
Rick Bieber 
Trail City, SD 





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

Dwayne Beck 
2014 



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

Dwayne Beck 
2014 



Dwayne Beck 
Ag Engineer 

Dakota Lakes Research Farm 
South Dakota Hall of Fame 

David Montgomery 
Professor of Geology 

University of Washington 



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 I 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 



Thank you. 
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