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“We highlight a series
of examples of CA systems

being applied around the world
and conclude by issuing a call 
to action aimed at developing 

and more widely adopting food 
production systems that look

long-term, mimic natural
systems and transcend jargon.”



Iowa, 2001

Georgia, 2001
Brazil, 2004

Iowa, 2001

Brazil, 2007

Nebraska, 2007

A vast, well-developed experience base for 
these reduced disturbance, conservation 

agriculture systems exists in many parts of 
the world.



Affiliated to FEBRAPDP

Zero-tillage in Brazil -
the key to the safe renovation of hill pastures, 

erosion reduction and water conservation

Direct seeded (no-tilled) onions
Patos de Minas, Brazil  2005



Patos de Minas, Brazil

Over 70% of tomatoes in Brazil 
are grown using no-tillage.



It is estimated that in less than a decade > 85% of the 

cultivated area in these countries will be under no-till.
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“No-till Bill Crabtree”  Western Australia  (< 10 inches of rainfall)



“…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

No-Till
Pierre, SD

Dwayne Beck
South Dakota Hall of Fame





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

The research base

From 1999, ongoing work with conservation agriculture systems in Five Points, CA



Rainfed winter cover 
crop being seeded 

into cotton and 
tomato residue Five 

Points, CA 2007

These systems LOOK different!



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 – 2019

32 tons 
of 

organic 
matter

15 tons 
of 

carbon



ntcc no-till with cover crop
ntno no-till without cover crop

stcc standard till with cover crop
stno standard till without cover crop



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

ntcc ntno stcc stno

So
il 

St
ab

ili
ty

 C
la

ss
 (

0
 -

6
)

Cover Crop and Tillage System

ntcc no-till with cover crop
ntno no-till without cover crop

stcc standard till with cover crop
stno standard till without cover crop



Pore size distribution
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RT-CC Reduced Till – Cover Crop 

RT-NO Reduced Till – No Cover 

Crop

ST-CC Standard Till – Cover Crop

ST-NO Standard Till – No Cover 
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Araya et al., 
Manuscript in preparation

This is the first time we’ve shared this information!



Storage change following irrigation

• Reduced tillage plots 
with cover crop show 
higher water storage

• Not apparent from 
static measures 
• field capacity 

(𝜃(300 𝑐𝑚)) 

• Plant available water 
content (𝜃 300 𝑐𝑚 −
𝜃(15,000 𝑐𝑚)
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This is the first time we’ve shared this information! Araya et al., 
Manuscript in preparation





Summary 

• We have seen dramatic changes in soil 
function as evidenced by changes in 
these soil physical properties.

• Soil biological diversity has changed with 
respect to bacteria, fungi, nematodes, 
and soil macrofauna.

• Principles and theory suggest that the 
changes are beneficial.



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.



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



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%.



Based on this ecological evidence, are there indications 
that soil function, soil quality, or soil health is declining in 

California annual cropping systems?  

A legitimate, reasonable question 
that can be answered by testable 

hypotheses



CONVENTIONAL = Winter Fallowed

ALTERNATIVE = Winter Cover Cropped

Is there evidence
that water intake
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?

Danny Ramos and Jonathan Guido, 
the Morning Star Company, holding 

public field day to demonstrate benefits
of winter cover crops in terms of water

movement in their tomato beds.  
Los Banos, CA

2010



Soils in California annual cropping systems tend to be managed … 



Soil Carbon Coalition founder Peter Donovan has for long
stretches parked his school bus near agricultural land on California’s
Central Coast, giving him much opportunity to ponder water and 
farming.  “The whole system involves producing plants with tillage and 
irrigation,” he says.  “There’s a tremendous emphasis on the efficiency 
of irrigation, but it’s all technology: drip irrigation with  moisture sensors 
in the soil to time it better.”  But because of the tillage and the loss of 
biodiversity in the soil, you need more water because you’re not 
capturing or holding water.  It’s farming on soils without structure or 
biodiversity.  The real efficiency is biological, which few people
are paying attention to.”



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

November 2012

The “new normal” that I’d like to call your 
attention to is shown here.





G. Sposito
Vadose Zone J.
2013



RAINFALL
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and in
G. Sposito

Vadose Zone J.
2013



https://www.stevegroff.com/approach

Now, what is the economic evidence?



https://www.stevegroff.com/approach

“Is your farm becoming obsolete?
There are changes coming over the 

horizon in our industry that have ripple effects and 
are forcing farmers to make difficult decisions 

about how they manage their soil.  
The reality is that you will become face-to-face with the supply 

chain that you are a part of.”

Steve Groff 2019



“If you want to sell your food to us, 
you’ll meet our specifications.”



“The average age of the US farmer is 60.”

“Half of America’s farmland is going to 
change hands in the next 12 years.”





The last piece of economic 
evidence is young people.



We now know what improved 
performance production systems 

look like.

“Can we now grow food using these practices?”

… and as a proud, life-long…



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



Locations of organic 
farm and field station 
demonstration sites 
that are part of the 

2018 CIG Project 
related to reduced 

disturbance organic 
vegetable production 

systems



Scott and Brian Park
Park Farming
Meridian, CA



A comparison of three systems

• Strip-till only into vetch/triticale cover crop that 
was grazed by sheep

• Strip-till only into vetch cover crop

• Regular full-bed tillage reshaping beds into vetch 
cover crop



Phil Foster
Pinnacle Organically Grown

Hollister, CA





Trying to achieve year-round cover and
maximized cover cropping 



The strip-till systems that are being implemented
here are completely new for this farm and the region
and have never been undertaken at this scale before.





https://www.youtube.com/channel/UCVd3wKF3P6fA4zQWVKIouWA?view_as=subscriber

Our entire CIG farmer group will be making presentations at ECOFARM on January 24th.





The Conservation Agriculture Systems 

Innovation Center

http://casi.ucanr.edu/

jpmitchell@ucdavis.edu

(559) 303-9689

Other sources of information:



http://casi.ucanr.edu/

Thanks!





4-year evaluation of sorghum and garbanzo productivity under no-till (NT) and standard till (ST) in Five Points, CA 

Sorghum Garbanzo



Thank you.


