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Outline of Discussion

• Provide background on California’s phenomenally 
productive annual crop systems

• Point out some of the sources of experience and 
knowledge

• Lay out some of the rationale for our work with 
conservation agriculture systems

• Describe some of the advances and progress of 
California farmer innovators with conservation 
agriculture systems, and end by

• Encouraging questions and discussion
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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



Crop and Livestock Commodities in which California 
Leads the NationAlmonds

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 2016

RED - >99%



Overhead irrigation of carrots
Bakersfield, CA



Processing tomatoes
Five Points, CA



Installation of surface drip tape 
in cotton during drought 
Fresno, CA



Harvesting of rice
Sacramento, CA



Strawberries

Rice

Tomatoes

Geissler et al., 2012









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



Mother Nature…

• harvests the maximum amount of sunlight

• leaks very few nutrients including CO2

• has diversity

• does not export nutrients

• makes maximum use of water and nutrients by 
having highly developed porosity and VAM webs

• does not do tillage
Summary of comments made by Dr. Dwayne Beck, SDSU, 

at 2014 Winter Conference of No-till on the Plains, Salina, KS



Conservation tillage practices have increased by 300% 
in the Midwest during the last decade.

In California however, less than 0.3% of crop 
acreage is farmed using conservation tillage 
practices.

(Conservation Technology Information Center, Lafayette, IN, 2002)





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



Patos de Minas, Brazil
2007



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

2010





Processing tomatoes
Patos de Minas

Goiania, 
Brazil
2005



Tomato transplanting following silage wheat chopping
Turkey
2009



No-till onion experimentation
Patos de Minos, BRAZIL

2006



Intensity of soil disturbance

Crop rotation
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Conservation Agriculture Systems

Surface crop retention
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CA Adoption in percent by region worldwide

South America

North America

Australia,
New Zealand

Asia
Europe

Africa

Derpsch and Friedrich, 2012



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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Changes in Tillage Management in California’s Central Valley









DIAGRAM OF WHEELTRACKS ACROSS PADDOCK - Conventional 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 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



Halkett, P.A. (1858) `On Guideway Agriculture: Being a system 
enabling all the operations of the farm to be performed by steam-
power'. J. Soc. Arts VI(316):41-53.

Slide courtesy of 
John McPhee

Tasmania, Australia





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 



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 - 2017

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



“Show me that it won’t work.”

Aref Abdul-Baki
USDA ARS

Beltsville, MD



The ‘early’ history  - 1994



Rototiller Strip-tiller
Hal Robertson

Tracy, CA
2001



Development of no-till tomato 
transplant capability in California
(1995 – 2004)
Acknowledgements:  Ron Morse,
Aref Abdul-Baki and Steve Groff



No-till tomato transplanting
Five Points, CA  1997

Cultivating no-till planted tomatoes
Tracy, CA  2000

Strip-till tomato transplanting
Winters, CA  2001



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



Cover crop biomass in long-term study 
in 

Five Points, CA 
2000 – 2014

20 tons 
of 

organic 
matter

7.5 tons of 
carbon





No-till cotton 2011 yields

3.2  bales/ac 



Cultural costs for standard tillage (ST) versus conservation tillage (CT) for 
processing tomato, Westside Field Station, 2003 (operations expensed at 

2007 input prices)

Cultural costs ST CT
Difference

(ST-CT)
Fertilizer 79 79 0
Seed 176 176 0
Herbicide 76 70 6
Insecticide 0 0 0
Water 163 163 0
Labor (machine) 36 19 17
Labor (irrigation) 110 110 0
Labor (hand weed) 84 84 0
Fuel 58 21 37
Lube and repair 34 16 18
Interest 36 31 5
Total cultural 853 770 83



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

diesel fuel use.

Croppin
g 

System*

Erosion 
Estimates‡

RUSLE2
(Mg ha-1)

Soil 
Conditionin

g 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 



USDA NRCS Soil Quality Test Kit



System Aggregate 
Stability

(%)

Slaking *
(Slaking Class)

Water Infiltration (time)

(First inch of 
water)

(Second inch of 
water)

STNO 28.3 + 14.2 3.18 + 0.56 2:02 + 0:44 10:14 + 2:23
STCC 47.0 + 19.1 3.65 + 0.38 0.35 + 0:15 4:54 + 2:08
CTNO 40.4 + 15.7 3.76 + 0.53 1.29 + 1:05 13:41 + 12:13
CTCC 69.9 + 9.5 5.28 + 0.52 0.06 + 0.03 0.53 + 0.43
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Firmicutes -
Bacillales
(mostly Bacillus 
and other Bacillaceae)

Proteobacteria

γ
δα
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.

Schmidt et al., Submitted



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.  

64

Schmidt et al., Submitted



Summary 

• We have seen changes in soil properties.
• Principles and theory suggest that they are 

beneficial.
• Making the changes is not at all a simple thing.
• Next work is aimed at better understanding of 

the functional meaning of these changes.



“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)





From Storage to Retention:  Expanding California’s Options for Meeting its Water Needs
California Roundtable on Water and Food Supply

November 2012



12/10/2009 5/29/2010 8/10/2014 3/19/2016 3/20/2017

Standard till no cover crop 5 2 3 3 6

Standard till cover crop 6 2 27 68 24

No-till no cover crop 90 83 71 77 90

No-till cover crop 91 93 97 97 96

% surface residue in tillage and cover crop systems



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



A big concern related to the use of 
cover crops in California’s Central  Valley

is of course, their water use.



Evaluating the extent of soil water depletion with 
winter cover crops  

(Can more water go to transpiration
rather than through soil water evaporation?  - ‘Catch and 

release’ carbon to gain cropping system benefits - a la Dwayne Beck)



Difference in volumetric soil water content in top 90 
cm from January – March 23, 2013 under fallow and 

cover crop 

• Using Decagon ECHO EC5 sensor 2.6 inches

• Using neutron probe 1.6 inches

Work in progress
in tomato fields and almond orchards



Typical cover crop growth stage (or do it earlier) 
at time of herbicide application



Some of the early pioneering work by farmers
Firebaugh, CA 

2003



Ground-driven strip-tiller
Firebaugh, CA

2003



First ever scaling up of

Commercialization of strip-till and cover crop practices 
at Sun Pacific and Sano Farms, Firebaugh, CA

since 2004



“Scaling up” conservation tillage techniques
at commercial processing tomato farm

Firebaugh, CA
2008



Strip-till planted processing tomatoes
Firebaugh, CA 2006



First ever subsurface drip coupled with permanent 
beds and strip-till cover cropped fresh

market tomato production
Firebaugh, CA

2003



Fresh market tomatoes into barley cover crop mulch
Firebaugh, CA 2003



- Soil care -
Farmers observing changes

in soil quality
Firebaugh, CA 2006

https://www.whitehouse.gov/blog/2015/10/27/acting-climate-
through-sustainable-agriculture-white-house-champions-change



“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









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



Examples of very 
successful efforts 
in other regions 
that are already 

working

Indiana Conservation Cropping Systems Initiative
Pacific Northwest Direct Seed Association

Georgia Conservation Tillage Alliance Various farmer-led cooperatives in South America
Soil Health Partnership IA, IL, IN



California Farm 
Demonstration 

Network



The California Farm Demonstration Network





“‘Soil care’ is what we’re doing.”

Rick Bieber
Trail City, SD

January 28, 2014



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







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

Dwayne Beck
2014



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

Dwayne Beck
2014



This has all come from considerable 
collaboration with many people 

• Alan Sano
• Jesse Sanchez
• Steve Fortner
• Ralph Cesena Sr. 
• John Diener
• Scott Schmidt
• Tony Turkovich
• Paul Muller
• Andrew Brait
• Scott Park
• Jim Durst
• Bruce Rominger
• Jim Jackson
• Tom Turini
• Kurt Hembree

• Armando Galvan
• Tom Willey
• Darrell Cordova
• Dan Schueler
• Rick Hanshew
• Monte Bottens
• Silas Rossow
• Matt Rossow
• Cary Crum
• Anil Shrestha
• Will Horwath
• Randy Southard
• Howard Ferris
• Alan Wilcox
• Juan Trujillo
• Dan Munk 
• Jeannette Warnert



Greetings and thanks to my NRCS colleagues!
• Marlon Winger
• Dennis Chessman
• Rudy Garcia
• Anita Brown
• Victor Hernandez
• Sid Davis
• John Beyer
• Rob Roy
• Wendy Rash
• Jay Fuhrer
• Rick Reed
• Phil Hogan
• Kevin Branum
• Priscilla Baker

• Joel Myers
• Brook Gale
• Curtis Tarver
• Carlos Suarez
• Luana Kiger
• Alan Forkey
• Jim Cairns
• Josh Elke
• Carol Mandel
• Genett Carstensen
• Joe Williams
• Alison Hatch
• Ray Archuleta
• Johnnie Siliznoff



Thank you.



Jeff Mitchell

Department of Plant Sciences
University of California, Davis

Kearney Agricultural Research and Extension Center
9240 S. Riverbend Avenue

Parlier, CA 93648
jpmitchell@ucdavis.edu

(559) 303-9689

mailto:jpmitchell@ucdavis.edu
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