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Outline of Discussion

Provide background on California’s phenomenally
oroductive annual crop systems

Point out some of the sources of experience and
<nowledge

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
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Crop and Livestock Commodities in which California

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
o M"cuy, Flowers, Bulbs
*'Elowers Cut

:".- Plan
. @arhc

“Hrion € #Grapes
Grapes, Table
Grapes, Wine

SIS .

Leads the Nation

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

Fower 1ﬂwﬂuw  Califeriar s|ey
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Peaches, FrWE‘

wetPearsyBarlett

Peppers, Chile
Peppers, Bell

o>l

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
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RED - >99%

USDA, National Agricultural Statistics Service, California Field Office

California Agricultural Statistics, Crop Year 2016

o

Suialifglne usiisgn sy skl




= Overhead irrigation of carrots
Bakersfield, CA
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tape

tton during drought

Fresno, CA
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Harvesting of rice
Sacramento, CA
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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
- ’dues at all times

| 1~.|u-: sity . Caliturnig

5 CRY ot 2 i esuainss A s ? Unlock the Secrets in the Soil
: w glﬂlﬂ{{'{b # i :-.\ __/J/
 http:/Abww.nres.usda.gov/wps/portal/nres/main/national/soils dadalth/




Mother Nature...

- harvests the maximum amount of sunlight
* leaks very few nutrients including CO,

* has diversity

e does not export nutrients

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

«~e® does not do tillage

i Univessity .+ California Summary of comments made by Dr. Dwayne Beck, SDSU,
iy l at 2014 Winter C Jrence of No-till on the Plains, Salina, KS
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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)
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about eight years. With mnimum tilage we can qut fwel costs,
chmpaction of the sol and Bibor costs ...

— Bab F'|l.'~: mra |m1|l| manager lor Borza Faems [nc, in Riverdais

SMARTER TILLI\G

Farmers seek tocut a
laborand fuel costs i ;
while maintaining soil. ’3 ’
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More Profit

With Less Tillage
. Ernest E. Behn
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Conservation Agriculture Systems

Crop rotation

Intensity of soil disturbance

Surface crop retention
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Brazil - Area under CA from 1972 to 2006

Million hectares
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CA globally - history and adoption

Thousendha  Paraguay — CA area 1992-2001
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(Surce: CAPECO-MAG)
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Starting of GTZ/MAG Soil Conservation Project



Paraguay – CA area 1992-2001
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CA globally - history and adoption
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CA Adoption in percent by region worldwide
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CA Adoption relative to total cropland

70,0%

75,0%
Paraguay

69,0%
Argentina

1 No-till
B Conventional

oo REMcuy

stlmatb%d that In_less than a decade > 85% of
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History and Adoption of CA
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‘DRIVERS' FOR CHANGE

Declines in prices for
agricultural products

Widespread use of
glyphozate-rezistant seed

NRCS i.il_pg;ﬁt,jpare program
i ‘ &
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1930s

1957

1963

1970s

1980s

1990s

1993

1994
1998
1999
2000
2003
2004
2005

2008

TECHNOLOGY and SYSTEMS ADVANCES

Dryland Farming
“Pump Era” - Advent of limited irrigation

Shredder Bedder

--Al Ruozi, Interstate Mig. (Bakersfield. CA)

California Aqueduct
Central Valley Improvement Project (Exp

ansion of irrigation)

Wide tractive “spanner” implement {(Controlled traffic research)

--Lyle Carter, USDA (Shaflter, CA)

No-till dryland small grain production (Yolo, Tulare and San Luis Obispao)

“Zane tillage." --Lyle Carter, USDA (Shaft

er, CA)

MNo-till and ridﬂe—‘till corn, beans, and wheat --Ralph Cosena, Sr. (Stockton, CA)

Hahn Bed Dis
Wilcox Performer

' Id Tillage / £
N i e e I P R e hell (Five Points, CA)

CT Wcrk%{uu formed
No-till cotton/tomato long-term research
MNew World Tillage Opfimizer

(Five Points, CA)

No-till and strip-till cotton farm studies --Bob Prys (Riverdale, CA)

Wilcox Eliminator
Strip-till tomatoes --Steve Fortner and Fr

Strip-till and no-till daily silage --Tom Barcellos (Tip

ed Leavitt EFireE.iLigh, CA)
on, C

University Caupliing CT with overhead irrigation --dohn Diener (Five FPoints, TA)
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soil

disease control harvest efficiency
return on investment emissions
labor profitability
regulations insect control
soil life RETHINK THE SYSTEM residues
weed control equipment
environmental o S
impacts fertilization
technology information
water
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disease control

return on investment
labor

regulations
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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

achieve.”
Precision X
irrigation ¢ )
36,
L/H
Generating and preserving
surface residues e Controlled traffic farming
labor Emlﬁsl:::fila bility [
:gi:i:u“ RETHINK THE SYSTEM 3 resid tu':::t “ , ’ | ” ,;
E’-’ﬂ—’f oML sy . aquipment e e
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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.

T Slide courtesy of
A —— John McPhee

THE KENSINGTON STEAM CULTIVATOR, {asmaniaalstialia
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Our goals have been to

* Develop information

* Bring people together

* Partner with innovative farmers
e Emphasize the whole system

* Create a strategy for better educational
impact and wider adoption of conservation
agrlculture and efficient irrigation systems
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CONSERVATION AGRICULTURE
Row Crop System Development ¢ 1993 - 2017

Single Crop

Cover Crop Residues
CT Deveg@pment

Species selection

1991 - ongoing Tomato€s 1996 -

ongoing

Water Use

1991 - ongoing Melons 1998 - 99

Water Balance / Cotton
Runoff 1997 - ongoing 2000 - ongoing
Pollution Reduction Corn and Wheat
2001 - ongoing 2000 - ongoing
ot M"“'_‘!""-!'.:,a

(i 'lumur:it,r California

| - . € 8 Apriculiune & Nalura l:u.wl-lGONSE%yA N ?‘
’I '\ﬁr\,_ Jj P i - AG RI
Ariow €€ e T Cropping Systefis

s aysh®

Integrated Irrigated
Systems Devélopment

Tomato - Cotton 1999 -
ongoing

Wheat - Tomato 1999 -
ongoing

Corn - Tomato 2000 -
ongoing

Dairy Forage 2000 -
ongoing




“Show me that it won’t work.”

Aref Abdul-Baki
USDA ARS
Beltsville, MD

Uagatah's
Grnp Mu Iches A%

LsD United Statas Agrieultural Farmers’
= Deparimen Research Bulletin Detober
S Agricutburs Service Mo 2280 2007
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Development of no-till tomato
transplant capability in California

(1995 - 2004)
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The research base

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










No-till tomato transplanting
into cotton and cover crop
residue

Five Points, CA
2007
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Cover crop biomass in long-term study

in

Five Points, CA
2000 — 2014

10000
8000 o
BO0D
F000 A

20 tons et

of
organic
matter

3000

4000 4

Biomass (kg ha )

3000

2000

1000 +

Pravious crop
I Tomato
[ Cotton

2000 200 2002 2003 2004 ZOOG 2006 2007 2008 200% 2010 2011 2012 2M3 2104

Year

7.5 tons of
carbon
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Cultural costs for standard tillage (ST) versus conservation tillage (CT) for
processing tomato, Westside Field Station, 2003 (operations expensed at
2007 input prices)

Difference

Cultural costs S ) (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

= g apd repair 34

- I'-. _lx.luiw:lalt:r Cai ﬂu..-.mm f
“lotalcultural e .. 853




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

Croppin Erosion Soil STIR Diesel Fuel cost for
g Estimates* Conditionin Average fuel entire
System* RUSLE2 g index Annual use  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
CREE, 0.03 0.52 I 11 43.27
mericy,
g}“{h : E{';” * STNO = Standard tillage no cover crop, STCC = Standard tillage with cover crop, CTNO = Conservation tillage
o o
=no cover crop CICC= COP,?EN@EO{‘,_,E'”aﬁe with cover crop. USDA NRCS e
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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 2007

Depth (cm) Treatment  Means (t hal) Depth (cm) Treatment Means (t hal)

0-15 NTCC 9.33(0.18,A) J 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- 2L NTCCP MotBas =2 aotaly . NTCC + 29: 14(0ioaas)

STCCE ¢ 19 SlEMNEN STCC  26.36 (0.78, AB)
NTNO  20.67 (1.03, A) NTNO  24.09 (0.81, BC)
STNO 1857 (0.75, A) STNO  22.65 (0.26, C)

i ; 5 . 1
ot me "'"”'-!'{,, ST= conventional tillage; NT= no-tillage; NO= no cover crop; CC= winter cover crop

Lk Mitchell et al., 2015
A Agron. J. 107(2):588-596
i Values in parentheses are standard error, tri.@ means (n= 8).
L 3 WJﬂ'nn a column,'m followba byithe 5&" [etf&tsshre not significantly different using a one-wa NOVA analysis with Tukey HSD means comparison.
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USDA NRCS Soil Quality Test Kit
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System | Aggregate Slaking * Water Infiltration (time)
Stability (Slaking Class)
(%)
(First inch of | (Second inch of
water) 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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Cover cropping and no-tillage improve soil health in an arid irrigated @mmm
cropping system in California’s San Joaquin Valley, USA

Jeffrey P. Mitchell®*, Anil Shrestha®, Konrad Mathesius®, Kate M. Scow®,
Randal ]. Southard®, Richard L. Haney®, Radomir Schmidt®, Daniel 5. Munk’,
William R. Horwath®

A Deparimenl of Funl Sciences, Dniwrsity of Colifornda, Dawis, 9240 5 Bieerbend Avernue, Porfier, CA 93648, United Staies

* Deparrment of Plint Science, Califrrmin Stare Universicy, Fresan, 2415 E, San Ramon Avenge M5 AS 72 Fresno, CA 93740-8033, [ired Sares
© Deparimieni of Planr Scienee, Dniversfy of Califfornia. Dievis, 35616, Lnained Srobes

“ Department of Lamd, Air and Water Resources, University of Californio, Dovis. One Shields Avemre, Duvis, CA 95516 United Stales

®sma Agriculirml Research Service, BIR E, Blacklynd Road, Tesnple TX FRE02 Dnited Srares

' Fresio County Coaperitfive Extension, University of Colfformia, Fresno, CA 93700, United Stales

ARTICLE INFD ABSTRACT

Article history:

Received 19 September 2015 The concept of soil health has attracted considerable attention during the past two decades, but few

Received in revised form 3 August 2006 studies have fecused on the effects on soil health of long-term soil management im arid irfgated

Accepted 3 September 2016 environments. We investigated the effects of cover cropping and no-till management on soil physical and

Awailable online oo chemical properties during a 15-year experiment in California’s San Joaquin Valley (S]V) USA. Our
objective was to determine if soil health could be improved by these practices in an annual crop rotation.

Reprwords: The impact of long-term no-tillage | NT) and cover cropping (CC) practices, alone and in combination, was

:*;'t‘::ﬁfh measured and compared with standard tillage (ST) with and without cover crops (NOJ in irfigated row

crops after 15 years of management Soil aggregation, rates of water infiliration, content of carbon,
nitrogen, water extractable organic carbon (WEOC) and organic ndtrogen [WEON), residue cover, and
biological activity were all increased by NT and CC practices relative to STNO. However, effects vaned by
depth with NT increasing soil bulk density by 12% in the 0-15cm depth and 102 in the 15-30 om depth.
Higher levels of WEOC were found in the CC surface (0-5cm) depth in both spring and fall samplings in
2014, Surface layer (0-15cm) WEON was higher in the CC systems for both samplings. Tillage did not
affect WEON in the spring, but WEON was increased in the NT surface soil layer in the fall. Sampling
depth, CC, and tillage affected 1-day soil respiration and a soil health index assessment, however the
effects were seasonal, with higher levels found in the fall sampling than in the spring. Both respiration
and the sail health index were inreased by CC with higher levels found in the 0-5 cm depth than in the
5-15 and 15-30cm depths. Results indicated that adoption of NT and CC in arid, irmigated cropping
systems could benefit soil health by improving chemical, physical, and biological indicators of soil
functions while maintaining similar crop yields as the 5T system,

Cover crops
Arid regioms
Conseralion agricul e

Published by Elsevier BV,
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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.

e 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. .
e This might have relevance in terms of resilience.
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Summary

 \We have seen changes in soil properties.

e 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.
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% surface residue in tillage and cover crop systems

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
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A big concern related to the use of
cover crops in California’s Central Valley .
is of course, their water use.







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

e Using Decagon ECHO ECS5 sensor 2.6 inches

e Using neutron probe 1.6 inches
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First ever scaling up of

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

since 2004
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“This is the first worm I've ¥
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seen in these fields in 30 years.
Alan Sano
.Sano Farms
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Examples of very
successful efforts
in other regions
that are already
working

" sustainable |

wihir

R

Soil Health Partnership IA, IL, IN

Georgia Conservation Tillage Alliance Various farmer-led cooperatives in South America
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SHOWCASING OF
EXISTING
EXPERIENCE

» focused on experienced farmers
* public sharing

EDUCATION, COMPILATION OF
KNOWLEDGE AND EXPERIENCE,
AND SHARING OF KNOWLEDGE

« development of content and
information sharing activities

CLIMATE-SMART
AGRICULTURE DECISION
TOOL GUIDANCE AND
SUPPORT

FARM DEMONSTRATION
EVALUATIONS

« implementation of conservation
agriculture practices and systems
by new wave of farmers

« showcasing of practical learning

= connecting people in productive
local efforts

FARM DEMONSTRATION
PERFORMANCE MONITORING

» development, testing,
of performance-monitoring metrics

ONLINE DATA AND
INFORMATION SHARING



“‘Soil care’ is what we’re doing.”
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2014 Winter

Conference of No-till on the Plains

Salina, KS
January 27 — 28, 2014
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