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1 Media Summary 
 

Project VG11700 - Dr Jeff Mitchell (UCD) – visit for workshops on new technologies 
and approaches to sustainable vegetable production 

 
In many environments and industry sectors, annual horticultural production systems rely on 
intensive tillage to try to repair soil compaction caused by harvest traffic and to prepare 
consistent seed beds.  Apart from the direct costs of labour and fuel, intensive tillage regimes 
impose significant costs on growers in the form of capital overheads.  Furthermore, and of 
key importance for the long term future of the industry, intensive tillage has a significant cost 
in terms of soil sustainability. 
 
With support from Bayer Crops Science and Horticulture Australia Ltd, Dr Jeff Mitchell of 
University of California (Davis) visited Tasmania and New South Wales to present 
information on conservation agriculture techniques suitable for use in vegetable production.  
Dr Mitchell is an extension specialist in the area of water management and resource use 
efficiency, and has a long association with research and extension at UCD, including a 
number of farming systems projects which focus on reduced and zero-till techniques. 
 
Dr Mitchell visited a number of vegetable farms in Tasmania and gave a seminar to growers 
and service providers in Devonport.  This was followed by attendance and presentations at a 
Partnering with Innovation workshop and field day at Cowra in NSW.  The workshop was 
attended by growers from Tasmania, Victoria, New South Wales, Queensland and Northern 
Territory.  They represented a diverse range of sectors in the horticultural industry, from baby 
leaf lettuce and fresh market potatoes and onions, to tomatoes and tropical melons. 
 
The workshop also featured other speakers from Tasmania and Queensland.  Topics 
addressed included soil management for maintaining soil carbon, benefits of controlled traffic 
in the vegetable industry, use of biofumigant crops, cover crop selection in tropical 
environments, and conservation tillage techniques, equipment and economics in California.  
The field day part of the workshop featured demonstration of a machine imported from 
California for incorporating crop residue and reforming beds for leafy vegetable production 
under a raised bed controlled traffic system. 
 
Those attending judged the workshop and field day to be very worthwhile and found great 
value in the interaction between growers from a range of different production sectors. 
 
2 Dr Jeff Mitchell visit 
2.1 Background 
A two day soil health forum and field day was held in Tasmania in June 2010.  It was initiated 
and supported financially by Bayer Crop Science, with organisational support from Serve-Ag 
and TIAR.  The forum brought together a number of grower/managers from leading 
horticultural production businesses, industry and business development consultants and 
presenters to discuss issues surrounding soil management and soil health.  The success of this 
initial event was the basis for the Partnering with Innovation II workshop, held in Cowra in 
August 2011. 
 
Current vegetable production systems rely heavily on intensive tillage to relieve soil 
compaction caused by harvest traffic, and to prepare seed beds.  The tillage regimes used in 
vegetable production are expensive in terms of direct labour and fuel costs, and capital 
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overheads.  There are also significant soil sustainability issues associated with intensive 
tillage. 
 
There is growing interest in the vegetable industry in improved soil management practices.  
Practices known to improve soil sustainability, but which have limited adoption, particularly 
in temperate regions, include cover cropping, crop residue retention and controlled traffic.  
Not only do these practices improve soil sustainability, but they have been shown to reduce 
costs.  The adoption of these practices is often hindered by the difficulty of changing 
conventional practices and equipment. 
 
2.2 Tasmanian visit and seminar 
Dr Jeff Mitchell’s visit to Tasmania was brief but valuable.  He visited 2 farms in the Cressy 
region, 3 farms around Devonport and the TIAR research farm at Forthside to gain a better 
appreciation of the local vegetable industry and the environments in which it works.  His 
insights into residue and soil management were useful discussion points for those in the 
travelling group.  A seminar as held on one afternoon which attracted some 45 attendees, 
including farmers and a large number of service providers, consultants and industry field 
advisors.  The seminar gave those present an insight into the techniques being used in 
California to manage residue within conservation agriculture systems for vegetable and mixed 
crop production.  An interview was also held with ABC Rural Radio.  Discussions were also 
held with TIAR representatives regarding possible future collaboration with UCD in the area 
of conservation cropping for vegetables. 
 
2.3 Partnering with Innovation II workshop 
The Partnering with Innovation II workshop invited Dr Jeff Mitchell, University of California, 
Davis (UCD)) to come to Australia to present on the topic of conservation agriculture, 
particularly as it relates to vegetable production.  Dr Mitchell is an extension specialist with a 
focus in the fields of water management and resource use efficiency.  He has a long 
association with research and extension activities at UCD, including a number of farming 
systems projects which focus on reduced and zero-till techniques. 
 
Other speakers were also invited to address the workshop on the topics of soil carbon, an 
update on controlled traffic research in vegetable production, and the use of biofumigant and 
cover crops in temperate and tropical production environments.  The workshop program is 
given in Appendix A. 
 
The growers attending the workshop represented a wide range of horticultural production 
enterprises and regions (see Appendix B).  The growers were predominantly fresh market 
suppliers, although some are involved in the processed or semi-processed sector.  All of the 
enterprises are leaders in their respective industry sectors, and the operators have a track 
record of implementing new techniques and strategies to enhance profitability and 
sustainability. 
 
2.4 Aims and objectives 
The aims of this project were two-fold: 

• To bring Dr Jeff Mitchell to present information on vegetable production systems 
being used in California, with particular emphasis on topics such as cover crops and 
reduced till/zero-till techniques.  His itinerary (see Appendix C) provided for speaking 
engagements in Tasmanian and NSW, although participants of the workshop came 
from all the eastern states. 
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• To bring together a diverse collection of growers from a range of sectors and growing 
environments to interact and discuss the suitability and application of alternative 
production techniques that enhance soil sustainability.  Those attending the workshop 
represent a range of levels of adoption of more sustainable production practices, 
including permanent beds and cover crops in some sectors and regions. 

 
2.5 Key information and outcomes 
Key points from the presentations at the seminar and workshop are summarised below: 

• Intensive tillage contributes to rapid loss of organic carbon in soils 
• Less than 30% of green matter incorporated as cover crops or crop residue ends up as 

soil carbon 
• Addition of 10 t/ha of dry matter will raise soil carbon levels by about 0.1% 
• Controlled traffic allows a reduction in the frequency and intensity of tillage, and 

should therefore reduce the rate of carbon loss due to tillage 
• The benefits of improved soil structure take time to accumulate, with increased 

productivity generally taking the longest to achieve 
• Biofumigant crops need to be selected carefully to ensure the correct variety is used to 

address the specific pathogen problems that are present 
• Biofumigant crops need to be macerated and incorporated at early flower bus set 
• Plan biofumigant crops as an integral part of the rotation, not just an add on to cash 

crops 
• Choose cover crops for the end purpose – grasses for high organic matter, legumes for 

nitrogen 
• Cover crops need to be competitive to assist with weed control, but easy to kill to 

provide a mulch layer for the next crop 
• The 3 E’s of agriculture – Economics, Equipment, Ecology 
• Take tillage out of the system.  Replace it with sanitation and competition. 
• It’s not about the tillage practice.  It is about managing the ecosystem.  Tillage 

removes out ability to manage the system. 
• There is no need for tillage unless it is to correct a problem you’ve created. 
• Mother Nature is an Opportunist.  If you have a problem, YOU have provided the 

opportunity somewhere in your system. 
• Think twenty years ahead. 
• Intensive tillage – no. 1 environmental enemy in production agriculture.  Intensive 

tillage causes an accelerated downward spiral of soil degradation 
• Soil organic matter is a mixture of residual plant material in various stages of 

decomposition and microbial biomass and all their bi-products.  The “key” component 
is carbon. 

• Soil carbon is interlinked to all measures of soil quality through a complex web of 
many factors. 

• Intensive tillage enhances biological oxidation and decreases soil carbon irrespective 
of residue management. 

• Soil carbon sequestration provides: 
‐ increased water holding capacity and use efficiency 
‐ increased cation exchange capacity 
‐ reduced soil erosion 
‐ improved water quality 
‐ improved infiltration, less runoff 
‐ decreased soil compaction 
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‐ improved soil tilth and structure 
‐ reduced air pollution  
‐ reduced fertilizer inputs 
‐ increase soil buffer capacity 
‐ increase biological activity 
‐ increase nutrient cycling and storage 
‐ increased diversity of microflora 
‐ increase adsorption of pesticides 
‐ gives soil aesthetic appeal 
‐ increase capacity to handle manure and other wastes 
‐ more wildlife 

 
Copies of the presentations given at the workshop have been provided along with this report. 
 
Soil pits on the host farm were viewed and discussed as part of the field day.  The pits 
demonstrated the differences in soil structure between a long-term cropping site, a cleared 
grazing site and a site as close as possible to the original native vegetation condition of the 
region.  This clearly demonstrated the impact of traffic and tillage on soil structure. 
 
Information gained by the growers through the workshop and field day has been taken back to 
their respective production regions.  Given the nature of the growers involved, in that they 
tend to be innovators and adopters of new ideas, a very important outcome of the workshop is 
how it will influence the on-going activities of those who participated.  Not only have 
individual growers been exposed to a range of new ideas, but the connections made with other 
growers from diverse parts of the industry will allow them to follow up their own lines of 
enquiry in areas of interest to them. 
 
Feedback since the workshop and field day indicates that a number of communication lines 
have been established between growers that would not otherwise have occurred.  These 
include the sharing of information about equipment, growing practices and business 
arrangements between some growers.   
 
3 Evaluation survey 
Feedback from participants of the workshop, both through formal survey and informal 
comment, indicates that the workshop and field day was a very effective means of presenting 
information on soil health management.  Perhaps just as important was the opportunity the 
event provided for a collection of growers from different horticultural sectors and production 
regions to mix and learn from each other in a non-competitive environment.  All the feedback 
was positive and indicated that future events of a similar nature would be well supported.  A 
summary of the feedback, presented in the same structure as the evaluation form, is provided 
in Appendix D. 
 
4 Recommendations 
The Australian horticultural industry is very diverse, and it is often difficult to develop a 
seminar or workshop program that is of interest and relevant to growers from a range of 
production sectors and environments.  Soil health is clearly one area where this can be done, 
even though some of the management practices used will vary in applicability for different 
crops and regions. 
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Workshops of this nature could be an annual event, and held in a different region each year to 
allow exposure to different environments and farming systems.  The content of the two 
workshops held so far is very much directed towards annual horticultural cropping, but 
applicable to a wide range of crops and growing environments within that sector. 
 
The duration of the workshop is very important.  Wherever possible, it should last a 
maximum of two days, with about half the time devoted to presentations and half to field 
visits.  Even though the travel distances are large for most attendees, depending on where the 
event is held, keeping the total program short and concise encourages attendance.  Most 
growers can accommodate an absence from their business of a few days, allowing for travel 
and attendance.  Attendance at events lasting up to a week is much more difficult to organise.  
Holding the event in a place with ready access to field visit opportunities is very important. 
 
5 Acknowledgements 
The support of Bayer Crop Science is acknowledged as a key contribution to the success of 
this project.  Those who participated in the Cowra workshop represented a wide diversity of 
sectors in the vegetable industry.  Each participant brought a different perspective to the 
event, and this diversity was very valuable.  Their personal contributions of time and meeting 
their own travel costs are greatly appreciated.  The efforts of the presenters who provided 
valuable insights into various aspects of soil management and cropping sustainability is 
greatly appreciated.  Lastly, thanks are given to Horticulture Australia Limited for matching 
the funds provided by Bayer Crop Science through the Voluntary Contribution scheme. 
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6 Appendix A – Partnering with Innovation II workshop program 
8:00 a.m. Partnering with Innovation II - Objectives and Agenda, Introduce Guest Speakers, Tim O’Grady 

8:15 a.m. Mechanics of building and maintaining soil 
carbon - why maintaining ground cover and 
reducing tillage is critical for productive and 
sustainable vegetable production. - Peter 
Aird & John McPhee 

Peter Aird (Serve-Ag) has more than 25 years agronomy experience in the Tasmanian 
vegetable industry and a keen interest in the practical adoption of sustainable soil 
management. 

John McPhee (Tasmanian Institute of Agricultural Research) started work in CTF in the 
Burdekin during the 1980's and has worked with Peter Aird for many years to progress CTF 
in Tasmania. 

8:45 a.m. Global trends with green manure crops in 
temperate vegetable production - Jason 
Lynch 

Jason Lynch (Serve-Ag) has 15 years experience in the vegetable and flower industries in 
north-west Tasmania.  He has extensive knowledge in the agronomic management of bio-
fumigant crops. 

9:30 a.m. Selection and management of cover crops in 
dry tropics vegetable production - Chris 
Monsour 

Chris Monsour (Prospect Ag.) is based in Bowen and provides pest management and 
agronomic services in a range of horticultural crops.  Chris has considerable expertise in key 
aspects of dry tropics vegetable production systems. 

10:00 a.m. Morning Tea 

10:30 a.m. Successes and failures with conservation 
tillage and cover crop management in the 
United States - Dr. Jeff Mitchell 

Dr. Jeff Mitchell (University of California, Davis) is an extension specialist with expertise in 
techniques and equipment to enhance production sustainability in vegetables. 

12:30 p.m. Lunch 

1:30 p.m. Farm tour of reduced tillage vegetables 
systems on ‘Mulyan Farms’, including ‘360 
reformer’.  Soil pits with and without 
intensive cultivation - Ed Fagan & Ian 
Packer 

Ed and James Fagan (Mulyan Farms) manage a mixed broad acre, viticulture and vegetable 
farm, focused on processing lettuce & spinach. 

Ian Packer (Lachlan CMA) has over 30 years experience R&D on local soils and CTF in 
broad acre farming. 

3:00 p.m. Afternoon Tea 

3:30 p.m. Question and answer session 
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7 Appendix B – Participants 
7.1 Growers 

Grower Location/s Cropping focus  Crop rotation and production practices focus 
Kayne 
Younghusband 

Mataranka NT, 
Broome, WA 

Seedless watermelon, 
pumpkin 

Winter melon production with summer sorghum rotation during the wet season.  
Previous trial involvement with HAL permanent bed project.  Progressive producer 
interested in new techniques. 

Peter Greensil Bundaberg, 
QLD 

Seedless watermelon Year-round melon production in rotation with sugarcane.  Progressive adopter of 
new technologies.  Yet to adopt any CTF practice. 

Paul Windolf Gatton, QLD Potato, lettuce, 
broccoli, cucurbit 

Winter rotation of lettuce, broccoli and potato with summer cucurbits.  Aiming to 
reduce tillage and compaction impact in their intensive system. 

Ray Taylor Stanthorpe, 
QLD 

Silverbeet, celery, 
lettuce, brassicas 

Summer & autumn harvest on 7 lines.  Using permanent beds to reduce soil 
compaction. 

David DePaoli Bundaberg, 
QLD 

Chili Year round chili production with sunflower rotation.  Using conventional tillage 
with some permanent beds.  Adopting CTF. 

Andrew Phillip Childers, QLD Tomato No designated crop rotation with production mainly on leased ground.  Longer-
term view to CTF on family owned land. 

David Moon Saint George, 
QLD 

Onions, cotton Onions planted in autumn followed by cotton over summer.  Long-term use of 
compost to build soil health.  

Ed Fagan Cowra, NSW Lettuce, spinach, 
beetroot. 

Lettuce and spinach rotation with winter rye grass.  Recent adoption of CTF and 
cover cropping strategies. 

Jamie Jurgens Bowen, QLD Tomato, capsicum, 
sugarcane 

Winter tomato production followed by one-year sugarcane rotation.  Reducing 
tillage a key focus in production system. 

Paul Villis Burdekin, 
QLD 

Sugarcane, 
mungbeans. 

Sugarcane and mungbean rotation.  Using zonal tillage and permanent beds.  
Developed broadacre CTF concepts for vegetable production 

Dale Williams Bowen, QLD Tomato Tomato production in permanent beds.  Previous trial involvement with HAL 
permanent bed project.  History of early adoption of new farming techniques. 

Paul LeFerve Burdekin, 
QLD 

Zucchini, mango Winter zucchini production with sorghum companion crop.  Previous trial 
involvement with HAL project.  Using innovative production techniques, with a 
focus on soil health. 
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Grower Location/s Cropping focus  Crop rotation and production practices focus 
Mark Kable Forth, TAS Broccoli, green beans, 

onions, potatoes & 
various others 

Over 80% of their crops are grown on beds with winter ryegrass cover cropping.  
Highly mechanized producer.  Topography of land is a major limitation for CTF.  
Progressive adopter of new production technologies 

Lawrence 
Cowley 

Cambridge, 
TAS 

Baby leaf lettuce, 
baby spinach 

70% of farm is dedicated to raised permanent beds.  Experimented with ryegrass & 
mustard cover crops but haven’t pursued these due to crop demands. 

Mark Schreurs Devon 
Meadows, VIC 

Leeks, lettuce, leafy 
brassicas 

Intensive rotations with mustard or rye corn cover cropping every 2 years.  
Currently practicing minimum tillage across their operation.  Composting to 
improve soil health.  Highly innovative with a focus on IPM and improving soil 
health. 

Colin Gazzola Somerville, 
VIC 

Bunching Asian 
vegetables, lettuce, 
broccoli, celery 

Rye corn/oat cover crop rotation every 2-3 years. No set rotation.  Limited at 
present with the mechanization of CTF.  Would like to explore minimum till rotary 
bed former as the way forward. 

Peter Covino Longford, VIC Lettuce, baby spinach, 
carrots, broccoli 

No structured crop rotation.  Very intensive production.  Grows on light, sandy 
soils.  No controlled traffic or conservation agriculture focus but recognizes the 
value in this approach.  
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7.2 Presenters, organisers and service provider representatives 
Name Company Location Name Company Location 

Peter Aird Serve-Ag Devonport, TAS Marc Hinderager Elders  Cowra, NSW 
Jason Lynch Serve-Ag Smithton, TAS Graham Nicol Bayer CropScience Fingal Bay, NSW 
Andrew Whitbourne E.E Muir & Sons Lindenow, VIC Tim O’Grady Bayer CropScience Tallebudgera, QLD 
Mike Titley MHT Vegetable 

Consultancy Services 
Sydney, NSW Jeff Mitchell University of 

California 
Davis, CA 

Chris Monsour Prospect Ag. Bowen, QLD Damien Odgers Bayer CropScience Melbourne, VIC 
John McPhee Tasmanian Institute 

of Agricultural 
Research  

Devonport, TAS Ian Packer Lachlan Catchment 
Management 
Authority 

Cowra, NSW 
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8 Appendix C – Itinerary – Dr Jeff Mitchell 
 

Date Place Activity 

Sat 30 July Arrive Sydney from 
California Rest and recovery 

Sun 31 July Sydney – Launceston - 
Devonport 

Travel, vegetable farm visits in Cressy area to 
inspect soil management and production practices 

Mon 1 Aug Devonport 

Vegetable farm visits in Forth – Devonport area to 
inspect soil management and production practices.  
Seminar for growers, researchers and service 
providers.  Final preparations for Cowra seminar.  
Discussions with TIAR regarding future 
collaboration with University of California 
(Davis). 

Tue 2 Aug Devonport – Canberra – 
Cowra 

Interview with ABC Rural Radio.  Farm visits in 
Wesley Vale area.  Travel to Cowra 

Wed 3 Aug Cowra Partnering with Innovation II workshop and field 
day 

Thu 4 Aug Cowra – Canberra - 
Sydney 

Final review of Partnering with Innovation II 
workshop, travel 

Fri 5 Aug Sydney – Los Angeles Return travel to California 
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9 Appendix D – Evaluation and feedback from attendees 
 
Details below outline the questions and structure of the evaluation form which was sent to 
attendees after the event.  The form was structured in two parts, the first seeking a rating score 
and comment on generic aspects of the event, and the second seeking comments about the 
specific topics covered, and how the information was received and will be used by those 
attending.  Some of those responding gave only a rating, while others added further comment.  
Average evaluation scores and comments from the attendees are included. 
 
Evaluation form for Partnering with Innovation II 
 
Overall rating of the event: 
Average score – 4.5 

• Very good to have top growers from all over the country together 
• Excellent in technical content especially data from Tasmanian researchers 
• Well organised event with good speakers and field demonstrations 

 
Value of the event content to your business: 
Average score – 3.8 

• Data on biofumigants, having Jeff Mitchell present, equipment shown by Fagan’s all 
very valuable 

• Apart from the learning side, always good to catch up with other growers to obtain 
fresh ideas 

 
Value of the event to you professionally: 
Average score – 4.8 

• Gain understanding of practical methods (cover crops) to integrate biological focus 
with traditional practices (ag-chem, fumigants, synthetic fertilizers, etc.). 

• Manures, composts, cover crops, strip tillage, will come into play more and more 
especially in horticulture. 

• Being a private consultant, having interaction with key innovative farmers and fellow 
consultants was great 

 
Quality and relevance of the speakers: 
Average score – 4.3 

• Good 
• Everybody excellent, although a couple could have given better coverage to fewer 

points 
• Good speakers who presented well 

 
Participant interactivity: 
Average score – 4.3 

• Breaks, field demos, evenings gave opportunity to “interact”.  
• Perhaps could have been improved by going around all participants at the end as well 

as in the beginning 
• Good to see that all the growers were open about their thoughts and ideas 
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Key points from attendee feedback 
Topic & speaker What did I learn, what are the opportunities How can I put this into practice? What is the 

next step? 
Building and maintaining soil carbon 
- Peter Aird, John McPhee 

• ground cover is important 
• be very careful with tillage 
• how much OM needs to be added to raise OC by 

1% 
• importance of soil carbon 

• never leave soils bare 
• use compost 
• some real data needed, rather than testimonials – 

scope for a funded project? 

Global trends with green manure 
crops in temperate vegetable 
production - Jason Lynch 

• mostly brassicas 
• little effect on verticillium & sclerotinia 
• variety matters! 
• reduce nematicides, fertiliser inputs 
• rating of which pathogens are easiest to control 

by biofumigants  

• get biofumigant data and other reliable reports 
presented to  appropriate innovative growers 

Selection and management of cover 
crops in dry-tropics vegetable 
production - Chris Monsour 

• Range of grasses and legumes available - 
ryegrass, soybeans, cowpea, French millet, 
sorghums 

• adoption in the sub-tropics is ahead of temperate 
areas 

• have southern growers visit the progressive 
northern growers 

Successes and failures with 
conservation tillage and cover crop 
management in the US - Dr. Jeff 
Mitchell 

• reduce volume of soil disturbed, improve depth 
of improved soil 

• broadacre agriculture ahead of horticulture in 
southern Australia 

• importance of getting the right machinery 
working properly 

• more days like held at Cowra 

Soil pits with and without intensive 
cultivation - Ian Packer 

• presence of compaction layer with cultivation 
• message still not getting out into horticulture 

about looking after soil 

• the innovators will bring the laggards along 
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Farm tour of reduced tillage 
vegetables systems on Mulyan 
Farms, and ‘360 reformer’ 
demonstration - Ed Fagan 

• it is possible to form beds and deal with trash 
without pulverising soil 

• testimonials and observations still driving what 
the Fagan’s have achieved in 12 months 

• good opportunity to see the 360 reformer in 
action 

• need for good supporting science 

 
 
Other unsolicited feedack (received by email and personal contact) 

• Congratulations on a very successful and informative workshop.  Please pass on my appreciation to the presenters.  I look forward to 
participating in another in the future. 

• A massive thank you to you and the team for holding such an event and inviting me to attend.  I thoroughly enjoyed it.  I really appreciate 
all the effort you guys must have put into organising it. 

• I didn’t get a chance to properly thank you for inviting me to attend your “Partners in Innovation” day.  I was honoured to be there and 
really enjoyed it. 

• Just wanted to say well done on pulling together the PWI show.  It was a very worthwhile trip from my point of view – to interact with a 
great group of growers and industry leaders and to meet Jeff who is an inspirational guy. 

• Thanks very much for asking me to speak to the Partnering with Innovation event in Cowra.   It was an excellent opportunity for me to 
promote biofumigation, and share my knowledge with such a successful and diverse group of growers.  I really enjoyed the event, and I 
hope that it provided the growers with something new to think about in terms of improving soil health. 

• There is enough in the soil health topic for similar meetings for the next 10 years.  It is a broad area to cover, and everyone has a different 
approach, however, the true value is with a group of like- minded people sharing their ideas. 
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10 Appendix E – Budget summary 
 
The total budget for the project was $29,168.33, of which $16,895.52 was provided by Bayer 
Crop Science as a voluntary contribution.  The cost per attendee was $1,005.  Each 
participating grower funded their own travel costs, which in many cases would have been in 
the order of $1000 each, and Bayer Crop Science also provided resources and workshop 
materials, outside the HAL budget, to a value of approximately $5000, not including staff 
time. 
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11 Appendix F– Photographs from the workshop, field day and farm visits 
 

Visit to controlled traffic field site, 
Tasmania 

Visit to Tasmanian vegetable farm to discuss 
soil management and cover crops 

Presenting to the Partnering for Innovation 
II workshop 

Soil pit discussions as part of the Partnering 
for Innovation II field day 

Demonstration of ‘360 reformer’ as part of 
the Partnering for Innovation II field day 

Demonstration of ‘360 reformer’ as part of 
the Partnering for Innovation II field day 

 



THE QUEST FOR DIVERSE, LOW-DISTURBANCE
CROPPING SYSTEMS:  RECENT PROGRESS AND 
CHALLENGES IN THE IRRIGATED WESTERN US

Jeff Mitchell, Karen Klonsky, Will Horwath, Randy Southard, Wes Wallender
University of California, Davis

Dan Munk, Gene Miyao, Brenna Aegerter, Tom Turini and Kurt Hembree
University of California

Ron Harben
California Association of Resource Conservation Districts

Partnering with Innovation II Workshop
Mulyan Farms
Cowra, NSW

August 4, 2011

Special thanks to Tim O’Grady and 
Bayer CropScience for the invitation 

to be with you today.



Collaborators

Gene Miyao Dino Giacomazzi Phil Hogan
Marsha Campbell-Mathews Tom Barcellos Rob Roy
Anil Shrestha John Diener Bob Fry
Dan Munk Michael Crowell Johnnie Siliznoff
Shannon Mueller Scott Schmidt John Beyer (retired)
Kurt Hembree Tony Turkovich Rita Bickel
Nick Madden Frank Gwerder Tom Gohlke
Alejandro Castillo Richie Iest
Steve Temple Shannon Iest Ron Harben
Karen Klonsky Danny Petersen 
Julie Baker Larry Soares Ray Batten
Carol Frate Daniel Soares Alan Wilcox
Howard Ferris Silas Roussow Pat Murray
Tom Lanini Andy Rollin Chuck Powell
Anil Shrestha Monte Bottens
Wes Wallender Lyle Carter
Willi Horwath Alan Franzluebbers Allen DuSault
Jaime Solorio Joe Choperena
Louise Jackson John Luna Ladi Asgill



OVERVIEW OF PRESENTATION

- first principles - sources of motivation and 
inspiration

- development of conservation agriculture 
systems in CA  - the research base

- scaling up with farm innovation

- examples from CA, WA and OR

- “putting the pieces together” into new 
production paradigms, and

- enabling change



Economics
Equipment

Ecology

The 3 E‟s of Farming





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



“Show me that it won‟t work.”

Aref Abdul-Baki
USDA ARS

Beltsville, MD



Dwayne Beck, South Dakota State University

Dakota Lakes Research Farm, Pierre SD



What is your problem?

Dakota Lakes Research Farm
Dwayne Beck



“…Take tillage out of the system.  
Replace it by sanitation and competition.”

Dwayne Beck
January 23, 2008

“…Tillage removes our ability to manage the system.”

Dwayne Beck
March 7, 2006



“…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

Advances in Agronomy 

Volume 80



Crop 

Diversity

Residue 

Management

Soil

Structure

Nutrient

Cycling

Plant 

Diseases

Weed 

Management

Ecological
Processes

Spiral

Integrated

Systems

Dwayne Beck and 

Randy Anderson, 2008



“…Mother Nature is an Opportunist.  If 
you have a problem, YOU have provided 
the opportunity somewhere in your 
system.”

“…There is no need for tillage 
unless it is to correct a problem 
you’ve created.”

Dwayne Beck

January 23, 2008

Lyle Carter

2002



High residue no-till systems in Pierre, SD







“Take the „E‟ out of „ET.‟”
“Think twenty years ahead.”

“We have to be no-tillers.  Let‟s learn to do it right.”

Dwayne Beck
Dakota Lakes Research Farm
South Dakota State University

Pierre, SD



Global Policies 
and Perspectives

Conservation Agriculture is good for a 
lot of reasons. Carbon sequestration 
impacts on Climate change is just one 
of those reasons.

We have only 
one earth! 
Let‟s protect 
and nurture it.



TILLAGE
INTENSITY

RESIDUE
INPUTS

MANAGEMENT'S DELICATE BALANCE 
TO MAINTAIN SOIL QUALITY

OUR FOOD SUPPLY

climate   vegetation  parent material  topography  age

SOIL ORGANIC CARBONSOIL ORGANIC CARBON
Reicosky,2000



Greenhouse Effect and 
Global Climate Change

The role of intensive 
agricultural tillage 
and Soil Carbon



Before After tillage

Normal wind with turbulent mixing creates 
gentle updrafts that enhances soil air 

exchange and carbon loss after tillage.

“Clear air turbulence”!

Invisible effects of invisible forces!



Reicosky,2000



No. 1 Environmental Enemy 
in Production Agriculture

Intensive Tillage

Intensive tillage causes an accelerated 
downward spiral of soil degradation.



INTENSIVE TILLAGE, HOW MUCH IS NECESSARY?

Tillage Enhances Biological 
Oxidation.

Tame the "Invisible Flame"!
Use Conservation Tillage!

Reicosky,2000



Conservation Agriculture provides beneficial ecosystem 
services:

1. Food, fiber and biofuels

2. Less erosion, less pollution, clean water, fresh air, 
healthy soil, natural fertility, higher production, carbon 
credits, beautiful landscape, sustainability etc., etc. 
……

True Conservation 
is 

carbon management.

Soil carbon is a priceless key to the planet‟s 
health and our environmental quality.



C

Soil organic matter is a  mixture of 
residual plant material in various 
stages of decomposition and microbial biomass

and all their bi-products.

The “key” component is:



Soil carbon is interlinked to all 
measures of soil quality through  
a complex web of many factors.

Physical Chemical

Biological



Green 
plants

Stubble  
residue

Organic matter --- humus
Humic 
fulvic 
acids

Basic 
elements

CO2 CO2 CO2 CO2 CO2

CO2

Active pools  ---- Passive pools  ---- Recalcitrant pools

Crop Residue/Stubble Decomposition Cycle as a temporal 
continuum with carbon changing form and function as CO2  
is released through microbial respiration.

Carbon Cycle - a 
“fantastic voyage”



Gaining Carbon Losing Carbon
Improved management can make it 
easy to come with more cropping 
intensity and/or cover crops and 
result in net carbon sequestration.

Improved management can make it 
slow to go with residue management 
and/or less tillage and result in net 
carbon sequestration.

Tillage flashes forth flames of fire!



Tillage-induced
Carbon Dioxide Loss

CO2CO2

Agriculture has dug a “carbon hole” with intensive tillage.

Agriculture can now refill the “carbon hole” with less 
intensive tillage.



Soil Carbon Sequestration
Environmental benefits are spokes 
that emanate  from the Carbon hub.

- increased water holding 
capacity and use efficiency
- increased cation exchange 
capacity

- reduced soil erosion

- improved water quality

- improved infiltration, less 
runoff

- decreased  soil 
compaction

- improved soil tilth and 
structure

- reduced air pollution

- reduced fertilizer inputs
- increase soil buffer capacity
- increase biological activity
- increase nutrient cycling and 
storage
- increased diversity of 
microflora 
- increase adsorption of 
pesticides
- gives soil aesthetic appeal
- increase capacity to handle 
manure and other wastes
- more wildlifeCarbon 

central hub of 
environmental quality.

C



Massey Ferguson  MF 8289    387 HP tractor

World plowing Record in 2003!

Plowed 251.5 ha (621 ac) in 24 hours or 10.5 ha (24 acres) per hour!

Based on typical portable chamber measurements on moldboard plowed soil in 

Minnesota, at ~200 g CO2 m-2 in 24 hours, they released about 503 
tonnes of CO2 (137 tonnes of carbon) in 24 hours!

Setting world records degrading our resources!
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m

BEFORE AFTER

MOLDBOARD
PLOW

Tillage loosens the soil (i.e. changes soil air permeability) and enables rapid 
soil gas exchange.  Soil carbon dioxide is sucked and swirled into  
turbulent eddies on into the atmosphere.  Oxygen enters the large voids to 
enhance microbial activity.

Tillage unlocks the potential microbial activity by creating more reactive 
surface area  for gas exchange on soil aggregates that are exposed to a 
higher  ambient oxygen concentration (21%).  Tillage also breaks the 
aggregates to expose "fresh" surfaces for enhanced gas exchange and 
perhaps more carbon loss from the interior that may have a higher carbon 
dioxide concentration.

Invisible forces of aerodynamics lifts 
carbon dioxide out of tilled soil.



Tillage very effectively 
facilitates biochemical 

degradation of organic matter.

CO2

Intensive tillage enhances biological 
oxidation and decreases soil carbon 
irrespective of residue management.

$ $ $ $

Invisible effects of invisible forces!





Silage removed
(grain and stover 
removed)

Grain removed
(stover returned)

low high highlow

- 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

- 67         - 72                     + 37       + 40

Total Carbon
(ton/ac)

Results suggest intensive tillage common to
all treatments overshadowed stover carbon
removal or addition.

2.13             2.14                           2.13             2.17

(0-6 in)
Soil

Carbon 
(%)

Reicosky,2000



Upwind
Analyzer

Downwind
Analyzer

Wind Direction

Tillage-induced carbon dioxide loss

Portable 
Chamber



Subsoil Mole Knife L128 Knife

Reicosky,2000









Soil carbon is the hub of the wheel of 
sustainable soil properties and processes.

Soil carbon is the central hub of 
benefits for environmental quality 

Soil Resource Sustainability 

C

Soil carbon is the 
hub of the wagon 
wheels that carry 
our food 
production system 
and economy 
along.

The wagon of 
sustainability is 
carried along on 
environmental wheels 
that have soil carbon 
as the hub.

Strong spokes are required to maintain 
integrity and function of wheel.

C



Soil carbon is the central hub of the 
environmental sustainability wheel that 
supports secondary environmental benefits.

C

Spokes are the incremental links of carbon to 
environmental improvement that support  total soil 
resource sustainability.

- increased water holding capacity and 
use efficiency
- increased cation exchange capacity

- reduced soil erosion

- improved water quality

- improved infiltration, less runoff

- decreased  soil compaction

- improved soil tilth and structure

- reduced air pollution



What have you done to 
improve our world?

Put carbon thinking into Conservation Agriculture

Put carbon on your agenda

Put carbon in your action plan

Lead development of  global carbon policies and 
markets that includes farmers

Implement carbon management in Conservation 
Agriculture

Society  will appreciate your efforts in 
providing a quality environment and a 
sustainable food supply.



“Reduce the volume of soil disturbed.”

Don Reicosky
Retired

USDA ARS
Morris, MN







CONSERVATION AGRICULTURE 
SYSTEMS ALLIANCE

Manitoba – North Dakota Zero Tillage Farmers Association
Reduced Tillage Linkages

Delta Conservation Demonstration Center
Georgia Conservation Tillage Alliance

Pennsylvania No-Till Alliance
Colonial Soil and Water Conservation District
Saskatchewan Soil Conservation Association

Southern Plains Agricultural Resources Coalition
Pacific Northwest Direct Seed Association

Ohio No-Till Council
USDA ARS National Soil Dynamics Lab

Mississippi State University
Auburn University

Pennsylvania State University
USDA Natural Resources Conservation Service

California Conservation Tillage Workgroup







Reicosky, 1998



Iowa, 2001

Georgia, 2001 Brazil, 2004

Iowa, 2001

Brazil, 2007

Nebraska, 2007



Status of Adoption: Conservation Tillage 
Cotton

MidsouthWest

Southwest

Dr. Wayne Reeves
Retired USDA ARS
Watkinsville, GA
2010 Cotton Beltwide Proceedings







Possible benefits of conservation tillage

- saves fuel

- saves soil

- saves time

- saves labor

- saves machinery

- permits timely planting

- reduces run-off

- increases soil moisture

- increases soil organic matter

- sequesters carbon

- improves habitat for beneficial organisms

Dr. Sharad Phatak, University of Georgia, 1997

- dust (PM10 and PM2.5) emissions mitigation 
- surface water (sediment, nutrient and 

pesticide) runoff reduction (?)
- reducing GHG emissions (?)
- enable greater forage production and nutrient removal (?)



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    T I L L A G E
Row Crop System Development  •  1995 - 2009

Integrated 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 
TILLAGE

Cropping Systems

Dairy Forage 2000 -
ongoing



Minimum Tillage 
Approaches
(Non-Permanent 

Bed Systems)



Minimum Tillage 
Implements, 2004

(Non-permanent 

Bed 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



Conservation / Standard Tillage Comparison 
Study
(1999 – ongoing)

Standard Tillage
With cover crop
Without cover crop

Conservation Tillage
With cover crop
Without cover crop



EXPERIMENTAL METHODS

1) tomato / cotton rotation with and without winter 
triticale/rye/common vetch cover crops

2) 10 X 90 m plots, replicated 4 times in RCBD

3) “reduce tillage to greatest extent possible” 
in CT systems

4) monitor all inputs and operations for 
economic analysis

5) machine harvest yield determinations



Standard Tillage Tomato System
(Coming Out of Cotton)

Year 1 (going into tomatoes)

• shred cotton stalks
• undercut cotton plants
• disk 2X
• chisel
• list
• cultimulch
• winter weed control
• apply preplant herbicide
• recultimulch beds
• transplant tomatoes
• irrigate
• cultivate
• fertilize
• cultivate
• harvest

Year 2 (going into cotton)

• flail chop tomato residue
• disk 2X
• chisel
• disk
• list
• winter weed control
• apply preplant herbicide
• plant cotton
• irrigate
• cultivate
• fertilize
• cultivate
• harvest



Conservation Tillage Tomato System
(Coming Out of Cotton)

Year 1 (going into tomatoes)

• shred and undercut cotton

• sweep furrows

• spring herbicide application

• transplant tomatoes

• irrigate

• cultivate

• harvest

Year 2 (going into cotton)

• spring herbicide application

• plant cotton

• irrigate

• cultivate

• fertilize

• cultivate

• harvest



Surface residue in CTCC system
Five Points, CA 2003

Rye / triticale / vetch cover 
crop in CTCC system
Five Points, CA 2000



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



Rainfed winter 
cover crop being 

seeded into 
cotton and tomato 

residue Five 
Points, CA 2007



Conservation tillage system 
following tomato harvest and 

before cotton planting

Five Points, CA 2000



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

Five Points, CA 2008



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

and tomato residues
Five Points, CA 2008



Standard tillage 
with cover crop

10% + 4
Standard tillage 
no cover crop

7% + 3

Conservation tillage
with cover crop

90% + 4

Conservation tillage
no cover crop

55% + 10

Following 
2005 Tomatoes
November 2, 5005





2000 2001 2002 2003 2004 2005 2006 2007 2008

(lbs/ac)

South

STCC 8036 + 205 3604 + 169 1226 + 213 2281 + 188 1732 + 246 6661 + 401 1461 + 239 28 + 14 2894 + 295

CTCC 8344 + 345 2798 + 141 1895 + 213 5063 + 327 1744 + 206 8327 + 152 1282 + 143 66 + 18 2637 + 756

North

STCC 7850 + 656 4058 + 96 3121 + 407 2031 + 286 2449 + 100 5223 + 228 3320 + 196 10 + 0 5112 + 180

CTCC 7889 +
1326

3966 + 55 4236 + 223 3919 + 638 3192 + 124 5677 + 228 3169 + 185 58 + 3 5328 + 403

Cover crop biomass in STCC and CTCC systems, 2000 – 2008



No-till cotton seeding
Five Points, CA  2009



No-till processing tomato transplanting 
Five Points, CA 2009







2009 NRI Tomato Yields

Standard tillage no cover crop   49.1 + 1.2
Standard tillage with cover crop    51.2 + 1.9

Conservation tillage no cover crop   53.5 + 1.3
Conservation tillage with cover crop   49.8 + 0.8









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



Comparison of labor and fuel inputs under standard 
tillage and conservation tillage for processing tomato, 

Westside Field Station, 2003

Cultural costs ST CT
Difference

(ST-CT)
Equipment passes over the 
field 19 10 9

Labor hours
(total) 21 19 2

Machine hours
(tractor operator) 2 1 1

Non-machine hours
(hand-hoe and irrigate) 18 18 0

Fuel
(gal) 25 9 16



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. 
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Cotton lint yields 2000 - 2007



Soil Disturbance Ratings
SOIL DISTURBING ACTIONS SOIL

FIELD OPERATIONS DISTURBANCE
INVERT MIX LIFT SHATTER AERATE COMPACT RATING (SDR)

Primary tillage
  Plow, moldboard, complete inversion 5 5 5 5 5 4 29
  Plow, moldboard, incomplete inversion 4 5 5 5 5 4 28
  Plow, deep chisel, twisted point 4 4 5 5 5 2 25
  Plow, deep chisel, straight point 3 4 4 4 5 2 22
  Plow, chisel, twisted point 3 4 5 5 5 2 24
  Plow, chisel, straight point 2 3 4 4 4 2 19
  Plow, chisel, sweeps 2 3 5 4 4 3 21
  Plow, disk plow 4 5 5 5 5 4 28
  Disk, offset 4 5 4 5 5 4 27
  Disk, Tandem primary (> 6" depth) 4 5 4 4 5 4 26
  Power rotary tiller 5 5 5 5 5 4 29
  Ground driven rotary tiller 4 5 5 5 5 4 28
  Paratill/paraplow 0 0 5 5 3 2 15
  Undercutter (8-12" sweeps) 0 0 5 5 4 3 17
  V-blade 0 0 5 5 3 3 16
  Vee ripper/subsoiler 3 3 4 5 5 2 22
  Bedder-ridger 5 5 5 5 5 3 28
Secondary tillage  
  Disk, Tandem finishing (< 6" depth) 2 3 3 3 4 3 18
  Field cultivator, straight point 3 3 3 4 3 2 18

USDA
CONSERVATION

SECURITY
PROGRAM



Treatment
Size Fraction

Land Preparation
Disc
Chisel
List Beds
Ringroll Beds
Power Incorporate
Plant Cover Crop
Mow/Chop Cvr Crop
Compact Furrow

Subtotal

In Season Operations
Spray
Lilliston
Cultivate Tomato
Cultivate Cotton

Subtotal

Total

98
20
12
44

127

300

12
92
34

316
455

Dust Production by Treatment and Operation (µg/L)

*There were detectable dust measurements for these operations, but they rounded to 0 
with this number of significant figures.

Resp.

14
1
3
7

20

44

3
4
2
8

17

Total

81
11
11
39
93
4
22
9

270

28
222
250

Total

10
1
2

24
7

trace*
9
6

58

2
10
12

Total

5

75

80

Total

2

4

6

Total

21
61

82

2

75

77

Total

4
6

9

1

7

8

STNO STCC CTNO CTCC



Planting / Harvest
Plant Cotton
Transplant Tomato
Clean Furrow
Shred-Bed
Mow
Undercut
Harvest Cotton

Subtotal

Cumulative 
Dust Production

1
2

38
29
11
81

837

Dust Production by Treatment and Operation (µg/L)
(continued)

*There were detectable dust measurements for these operations, but they rounded to 0 
with this number of significant figures.

trace*
trace*

6
3
2
11

72

5
9

51
27
11

103

623

1
1

6
2
2

12

82

4
17

12

8
40

120

1
2

4

2
8

14

14
17
37
22

13
103

262

1
2
5
8

3
19

36

STNO STCC CTNO CTCC

Baker, Southard and Mitchell
JEQ, 2004

















Stubble Over the Soil
Carlos Crovetto

1996





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

Firebaugh, CA
2008



Short-season triticale cover crop
preceding processing tomatoes

Firebaugh, CA 2005



Strip-till planted processing tomatoes
Firebaugh, CA 2006



Strip-till planted processing tomatoes into
Triticale cover crop residue

Sano Farms, Firebaugh, CA 2006



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

Alan Sano
Sano Farms

Firebaugh, CA 
May 4, 2006



PROCESSING TOMATOES
STRIP-TILL PLANTED INTO
TRITICALE COVER CROP

FIREBAUGH, CA 2005







Subsurface drip coupled with permanent 
beds and strip-till cover cropped fresh

market tomato production
Firebaugh, CA

2005



Rolling stalk chopper knocking down bell bean
cover crop ahead of strip-tilling and transplanting

processing tomatoes
Davis, CA
April 2006



Modified Orthman 1-tRIPr strip-tiller 
preceding tomato transplanting

Davis, CA May 2006









Yolo County locations (2)
San Joaquin County locations (2)

Merced County locations (2)

San Benito County locations (1)

Fresno County locations (3)

2011 Tomato Cover Crop and Strip-till Demonstration Evaluation Sites



2011 Tomato CT and Cover Crop Demonstration Evaluations
Mid-Season Progress Discussion
Santa Nella, CA
June 30, 2011

Thanks for taking part!













































Front-mounted roller rolling rye cover crop
Tipton, GA



Rolled rye cover crop
Lamar Black
Tipton, GA

1999



Strip-till planted cotton into rolled rye cover crop
Tipton, GA

1999



No-till planting into rolled cover crop
Parana, Brazil

1999





Rye cover crop being rolled at organic 
farm of Tom and Denesse Willey,

Madera, CA
2006

















On Farm Experiment: Effects of deep vs.

shallow minimum tillage on lettuce yield

 Goal: Examine changes in yield, Sclerotinia and corky 
root levels under three types of tillage that retain 
semi-permanent beds for several years

 Cropley silty clay: sprinkler and furrow irrigation
 Three treatments  started in Oct 1994

 Shallow minimum till (“Sundance”)
 Deep minimum till (“Chisel Only”)
 Deep minimum till (“Full Five-Step”) 

 Lettuce crops every year (1995-1998)
 Sampling: nitrate, ammonium, microbial biomass, 

bulk density, disease counts in the field
L.Jackson, 2011



Minimum Tillage Plots After Three Years

n
per

plot*

'Deep'
Full 5-Step

Minimum Till

'Deep'
Chisel Only
(No Ripper)

'Shallow'
Sundance

Only

Fresh weight of
lettuce
(g/head)

10 903a 861b 842c

Sclerotinia
(% of heads with
wilt symptoms)

250 1.17a 1.94a 5.27b

Corky Root
(% of taproot
infected)

12 47a 43a 56a

*6 plots per treatment



Minimum Tillage Plots After Four Years
n

per
plot*

'Deep'
Full 5-Step

Minimum Till

'Deep'
Chisel Only
(No Ripper)

'Shallow'
Sundance

Only

Fresh weight of
lettuce
(g/head)

12 955a 926a 856ab

Sclerotinia
(% of heads with
wilt symptoms)

600 0.63a 0.97b 1.89c

Corky Root
(% of taproot
infected)

12 4.7a 4.6a 5.5a

*6 plots per treatment



Summary of On-Farm Experiment: Effects of 
deep vs. shallow minimum tillage on lettuce 

yield

 After two years of shallow  minimum tillage 
(„Sundance‟), yields decreased and Sclerotinia 
increased.

 Yields were highest when both chiseling and 
ripping were included in the operations for 
maintaining semi-permanent beds.

 Corky root disease was variable from year to 
year, but was not affected by the different tillage 
treatments.

 Other soil parameters did not show large 
differences between tillage treatments.



Conclusions:

 SOM: Increasing active soil organic matter (e.g., 
microbial biomass) is related to increased lettuce 
yield.

 Organic matter management: Addition of fresh, 
readily available organic matter (i.e., plant material) 
along with more recalcitrant forms (i.e., compost) 
seems to be an effective way to boost microbial 
biomass for an extended period.

 Tillage management: Shallow minimum tillage (e.g., 
Sundance) is only recommended for a short period in 
between use of deeper tillage methods.



Table 1. Tillage system effects on average 
sweet corn yield and tillage costs 
(Data from Luna and Staben, 2002).

Tillage
System

Graded Yield¹
Tons/acre

Tillage Costs²
$ / acre

1997-
1998

1997-
1998

Strip-till 8.9 $20.90
Conv.-till 8.6 $36.50

¹Number of on-farm trials for yield: 1997-1998 = 8; 1999-2000 = 12.

²Number of on-farm trials for estimating tillage costs: 1997-1998 = 
6; 1999-2000 = 5.





Cooperating 

Farmers

Carl, Kenny and Jack 
Hendricks
Rod Chambers
Peter Kenagy
Mike and Mark 
Dickman
Rob Heater
Sam Sweeney
Alan and Steve 
Keudell
Ron Pearmine
Ray Stafford









2009 Strip tillage at Pearmine Farm









Cover crop effects on sweet corn yield 
in strip-till systems – 2003-2005

• 4 cover crop treatments:
Fallow
Oats
Oats + vetch
Oats + phacelia

• 2 farms each year; 3 year study: 6 
fields total













Cover crop effects on sweet corn yield
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Fuel and Energy Use comparison
Pearmine Farms, Gervais, OR







Components of 
Evapotranspiration

• Transpiration 

– Essential for plants

• Evaporation from Soil

– Minimal contribution to plants





Value of Crop Residue for 
Reducing Evaporation

• Frequent surface 
wetting with center 
pivots

• Crop residue insulates 
surface

• How much residue is 
needed?





Harvesting winter forage wheat, strip-tilling 
and planting corn, Tipton, CA, May 2005





Tom Barcellos addressing over 140 
Tulare County dairymen

Tipton, CA
August 30, 2007





Do‟s & Don‟ts for Success
in Con-Till / No-Till

Tom Barcellos
Barcellos Farms

Tipton, CA



IS THERE POTENTIAL?

41 ton Silage

No-Till 6 years

35 ton Field Avg.

YES THERE IS!



16-row strip-tiller used ahead of forage corn planting
Madera, CA

2007



Strip-till corn stand establishment
Iest Dairy, Chowchilla, CA 2007



No-till vs. Conventional
Double Cropped Corn following Wheat

per acre comparison

No-till Conventional
Seed $50 $36 1

Fertilizer $60 $60
Pesticide $12 $12
Herbicide $41 $18 2

Field Operation
Disc 2X $0 $28
Landplane $0 $14
Rip $0 $20
List $0 $12
Disc Bedder $0 $12
Mulcher $0 $15
Roller $0 $5
Plant $28 $16 3

Cultivate $0 $10
Fertilizer App. $7 $10 4

Layby $0 $10
Herbicide App. $20 $10 5

Irrigation 2.5 a/f $150 $150
Total savings

Total Cost $368 $438 $70 per acre!

Data compiled by Tom Barcellos, Dairyman, Tipton, CA, 2006

1. No-till seed is Round-up 
Ready

2. Round-up used for weed 
control, multiple 
applications as needed

3. No-till planter uses coulter 
openers and fertilizer 
attachment

4. No-till= coulter, 
conventional=knife

5. No-till is two applications 
vs. one application





Tillage system estimates of soil condition index, soil 
tillage intensity rating, and diesel fuel use for 
Kimberline fine sandy loam soil, Hanford, CA

* Corn silage and winter wheat with “standard” on strip=till/no-till.

‡ The SCI is the Soil Conditioning Index rating.  If the calculated index is a negative value, soil organic matter 
levels are predicted to decline under that production system. If the index is a positive value, soil organic matter 
levels are predicted to increase under that system. 

◊ The STIR value is the Soil Tillage Intensity Rating. It utilizes the speed, depth, surface disturbance percent 
and tillage type parameters to calculate a tillage intensity rating for the system used in growing a crop or a 
rotation.  STIR ratings tend to show the differences in the degree of soil disturbance between systems.  The 
kind, severity and number of ground disturbing passes are evaluated for the entire cropping rotation as shown 
in the management description.

Cropping 
System*

Soil 
Conditioning 

Index ‡

STIR 
Average 
Annual ◊

Diesel
Fuel use

Fuel cost   
for entire 

simulation 
($)

Standard 
Tillage -2.0 703 18 52.52

Strip-tillage/ 
no-till 0.84 12.7 3.9 11.69



Dairy forage triple-cropping
as a means to increase forage

production and nutrient 
uptake



Documented benefits of CT
• Cutting costs  

Cal Ag 2006, 2008

• Reducing dust emissions
J. Env. Qual. 2005, 2009, Atmos. Env. 2008

• Cutting fuel use
Cal Ag 2006, 2008

• Increasing soil carbon
Agron. J. In preparation    
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Time
Conservation

Fuel
Labor

Double crop
Water/power

SoilCosts

McGuire, 2011













The Conservation Tillage Workgroup:

http://ucanr.org/sites/ct/

Jeff Mitchell
(559) 303-9689

Other sources of information:



Global Trends in 
Temperate Cover Crops  

  
 



• Cover crop trends 

– R&D 

– Crop developments 

 

• Biofumigation 

– What is it? 

– Benefits 

– Critical success factors 

 

 

 

Outline 



• Extensive R&D programs; 

– Plant breeding 

– Soil biology 

– Plant pathology  

– Nematology 

– Virus vector management 

– Agronomy 

– Biofumigation 

 

 

Cover Crop Trends 



• Cover crop developments; 

– Soil conditioners 

– Effective nematode control  

– Higher biomass yields 

– Plants with improved agronomic traits  

– Customised crop options available 

– New plant extract formulations  

 

 

Cover Crop Trends 



Time 



  
Biofumigation  

 



• Brassica crops that produce naturally occurring 
chemical compounds that “sterilise” the soil 

 

• Specific Glucosinulate compounds 

 

• Significant soil health benefits if done correctly 

 

• Pioneered in Australia (CSIRO, Dr Kirkegaard) 

 

 

 

 

Biofumigation  



The Biofumigation Process 





• Control of various soil borne diseases 
– Rhizoctonia, Scabs, Take All, Fusarium etc…. 

 
• Assists in the management of  nematodes; 

– Meloidogyne sp., Pratylenchus sp. etc… 

 
• Productive green manure crop 

 
• Reduced reliance on farm inputs 

– Fungicides, nematicides, fertilisers 
 

 

 
 
 
 

Biofumigation Benefits 



Sensitivity of some soilborne 

fungi to Thio-GL-DPs 
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Biofumigation Success Factors 

• Only use true Biofumigation crops 

 

• Incorporate at early flower bud set (GS 8) 

 

• Correct crop maceration and rapid incorporation 

 

• Allow 2 weeks after incorporation before planting  
 



• Plan ahead (crop rotations, planting window etc…) 

 

• Adopt biofumigation if possible 

 

• Treat cover & biofumigation crops as an integral 
component to horticultural production systems 

 

Take Home Messages 



Thank you 



Cover Crops in Dry Tropics 
Vegetable Production

Prospect Agriculture Pty Ltd

Chris Monsour

Partnering with Innovation II

Cowra

August 3, 2011



The Dry Tropics 
of Queensland Bowen



Bowen’s Climate
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Dry Tropics Horticulture

• Tomatoes – 78,000 tonnes worth $140 million

• Capsicums

• Sweet corn

• Green beans

• Melons

• Squash & zucchinis

• Mangoes

• Premier winter production area for vegetables in Australia



Emerging/Minor Crops

• Eggplant

• Table grapes

• Passionfruit

• Citrus (limes)

• Lychees

• Bananas



Soil Types

• Deep sandy soils

• Red-brown earths

• Heavy clay soils

• Deltaic alluvials

• Black earths



Organic Carbon

• Very low in organic carbon, particularly cultivated soils

• OC in Bowen sandy soils – 0.36 to 1.03%

• OC in Bowen clay soils - 0.76 to 1.36%

• Low till systems in the dry tropics

• 1.55% in 8 year old system

• 1.42% in 5 year old system

• 1.40% in newly renovated low till site







Cover Crops in the Dry Tropics

• Green manure crops
• Mulches for permanent 

bed systems



Fallow Options

Bare fallow

•risk of erosion and the associated 
problems of offsite sediment,
nutrient and pesticide movement

Weedy fallow

• potential to carry over insects and 
diseases to next season
• increase weed seed bank



Green Manure Crops

• Dolichos lablab

• Cowpea (Meringa)

• Soybean (Leichardt)

Legumes

• reduced reliance on chemical nitrogen fertiliser

• reduced ground exposure during periods of high rainfall 
and potential runoff



Green Manure Crops - Legumes

Soybeans
• more tolerant of wet soil conditions

• produce more organic matter

• fix more nitrogen than cowpea or lablab
• can provide a financial return through sale of grain

Cowpea and lablab
• more tolerant of high temperatures and low soil 
moisture than soybean

• provide better ground cover = better weed control

• provide more management flexibility



Green Manure Crops - Legumes

The best time to destroy a non-grain legume crop for 
maximum nitrogen and dry matter levels is when pods have 
formed but the seed is still immature.

Avoids unwanted germination that can occur if the seeds are 
left to mature.

Disc the crop in and leave it to decompose for a number of 
weeks.



Nitrogen contribution from legume crops



Green Manure Crops

French millet
• can struggle to compete with 

weeds in tropical conditions

Forage sorghum
• deep rooted

• high biomass

• outcompetes weeds

• suppresses diseases and 
nematodes



Green Manure Crops

Improve soil health:

• Increase organic carbon levels

• Stimulate microbial activity



Cover Crops in the Dry Tropics

• Green manure crops
• Mulches for permanent 

bed systems



Desirable characteristics of cover crops

• Easily established

• Competes with weeds

• Readily killed

• Decomposes slowly

• Cost effective



Suitability of cover crops in dry tropics vegetable production



Lionel Williams – Euri Gold Farms

•Centrosema was the most effective cover crop for 
summer but was hard to kill

•Cereals (oats, rye) were effective in winter

•Also used Indian blue grass and forage sorghum

Cover crops are sprayed out 
with glyphosate, followed by 
rolling with a crimping roller 
within 7 days of herbicide 
application. 



Lionel Williams – Euri Gold Farms

Cover crops are sprayed out with glyphosate, 
followed by rolling with a crimping roller 
within 7 days of herbicide application. 



Lionel Williams – Euri Gold Farms

Transplanting seedlings into cover crop residue requires access to no-till 
transplanters, such as the Canadian manufactured RJV-600. Found to 
handle all conditions well, with the exception of wet mulch.



Lionel Williams – Euri Gold Farms



Paul LeFeuvre – Corrick Plains

• Developed a minimum tillage 
and mulch system for zucchini 
production

• Forage sorghum grown on 
permanent beds during summer, 
slashed regularly and killed with 
herbicide in autumn

• Produces a thick mulch that 
suppresses weeds and protects 
against the impact of heavy rain

• Zucchinis are transplanted 
through the mulch



Paul LeFeuvre – Corrick Plains

• achieved OC levels well above 1%
(high for this region and soil type)

• saves on inputs

•provides better management flexibility

•improves soil health

The minimum till production system:



Limitations of cover crops on 
permanent beds

• Weed management

• Need to control weeds in cover crop to 
prevent weeds seeding

• Soil temperature lower than plastic mulch

• Lower than optimum 35% in Bowen winter

• delayed harvest by up to 10 days

• Accumlation of salts in soil from ground water



THANK YOU



Partnering with Innovation II

Cowra
August 4, 2011

Peter Aird, Serve-Ag
John McPhee, Tasmanian Institute of Agricultural Research

Some thoughts on Soil Carbon
– why it is important

and how to keep it



Why focus on Soil Organic Carbon?

“The achievement of sustainable agriculture was ‘let down’ in 
the 20th Century when research focused strongly on soil 
chemical and physical factors and neglected biological 
factors”.

Sherwood and Uphoff, 2000.

Soil Organic Carbon



Types of Soil Organic Carbon

• Crop residues - greater than 2mm in size

• Particulate Organic Carbon - plant material  0.053 - 2mm in size

• Humus - usually the largest pool of organic carbon

• Recalcitrant Organic Carbon - usually charcoal

Soil Organic Carbon



Why focus on Soil Organic Carbon?

• Improve drainage and soil water holding capacity

• Improve nutrient availability

• Suppress soil borne diseases

• Improve produce pack out

Soil Organic Carbon



Soil Organic Carbon



Major contributor to greenhouse gas emission
• UK study found a decline of 0.06% per year (1.5% over 25 

years) contributed 8% of total industry greenhouse gas 
emissions

Decline in natural levels of Soil Organic Carbon
• Many examples of cropping soils with levels 10 times lower 

than natural levels

Soil Organic Carbon



0

1

2

3

4

5

6

7

0 10 20 30 40O
rg

an
ic

 c
ar

b
o

n
 (

%
) 

0
 -

1
5

0
 m

m

Years of cultivation in last 38 years

Soil Organic Carbon



Carbon content of Ferrosol topsoils in 2010

Continuously cropped paddocks 3.2%

Paddocks cropped 1-3 years in 5 4.0%

Pasture paddocks 4.8%

Soil Organic Carbon



Why have Soil Organic Carbon levels declined?

• Mouldboard plough

• Rotary implements

• Bare ground fallow

Soil Organic Carbon





Soil Organic Carbon



How much OC is in soils?

• OC level of 1.2%, bulk density of 1.2 g/cm³, depth 20 cm
= 29 tonnes C/ha.

• Less than 30% of green matter incorporated
ends up as Soil Organic Matter.

• Approx 45% of Organic Matter is C.

Soil Organic Carbon



How to increase Soil Organic Carbon levels

• To increase OC level by 0.1%, 10t of DM/ha is required.

• Incorporating green crops with a DM of 10 t/ha will take 10 
years to increase OC levels by 1%

Soil Organic Carbon



What are the likely effects of the wet 2010 – 2011 
season on Soil Organic Carbon levels?

• Anaerobic soils become bacteria dominant soils -
accelerated Organic Carbon loss

• Soils will need aerating and active green matter
to improve the balance

• Difficult to estimate time for soils to improve
the balance between soil fungi and bacteria

Soil Organic Carbon



Take home messages:

• Arrest the decline of OC levels

• Do not vigorously cultivate the soil

• Never leave the soil bare - always plant a green crop

Soil Organic Carbon



Tillage

• A major contributor to soil OC decline

• Why do we till? 

– Compaction removal

– Seedbed preparation

– Crop residue management

– Weed control



Why do we have soil compaction?



How can we  reduce or avoid tillage?

• Better traffic management – i.e. controlled traffic

• Controlled traffic (permanent beds) reduces the 
need for tillage – i.e. compaction removal is no longer 
a reason for tillage

• Ultimate goal:  control traffic to the minimum 
number and area of permanent wheel tracks –
i.e. maximise the area of soil with no wheel tracks



Friable crop 
growth zone

Compacted permanent 
wheel tracks

Controlled traffic - keeping all traffic in the 

same wheel tracks year after year

Plants grow better in soft soil

Wheels work better on roads

Crop 
zone

Track



Benefits of controlled traffic

• Lower energy use

• Improved soil structure

• Improved water use efficiency

• Improved yield

• Improved timeliness

• Improved economics

• Facilitates other farming techniques – e.g. zero-till, 
strip tillage, inter-row drilling, relay cropping



Reducing tillage through controlled traffic
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Conventional CTF

• Fewer operations
• Lighter draft operations



Porosity (%) – 150 mm
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Ratio of soil : water : air – 150 mm
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Conventional Controlled traffic

Impact of harvest traffic on infiltration



Infiltration test results (July 2010)

Conventional CTF

Duration of test (min) 30 90

Time to run-off (min) 4 not reached

Tillage operations prior 

to crop

Rip

Rotary harrow

Rotary harrow bed-form

Strategic rip

Rotary harrow



Growing and retaining more ground cover
Controlled traffic presents opportunities for alternative residue 

and tillage management practices

Strip tillage

Inter-row
sowing

Zero-till



Summary

Soils managed using controlled traffic exhibit:

• Lower bulk density and higher porosity

• Better water:air ratio

• Greater infiltration and less run-off

• Reduced tillage requirements

which has the potential to:

• Improve plant growth and reduce soil borne disease

• Reduce erosion

• Improve soil water storage and drainage

• Retain more soil carbon
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