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Introduction 

On October 3, 2011, the Arizona Department of Agriculture (ADA) entered into a cooperative 
agreement with the United States Department of Agriculture (USDA), Agricultural Marketing 
Service (AMS) in the amount of $1,172,102.32 in FY11 Specialty Crop Block Grant Program – 
Farm Bill funds to fund nineteen projects specifically designed to increase the consumption and 
enhance the competitiveness of Arizona Specialty Crops.  Projects within the Arizona State Plan 
include two marketing projects, six education projects and ten research projects and are one to 
three years in duration. The expiration of the grant period is September 29, 20141.   
 
2012 SWAS – An Interactive Educational Experience 
This project was completed on September 30, 2012 

Project Summary 
Considerable information exists that would benefit specialty crop producers if that information 
was available and understandable. The 2012 Southwest Ag Summit was designed to provide an 
interactive forum in which educators, researchers, farmers, students and agriculture industry 
specialists come together to discuss and gain insights into new and emerging technologies in 
specialty crop production.  The 2012 Southwest Ag Summit focused on the goals of increasing 
participation and expanding the Ag Summit’s reach by promoting greater use of its website and 
urging participants to share materials with colleagues unable to attend the Ag Summit. 
 
Project Approach 
The Southwest Ag Summit has become an industry-specific leader in the desert southwest due to 
a close collaboration between the University of Arizona, the Yuma County Farm Bureau and the 
Yuma Fresh Vegetable Association. During this two-day event hundreds of members of the 
specialty crop industry participated in educational programs specially designed to provide timely 
and specific information. The forum and meeting materials enhanced opportunities for members 
of the specialty crop industry to better compete in an expanding global marketplace.  In addition, 
all participants were encouraged to share the information they were provided with colleagues 
who did not attend the conference. 
 
Held March 7th and 8th, 2012, the Southwest Ag Summit was planned and administered by a 
Steering Committee comprised of members of the specialty crop industry.  The 2012 committee 
was led by Bruce Gwynn, a local chemical representative, Dr. Kurt Nolte, University of Arizona, 
Yuma County Cooperative Extension Service Director, and Steve Alameda, a local specialty 
crop grower.  Details – from initial planning of the event through evaluation and final report – 
were overseen by the Ag Summit Coordinator. 
 
Field Demonstrations 

During the 2012 Southwest Ag Summit, the variety of field demonstrations was expanded.  Dr. 
Kurt Nolte, Dr. John Palumbo and Dr. Mark Siemens of the University of Arizona Yuma Ag 
Center amassed a comprehensive program of innovative, state-of-the-art exhibits.  Before 

                                                 
1Extension of one day for project period end date granted by AMS on May 10, 2013.  
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developing the program, the planners used information collected by querying specialty crop 
growers. 
 
The 2012 Southwest Ag Summit Field Demonstrations provided displays and presentations on 
various topics, including new technologies in site-specific management, crop protection, the 
latest in crop variety selection, novel irrigation and water delivery approaches as well as new 
land leveling and tillage equipment.  Agricultural companies wishing to be involved in the Field 
Demonstrations registered as early as a year in advance.  It is estimated that two hundred 
members of the agriculture industry were in attendance.  
 
Academic General Sessions and Workshops 

A keynote address was delivered on the second morning of the Southwest Ag Summit.  Mr. Mike 
McCarty, CEO of Helena Chemical Company, delivered an address entitled “Pest Management 
Technologies Have a Bright Agricultural Future” to an audience of approximately six hundred 
members. 
 
Eleven educational workshops about specialty crop topics were included in this year’s program 
during morning and afternoon sessions.  The speakers, who came from all across the country, 
presented information and answered participants’ questions. 
 
Specialty crop programs included: 
 

 Integrated Pest Management Regulatory Update 
 Fresh Produce Safety I and II 
 Minimizing Pest Spray Drift and Advanced Nozzle Selection 
 Alternative Crops and Technologies 
 Fresh Approaches to Plant Nutrition and Fertilizers 
 Integrated Pest management in Vegetables 
 Agribusiness, Strategic Planning for the Future 
 Crop and Irrigation Management 
 Agricultural Labor and Immigration Reform 

 
In 2012, the educational program expanded with an additional keynote speaker during lunch.  In 
an interview-type setting, Max Armstrong, Programming Director for Farm Progress spoke 
informally with Howard G. Buffett, CEO of The Howard G. Buffett Foundation on many current 
topics, including agricultural labor, water resources and food production for the world’s 
population.  Well over five hundred people were in attendance to hear the discussion of these 
critical topics. 
 
A new workshop involved a panel discussion about agricultural labor and immigration reform 
entitled “Trends in the Agricultural Labor Market: Interactive Panel Discussion.”  Because 
specialty crop production is labor intensive, specialty crop producers were very interested in the 
discussion.  The panel included two distinguished experts from Washington, DC: Monte Lake, 
an immigration attorney, and Tamar Jacoby, President of Immigration Works USA. 
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A listing of all field demonstrations, speakers, and educational session topics is included in the 
schedule of events for the Southwest Ag Summit. A copy is attached and marked as Appendix 

A. 
 

Southwest Ag Summit Logistics 

Outreach and logistics were vital in ensuring a seamless program.  New and different outreach 
approaches were tried along with proven methods.  The Yuma Visitors’ Bureau staff produced 
the popular and effective Ag Summit Insider as a part of their marketing campaign and 
distributed it to 5,000 agricultural leaders in Arizona, California, Nevada and New Mexico.  This 
eight-page publication, entitled, “Faces of the Industry,” showcased the Yuma specialty crop 
industry by providing insights from a variety of local agricultural leaders.  Event schedules and 
speaker information were included as well. 
 
Goals and Outcomes Achieved 
The Steering Committee was pleased with the outcome of the 2012 Southwest Ag Summit and it 
believes four goals were successfully achieved. 
 

a. As a part of our aggressive outreach campaign, prospective participants were notified of 
the upcoming 2012 Southwest Ag Summit using a variety of media including email 
blasts.  Attendees were then registered for the 2012 Southwest Ag Summit via telephone, 
mail and the internet.  Approximately 670 people from the vegetable and melon 
industries registered and attended the 2012 Southwest Ag Summit educational programs.  
The actual participation in the Southwest Ag Summit was 35% over our original target of 
495, and greatly surpassed our expectations. 
 

b. 2012 Field Demonstrations attracted approximately 200 attendees from the specialty 
crops industry, only slightly higher than our target attendance of 192, but an increase of 
fifteen percent over our benchmark figure of 175. 
 

c. The Southwest Ag Summit website had been upgraded the previous year so that the 
Steering Committee could track its use by potential Southwest Ag Summit participants 
and gauge how important it was in disseminating information to specialty crop industry 
personnel.  The information derived from website statistics shows that our website, 
www.swagsummit.com, continues to be invaluable in expanding the reach of the 
Southwest Ag Summit to potential specialty crop industry participants. 
 

By comparing data from the last two years, the value of the Southwest Ag Summit website, 
www.swagsummit.com, becomes more apparent. 
 
The number of visits to the Southwest Ag Summit website: 
 

 October 2010 – September 2011 (2011 Ag Summit) ranged from a monthly low of 64 to 
a high of 1,173 with an annual total of 5,450 visits. 

 

Page 4 of 139

http://www.swagsummit.com/
http://www.swagsummit.com/


Arizona Department of Agriculture 
Specialty Crop Block Grant Program  

Agreement No. 12-25-B-1213 
 

  

 October 2011 – September 2012 (2012 Ag Summit) ranged from a monthly low of 130 to 
a high of 1,644 with an annual total of 6,925 visits. 
 

This is an increase of 27% from 2010-2011, the first year tracking visits. 
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 The number of hits on the Southwest Ag Summit website: 
 

 October 2010 – September 2011 (2011 Ag Summit) ranged from a monthly low of 6,324 to a 

high of 105,092 with an annual total of 451,920 hits. 

 
 October 2011 – September 2012 (2012 Ag Summit) ranged from a monthly low of 4,563 to a 

high of 151,390 with an annual total of 816,051 hits. 

 
This is an impressive increase of 80% from 2010-2011, the first year of tracking hits. 
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d. As previously mentioned, prospective attendees were notified of the 2012 Southwest Ag 

Summit in various ways.  Using the data from the survey it was determined that, while 
some methods were more effective than others, all methods used to publicize the 
upcoming event were useful. 
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Beneficiaries 
A survey was distributed to Southwest Ag Summit participants on the final day of the event to 
gauge how well the Southwest Ag Summit was meeting the needs of the specialty crop industry.  
These completed surveys provided feedback about the Ag Summit’s direct and indirect impact.  
A copy of the exit survey is attached and marked as Appendix B. This survey demonstrated to 
the Steering Committee the diversity of participants as well as their varied interests at the 
Southwest Ag Summit. 

 
Of those completing the 2012 Southwest Ag Summit survey, 45% indicated that they had 
attended the field demonstrations. 

 
A specific goal this year was to increase the number of people who received information from 
the 2012 Southwest Ag Summit even though they did not attend the Ag Summit.  Surveys 
completed by participants indicated they would share the information they obtained from the 
Southwest Ag Summit with many others, thus expanding the reach of our target audience of 
Arizona, New Mexico, Nevada, California and Northern Mexico.  Information obtained at the 
Southwest Ag Summit will be shared with (includes multiple overlapping answers): 
 

o Coworkers – 77% 
o Friends and family – 53% 
o Staff – 43% 
o The media – 12% 
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The Southwest Ag Summit helped those who attended by: 
 

o Obtained Material About Food Safety – 57% 
o Providing marketing opportunities – 17% 
o Developing networking opportunities – 13% 
o Obtaining material about desert agriculture – 13% 
o Gaining Continuing Education Credits - < 1% 
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With attendance figures 35% higher than the previous year, those who completed the exit survey 
indicated our participants were: 
 

o University/government related personnel – 20% 
o Water related personnel – 19% 
o Professional/support personnel - 15% 
o Seed related personnel – 15% 

Page 7 of 139



Arizona Department of Agriculture 
Specialty Crop Block Grant Program  

Agreement No. 12-25-B-1213 
 

  

o PCAs and chemical related personnel – 12% 
o Marketing/sales representatives – 9% 
o Specialty crop producers – 8% 
o Equipment dealers 
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Attendees from all occupations who responded also indicated the reasons for attending their 
Southwest Ag Summit (includes multiple overlapping answers): 
 

o Networking opportunities – 56% 
o Academic breakout sessions – 49% 
o Keynote address – 44% 
o Booth displays – 42% 
o Field demonstration – 31% 
o Marketing opportunities – 28% 
o Continuing education credits – 25% 
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The economic impact of the 2012 Southwest Ag Summit on specialty crop producers and 
associated industry members of the desert southwest region of Arizona is extraordinary.  The 
USDA 2007 Census of Agriculture, National Agricultural Statistics Service website lists Yuma 
County as having a market value of $673,544,000 for the category of “vegetables, melons, 
potatoes and sweet potatoes.”  For 2007, the market value of Yuma County vegetables and 
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melons was higher than any other agricultural commodity produced throughout the State of 
Arizona.  In addition, Yuma County ranked 3rd out of 3,079 counties in the United States for 
value of sales for vegetables and melons.  Yuma County vegetable and melon production is not 
only economically significant to Arizona, but it is virtually unparalleled throughout the United 
States.  
 
Lessons Learned 
Overall, the Steering Committee and the participants deemed the 2012 Southwest Ag Summit an 
outstanding success.  New and pertinent information was disseminated to members of the 
specialty crop industry by experts in their fields and that information was shared with others who 
did not attend the Ag Summit.  In its evaluation of the 2012 Southwest Ag Summit, Steering 
Committee members determined a number of “Lessons Learned.” 

 
1. The 2012 Field Demonstrations attracted approximately 200 attendees from the specialty 

crop industry.  This figure is slightly higher than our target attendance of 192 and an 
increase of 15% over our benchmark of 175.  However, the Steering Committee decided 
that the Field Demonstration was not attracting the number of participants that it would 
like.  In addition, unfavorable weather conditions on the day of the Field Demonstration 
are always a factor.  This year if the event had been held one day later, it would not have 
occurred due to high wind and cooler than normal temperatures.  In 2010, the Field 
Demonstration was cancelled due to rain.  As a result, the Steering Committee has 
concluded that it will not hold the Field Demonstration in 2013, but instead it will focus 
on educational workshops for members of the specialty crop industry. 

2. The venue for the 2012 Southwest Ag Summit was chosen because of its proximity to 
other agricultural events.  However, participants complained about the lack of parking 
and available space in some of the venue rooms.  Problems were also encountered with 
the venue’s sound system and other necessary equipment.  The Steering Committee 
determined that a change of venue is appropriate for the 2013 Southwest Ag Summit. 

3. As the Steering Committee looks to the future of the specialty crop industry, it attempts 
to find new ways to include more college students.  For the 2013 Southwest Ag Summit, 
the Steering Committee has contracted with the local community college, Arizona 
Western College, to provide services that will involve more students enrolled in 
agricultural programs. 

4. Consistent information about the event is essential.  When information is listed in emails, 
postcards, forms and on the Southwest Ag Summit website, it must be reliable.  To 
ensure consistent information for the 2013 Southwest Ag Summit, one person will be 
responsible for reviewing the information before it is disseminated. 

5. The Steering Committee has concluded that early deadlines are essential to those 
responsible for providing marketing information and program materials in order to 
minimize last minute problems. 

6. In order to reach as many potential participants as possible, the Steering Committee has 
obtained contact lists from various organizations.  These various lists often contain names 
of the same people.  Efforts to remove duplicate names from the contact lists will 
continue so that people will not receive multiple identical materials. 
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7. The 2012 Southwest Ag Summit marketing strategy encompassed a number of different 
approaches.  One strategy relating to email blasts seemed to produce significant results 
and increase registration numbers.  There will be a greater emphasis on email blasts for 
the next Ag Summit. 
 

The value of the Southwest Ag Summit increases each year as the Steering Committee endeavors 
to ensure the next Southwest Ag Summit builds on strengths and reduces or eliminates problems.  
The Steering Committee and staff are currently preparing for the 2013 Ag Summit, scheduled for 
March 6-7, 2013. 
 
Contact Persons 
Brenda Letendre 
Southwest Ag Summit Coordinator 
(928) 783-9355 
yumafresh@swagsummit.com 
 
Steve Alameda 
Southwest Ag Summit Steering Committee 
Yuma Fresh Vegetable Board of Directors 
(928) 941-1392 
topflavorsteve@aol.com 
 
Additional Information 
The educational programs provided at the Southwest Ag Summit evolve each year.  While some 
of the topics remain the same, the information provided is always fresh and relevant to current 
agricultural needs.  In order to enhance the competitiveness of the Arizona specialty crop 
industry, new and different programs are added every year.  Each program is specifically 
designed to enhance the knowledge imparted to the specialty crop participants with the end goal 
of strengthening their place in the global market and increasing consumption of the vegetables 
and melons grown in the desert southwest.  
 

Arizona Gardens for Learning 

This project was completed on September 30, 2014 

Project Summary 
Arizona school personnel, students and parents have become more and more interested in edible 
school gardens.  To provide support for the edible gardens, Western Growers Foundation used 
the basic materials of California Gardens for Learning (a book written in partnership with 
National Gardening Association, Public Health Institute and several California stakeholders, 
including Western Growers Foundation) and updated and edited it to be Arizona specific. The 
book includes: School Garden Basics, Linking to Curriculum, Promoting Healthy Lifestyles 
(consumption of specialty crops), School Garden Planning & Design, Finding Supplies & 
Funding, Planting & Maintaining the School Garden, Sustaining the Garden, Garden Volunteers, 
and Taste Tests & Other Uses for Specialty Crop Harvests.  
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The updates and edits included Arizona school spotlights as well as an Arizona fruit, vegetable 
and herb planting guide written in partnership with University of Arizona.   
 
Teachers and parents say time and time again, “If they grow it, they’ll eat it.”  Duke University 
and Centers for Disease Control states that by 2030, 42% of Americans will be obese.  Fruits and 
vegetables are the first line of defense to improve the health of our children.   
 
Concerned parents and engaged educators understand this and look for ways to teach children 
lifelong lessons about eating lots of fruits and vegetables.  Edible gardens, on school property, 
where the children can see the progress every day, have proven to be a great tool.   
 
Project Approach 
Our first order of business was to create a truly ARIZONA book.  To do that, we interviewed and 
visited several schools and spotlighted eight schools from Flagstaff to Tucson, Yuma to Phoenix.  
 
We hired a Tucson designer to lay out the book. University of Arizona wrote the planting guide 
and Western Growers personnel edited the California content to be Arizona specific. 
 
Once the book was published, we posted it on the website and promoted it in partnership with 
Arizona Department of Education. They sent several emails promoting the book as well. 
 
We learned that people didn’t download the entire book.  Understanding that, we shifted our 
focus to distributing hard copies of the book.  To do that we reallocated grant funds to printing 
and distributing and informed educators that the book was available at no charge.  
 
To date, we have printed 600 books and distributed 350, so far.   
 
In addition, a newly formed Arizona group of garden advocates that includes Arizona 
Department of Health Services, Arizona Department of Education, University of Arizona 
Cooperative Extension, Arizona Nutrition Network has also been promoting and distributing the 
book. 
 
Goals and Outcomes Achieved 
Our goal for this grant is to support edible school gardens in Arizona by providing a valuable 
resource to answer questions about planting, growing, harvesting and eating fresh fruits and 
vegetables.  By sustaining these edible gardens, we increase the consumption of fruits and 
vegetables 
 
In the third year of the grant, our measurable outcomes were updated and approved.  Originally, 
we were going to track web traffic and downloads of the book.  For two reasons that didn’t work:  
(1) there were other influences that drove traffic to our website, such as growing teacher 
involvement and networking so we couldn’t pinpoint that the book was specifically affecting our 
traffic; (2) people didn’t opt to download an entire book. 
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Instead, after collecting a contact list of teachers who have the book, we asked the teachers to 
take an online quiz.  The quiz asked such things as: what vegetables are a good source of fiber; 
what is helpful to ensure summer maintenance of your garden; what is thinning.  This quiz would 
help us measure how helpful the book’s content is to sustaining edible gardens. 
 
We asked the 215 book recipients to take a quiz to see what they learned from the book. We had 
62 teachers take the quiz with 71% getting a passing grade.  Our target was to have 75% of the 
quiz takers pass. 
 
Beneficiaries 
Specialty crop farmers because we do see our students increasing their consumption of fresh 
fruits and vegetables. Arizonans, who, by engaging in gardens, increase their consumption of 
fruits and vegetables and thereby improving their health. This includes students, of course, as 
well as those they influence, and that certainly includes their parents. 
 
Three hundred and fifty books – and counting – are being used by students, teachers and parents 
to improve the success of their edible garden experience.  Recently, we visited a school and the 
parents and teachers were debating what to plant next – what would be good heat tolerant plants.  
They used the planting guide on pp 60 – 63 to assist.  Edible school garden advocates use the 
book to find many of these kind of answers.   
 

Lessons Learned 
While it became problematic in completing the grant as written because educators chose not to 
download the book, it was actually a benefit in improving our website and encouraging schools 
to network and support each other.   In 2014, we increased our number of users on our school 
garden site from 750 to 1,682.  Because we re-grouped and chose to send hard copies instead of 
downloads, we received 215 proactive requests for the books.  We continue to engage with our 
edible garden advocates. 
 
We also learned that students teach their parents the importance of eating fruits and vegetables. 
 

Contact Person 
Paula Olson 
Western Growers Foundation 
949-885-2249 
paula.olson@wga.com 
 

Additional Information 
 The book is available at http://www.csgn.org/arizona  
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Arizona Specialty Crop Guide (Updates 2014) 
This project was completed on December 31, 20142 

Project Summary 
The Purpose of this project was to update and reproduce an educational reference guide for 
consumers which included: 
 

 Where our fruits, vegetables and plants come from and the 
benefits reaped from buying Arizona grown produce and 
plants 

 Directory of Farmer’s Markets and U-Pick Farms and 
Vineyards throughout Arizona 

 Listing of Arizona Specialty Crop availability by season 
 Food safety information for fruits and vegetables (What’s 

being done and what consumers can do) 
 
The Department printed 5,000 Specialty Crop Guides in the 2006-
2007 grant cycles and 9,900 in the FB2010 grant cycle. The ADA 
updated and printed an additional 21,500 copies at the end of the 
FB2009 grant cycles.  The guide was well-received among the public 
and therefore a request was made to update and re-print the guide.  
The information in the previous guide was reviewed, updated and 
sent to the design company for printing.  The Arizona Specialty Crop 
Guide will increase consumer awareness and consumption of Arizona specialty crops through its 
distribution at county libraries, cooperative extension offices, and various agricultural events. 
 

Project Approach 
In September of 2014, the SCBGP Program Coordinator began the process of updating the 
previous version of the Arizona Specialty Crop Guide. Revisions were made based on the most 
current information available at the time.  
 
Also, in September of 2014, the Department entered into a contract with Esser Design to make 
the revisions and print approximately 20,000 copies of the updated guide. The new guides were 
delivered to the Department in December of 2014. Distribution of the guides began immediately, 
with drop shipments to libraries and extension offices (statewide) sent directly from the printer. 
  
Included in the guide is a request for recipients to complete an online survey to determine the 
increase in awareness of specialty crops. The survey questions are designed to determine the 
change in attitudes, awareness, and consumption of Arizona Specialty crops resulting from the 
information obtained in the guide. The guide and survey link will be available on the Arizona 
Grown website, www.azgrown.org.     
 

                                                 
2 This completion date is based on the final delivery of the guides. However, funds for this 
project were encumbered in our accounting system prior to September 30, 2014. 
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On December 15, 2014 the guide was posted to the ADA’s website and is currently in progress 
of being posted on the Arizona Grown website. 
 

Goals and Outcomes Achieved 
Our goal is to reach approximately 46,000 Arizona consumers by distributing approximately 
20,000 guides. To date 9,800 guides have been distributed to Public Libraries (statewide) and 
University Cooperative Extension Offices (statewide). With this distribution we will have 
reached half our goal over the next few months by reaching nearly 23,000 Arizona consumers 
(based on average readership per copy of 2.3). During the next two years guides will be 
distributed to various events, conferences and meeting (statewide) to reach and hopefully surpass 
our overall goal. 
 
We had projected that an electronic guide and survey would be posted on the Arizona Grown 
website as well as distributed via email lists requesting individuals read the guide and complete 
the survey. Unfortunately, due to the late arrival of the electronic version of the guide, we were 
unable to get the email request out but this will be completed the beginning of January 2015.  
 
We anticipate that 85% of the new survey participates will demonstrate an increased awareness 
of Arizona specialty crops and other useful information in the guide. Our previous survey 
indicated that 153 of 156 participants had an increased awareness of Arizona specialty crops. 
Previous survey data will be compared with new survey data to confirm that responses are from 
new survey participants. Results from this survey will be included in a supplemental report in 
March 2015 and posted on the Arizona Grown website.  
 
Lessons Learned 
There were no specific lessons learned regarding this project.  
 

Contact Person  
Ashley Worthington   Lisa James 
602-542-0972   602-542-3262 
aworthington@azda.gov ljames@azda.gov  
 
Implementation of GHP/GAP On-Line Certification Training 

Program 
This project was completed on September 30, 2013 

Project Summary 
The University of Arizona, Yuma County Cooperative Extension and the Arizona Department of 
Agriculture, Agricultural Consultation and Training (ACT) Programs are collaborators in an 
effort to implement a USDA Good Agricultural and Handling Practices (GHP/GAP) Online 
Training Program for Arizona specialty crop producers.  The training program will be adopted 
from the current GHP/GAP Certification and Training Program that began in 2010.  It will focus 
specifically on the requirements of the voluntary USDA GHP/GAP certification program and 
how these requirements can be implemented for Arizona producers. 
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This 1-year development project will provide an additional avenue to gain general information 
and specific training the areas covering the Good Handling and Agricultural Practices 
(GHP/GAP) 
With this in mind, the University of Arizona and ACT will work collaboratively in certain aspect 
of marketing, implementation, certification, cost sharing and oversight of the training program. 
 
Project Approach 
As a means to mitigate food safety risks by implementing an Arizona GHP/GAP training 
program, the project addressed the following two objectives that is based on the migration of the 
current GHP/GAP certification training program to an online format in both Spanish and English 
versions. 
 

Objective 1: Convert the “in-person” training to an online bilingual format.  This includes all 
presentation materials and record templates. 

Objective 2: Separate the online training into a specific modular training format and add 
video content as necessary. 

 
Goals and Outcomes Achieved 
Ten specialty crop producers in the Yuma area will complete the on-line training and become 
GHP/GAP certified in year 1 (TARGET), measured by the number of post completion surveys 
and surveys conducted one month after completing the on-line course (PERFORMANCE 
MEASURE). This on-line version is new and the current BENCHMARK is zero.  To date, 3 
producers have completed the online course and of those, zero have received USDA 
certification.  A positive outcome as a result of the effort is that the online curriculum remains 
currently available, and will be updated as USDA guidelines change.  Moreover, the online 
training program will remain available for years to come.   
 
Arizona Fresh Produce Safety Website (2,700 views) 

1. A safe organic training website has been created for producers, progress is being made to 
integrate this into extension.  The site contains key information about the USDA Good 
Handling and Agricultural Practices program, as well as the online, bilingual version of 
the training materials (http://cals.arizona.edu/fps/). 

2. The GHP/GAP On-Line Bilingual Training Program (http://cals.arizona.edu/fps/GHP-
Online).  This site contains all training modules that can be used when specialty crop 
producers are interested in initiating a GHP/GAP program for their operation.  It also 
includes bilingual record keeping and documentation templates which provide a start for 
program implementation (http://cals.arizona.edu/fps/TrainingMaterials). 

 
Internet Outreach and Social Media Interfacing 
Developed and published a collection of 14 Extension and targeted training videos which 
provides research outcomes to users.  These materials can be viewed on the Fresh Produce Safety 
Channel (http://www.youtube.com/user/FreshProduceSafety/featured).  The video series is also 
available in a DVD format for use when an internet connection is not available. 
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Inset Box 1.  Individual Testimonial Related to the Field Worker Training 

Videos 
 

“Thank you for producing and sharing these educational videos! Today I used four of 
the University of Arizona’s food safety videos (Spanish) – hand washing, blood and 
bodily fluids, field etiquette and field sanitation as an addition to my clients leafy 
greens food safety training. My clients and their employees really enjoyed the 
videos. They generated discussion and prompted several questions from the crew 
foremen and supervisors.” 
 
“Please let me know if you are able to provide a similar type video for cleaning and 
sanitizing knives and rubber gloves, including the proper use of sanitizing chemicals 
and test strips.” 
Thank you! 
 
Laura Giudici Mills, Owner 
LGM CONSULTING 
FOOD SAFETY, RECALL MANAGEMENT & 
REGULATORY COMPLIANCE 

1. Extension Videos. Materials cover the following topics: 
 Edible Films 
 Microbial Internalization & Surface Adhesion in Leafy Greens 
 Organic Sanitizers 
 Compost Teas 
 Reducing Contamination in Irrigation Water 
 Safe Management Practices for Using Composted Manures 

 
2. Video Worker Training Series.  

Developed a 4-part, video series of 
field worker training modules 
(English and Spanish).  Bilingual 
production of training modules 
(Fig. 1) has provided an additional 
avenue of outreach that includes a 
clientele base that could not 
necessarily be reached.  While total 
viewership has reached 2,100 
views since the release of the Fresh Produce Safety Channel in April, 2013, user 
testimonials (Inset Box 1) have been extremely positive.  These training segments cover 
topical areas that includes: 

 Hand Washing 
 Field Sanitation 
 Bodily Fluid Discharge 
 Field Etiquette 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 

3. Social Media Networking.  Extension also includes programming that uses a dedicated 
web interface, Facebook, Twitter, and Pinterest.  Since their release the sites have 
generated over 3,300 client interactions which and continues to grow daily. 

Figure 1.  Viewership impact resulting from 

the incorporation of Spanish language 

training videos. 
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 Facebook (102 fans). Built to accomplish a social mission — to make the world 
more open and connected, the Fresh Produce Safety Facebook page provides 
networked follower’s tips, trends and key information about the practices 
involving fresh produce safety (https://www.facebook.com/FoodSafety101). 

 Twitter (377 followers).  Followers receive instant updates related to fresh 
produce safety production practices, research developments, workshops, 
demonstrations.  A key to this outreach is ‘presence’, in which a mobile, 
lightweight method allows a seamless way to keep updated 
(https://twitter.com/FreshFoodSafety). 

 Pinterest (56 subscribers).  'Pinning' Fresh Produce Safety Materials allowing 
fresh produce safety materials to be shared with others and has become a leader in 
creating referral traffic (http://www.pinterest.com/producesafety). 

 
Beneficiaries 
The GHP/GAP training program rapidly grew into a statewide curricula designed for large and 
small specialty crop producers.  The number and nature of GHP/GAP participants in workshops 
across the state suggests that the program has had a greater reach in Arizona than originally 
assumed.  While specialty crop growers, processors and distributors continue to be a central 
focus, the numbers of smaller growers seeking a means of satisfying the Arizona Approved 
Source requirements have shown interest in becoming GHP/GAP certified.  This is in addition to 
Arizona school garden programs, some farmers markets as they too are interested in coordinating 
and implementing food safety standards within their regions or counties. 
 
Lessons Learned 
Assessing the GHP/GAP Training and Certification Program 

Since the web-based, GHP/GAP training program was initiated, we have noted a keen interest in 
fresh produce safety.  Yes, the number of those certified in GHP/GAP continues to be small.  In 
this light, we anticipate continued, and greater involvement from the Arizona Department of 
Health Services and County Health Departments in Arizona who are key in supporting approved 
food sourcing in Arizona for large and small buyers of specialty crops.  We feel that extended 
outreach and advertising will enhance the culture and awareness of Arizona food safety and 
increase those that either seek certification or actual certification completers. Growers reported 
that the primary reason they did not carry out any of these GAP behaviors is that they are not 
required to do so, indicating that the external expectations of produce buyers is currently the 
primary driver in generating grower behaviors.  Time, money, and the technical complexity of 
requirements are also viewed as barriers to implementation. 
 
Contact Person 
Dr. Kurt D. Nolte 
University of Arizona 
928-726-3904 
knolte@ag.arizona.edu 
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Additional Information 
Publications 
Bevington, R., S. Ravishankar and K.D. Nolte.  2013.  How To: Making an Informative Video 
from Start to Finish.  Abstract published in the proceedings at the 2013 American Society for 
Horticultural Science Annual Meeting, Palm Desert, CA.   
URL: http://ashs.org/abstracts/2013/abstracts13/abstract_id_15934.html 
 

Continuation of GHP/GAP Certification Cost-Share Program 
This project was completed on September 30, 2014 

Project Summary 

There is an increased demand for buyers and consumers of specialty crop products for 
independent verification and certification that producers and other fresh produce handlers are 
following Good Handling Practices (GHP) and Good Agricultural Practices (GAP) to improve 
food safety. The University of Arizona , Yuma County Cooperative Extension and the Arizona 
Department of Agriculture, Agricultural Consultation and Training ACT) Program have 
collaborated in an effort to implement a USDA GHP/GAP cost-share program to assist Arizona 
specialty crop producers/growers, distributors, wholesalers and handlers with the costs of 
GHP/GAP certification. Although budget adjustments were necessary due to less than 
anticipated audit costs and number of applications, the program itself, which began in October 
2010 has been successful. 

 

Project Approach  
The purpose of this program was to offer and provide a certification fee, cost share 
reimbursement program for fresh fruit and vegetable producer’s distributors, wholesalers and 
handlers that become USDA GHP/GAP certified. This cost share program would provide 
assistance to those producers looking for a jump-start in addressing food safety.  
 
The cost share program was promoted by staff during GHP/GAP trainings where presentations 
were made. There were 22 GHP/GAP trainings that took place throughout Arizona. Staff 
attended several industry events, where specialty crop producers were present, to speak with 
individuals and promote the program to eligible participants. Staff also regularly checked the 
USDA audit program website for potential applicants who had completed a GHP/GAP audit and 
would qualify for the cost share program. Letters were sent to these potential applicants 
informing them of their eligibility and encouraging them to participate in the GHP/GAP cost 
share program. The program was promoted on the ADA’s website as well as the University of 
Arizona’s Fresh Produce Safety website.   
 
Once an applicant became GHP/GAP certified they would submit a GHP/GAP application 
(Appendix C) to the ADA. ADA staff would then review the application for completeness. If 
any required documentation was missing staff would contact the applicant requesting that the 
missing documentation be submitted. Once all documentation was received and verified by staff 
the application was submitted to the ADA’s accounting office for payment.  
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Goals and Outcomes Achieved  

The goal of this project was to increase the number of GHP/GAP audit participants who would in 
turn participate in the cost-share program to reduce their audit costs.  
 
Cost-share applications for this funding cycle did not begin until January of 2013 due to fund 
availability in the original FB2010 funding cycle. Funds for the FB2010 cycle lasted three years 
instead of the one year originally anticipated. During the 3 year period of the FB2010 funding we 
received 28 applications. Fourteen of the twenty-eight applicants had participated in the 
GHP/GAP training provided by the UofA and the Specialty Crop Program. However, if we 
compare the original time frame of the “current year” referred to in the State Plan EMO. We 
received 9 applications, 4 of which participated in the training. This would have been our 
original benchmark. We anticipated that participation would increase by 20 percent from the 
“current year”. We received 13 applications in this funding cycle, 9 of which participated in the 
training. This would reflect an increase of approximately 44 percent.  
 
Based on a program assessment conducted by the GHP/GAP Training Program Coordinators, 
“growers reported that the primary reason they did not carry out any of these GAP behaviors is 
that they are not required to do so, indicating that the external expectations of produce buyers is 
currently the primary driver in generating grower behaviors.  Time, money, and the technical 
complexity of requirements are also viewed as barriers to implementation.” 
 

The cost-share program did not appear to be incentive enough for growers to complete a 
GHP/GAP Audit. 
 

Beneficiaries  
A total of 13 specialty crop producers, distributors, wholesaler and handlers benefited, by 
reduced audit costs, and maintaining or increasing their market share. The economic benefit to 
fresh fruit and vegetable producers was reduced costs for implementing a GHP/GAP program 
and maintaining profitability by meeting (what was understood to be buyer demands for 
GHP/GAP implementation. 
 
GHP/GAP Cost-Share applicants were reimbursed an average of $312.00 per audit. 
 
More than 350 specialty crop producers, distributors, wholesaler and handlers benefited from 
attending a GHP/ GAP training where they received information on the GHP/GAP cost share 
program and the benefit to becoming GHP/GAP certified. 
 
Lessons Learned  
It is anticipated that the high cost associated with some of the audits (based on location) may 
have steered individuals away from getting GHP/GAP certified. A solution to this problem 
would be to remove the $750 threshold and instead have a certain percentage of the overall cost.  
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Contact Person  
Ashley Worthington  Lisa James 
602-542-0972   602-542-3262 
aworthington@azda.gov ljames@azda.gov 
 

GHP/GAP Certification One-on-One Assistance Program 
This project was completed on April 30, 2013 

Project Summary 
Prior to the development of the Food Safety Projects Coordinator (FSPC) position of the Arizona 
Department of Agriculture’s (ADA) Agricultural Consultation and Training (ACT) there was no 
one the industry could turn to for information about the GHP/GAP Audit Verification Program, 
or how to begin to develop a program.  The FSPC, once on board, was able to fill the gaps (no 
pun intended) between the auditor and the industry.  This position gave the industry the “green 
light”, as one grower stated, to become certified to sell their produce. 

 
A local grower, previously certified in the Arizona/California Leafy Greens Marketing 
Agreement (LGMA) became concerned that smaller growers had no food safety programs.  A 
food borne illness outbreak originating from one of these smaller farms would negatively affect 
his operation.  ACT was contacted to begin a dialogue to develop training in a leafy greens food 
safety program which developed into the ADA/U of A GHP/GAP Food Safety Training Program 
and the FSPC position. 

 
A grant from USDA, SCBGP, enabled the development and maintenance of this training 
program.  During scheduled training classes a manual and flash drive containing forms and blank 
records, which may be used by the grower for their own GHP/GAP program, are issued to 
attendees. 
 
Arizona Revised Statues (ARS) §§ 3-561, 562, 563 allow growers to sell their produce without 
restriction, licenses or fees. But the Arizona Department of Health Services (ADHS) and each 
County Environmental Service and Health Departments require that restaurateurs and markets 
obtain food from approved source.  At this time, the term “approved source” is ambiguous, but 
ADHS and the counties agreed that GHP/GAP certification would allow a grower to reach these 
goals. CHD authority covers marketplaces and restaurants; they do not regulate or monitor farm 
conditions.  By attending our training, a better understanding of the conditions and requirements 
are delivered. 

 

Project Approach  
The FSPC is involved in many areas of food safety from telephone conversations and contacts to 
presentations for small and large groups to personalized consultations: 

 One-on-one consultations; more than 30 consultations 
 GHP/GAP Training assistant 
 Meet growers and potential growers to assist and guide them in developing their 

programs prior to audit 
 Consult and assist with the Arizona Department of Health Services 
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 Consult and assist with County Health Departments and Environmental Services in each 
of Arizona’s counties. 

 Food Safety Presentations and discussions to any group requesting a presentation. 
 Phone contacts to training attendees 
 Review food safety programs prior to audit 
 Participate and assist in Arizona Farm to School Steering Committee; consulting and 

assisting  
 Participate and assist in Arizona School Garden Program, training and food safety. 
 Submit food safety blogs for the Arizona Farm Bureau 

 
Our most significant partner in the GHP/GAP training project is Dr. Kurt Nolte of the University 
of Arizona Cooperative Extension, Yuma County.  Dr. Nolte has developed the training program 
and manual used in our Arizona statewide training.  Dr. Nolte is the presenter for each scheduled 
training class, with the FSPC as an assistant.   

 
Goals and Outcomes Achieved  
The goal of this project was to provide one-on-one assistance to Arizona specialty crop producers 
and handlers statewide to implement additional Good Handling Practices and Good Agricultural 
Practices measured by the number of requests. It was anticipated that the GHP/GAP Coordinator 
would respond to 10-15 requests for one-on-one assistance over the two years. Since October 2011, 
the FSPC conducted more than 30 one-on-one consultations with growers and farmers to develop 
a GHP/GAP food safety program.  Several have audited and have been certified.  But the 
majority have not pursued the audit.  Each of the consultations have been positive and resulted in 
an increase in food safety protocols for growing, harvesting, or packing their produce. 
 

 ONE-ON-ONE CONSULTATIONS:   The main function of the FSPC is to assist 
growers who decide to pursue the audit by helping, on a one-on-one basis, to develop 
their food safety programs.  The FSPC has contacted 100% of those attending the training 
classes.  In many cases, where there is no initial contact, a voice mail message is left by 
the FSPC for the attendee to respond to the call, with very few responding.  A small 
percentage of those contacted will request a consultation.  A very small percentage elects 
to go on to certify. 

 GHP/GAP TRAINING CLASSES: As of 31JUL2014, there have been 21 scheduled 
GHP/GAP training classes throughout Arizona with more than 350 people attending. 

 
The GHP/GAP Training Project was designed to educate, assist and guide growers and producers 
within Arizona to the USDA GHP/GAP On-Farm Verification Audit.  ACT and the U of A CE 
have met that goal by offering and presenting training classes, consulting with growers to 
develop their food safety programs and review those programs and plans, as described above, 
where and when the growers want. 
 
The FSPC’s detailed one-on-one consultations have been very popular with growers around the 
state, for several reasons:  

o They are free. 
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o The FSPC gives good and precise advice on their food safety programs.  The 
growers know exactly what to expect during an audit and exactly how to develop 
their manual, what documents the auditor will ask for and how to respond to 
questions.  Rule number one: Never Lie! 

o The FSPC will travel to the grower, not the grower to the FSPC.  Meeting on the 
home ground of the grower is a positive for the grower 

Beneficiaries  
All growers, farmers, greenhouses want to provide a safe food product for their customers. If 
their products are not safe, they will not have any customers, and potentially lose everything they 
have worked for.  During a GHP/GAP one-on-one consultation, the FSPC and the grower discuss 
growing techniques, protocols, records etc.  If the grower decides to pursue the GHP/GAP 
Certification, the entire circle of grower/supplier to buyer/customer/consumer will benefit from 
the completion of the GHP/GAP project.  Many growers have desire to audit, but did not know 
how to begin or once begun did not know how to develop their program.  The FSPC’s expertise 
in food safety, auditing, and program development was just what the industry needed. 
 
The FSPC has held consultations and meetings in Arizona with traditional farms, greenhouses, 
aquaponics operations, Arizona State government agencies, Arizona County Health 
Departments, university academics, wholesale and retail food industry, Arizona Farm Bureau, 
and other states’ programs to increase food safety awareness and protocols. 
 
Once growers decide to increase their food safety protocols, even without the benefit of a USDA 
GHP/GAP audit, everyone benefits from their increased knowledge of food safety and handling, 
and increased monitoring of their operation.   
 
There have been revised quantitative data developed to support the benefits of the FSPC and the 
GHP/GAP training with the U of A Cooperative Extension. 

 
Lessons Learned  

 Target the correct audience for classes.  Targeting and inviting those that are not 
producers will not request and audit and will not certify.  While it is important to discuss 
and teach food safety protocols in the garden, this may not be the correct venue for 
personal gardens. 
 

 The personalized attention is a great positive. The FSPC while visiting each consultee is 
always impressed with the warmth, hospitality and openness that is shown to him. 

 
 When we have an excellent product (the GHP/GAP Training Classes and Materials) other 

groups want to copy them.  We have had many people (corporate and private consultants) 
try to copy our program and training materials, but the Arizona Department of Arizona’s 
GHP/GAP training program is the only one of its kind in the US. 
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 All growers of food products are interested in food safety, whether or not they pursue the 

certification audit.  Many do not want government intrusion into their businesses, while 
others welcome the attention. 

 
 Due to the Food and Drug Administration redesigning the Food Safety Modernization 

Act (FSMA) after the comment period was closed, many growers and producers are 
taking a “wait and see” attitude and approach to what will be required.  Since certification 
is not required by statute for selling their products, the growers are not “jumping on the 
bandwagon” as one grower stated.  If food safety certification becomes a regulatory 
requirement and mandated, growers and producers will develop their plans with the 
assistance of ADA and U of A CE. 
 

 The GHP/GAP food safety plan is in essence a business plan.  Many of the attendees to 
our training program are hobby growers and are not considering their growing as a 
business. Others have stated that this type of plan is too complicated and complex, even 
with the FSPC assisting.  In order to fully engulf themselves into the GHP/GAP audit, 
they must approach this as a business and develop a business plan. 

 
Unexpected outcomes: 

o the few numbers of growers that actually audit and become certified 

o That growers and producers embrace the one-on-one consultations with the FSPC.  
Those that do request a consultation are very satisfied with their plans, even if they 
decide not to pursue an audit. 

o The openness which growers discuss their operations and protocols with the FSPC 

Expected Outcomes: 

o ADA and the UofA CE did not know what to expect during this initial project.  
Whether the training and consultations were to be embraced or shunned was 
unknown. 

Contact Person  
Stewart Jacobson 
Food Safety Projects Coordinator 
Agricultural Consultation and Training 
Arizona Department of Agriculture 
1688 West Adams Street 
Phoenix, AZ 85007 
602-542-0950: office 
602-320-6182: cell 
sjacobson@azda.gov 
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Additional Information  
By providing food safety training and consultations Arizona Department of Agriculture assists 
Arizona growers and farmers in providing a food to the public that has been grown with a 
HACCP-like program.  Steps are taken to assure that water, soil, manure (if used) and worker 
hygiene are all monitored and assessed for hazards. Those growers that have been certified are 
competing, as one growers stated, “with one step ahead of the pack”. 
 

The FSPC (right) and grower discuss the crops and 
produce and how to incorporate a food safety plan. 
 
 
 
 
 
 
 
 
 
ACT’s FSPC (second from left) during a one-on-one 
consultation with the North Leupp Family Farms, 
Leupp, AZ, with Navajo Nation representatives. 
 
 
 
 
 
 
 
 

https://agriculture.az.gov/divisions/agricultural-consultation-training 
Web site for ADA’s Agricultural Consultation and Training (ACT) Program 
 
https://agriculture.az.gov/divisions/agricultural-consultation-training/good-practices 
Web site for ACT’s GHP/GAP Program 
 
http://cals.arizona.edu/fps/GAP-Training 
Web site for University of Arizona Cooperative Extension food safety training  
 
http://www.ams.usda.gov/AMSv1.0/gapghp 
Web site for USDA GHP/GAP 

 
https://agriculture.az.gov/sites/default/files/GHPGAP_Certification_Cost_Share_Application_20
11-2014_Fillable.pdf 
Web site for the USDA/ADA Cost share program 
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Fruit and Vegetable Learning Garden 
This project was completed on September 30, 2014 

Project Summary 

Our children do not eat enough fruits and vegetables.  Centers for Disease Control and Duke 
University predict that by 2030, 42% of Americans will be obese.  The first line of defense to 
reverse this trend is simply increasing fruit and vegetable intake. 
 
Presently, the Phoenix Zoo hosts more than 160,000 school children each year through its youth 
programs and 1.5 million visitors per year.  WGF has a proven track record of managing edible 
learning gardens, funding and supporting more than 900 edible school gardens since 2003. These 
gardens engage children with hands-on experience about where their food comes from and the 
importance of eating lots of fruits and vegetables. Rousseau Family Farms grows carrots, 
watermelon, broccoli and other produce around the Phoenix area and has been farming in 
Arizona for five generations. As partners in this project, the Zoo, the Rousseaus and WGF 
created and enhanced  the Fruit and Vegetable Learning Garden for all zoo visitors to experience 
– first hand – how produce is grown and the importance of fruit and vegetables to our individual 
health and the health – both environmentally and economically – of our state.    
 

Project Approach 
After significant planning, scheduling, and budget modifications, the garden was completed and 
included three areas:  raised demonstration beds with a preparation counter, a gathering area with 
seat walls for lessons, and improvements of the worm bin and field. Installation was completed 
between March 1, 2013 and May 31, 2013 by Desert Earth Works and in-kind man hours from 
the Zoo, Western Growers Foundation and Rousseau Farming.  It was overseen by EPS, the 
Zoo’s VP of Operations and WG’s VP of Marketing.   On June 22, 2013, a grand opening was 
held. 
 
Rousseau Farming guide the project, contributed labor, funded additional construction planning 
and donating seedling. 
 
Western Growers Foundation staff managed the project, setting meetings, due dates and working 
with the landscape architect. 
While the Zoo cannot formally track visitors to the garden, they estimate that since the garden 
opened in June 2013, 260,000 visitors have gone through the garden and more than 10,000 have 
engaged in garden activities. Since the Grand Opening the Zoo distributed all 80,000 
producepedia bookmarks. 
 
We had two big challenges during the three years: (1) key personnel changes both at the zoo and 
at Western Growers Foundation.  The garden modifications had to go through a new review 
process at the zoo.  This caused us to re-start the planning process; (2) the Zoo committed with 
the Dairy Council of Arizona to reconstruct Harmony Farms’ schoolhouse which unexpectedly 
delayed our opportunity to create the garden by more than a year.  The schoolhouse had to be 
done first otherwise our garden would be trampled. In the end, instead of completing the 
construction in three phases as planned, we completed it in one. 
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The Zoo’s horticulturist continues to manage the garden. Presently fennel, kale, beets, several 
types of lettuce, basil, okra, eggplant and sweet potatoes are in the garden. 
 

Goals and Outcomes Achieved 
Our goal for this grant is engage a new audience (zoo visitors) about Arizona’s significant 
specialty crop industry and the importance of ensuring half of our plates are fruit and veggies. 
 
In the third year of the grant, our measurable outcomes were updated and approved.  Originally, 
we were going to track web traffic.  This didn’t work because there were other influences that 
drove traffic to our website. 
 
Instead, we surveyed Learning Garden visitors between September 5, 2014 and October 31, 2014 
asking them questions regarding how the garden has enhanced their knowledge about Arizona 
specialty crop farmers and how the garden change their ideas about eating fresh fruits and 
vegetables.  Our target was 75% of those surveyed will respond that, as a result of visiting the 
Phoenix Zoo Learning Garden (1) their knowledge of Arizona fruits and vegetables has 
increased and/or (2) they are inclined to eat more fruits and vegetables.   
 
The Zoo handed out more than 3,000 invitations to the online survey. The survey included the 
following questions:  

 What did you learn from the Phoenix Zoo Learning Garden?  
 Name five fruits or vegetables grown in Arizona.  
 Name an Arizona farmer.  
 Are you more likely to eat more fruits and vegetables after visiting the Learning Garden?  
 What fruit or veggie will you start eating that you didn’t typically eat before?  

 
We had 45 visitors take the survey and every survey taker could name at least one Arizona 
produce farmer and each reported an increase in their consumption of fruits or vegetables, 
meeting our target. Our target was 75% was achieved (we actually had 100%) that the survey 
takers would increase their knowledge of AZ fruits and vegetables and be more inclined to eat 
fruits and vegetables.    
 
Beneficiaries 
Specialty crops planted at the Fruit and Vegetable Learning garden included lettuce (romaine, 
red leaf, head), spinach, eggplant, tomatoes, cabbage, broccoli, cauliflower, carrots, melons, 
sweet corn, kale and herbs – among many other crops. While we believe all Arizona specialty 
crop farmers benefit when consumers learn about farmers’ work, how their food is grown and the 
importance of good nutrition, those farmers who grow the crops featured at the Zoo especially 
benefited.  There are at least thirty-nine Arizona specialty crop farmers who grow the crops listed 
above. 
 
Arizonans, who, by learning from the garden, increase their consumption of fruits and vegetables 
and thereby improving their health.   
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Lessons Learned 

Western Growers Foundation’s staff are experts in school gardens.  Building a garden in such a 
public place is a stretch.  It involves construction management and joint review processes – 
talents we had to develop.  
 
However, when a farmer like Will Rousseau is involved and we have the support of the zoo, 
success is inevitable.  The zoo’s horticulturist, director of experiences, press officer and VP of 
operations all enthusiastically supported and engaged in the project.   The Rousseau’s filled in 
the gaps – whether it was funding, labor or simply tending to the garden. 
 
Contact Person 
Paula Olson 
Western Growers Foundation 
949-885-2249 
paula.olson@wga.com 
 

Additional Information 
Please find attached the Zoo’s Activity Guide (Appendix D) which they used as they taught 
children about fruits and vegetables. 
 

Promoting Floriculture through Agricultural Education 
This project was completed on December 31, 2012 

Project Summary 
Although the Arizona floriculture industry is responsible for $1.6 billion in sales and over 30,000 
jobs, awareness of this industry and its viability as a career option are lacking. There are several 
untapped opportunities within agricultural education to assist in the promotion of this specialty 
crop.  The purpose of this project is to provide opportunities for agricultural education instructors 
to teach and agricultural education students to participate in floriculture-related production, 
handling, and marketing, while involving industry members and increasing community 
awareness.  This education and the resulting experiences will aid in the ability of students to 
enter the workforce with knowledge of best management practices in the floriculture industry.   
Arizona FFA is capable of utilizing grant funding through a three part program consisting of: 
 

1. Teacher Professional Development: Through a series of workshops, our project 
will provide the resources, opportunities, information and industry support needed by 
teachers to effectively train their students to be employed in the floriculture industry.  
Money will also be used to develop (or purchase) promotional materials and curriculum 
on specialty crop production and develop/duplicate floriculture-related lesson plans.   
 
2. Regional and State Floriculture Skill Competitions: The FFA Floriculture Career 
Development Event (CDE) is an industry based event which helps students to develop 
real-world skills in floriculture production, handling, and marketing. The events are held 
annually at the district, state, and national levels. Putting on a quality floriculture event is 
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a costly endeavor. Funds from this grant would be used to ensure an industry realistic 
event, involve a greater number of students and attract local industry support.   
 
3. Local Education/Promotion Programs: Local agricultural education programs will 
put on education and promotion events to increase exposure of and involve as many 
individuals as possible in the floriculture industry. Programs will be required to show the 
involvement of individuals outside of the agricultural education program including the 
general school population, community members, and business and industry people.  
This project has not been submitted or funded by another Federal or State grant program. 

 

Project Approach 
 Sent students to participate in the National FFA Convention for the Floriculture Career 

Development Event.  Students were evaluated on skills obtained through performance 
events relating to the Floriculture industry and national academic standards for 
Agriscience/Floriculture 

 Career Development Event competition was held in partnership with South Mountain 
Community College, ASU Polytechnic and several industry professionals for 20 schools 
(approx. 80 students). 

 Initial plan/development of promotional video implemented.  Key partners/experts 
contacted and content of the video is beginning development. 

 Contracted with professionals in the Floriculture industry to prepare professional 
development for teachers 

 Continued work on promotional video 
 Developed curriculum to be used in site/classroom visits 
 Local programs/districts implement plans to promote Floriculture in local communities 
 Arizona delegation prepares to attend the national FFA convention for Floriculture 

activities. 
 Curriculum implemented in classrooms to promote specialty crop projects.  Eight interns 

were trained in the summer of 2012 with curriculum to take into Agricultural Education 
programs in Arizona.  As a part of that curriculum, a special unit was developed to cover 
opportunities for students to obtain and maintain a work based learning project (referred 
to a Supervised Agricultural Experience or “SAE”) that fall within the area of specialty 
crop production.  From August 2012 to September 2012, over 65 schools were visited 
and over 7,000 students were reached.  Over 90% of them (7,122) received the 
instruction on specialty crop production.  Teachers were asked to follow up with students 
after the interns left to assess effectiveness of the lessons and likelihood that the students 
would pursue a project in the specialty crop area for that school year.  Surveys were 
given to 78 teachers and over 80% of the teachers reported that the lessons were well 
organized and well received.  The teachers gave the presentation an overall rating of 4.96 
on a 5.0 scale.  From the same surveys, over 75% of the students reported that they were 
very likely or likely to pursue a project in the specialty crop area.  The students gave the 
presentation an overall rating of 4.5 on a 5.0 scale. 

 Statewide competition/assessment held at the ASU Polytechnic campus.  Over 100 
students attended and participated.  Student demonstrated skills in Floral design, specialty 
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crop identification and participated in team collaborative events focusing around issues in 
that are present in the specialty crop industry.  The event was hosted by the university 
and involved judges/partners from the Floriculture industry. 

 The remaining schools with Agricultural Education programs were visited and 
curriculum designed to promote the specialty crop industry was delivered.  In this 
quarter, 13 schools were visited and over 1,500 students were instructed using the 
curriculum. Teachers were again asked to follow up with students after the interns left to 
assess effectiveness of the lessons and likelihood that the students would pursue a project 
in the specialty crop area for that school year.  Out of the 97 of teachers surveyed, over 
85% of the teachers reported that the lessons were well organized and well received. .  
The teachers rated the presentation a 4.99 out of 5.0.   From the same surveys, over 80 % 
of the students reported that they were very likely or likely to pursue a project in the 
specialty crop area. Students gave the presentation a rating of 4.33 out of 5.0. 
 

Contributions of partner groups: 
 Arizona Agriculture Teachers Association (AATA) – Provided much needed 

guidance/mentorship in curriculum development, review and implementation.  The 
AATA was also instrumental in helping locate and secure professional development 
presenters, materials and other resources 

 Cindy Odgers, South Mountain Community College – Cindy was a chief architect in 
developing the Floriculture professional development for teachers and the contest 
outlines/practicums for the Floriculture Career Development for students. 

 State Officers – Three different set of student volunteers served tirelessly as the 
emissaries to the high schools and in instructing students on the opportunities for 
developing a specialty crop project as a part of their work-based-learning for their 
Agricultural Education coursework. 

 

Goals and Outcomes Achieved 
1. Professional Development for Agricultural Education Teachers 

a. Goals/Performance Measures: 
i. Provide teachers with the skills necessary to train students for success 

within these careers by reaching a minimum of 75% (83) of the 110 
Arizona agricultural education teachers through floriculture professional 
development programs and by having the participation of a minimum of 
two floriculture industry professionals in each event.  

ii. Develop lesson plans and promotion materials related to floriculture 
b. Performance Monitoring Plan: 

i. Performance will be monitored by tracking the number of teachers and 
industry members participating in each professional development session.  

c. Outcome: 

i. 87 teachers (vs. 83 in goal) received professional development.  Lesson 
plans were developed and distributed to all 87 teachers. 56 teachers 
participated in professional development training held in conjunction with 
district and statewide events.  This represents 51% of the teachers in the 
state and did not meet the goal of 75%. 
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2. District and State Floriculture Career Development Events 
a. Goals/Performance Measures: 

i. Educate students about the career opportunities available in the area of 
floriculture by increasing student participation in district and state 
Floriculture career development events by 25% 

ii. Involve a minimum of two floriculture industry professionals in each 
district floriculture event and a minimum of 10 at the state event. 

b. Performance Monitoring Plan: 
i. Performance will be monitored by tracking the number of teams, students 

and industry members participating in each of the CDE events.  
 

c. Outcome 

i. No significant increase in participation of the Floriculture Career 
Development Event.  Not all districts participated in the grant.  However, 
the districts that did participate each had more than 5 industry 
professionals present.  Ten industry professionals were secured for the 
state-level competition. 37 teams participated in district and state level 
CDE events.  This represents an 85% increase. 
 

3. Local Floriculture Education/Promotion Programs 
a. Goals/Performance Measures: 

i. Increase awareness of opportunities within the floriculture industry by 
having a minimum of 15 schools host local floriculture events. 

ii. Involving a minimum of 100 high school students, five community 
members, and two industry professionals in each event.  

b. Performance Monitoring Plan: 
i. Performance will be monitored by tracking the number of 

educational/promotional events that are held as well as the number of 
students, community members and industry members present.  

c. Outcome 

i. Four schools hosted local Floriculture Events and involved an average of 
50-75 high school students, 2 community members and zero industry 
professionals at each event. 

 

Beneficiaries 
Three main groups were benefitted by the Specialty Crop Grant: 

 High School Students enrolled in Agricultural Education – 375 students participating in 
the Floriculture Career Development Event participated in and received in-depth 
instruction in the area of Floriculture production.  As a result of their exposure to the 
revised curriculum and the opportunity to demonstrate their skills in a competitive 
manner, students are much more likely to retain the information and have more 
marketable skills in the Floriculture industry. 

 High School Teachers of Agricultural Education – 87 teachers received a more in-depth 
knowledge/understanding of the Floriculture industry and how to instruct/promote with 
their students.   
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 High School Students/Community members not associated with formalized Agricultural 
Education instruction – Approx. 350 non-Ag Ed students and community members 
participated instructional workshops held by participating high schools.  Community 
members were shown basic techniques involved in selection and care of Floriculture 
projects.  As a result, those participating have a broader knowledge of the industry and 
will be more likely to take on individual projects of their own in this area in the future. 

 

Lessons Learned 
The impact of the activities of the grant were not as far reaching or received as well as 
anticipated in the onset of the project.   

 Local schools were unwilling/unable to apply for grant funds to fund local projects.  This 
is primarily due to local teachers perception of being already overloaded and unwilling to 
take on more responsibility associated with reporting. 

 FFA district competitions were lacking in industry professionals to participate.  In small 
local areas, getting local Floral business owners to let employees participate was 
problematic as there wasn’t typically alternative coverage in their businesses to support 
employees being gone. 

 

Contact Person 
Tyler Grandil 
602-542-5564 
Tyler.grandil@azed.gov 
 
Arizona Grown – Eat Local, Plant Local, Buy Local 
This project was completed on September 30, 2012 

Project Summary  
 The goal of this grant was to increase sales of Arizona specialty crop produce and plants 

and emphasize purchasing local produce and plants. Arizona Grown has always had a 
specialty crop focus but, now with this grant we are able to re-introduce consumers to 
“Arizona Grown” specialty crops  

 Drive awareness through increased Web traffic to the Arizona Grown microsite.  
 A tool for growers to connect with consumers.  
 With the vastly changing growing seasons and crops, this project helped push the 

specialty crops in the peak production time frame.  
 

Project Approach  
 R & R Partners used a variety of social media channels as avenues to drive traffic to the 

main website, arizonagrown.org. Facebook continues to be the largest and most 
influential social network on the web. With the network’s large reach and advertising 
capabilities, it becomes a great channel to promote specialty crops through Arizona 
Grown and have mutual conservations with the community and network.  

 Developed a social feedback loop allowing the tracking of current successes and to mold 
future activities to increase engagement and grow the network.  
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 Determine the appropriate content in order to reach target audience.  
 Partners keep social networks current  

 

Goals and Outcomes Achieved  
 Creation of Arizona Grown webpage www.arizonagrown.org and Face book page 

www.facebook.com/arizonagrown  
 Content creation, ideation and calendar management  
 Traditional media placement and printing  
 The success of this grant is measured by the “likes” on the AZ Grown Facebook. The 

page has tripled simply by ensuring that there was fresh daily content to come back and 
connect to. Online advertising ran through September 2012 and through cooperating 
partners has continued to enhance the success of the daily content of the page.  

 Goal of 250 “likes” has been met and surpassed to currently over 800 “likes”.  
 A greater awareness of locally specialty crop grown produce and plants that results in an 

increase in purchases of both at the consumer level.  
 Established key perfonTlance indicators for reporting.  
 Articles in Arizona Nursery Association & Western Grower magazines. (Appendix E) 

 
Beneficiaries 

 Western Growers - A tool for growers to connect with consumers.  
 Arizona Nursery Association — locally grown plants — better quality and shorter 

shipping processes are increasing the appeal to budget-conscious consumers who want 
healthy plants.  

 Arizona Department of Agriculture — building a greater awareness surrounding the 
brand and logo as well as to educate consumers on the benefits of buying quality AZ 
grown as well as local produce and plants.  

 Consumers — interacting with other consumers who are interested in locally grown 
produce and plants.  

 All of the above listed beneficiaries benefited from this grant as AZ Grown plants and 
produce were promoted to the end consumer thus exposing them to the fact that AZ 
Grown options are available in their local supermarkets and nurseries.  The two 
associations have a combined membership of approximately 500 members who in some 
way market their products to the consumers.  These specialty crop growers and retailers 
directly benefited from this promotion.  Although an economic impact is not available at 
this time, awareness was raised as documented by phone calls and inquiries made to both 
associations as well as their members. 
 

Lessons Learned  
 The grantees learned and still need to develop a method to interact with retail nurseries, 

farms, restaurants, partners, etc to ensure that Arizona Grown relevant events/news that is 
taking place can be added to the website or advertised on the Facebook page.  We would 
encourage other grantees interested a project such as this to find a vast contact list and a 
manageable method to obtain this information 
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 The grantees also learned that posting to a Facebook page is an ongoing task and not 
something you just develop and leave.  A key to the success of our “likes” is that we 
actually paid the agency to write this copy and keep it going.  Other grantees need to 
consider the time and resources it takes to fully mange a conversation on Facebook and 
keep it relevant and interesting. 

 The grantees also learned that digital billboards are an extremely effective marketing tool 
in this area and would encourage others to explore that advertising method. 
 

Contact Person  
Deborah Atkinson  
602-542-3579  
datkinson@azda.gov  
 

Additional Information  
• www.azda.gov  
• www.plant-something.org/home  
• www.wga.com  
 
Plant Something Campaign – Public Outreach 
This project was completed on January 31, 2014 

Project Summary 
The Arizona Nursery Association (ANA) was awarded this grant for the continuation of the 
“Arizona Grown Plant & Tree Marketing Program” grant.  The goal with the grant was to 
expand promotion, sale and use of Arizona grown landscape plants and trees which is greatly 
needed within the Arizona Nursery Industry.  The economy has been stressed in our state and 
marketing programs for this industry is needed.  And, consumers need to be educated that plants 
and trees and not just “pretty”, they contribute health, environmental and monetary benefits to 
homeowners and their cities.  These grant funds created additional marketing arenas for the Plant 
Something campaign, targeted specifically at consumers through the use of media and public 
events to encourage them to purchase plants and trees.  The marketing tools of the Plant 
Something campaign include brochures, point of purchase signage and the website.  These grant 
funds allowed the use of media to target the general public to crease increased awareness of the 
campaign which promotes purchasing plants and trees therefore increasing the sales of 
ornamental nursery stock.  This campaign continues to have a significant impact on the Arizona 
nursery industry. 

 
Since the program had been well-established with previous grant funds, it was vitally important 
to have another grant to expand the public’s awareness of the Plant Something campaign.  The 
grant was timely so no gaps were recognized by the public as the website, Facebook pages and 
promotional brochures continued.   

 

Project Approach  
ANA developed a Public Service Announcement (PSA) utilizing the advertising agency who 
designed the Plant Something website.  It is an animated :30 second video asking viewers to 
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imagine the world without plants and trees called “Imagine”.   The animation depicts a beautiful 
world with trees and plants and then takes them away.  The last panel of the PSA shows the Plant 
Something website as the source for more information about planting trees and plants and where 
to purchase them.   Grant funds allowed for an Arbor Day :30 second video which was utilized 
exclusively via You Tube and ANA member promotion as it was only developed the week prior 
to Arbor Day.  It will be utilized again this year during Arbor week with more distribution.   

 
Broadcast of the PSA was a goal of this grant.  Copies of the PSA were delivered personally to 
TV stations in the Phoenix and Tucson markets.  The PSA was also posted to the Plant 
Something website, many city websites through their conservation offices, and cable networks.  
The PSA is also posted on You Tube to share with a greater audience as well as for our member 
nurseries to download to post on their own websites.  This video is specifically done to 
encourage the purchase of ornamental nursery stock by consumers. 

 
Point of Purchase collateral was re-printed and used throughout the grant period.  This collateral 
was used at the retail nurseries, at public events and trade industry events.  These materials also 
had a presence at the Arbor Day celebrations.  The goal of all of this is to direct consumers to the 
website to learn why it is good to plant trees and ornamental.   

 
Website enhancement – the website was revised during this grant period to allow for the addition 
of the video and to make changes on the Arizona nursery listing.  The web presence for Plant 
Something also included its Facebook page and this continued to be updated three times a week.  
The Facebook page guides users to the website which details where to purchase trees and plants 
in Arizona. 

 
Public events – throughout the grant cycle, all applicable public events were attended by ANA 
staff and volunteers to continue to spread the Plant Something message.  These events included 
City of Phoenix Earth Day, Arbor Day events, Arizona Community Tree Council events, 
SHADE conference, Jason Mraz tree planting at Boys & Girls Club and a Green Recycling 
conference, just to name a few.  These events are the way to interact personally with the general 
public.    

 
All components work toward the central goal of increasing the competitiveness and long term 
sustainability of the Arizona nursery industry.   
 

Goals and Outcomes Achieved  
Public Service Announcement airing report:  Two stations, KAZT-13 in Phoenix and KOLD in 
Tucson have aired the spots.  Since they are PSAs, they do not track airtime however an estimate 
of over 40 spots was reported.  Most stations are keeping the PSA in their line-up on an as 
needed basis to fill airtime. 
 
Fall 2011 (Sept - Nov) paid radio advertisements aired were: 2476 total: 30 spots.  For 2012 
(Feb-May & Oct-Nov) paid radio advertisements aired were: 893 total: 30 spots and: 60 spots 
(not possible to distinguish how many of which length). The spots are the same commercial we 
have previously aired.  The radio station used was KTAR and their listenership is estimated at 
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100,000 impressions each time the advertisement runs.  Total commercial spots during this 2 
year grant cycle total 3369 total spots.  If you multiply the total x 100,000 impressions each, the 
Plant Something message received 336,900,000 impressions however these are not unique 
impressions, the same person could have heard the commercial multiple times.    

 
Beneficiaries  
The project benefited the entire Arizona nursery crop industry.  This industry, according to the 
2007 survey, has total sales of $644 million.  The Arizona Nursery Association has a 
membership of just over 200 members and an estimated 60 Arizona growers and another 100 
retail outlets.  This project benefited all of them as well as the non-members growers and retail 
nurseries in the state of Arizona However, any increase in the education of consumers to the 
benefit of plants and trees will ultimately benefit the Arizona industry by increasing sales and 
competiveness of their products.   
 

Lessons Learned  
We learned that getting consensus on a video which conveyed the Plant Something theme was 
much easier than the committee thought.  Through using an experienced advertising agency, we 
found a video on the first or second try which was pleasing to all.   

 
We also learned that delivering the PSA’s personally was well worth the time and expense 
however getting television stations to report to you PSA airtime is challenging.       

 
We also learned that our campaign, Plant Something, is gaining even more momentum and is 
more popular than we ever could have imagined.   

 
Contact Person  
Cheryl Goar  
Executive Director 
Arizona Nursery Association 
1430 W Broadway Suite 110 
Tempe, AZ 85282 
Phone 480-966-1610  
Email cgoar@azna.org   

 
Additional Information  
How has the project enhanced the competitiveness and/or increased consumption of Arizona has 
increased awareness of the competitiveness and consumption of ornamental plants in Arizona 
and is now spreading to other states.  Through our previous research, a 10% increase in sales was 
reported by the retail nurseries.   
 
We believe that an indicator of the popularity and success of this Plant Something promotion is 
that many other states are applying for Plant Something grants for their states from the Specialty 
Crop Block Grant program.   
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Copies of any and all promotional materials, radio advertisements and PSA’s are available upon 
request.  Website is www.plant-something.org and Facebook page is under Plant Something.   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
Advancing Mechanization and Automation in Lettuce 
This project was completed on June 30, 2014 

Project Purpose 
Mechanization and advanced automated technologies are needed in Arizona lettuce production to 
reduce manual labor requirements and lower input costs.  Over 80% of commercial lettuce fields 
are hand weeded, a practice which costs growers approximately $70/acre.  Another concern is 
the escalating cost and environmental impacts associated with applying pesticides.  Because 
many pesticides are broadcast applied in lettuce production, a large percentage of the product is 
delivered to the soil surface rather than the target plant.  This inefficient use of pesticides 
increases production costs and exacerbates environmental risk.  Currently, there are no 
commercially acceptable machine systems available for in-row weeding or spot spraying 
pesticides in lettuce.  The objective of this project was to address these shortcomings by 
developing an automated machine to 1) weed between and within the crop row and 2) selectively 
spot spray pesticide(s) on the crop plant, but not the entire soil surface. 
   
Project Approach 
The basis for the automated weeding and spot spraying machine developed was an automated 
thinning machine for lettuce developed with previous SCBGP funding.  The patent pending 
machine utilizes a camera-based machine vision system for detecting lettuce plants and their 
location, a micro-controller for controlling machine operations and an herbicidal spray system 
for killing plants.  These concepts were utilized to develop a prototype machine capable of 
thinning, weeding and spot spraying or any combination thereof in the same pass (Fig. 1).  The 
single bed machine fabricated was designed using SolidWorks for 3 seed rows.  A camera for 
capturing images and two spray nozzles, one for applying an herbicide and the other for applying 
an insecticide, were positioned over each seed row.  Additional nozzles were mounted for band 
applying herbicide between the seed rows.  A laptop computer was utilized to process images 
and send instructions to a micro-controller.  The micro-controller activated solenoid valves to 
intermittently spray herbicide and/or insecticide as the machine traveled through the field.  An 
optical encoder mounted to a ground driven wheel was utilized to measure distance traveled. 
 

The machine was evaluated as a weeder and as a spot spray in trials conducted at the University 
of Arizona’s Yuma Agricultural Center, Yuma, AZ.  In the weeding trials, performance was 
compared to traditional hand weeding in six row, wide beds of romaine lettuce.  Two trials were 
conducted, henceforth referred to as Trial 1 and Trial 2.  In Trial 1, experimental design was a 
randomized complete block design with 6 treatments and 4 replications.  Plot size was 7 ft (one 
bed) by 85 ft.  The experimental design for the Trial 2 was the same except that there were only 
3 replications and plot length was 100 ft.  Treatments included 1) no weeding, 2) cultivating 
followed by hand weeding (conventional practice), 3) automated inter-row and intra-row 
weeding using Aim (carfentrazone-ethyl) as the herbicide, 4) automated inter-row and intra-row 
weeding using sulfuric acid as the herbicide, 5) automated inter-row and intra-row weeding using 
Aim (carfentrazone) as the herbicide followed by hand weeding, 6) automated inter-row and 
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Fig. 1. Prototype, 3-row automated thinning, weeding and 

spot spraying machine developed. 

intra-row weeding using sulfuric acid as the herbicide followed by hand weeding.  Performance 
was assessed in terms of level of weed control in the plant row  (intra-row), level of weed control 

between the plant rows (inter-row), final crop 
plant population, crop plant growth (weight), 
labor requirements and cost.  Weed counts were 
made before and after each weeding operation 
using a grid that measured 18” x 61”.  The grid 
was divided into 11 sections, with 6 of the 
sections used for counting the number intra-row 
weeds and 5 of the sections used for counting 
inter-row weeds.  Intra-row and inter-row 
sections measured 6” and 5” in width 
respectively.  Weed counts were taken at 3 
sample locations in each plot in Trial 1 and at 2 
sample locations in each plot in Trial 2.  Data 
were analyzed used SAS to determine 
significant differences between treatments.  

Costs for labor, tractors and cultivators were based on the estimates from Smith el al. (2009).  
Operating and ownership costs for the automated weeding machine were calculated by assuming 
the machine was 14 feet wide, able to travel at 1.5 mph, used on 2,000 acres each year and had a 
purchase price of $140,000 using methods described in ASABE Standards (ASABE, 2006; 
ASABE, 2011). 

The results of Trial 1 and Trial 2 are presented in Tables 1-4 and 5-8 respectively.  In Trial 1, 
virtually all of the crop plants in the sulfuric acid treatments were killed due to excessive spray 
drift and splatter.  As a consequence, these plots were abandoned.  In trial 2, nozzle flow rate was 
reduced from 0.14 gal/min to 0.09 gal/min to alleviate this problem.  In Trial 1, there were 
almost no weeds present prior to weeding and no differences in weed control levels between 
conventional cultivation methods and automated weeding were found.  Automated weeding with 
Aim did not affect plant population or and plant growth when measured 14 days after treatment 
(Table 3).  This result is encouraging in that it indicates that automated intra-row weeding with 
herbicides can be performed without long term injury to plants.  Labor requirements for 
conventional weeding were 2.8 hr/acre and substantially higher than automated weeding at 0.4 
hr/acre.  Total weeding costs for automated weeding were $6/acre higher than conventional 
methods (Table 4).  It was concluded that in fields with minimal weed pressure, comparable 
weed control with similar cost can be achieved with significantly less labor using automated 
weeding machines as compared to conventional methods. 

In contrast, weed density in Trial 2 was very high.  One of the unexpected results was that after 
cultivation, intra-row weed control with the automated weeder was not significantly different 
from the conventional treatment (Table 5).  This was surprising since cultivators operate between 
plant rows and typically do a poor job of controlling intra-row weeds.  One explanation for this is 
that herbicide efficacy with the automated machine was poor, only about 50%, as the weeds were 
too large at the time of application to obtain good control.  Another plausible explanation is that 
the width of the sampling area considered to be the plant line was too wide for differences in 
intra-row weed control to be detected.   After hand weeding, weed densities were significantly 
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lower for the conventionally weeded treatment as compared to the automated weeding treatment 
(Tables 5 and 6).  Due to the high number of weeds  

Table 1. Density of weeds in the plant row (intra-row) at various times in romaine lettuce at Trial 1 at the Yuma 
Agricultural Center, Yuma, Arizona. 

 Weed Density 

Weeding 
Method1 

Hand Weed 
Post Auto 

Weed Chemical 
Before 

Weeding 

2 Days After 
Auto-Weeding 
or Cultivating 

2 Days After 
Hand Weeding 

 
9 Days After 

Hand Weeding 
   (weeds ft-2) (weeds ft-2) (weeds ft-2) (weeds ft-2) 

None --- --- 0.05  b2 0.05  b 0.07  a 0.06  a 
Cult./Hand --- --- 0.10  b 0.10  ab 0.01  b 0.07  a 
Auto/Hand X Aim 0.17  a 0.12  a 0.03  ab 0.04  a 

Auto --- Aim 0.09  b 0.07  ab 0.06  a 0.09  a 
1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-
row weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding 
with various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple 
range test (P=0.10). 
 

Table 2. Density of weeds between plant rows (inter-row) at various times in romaine lettuce at Trial 1 at the 
Yuma Agricultural Center, Yuma, Arizona. 

 Weed Density 

Weeding 
Method1 

Hand Weed 
Post Auto 

Weed Chemical 
Before 

Weeding 

2 Days After 
Auto-Weeding 
or Cultivating 

2 Days After 
Hand Weeding 

 
9 Days After 

Hand Weeding 
   (weeds ft-2) (weeds ft-2) (weeds ft-2) (weeds ft-2) 

None --- --- 0.12  a2 0.09  a 0.10  a 0.13  a 
Cult./Hand --- --- 0.12  a 0.00  b 0.00  b 0.01  b 
Auto/Hand X Aim 0.13  a 0.03  b 0.00  b 0.01  b 

Auto --- Aim 0.14  a 0.04  b 0.01  b 0.03  b 
1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-
row weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding 
with various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple 
range test (P=0.10). 
 

Table 3. Plant population and weight of romaine lettuce fourteen days after weeding with an automated machine and 
eight days after hand weeding at Trial 1 at the Yuma Agricultural Center, Yuma, Arizona. 

Weeding 
Method1 

Hand Weed 
Post Auto Weed Chemical 

Plant 
Population 

Plant 
Wet Weight 

Plant 
Dry Weight 

   (plant ac-1) (g plant-1) (g plant-1) 
Cult./Hand --- --- 39,204  a2 30.7 a 3.8 a 
Auto/Hand X Aim 37,026  a 32.3 a 3.8 a 

Auto --- Aim 31,114  b 38.4 a 4.5 a 
1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-row 
weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding with 
various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple range 
test (P=0.10). 
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Table 4. Costs and labor requirements for weeding romaine lettuce at Trial 1 at the Yuma Agricultural Center, 
Yuma, Arizona. 

 Hand Weed 
Post Auto 

Weed 

 __Equipment__ _Hand Weeding_ ____Total____    
Weeding 
Method1 Chem. 

Labor 
Req. 

Labor 
Cost 

Labor 
Req. 

Labor 
Cost 

Labor 
Req. 

Labor 
Cost 

Equip. 
Cost2 

Chem. 
Cost 

Total 
Cost 

   (hr ac-1) ($ ac-1) (hr ac-1) ($ ac-1) (hr ac-1) ($ ac-1) ($ ac-1) ($ ac-1) ($ ac-1) 
Cult./Hand --- --- 0.1 1 2.8 a3 32 2.8 32 6 --- 38 
Auto/Hand X Aim 0.4 5 2.0 a 23 2.4 28 31 9 68 

Auto --- Aim 0.4 5 --- --- 0.4 5 31 9 44 
1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-row 
weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding with 
various chemicals. 
2 Costs include estimates for fuel, lube, repairs and ownership costs. 
3 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple range 
test (P=0.10). 
   
Table 5. Density of weeds in the plant row (intra-row) at various times in romaine lettuce at Trial 2 at the Yuma 
Agricultural Center, Yuma, Arizona. 

 Weed Density 

Weeding 
Method1 

Hand Weed 
Post Auto 

Weed Chemical 
Before 

Weeding 

Days After 
Auto-Weeding 
or Cultivating 

2 Days After 
Hand Weeding 

 
8 Days After 

Hand Weeding 
   (weeds ft-2) (weeds ft-2) (weeds ft-2) (weeds ft-2) 

None --- --- 6.3     a2 4.6  a 4.3  a 3.0  a 
Cult./Hand --- --- 2.6  bc 1.4  bc 0.2  c 0.7  c 
Auto/Hand X H2SO4 2.2  c 1.0  c 0.2  c 0.8  c 
Auto/Hand X Aim 2.8  bc 1.6  b 0.2  c 0.5  c 

Auto --- H2SO4 3.1  b 1.5  b 1.3  b 2.1  b 
Auto --- Aim 2.8  bc 1.3  bc 1.1  b 2.2  b 

1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-
row weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding 
with various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple 
range test (P=0.10). 
  
Table 6. Density of weeds between plant rows (inter-row) at various times in romaine lettuce at Trial 2 at the 
Yuma Agricultural Center, Yuma, Arizona. 

 Weed Density 

Weeding 
Method1 

Hand Weed 
Post Auto 

Weed Chemical 
Before 

Weeding 

3 Days After 
Auto-Weeding 
or Cultivating 

2 Days After 
Hand Weeding 

 
8 Days After 

Hand Weeding 
   (weeds ft-2) (weeds ft-2) (weeds ft-2) (weeds ft-2) 

None --- --- 6.1  a2 4.1  a 3.9  a 3.3  a 
Cult./Hand --- --- 4.9  b 0.9  c 0.1  c 0.7  c 
Auto/Hand X H2SO4 4.0  b 1.0  c 0.2  c 0.6  c 
Auto/Hand X Aim 5.0  b 1.8  b 0.1  c 0.7  c 

Auto --- H2SO4 3.9  b 1.2  c 1.2  b 2.1  b 
Auto --- Aim 4.0  b 1.0  c 0.9   b 1.9  b 

1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-
row weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding 
with various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple 
range test (P=0.10). 
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Table 7. Plant population and weight of romaine lettuce eleven days after weeding with an automated machine and 
eight days after hand weeding at Trial 2 at the Yuma Agricultural Center, Yuma, Arizona. 

Weeding 
Method1 

Hand Weed 
Post Auto Weed Chemical 

Plant 
Population 

Plant 
Wet Weight 

Plant 
Dry Weight 

   (plant ac-1) (g plant-1) (g plant-1) 
Cult./Hand --- --- 40,241   a2 19.3  a 2.9  a 
Auto/Hand X H2SO4 24,477   b 12.5  b 2.1  b 
Auto/Hand X Aim 41,486   a 14.0  b 2.3  ab 

Auto --- H2SO4 32,774   ab 11.3  b 1.8  b 
Auto --- Aim 41,486   a 13.7  b 2.2  ab 

1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-row 
weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding with 
various chemicals. 
2 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple range 
test (P=0.10). 
 
Table 8. Costs and labor requirements for weeding romaine lettuce at Trial 2 at the Yuma Agricultural Center, 
Yuma, Arizona. 

 Hand Weed 
Post Auto 

Weed 

 __Equipment__ _Hand Weeding_ ____Total____    
Weeding 
Method1 Chem. 

Labor 
Req. 

Labor 
Cost 

Labor 
Req. 

Labor 
Cost 

Labor 
Req. 

Labor 
Cost 

Equip. 
Cost2 

Chem. 
Cost 

Total 
Cost 

   (hr ac-1) ($ ac-1) (hr ac-1) ($ ac-1) (hr ac-1) ($ ac-1) ($ ac-1) ($ ac-1) ($ ac-1) 
Cult./Hand --- --- 0.1 1 47.9 a3 546 48.0 547 6 --- 552 
Auto/Hand X H2SO4 0.4 5 32.2 a 366 32.5 371 31 24 426 
Auto/Hand X Aim 0.4 5 44.2 a 503 44.5 508 31 9 547 

Auto --- H2SO4 0.4 5 --- --- 0.4 5 31 24 60 
Auto --- Aim 0.4 5 --- --- 0.4 5 31 9 44 

1 Weeding methods included no weeding, cultivating followed by hand weeding, automated inter-row and intra-row 
weeding with various chemicals followed by hand weeding and automated inter-row and intra-row weeding with 
various chemicals. 
2 Costs include estimates for fuel, lube, repairs and ownership costs. 
3 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple range 
test (P=0.10). 

 

 
Table 9. Cost and number thrips after application of 7 oz a.i. per treated acre of Radiant in iceberg lettuce plots that 
were hand thinned and then conventionally sprayed or simultaneously thinned and sprayed with an automated 
machine in trials conducted at the Yuma Agricultural Center, Yuma, Arizona. 

    -----------------------------------Thrips plant-1 ----------------------------------- 
Thinning Application Rate Cost Trial 31  Trial 41 
Method Method2 (oz ac-1) ($ ac-1) 5 DAT 7 DAT 11 DAT 14 DAT  6 DAT 14 DAT 
Hand Control   3.5  a3 3.0  a 11.4  ab 12.5  a  2.4  ab 4.8  a 
Auto Spot Spray 0.5 3 3.4  a 1.6  b 11.0  ab 11.8  a  3.4  a 4.7  a 
Hand Broadcast 7.0 37 2.3  b 1.1  bc 14.8  a 15.0  a  2.3  ab 3.6  ab 
Hand Band 1.3 7 1.3  c 0.7  bc 9.2  b 11.7  a  1.3  bc 3.9  a 
Auto Band 1.3 7 0.7  c 0.4  c 10.3  ab 12.9  a  0.7  c 2.5  b 

1 In Trials 1 and 2, product was applied 17 and 15 days after planting respectively.  

2 Application methods included none (control), spot spraying individual crop plants while thinning with an 
automated machine, broadcast spraying, band spraying and band spraying while thinning with an automated 
machine. 

3 Within columns, means followed by the same letter are not significantly different by Duncan’s new multiple range 
test (P=0.10). 
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Fig. 2. Illustration of spray based thinning and spot 

applying insecticides to “saved” crop plants in a single 

pass.  Plants sprayed with an herbicide (blue dye) will die 

while saved crop plants are sprayed with an insecticide 

(pink dye). 

in close proximity to crop plants, it is doubtful that comparable levels of control would have 
been achieved even if better herbicide efficacy would have been obtained.  The obvious 
conclusion is that in extremely weedy fields, weeding practices that include hand weeding 
provide better weed control than automated methods.   

Although weed densities were lower using conventional methods, plant populations and growth 
as measured by weight were not significantly different (Table 7).  This is implies that the 
machine developed is able to control spray such that crop plants are not killed or injured.  
Automated weeding provided significant labor time and cost savings, roughly 47.5 hr/acre and 
$500/acre respectively, as compared to conventional methods (Table 8).  Typically, saving of 
this magnitude would not be expected as weeding labor requirements and costs are usually about 
7 hr/acre and $75/acre respectively.  The findings do, however show the potential of automated 
weeding systems to significantly lower labor requirements and costs in weedy fields. 

One of the expected results was that hand 
weeding labor requirements would be lower if 
the operation was performed after automated 
weeding as compared to after cultivating.  This 
was not the case in this study since standard 
cultivation resulted in weed control levels 
similar to automated weeding and thus hand 
weeding labor requirements were also 
comparable (Tables 5, 6 and 8). 

Two spot spray trials, hence forth referred to as 
Trial 3 and Trial 4, in iceberg lettuce were also 
conducted at the University of Arizona’s Yuma 
Agricultural Center in Yuma, Arizona.  
Experimental design for both trials was a 
randomized complete block design with 5 

treatments and 4 replications.  Treatments included 1) automated thinning and spot spraying the 
“saved” crop plant in the same pass, 2) automated thinning and band spraying in the same pass, 
3) hand thinning followed by band spraying and 4) hand thinning followed by broadcast spraying 
and 6) control - hand thinning and no spraying.  Plot size was 7 ft (two beds) by 35 ft.  The 
prototype automated thinning, weeding and spot spraying machine was utilized to thin unwanted 
plants with the herbicide Aim (carfentrazone-ethyl) and spot spray crop plants with the 
insecticide Radiant tank mixed with the adjuvant DyneAmic (Fig. 2).  An equivalent rate of 
Radiant and DyneAmic was used for the conventionally sprayed treatments.  Pest counts of the 
target species (thrips) were recorded 5, 7, 11 and 14 days after treatment (DAT) in Trial 3 and 6 
and 14 DAT in Trial 4.  Data were analyzed used SAS to determine significant differences 
between treatments. 

The results from the two trials were very similar (Table 9).  Spot spraying the saved crop plant 
was not an effective method for controlling thrips.  Band spraying conventionally or with the 
automated thinner/sprayer provided significantly better knockdown control (5-7 DAT) as 
compared to the other treatments.  Material costs for banding are $35/acre lower than broadcast 
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spraying.  Furthermore, by combining thinning and band spraying in the same operation, growers 
can save an additional $18/acre in application costs.  An additional benefit is that automated 
thinning is approximately $25/acre cheaper than conventional hand thinning.  Thus, in total, 
automated thinning and band spraying has the potential to save growers $78/acre.  Further study 
is warranted to confirm these results since pest numbers were unusually low and to evaluate the 
technique with additional chemistries and pests. 

Goals and Outcomes Achieved 
The goals of this project were to develop an automated machine to 1) weed between and within 
the crop row, 2) selectively spot spray pesticide(s) on the crop plant, but not the entire soil 
surface and 3) disseminate the knowledge gained to growers, equipment manufacturers, industry 
personnel and researchers.  Activities listed to achieve goals 1 and 2 are described in the 
previous section.  To achieve goal 3, an extensive outreach effort was made.  Four invited and 
three volunteered presentations were given at grower, industry and professional meetings (see 
listing below).  Two invited lectures were given for University of Arizona classes.  Attendance at 
these meetings and lectures was approximately 370 individuals.  Demonstrations of the machine 
in operation and tours of the experimental sites were given to growers, researchers, students and 
equipment manufacturers (approximately 17 individuals).  Technologies developed from this 
project were presented in a co-authored book chapter on automated weeding (Fennimore et al, 
2013).  A technical paper about the device was written and presented to approximately 95 
individuals at the 2014 California Weed Science Society Meeting (Siemens, 2014).  Knowledge 
gained was intimately shared with two companies interested in commercializing the technologies 
developed in this project.  Currently, the University of Arizona is in licensing negotiations with 
one of these companies to manufacture the device. 

Beneficiaries 
Development of an automated lettuce thinning, weeding and spot spraying machine benefits the 
majority if not all of the more than 100 lettuce growers in Arizona.  Use of the machine in fields 
where weed pressure was low provided similar weed control at costs comparable to conventional 
methods.  Because labor requirements were significantly reduced, this helps alleviate the labor 
shortage problems the industry is facing.  In weedy fields, use of the machine provided poorer 
weed control as compared to conventional methods.  Plant growth, however, was not suppressed 
and labor requirements and costs were reduced by over 47.5 hr/acre and $500/acre respectively.  
While expenses of this magnitude are not typical, the results do show the potential for automated 
weeding machines to provide substantial labor and cost savings.  Operating the machine as a 
combination thinning and band spraying machine provided pest control levels that were as good 
as conventional broadcast methods.  If the machine were used in this manner, growers would 
save approximately $78/acre in material, application and thinning costs.  Utilizing the technology 
for thinning and applying a typical insecticide on the roughly 50,000 acres of iceberg and 
Romaine lettuce raised in Arizona would save growers approximately $3.9 million annually. 

Lessons Learned 
In this study, two atypical fields were investigated – one with an extremely low weed density, the 
other with an extremely high weed density.  In the insecticide trials, pest numbers were 
unusually low.  Because of this, it is difficult to draw conclusions that are widely applicable and 
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further study is needed.  One suggested change for future work is to narrow the width of the 
sampling area considered to be the plant line from 6” to 3” so that a better estimate of intra-row 
weed control can be obtained.  Despite the experimental challenges mentioned, some 
encouraging results about the benefits of the automated thinning, weeding and spot spraying 
technology developed were found. 

Contact Person 
Mark C. Siemens 
Unviserty of Arizona 
(928) 782-3836 
siemens@cals.arizona.edu 
 
Additional Information 
Development and commercialization of an automated thinning, weeding and spot spraying 
machine will significantly enhance the competiveness of Arizona specialty crops.  As mentioned 
previously, implementation of the device as an automated thinner and band sprayer on the 50,000 
of Iceberg and Romaine lettuce raised in Arizona would save growers approximately $3.9 
million annually.  When used as an automated weeding machine, the device has the potential to 
significantly reduce labor requirements.  This enhances the profitability and price competiveness 
of Arizona grown lettuce and improves the sustainability of the industry by reducing its 
dependence on a manual labor for viable production. 

Book Chapters 

Fennimore, S.A., B. D. Hanson, L. M. Sosnoskie, J. B. Samtani, A. Datta, S. Z. Knezevic, and M. C. 
Siemens. 2013. Chapter 9: Field Applications of Automated Weed Control: Western Hemisphere. 
In Automation: The Future of Weed Control in Cropping Systems, 151-169. S.L. Young and F.J. 
Pierce, eds. Dordrecht: Springer Science+Business Media. 

Non-Refereed Publications 

Siemens, M.C. Robotic weed control. 2014. In Proc. 66th Annual California Weed Science Society 66: 76 
80. Salinas, Calif.: California Weed Science Society. 

Popular Press Publications 

Blake, C. 2013. Lettuce industry: automated thinner creating quite a buzz. Western Farm Press 35(9): 1-
3. New York, N.Y.: Penton Media Inc. 

Presentations 

2014 Automated Machine for Selective Thinning, Weeding and Spot Spraying in Lettuce Crops. ABE 
696a Graduate Seminar, Tucson, Ariz., April 16. 1 hour. Attendance - 32. (Invited) 

2014 Ag Mechanization for Vegetable Crops. Guest lecture for Applied Weed Science, PLS300, 
University of Arizona course taught via Arizona Western College, Yuma, Ariz., April 1. 2 1/2 
hour lecture.  Attendance 30. (Invited) 
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2014 Automated Weed Control Systems. 2014 Southwest Ag Summit, Yuma, Ariz., February 27. 30 
minutes. Attendance - 11. (Volunteered) 

2014 Robotic Weed Control. California Weed Science Society 66th Annual Conference, Monterey, 
Calif., January 24. 20 minutes. Attendance - 95. (Invited) 

2013 Distance-Based Machine Vision and Control System for Real-Time Automated Lettuce Thinning 

with and Intermittent Sprayer. 2013 ASABE Annual International Meeting, Kansas City, 
Missouri, July 22. 15 minutes. Attendance - 55. (Volunteered) 

2013 Automated Lettuce Thinning – An Overview. 2013 Southwest Ag Summit, Yuma, Ariz., Mar. 8. 
10 minutes. Attendance – 50. (Volunteered) 

2012 An Update on Automated Lettuce Thinners. 2012 Pre-Season Vegetable Workshop, Yuma, Ariz., 
August 31. 30 minutes. Attendance - 92. (Invited) 

2012 Advanced Technologies in Vegetable Production - Precision Lettuce Thinner. NCERA-108 
Annual Meeting. Maricopa, Ariz., March 29. 30 minutes. Attendance - 35. (Invited) 

References 

ASABE. 2006. ASABE Standard EP496.3 – Agricultural machinery management.  St. Joseph, Mich.: 
ASABE. 

ASABE. 2011. ASABE Standard D497.7 – Agricultural machinery management data.  St. Joseph, Mich.: 
ASABE. 

Smith, R.F., K.M. Klonsky and R.L. De Moura. 2009. Sample costs to produce romaine hearts. 
University of California Cooperative Extension Bulletin LT-CC-09-1.  Davis, Calif.: University 
of California Cooperative Extension. 

Bagrada Bug IPM in Arizona Vegetables   
This project was completed on October 31, 2013 

Project Summary 

Production of cole crops in Arizona has historically been very profitable where the state ranks 2rd 
nationally in production and value.  Arizona vegetable growers produce a significant acreage of 
broccoli, cabbage, cauliflower, and other specialty Brassicas for the fresh market during the 
winter.  However, the recent arrival of an invasive stink bug, Bagrada hilaris, into Arizona 
threatens to potentially disrupt cole crop production throughout the state. First discovered in 
September of 2009, vegetable growers reported finding small stink bugs damaging emerging 
seedling and newly transplanted cole crops. By October, reports of the new stink bug damaging 
crops were widespread throughout Yuma and southern California. The pest reoccurred in the fall 
of 2010 in high numbers statewide causing widespread damage to both conventional and organic 
crops.  Unfortunately, very little scientific information on the biology and management of this 
pest is available. Our research and field observations suggested that Bagrada bug has become an 
established pest in Arizona and will continue to be problematic for growers.   
Our desert cropping environment appears to be very amenable for year-round survival and rapid 
population growth.  However, what is not known is how do Bagrada bugs bridge the seasonal 
gap from May until September when cole crops do not occur. Given the high numbers observed 
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in the fall of 2010, it is obvious that Bagrada can oversummer in the desert, but where and on 
which crops or weeds?  Another important, but uncertain, question surrounding this pest is its 
damage potential.  Seedling and young transplanted crops appear to be very susceptible to their 
feeding damage. Before pest management guidelines (i.e., economic treatment levels) can be 
developed we must address one important question:  At what stages in plant growth can cole 
crops tolerate Bagrada feeding damage (or when is control no longer needed) without suffering 
economic reductions in plant growth, yield, and/or maturity?   
  
To date, management tactics for the Bagrada bug have consisted primarily of intensive spray and 
chemigation regimes of pyrethroid insecticides to protect emerging stands and developing crops.  
Presumably, soil-applied, systemic applications of neonictoinoids (e.g., Admire) should provide 
protection from Bagrada bugs, however studies to date have been inconclusive.  The efficacy of 
other alternative insecticide on Bagrada bugs and their impact on plant growth has not been 
adequately examined.    The results of this project are important to all Arizona cole crop 
producers because it has provided a more clear understanding of the potential of the Bagrada bug 
on desert cole crops.  The objectives were to develop a solid understanding of the insect's 
seasonal migration among weeds and crops, its damage potential on developing crops, and the 
most effective ways to use insecticide alternatives to control the pest.    
 
Project Approach 
To address the question of where and on which plants the Bagrada bug oversummers, we made 
qualitative observations of Bagrada bug in various hosts in 2011. We observed that, from 
January to April, Bagrada bugs were abundant in cruciferous weeds, such as London rocket and 
shepherd’s purse. This timeframe coincided with the harvest of cole crops and planting of cotton, 
sweet corn and Sudan grass. From May to July, the weeds senesced, and as temperatures 
increased and wild plants dried down, the insects left these plants and moved into the corn and 
Sudan grass, where they remained until harvest in late summer. In August and September, after 
most of its preferred hosts had died, Bagrada bugs attacked almost anything green, including the 
young leaves of various trees (including citrus). In late August to early October, with the return 
of cooler temperatures, the presence of weed hosts, and the planting of cole crops, Bagrada bug 

severely damaged the emerging cole crops. We then made quantitative measurements in 6 survey 
sites within Yuma Co. where cole crops are grown. Sites were monitored monthly for changes in 
plant species, growth of vegetation, and presence or absence of Bagrada bug. If bugs or damage 
were detected, we would conduct a more thorough 10-minute timed search. During the search we 
recorded the number of Bagrada bugs on the plants and surrounding soil and leaf litter. Counts 
were made each month from January to December 2011 and 2012.  These locales exhibited two 
peaks of abundance, one in late spring coinciding with brassica seed crops and the other in early 
fall with germination of fall cole crops. More importantly, during the summer months we found 
Bagrada bugs on several weed species (lambsquarter, cheeseweed), corn, Sudan grass, cotton and 
alfalfa seed crops.  The numbers were generally very low but demonstrated that Bagrada can 
survive on a number of key weed and crops host in the absence of cole crops in Arizona. 
 
To address the question of the pest’s damage potential, we designed lab and field studies to 
measure the impact of adult Bagrada feeding on broccoli plant damage, growth, chlorophyll, 
yield and quality. In lab studies we found that female Bagrada bugs feed significantly longer and 
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can cause more damage than the male of the species. Furthermore, we observed that on average 
seedling mortality can occur following feeding bouts of less than 48 hrs.  We placed various 
combinations of densities of adults (1, 2 or 4 adults) on different aged broccoli plants (cotyledon, 
1-leaf 2-leaf or 4 leaf stage) and found that smaller plants were susceptible to significant plant 
injury/damage with feeding by even a single adult. Larger plants were better able to compensate 
for feeding damage, even when exposed to 4 adults. Finally, duration of feeding was also 
important. Two adults allowed to feed plants for 6 days always caused significant plant injury, 
regardless of plant size. Field studies were conducted to measure the direct impact of Bagrada 
bug feeding damage on seedling mortality, yield, quality, and maturity of direct seeded broccoli 
and transplanted cauliflower. This was accomplished by employing row covers to exclude 
Bagrada bugs and other insects from plots. At various phonological stages of plants growth 
(pegging, cotyledon, 1- lf, 2- lf, 4-lf and 6 lf), Bagrada adults were placed under the row cover 
and allowed to feed for 14 days. After that time the adults were removed and the plants were 
recovered with row cover. At the conclusion of each infestation period for all plant stages, we 
removed the covers and thinned plants. We measured plant injury at this time. We then allowed 
the plants to grow to harvest. Results of this study showed that direct-seeded broccoli was 
susceptible to Bagrada feeding up to the 5-6 lf stage and cauliflower was relatively safe from 
Bagrada 14 days after transplanting. Based on these studies we now recommend that growers 
keep plants protected from Bagrada up to the 6-lf stage. 
 
Finally, a number of trials (laboratory, greenhouse and field plot) have been conducted over the 
past two years examining the knockdown (1- 3 d) and residual (5-d) activity of all of the major 
chemical classes.  Under laboratory conditions, we examined adult susceptibility to various 
concentrations of insecticide classes (pyrethroid, OP, carbamate and neonicotinoid) in leaf dip, 
contact bioassays.  We’ve established baseline susceptibilities for the major active ingredients 
presently being used in the desert to control Bagrada.  Greenhouse trials have been conducted 
with conventional and experimental insecticides applied as foliar sprays to broccoli plants with 
adults caged on plants to measure adult mortality, plant damage and growth.  Results of this 
work are consistent with small plot efficacy trials conducted on broccoli under local field 
conditions.   We’ve evaluated the knockdown and residual efficacy of most conventional and 
experimental compounds against natural Bagrada populations.  Data from 2011 was limited 
under light-moderate pressure, but in 2012 population pressure was very heavy and we were able 
to replicate numerous trials.  Results are consistent and show that insecticides with contact 
activity are most efficacious including all pyrethroids, dinotefuron, methomyl, chlorpyrifos and 
mixtures.  The experimental compounds evaluated (sulfoxaflor, Pyrifluquinazon, Cyazypyr, 
spirotetramat, novaluron, flonicamid, and pymetrozine) failed to provide consistent efficacy in 
replicated trials.   A number of trials were replicated in 2011 and 2012 to examine the efficacy of 
soil systemic insecticides (neonicotinoids and diamides).  None of the compounds provided 
adequate control of adults or protection to germinating seedlings or plants during stand 
establishment.  Initial examination of broccoli seed treated with experimental insecticides under 
both laboratory and field conditions  suggests that candidate active ingredients exist that can 
provide protection against Bagrada during germination and stand establishment.    
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Goals and Outcomes Achieved 
The goals of this project were to develop new information on the potential of the Bagrada bug on 
desert cole crops and generate useful recommendations that Arizona growers/PCAs could use in 
the management of this new pest.  The research conducted in this project accomplished these 
goals by developing information unique to the desert cropping system that did not exist prior to 
the initiation of this project.  We investigated the seasonal population dynamics of the Bagrada 
bug populations in the Yuma area, and from these studies we now understand where and when 
these insects are most abundant. Secondly, reliable management recommendations regarding 
plant protection and control decisions for Bagrada bug did not exist prior to this project. Growers 
and PCAs set treatment thresholds at essentially a zero tolerance on desert cole crops due to the 
lack of information relative to the question as to what plants stages protection from Bagrada is 
necessary to prevent economic losses to cole crops.  We clearly have shown that plants are 
susceptible during early stages of plant establishment and crop growth and need to be protected 
if yield and quality losses are to be avoided. Our work also showed that once plants reached a 
specific growth stage for direct-seeded and transplanted crops, protection was not needed. 
Finally, because of the exotic nature of Bagrada bugs, very little scientific information is 
available on its control.  Prior to this project we had limited information on chemical control of 
this pest. Our goal was to improve our understanding of insecticidal control of Bagrada bugs by 
characterizing the temporal and residual activity of currently available pyrethroid, OP/carbonate 
and neonicotinoid insecticides; and to initiate an efficacy program of new and alternative 
insecticide modes of action that can be used to effectively control Bagrada bugs in IPM 
programs. Our work has provided a robust dataset that defines the knockdown and residual 
control of all available insecticides, as well as many experimental compounds under 
development.  
 
Overall, we have generated a considerable amount of new information concerning the ecology 
and management of Bagrada bugs in desert cole crops that did not exist prior to this project (our 
primary measurable outcome).  The information generated from these projects has been 
published in several forms, but most importantly in the form of IPM recommendations.  These 
guidelines have been provided to PCAs/growers in several of our bi-weekly UA Veg IPM 
updates. We presently have over 500 subscribers to our email updates; of these, 174 are either 
PCA’s or produce growers. Additionally, we have provided information in a number of 
extension educational meetings during the past two years.  Overall, attendance of these meeting 
has been very high due to the importance of this information. In many meetings, we had more 
than 50 PCAs and growers.   
 
Beneficiaries 
The stakeholders who directly benefitted from this project include Arizona cole crop growers, 
PCAs, and local Agro-business representatives.  Without question, this information has benefited 
the Arizona vegetable industry. We estimate based on our email list serve and feedback from our 
updates that over 300 growers, PCAs and industry reps directly benefitted from this information.  
Data generated from our PCA/grower surveys conducted in April of 2010- 2012 suggests that 
our information has caused growers /PCAs to modify their production practices. We had a total 
of 17, 13 and 19 growers respond to our survey in 2010, 2011, and 2012 respectively. 
Respondents were asked to estimate the losses associated with Bagrada bugs during this time 
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period. Prior to the initiation of this project (2012 survey), growers/PCAs estimated that Bagrada 
bugs caused almost 15% yield loss in their cole crop acreage. In 2011 and 2012, losses were 
estimated at less than 6%. We attribute the reductions in losses in part to the information 
generated in this project that was provided to the industry. Another area of PCA/grower behavior 
which this project impacted was the choice of products used for control, and their application 
timing.  Our recommendations clearly state that pyrethroids provide the most cost-effective 
control of the pest, and the survey results in 2011 and 2012 show that pyrethroids were the 
overwhelming choice of the industry.  
 
Lessons Learned 
All of the goals of this project were accomplished as we anticipated. However, anytime you 
conduct field research you are dependent on the weather and the pest. We learned quickly that a 
greenhouse colony of the pest was necessary to provide insects when they failed to occur in the 
field.  This augmented many of the lab and greenhouse trials we conducted.  One unexpected 
outcome was that we were able to generate additional information not proposed in this project. 
For instance in conducting studies for the objectives, we noticed differences in Bagrada bug 
abundance at various times of the day. Thus we expanded our surveys over a 24 hr period during 
key sample dates (Sep and Oct) and collected data on their duel behavior. We expanded this into 
greenhouse studies and determined when adults were most abundant (this information is 
available in our recommendations and in a scientific journal article).   
 
Contact Person 
John C. Palumbo, Professor and Extension Specialist, Yuma Agricultural Center 
928-782-5885 
jpalumbo@ag.arizona.edu 
 

Additional Information 
As described above, the information generated from this project has obviously had a measurable 
impact on our grower’s ability to cost-effectively manage this pest. Moreover, based on the 
feedback we have received from PCAs and growers from Arizona and California via 
conversations, emails, texts and phone calls, we are certain that this project has had a significant 
positive impact on the vegetable industry in Arizona. 
 
For a complete access to the Veg IPM Updates that cite the results of this project, please go to: 
http://ag.arizona.edu/crops /vegetables/advisories/advisories.html 
 
Publications 

Palumbo, J. C. 2011a. Control of Bagrada hilaris with foliar insecticides on broccoli, 2010. Arthropod 
Management Tests 36: E8 2. (doi:10.4182/amt.2011.E8). 
 
Palumbo, J. C. 2011b. Evaluation of soil systemic insecticides for control of Bagrada hilaris on broccoli, 
2010. Arthropod Management Tests 36: E10 2.(doi:10.4182/amt.2011.E10). 
 
Palumbo, J. C. 2011c. Evaluation of experimental insecticides against Bagrada hilaris on broccoli, 2010. 
Arthropod Management Tests 36: E9 2.(doi:10.4182/amt.2011.E9). 
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Palumbo, J. C. 2012a. Impact of Bagrada bug on desert cole crops in 2010– 2011. (May 30, 2012) 
(http://cals.arizona.edu/crops/vegetables/advisories/more/insect59.html). 
 
Palumbo, J. C. 2012b. Bagrada bug management tips on desert cole crops (Aug. 22, 2012).  
(http://cals.arizona.edu/crops/vegetables/advisories/ more/insect65.html). 
 
Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo.  2013. Diel activity and behavior of Bagrada 

hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology 
106: 1726–1738. 
 
D. A. Reed, J. C. Palumbo, T. M. Perring, and C. May. 2013.   Bagrada hilaris (Hemiptera: 
Pentatomidae), An Invasive Stink Bug Attacking Cole Crops in  the Southwestern United States .  J. 
Integ. Pest Mngmt. 4(3): 2013; DOI: http://dx.doi.org/10.1603/IPM13007 
 
Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo.  2014.  Impact of Bagrada hilaris (Hemiptera: 
Pentatomidae) Feeding on Growth and Chlorophyll Content of Cruciferous Plant Species. Arthropod 
Plant Interactions (accepted). 
 
Palumbo, J. C., N. Prabhaker, D. Reed, T. M. Perring , S. Castle  and T. Huang. 2014. Susceptibility of 
Bagrada Hilaris  (Hemiptera: Pentatomidae) To  Foliar and Soil Systemic  Insecticides in Laboratory And 
Greenhouse Bioassays.  J. Econ. Entomol.  (submitted).    
  
Evaluating Septic Influence on Irrigation Canals 
This project was completed on September 30, 2013 
Project Summary 
The goal of this project was to reduce the risk of consumer exposure to enteric pathogens 
resulting from produce contamination from degraded irrigation water. This goal was achieved 
through targeted water quality monitoring of irrigation canal “Hot Spots” that may occur due to 
failing septic systems or leaking wastewater pipes in Yuma, Arizona. Result from this study 
indicate that along stretches of the canal system, sewage discharge may be infiltrating un-lined 
canal systems and reducing the quality of irrigation water, resulting in potential pathogen 
discharge into downstream fresh produce fields. While results indicate the presence of human 
indicator bacteria in the Yuma canal system, very low concentrations of pathogens (Salmonella) 
were detected throughout the course of the study. While minimal water quality exceedances were 
observed (2.2% of water samples collected), our results suggest that there still may be a 
significant human waste influence on water quality. Additional monitoring of suspect locations is 
warranted in order to better understand the sources of fecal contamination in the irrigation 
system with a specific focus on improving failing septic systems. 
 

Project Approach 
In the winter of 2010, romaine lettuce contaminated with E. coli O145 caused a multistate 
outbreak of enteric disease. The contaminated produce was traced back to a single processing 
facility in Yuma, Arizona. The resulting report from the US Food and Drug Administration (US 
FDA) hypothesized that a septic system from a trailer park had leaked human waste into a 
irrigation canal, and that this was the presumptive source of the disease-causing E. coli (US 
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FDA, 2011). The US FDA report contained several suggested preventative control strategies, 
among them the “development and implementation of microbiological monitoring protocols for 
the canal water system,” and “conducting sanitary surveys of the water source and distribution 
system.” 
 
Our research builds upon the US FDA recommendations. Over the course of this study our team 
worked with project partners to identify potential irrigation canal “Hot Spots” (spots of potential 
septic/sewer leakage into the canal irrigation system) that were then investigated through 
intensive water quality monitoring. Monitoring included enumeration of traditional microbial 
indicators (E.coli), pathogens (Salmonella), as well as the human molecular indicator 
Bacteroides sp.. These “Hot Spots” were selected based on canal type (lined vs. un-lined), 
proximity of canal to septic system(s), number of wastewater pipes crossing underneath the 
canal, soil type, and the classification of the canal as vulnerable to leaching from the 
groundwater and soils. Strategic selection of sampling points, in tandem with analysis for a suite 
of pathogens and fecal indicator bacteria, utilized scientific assessment to identify potential 
degradation of irrigation water resulting from septic/pipeline leakage. 
 
Significant Contributions and Roles of Project Partners: 

 Dr. Channah Rock, Associate Professor and Water Quality Specialist at UA and lead PI 
for this project, coordinated the management of this project, including the supervision of 
graduate students, visiting interns and staff; organized activities and communications 
with project partners; convened project meetings; interacted with stakeholders to review 
data; supervised development of outreach and data outputs; contributed to the 
development of outreach materials and workshops related to the project, and has 
presented information about this project to irrigation districts, growers, and other local 
stakeholders in Arizona and California. 

 
 Dr. Jean McLain, Associate Director for the Water Resources Research Center helped to 

develop and has refined the sampling approach used for the study; evaluated data; 
integrated new data analysis procedures; developed data outputs and contributed to the 
development of outreach materials supplied to stakeholders. 

 
 Dr. Kurt Nolte, Yuma County Cooperative Extension Director and Yuma Agricultural 

Center Director supervised the sample collection and provided expertise to the project 
partners. Dr. Nolte was also critical in facilitating connections of the research team to 
local stakeholders in order to implement the research approach. He also contributed 
significantly to the development of outreach events and materials supplied to 
stakeholders. 

 
Goals and Outcomes Achieved 
Over the course of this project quantitative data on the spatial and temporal variations of E. coli 
contamination and other microbial pathogen indicators in canal systems were obtained in the 
region. Throughout this study our team collected 134 water samples over the course of 20 
sampling trips in specified location(s) in Yuma canal systems. As mentioned above, sample 
locations were selected based on the following characteristics; canal type (lined vs. un-lined), 
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proximity of canal to septic system(s), number of wastewater pipes crossing underneath the 
canal, soil type, and the classification of the canal as vulnerable to leaching from the 
groundwater and soils.  
 
The following tests were used to evaluate water quality and potential septic influence; 
Salmonella, E.coli, conductivity, turbidity, TDS, pH, and temperature. In addition to the water 
quality analysis mentioned above, samples were also filtered and tested by Microbial Source 
Tracking (MST) analysis for the bacteria Bacteroides. Bacteroides bacteria are commonly found 
in the intestines of warm blooded mammals and are commonly used as an alternative indicator of 
fecal contamination. Their use in water quality investigations has recently gained in popularity 
because of the unique ability to differentiate the organism based on their host mammal. In other 
words, these scientific tests can determine if the Bacteroides bacteria detected in the environment 
originated from humans, wildlife, or other mammals. E.coli, on the other hand, is a generic 
indicator of fecal contamination and its’ presence in water is not specific to a host source. 
Through identification of the host mammal, or source of the fecal contamination, growers and 
water resource managers can make informed decisions on the solutions or Best Management 
Practices related to water quality pollution problems in their region. 
 
Results indicate that E.coli and Salmonella were detected in all sample locations (10 locations 
total) and that approximately 20% of all samples collected contained detectable levels of 
Salmonella. E.coli concentrations ranged from <1 MPN per 100 mL up to 1553.1 MPN per 100 
mL of irrigation water. Water quality exceeded the LGMA guideline of 126 E.coli per 100 mL in 
only 2.2% of the samples collected, indicating general water quality compliance in the region. 
Following the measurement of microbial fate and transport in the Yuma irrigation system 
provisioned the recommendations to further identify biological and geographical sources through 
Microbial Source Tracking to reduce the risk of microbial contamination on fresh produce. 
 
Results of the Microbial Source Tracking analysis indicate that both the Total Bacteroides and 
Human Bacteroides molecular markers were detected across all 10 sample locations evaluated. 
The Human “signature” was detected at significant concentrations in 88% of the samples 
collected. This indicates a strong correlation of fecal contamination with remnants of human 
waste. These results support our original hypothesis that in certain locations in Yuma, the 
unlined canal system is influenced by failing septic systems in close proximity to the canal. 
Recently, the City of Yuma has begun to incorporate portions of the un-sewered communities 
along the Yuma Main canal into the City sewer system.  Because of our initial results, we 
suggest future monitoring along these canal stretches to determine if this conversion to sewered 
systems has helped reduce the impact of the human waste signature on water quality. 
 
As a result of this work, water quality information has been shared with the broader stakeholder 
community. It is our intention to share the final results with the City of Yuma at upcoming 
stakeholder meetings in 2013. Stakeholder engagement of particular note is listed below: 
 

 The project PI traveled to Hartnell College (travel covered for PI by the Western Food 
Safety Summit) to attend and present research findings at the Western Food Safety 
Summit from May 8th to 10th, 2013. Approximately 120 stakeholders attended the 
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Western Food Safety Summit. In this meeting there was no breakout sessions so 
presentations were seen/heard by all registered participants in the conference hall during 
that time. 
 

 A stakeholder meeting was held in Yuma, AZ with representatives from the local grower 
community, members of the Leafy Green Marketing Agreement, as well as food safety 
experts who are members of the Yuma Safe Produce Council. University Specialists and 
Faculty were also in attendance at this meeting on May 30th, 2013. Approximately 20 
participants attended the stakeholder meeting in Yuma, AZ. 

 
 The project PI traveled to Rochester, NY (travel covered by the Center for Produce 

Safety) to attend and present research findings at the Center for Produce Safety Annual 
Meeting from June 24th to 27th, 2013. There were approximately 200 stakeholders at the 
Center for Produce Safety Annual meeting. In this meeting there was no breakout 
sessions so presentations were seen/heard by all registered participants in the conference 
hall during that time. 
 

 A one day workshop was held in Yuma, AZ with representatives from the local grower 
community, members of the Arizona Leafy Green Marketing Agreement, as well as food 
safety experts who are members of the Yuma Safe Produce Council. University Faculty 
and Specialists from the Universities of Arizona and California, Davis were also in 
attendance at this outreach workshop on September 11th, 2013. A total of 41 stakeholders 
were in attendance at this workshop. In this workshop there was no breakout sessions so 
presentations were seen/heard by all registered participants in the conference hall during 
that time. 
 

Beneficiaries 
This research builds on our expertise in Extension and contributes to a growing body of 
knowledge related to irrigation water quality. To date, numerous studies have been conducted 
evaluating the potential for irrigation water to act as a source of enteric pathogens during crop 
production. In preliminary studies, we have collected data which demonstrates high levels of E. 

coli, and common occurrence of the human pathogens Salmonella spp., in canal waters used to 
irrigate fresh produce. Our original hypothesis was that failing septic systems and/or leaking 
sewage pipes may play a major role in the contamination of canal systems by enteric bacterial 
pathogens, and as a result, degraded waters within irrigation canals can in turn serve both as a 
reservoir and a vehicle of produce contamination. 
 
Contamination of fresh produce during irrigation may be cumulative, as bacteria have been 
shown to survive for prolonged periods on produce under the proper conditions (Guo et al. 2002; 
Solomon et al. 2002). The impact of failing septic systems or leaking wastewater pipes is likely 
to be intermittent and depends on canal design, distance from potential sources, and source 
loading related to seasonal population changes and/or weather conditions. As a result, 
contamination sources may be difficult to pinpoint, and may result in sporadic cases of enteric 
illness versus widespread outbreaks. Nonetheless, this research project represents initial work in 
identification of enteric pathogens in canal water and assessing the influences of canal design 
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and proximity to potential sources. The results of this project have been of extreme interest to 
stakeholders and growers, whose primary interest is the production of a high-quality, safe end 
product. Several stakeholder meetings and workshops were held throughout the course of the 
study accomplishing the proposed outcome of the project to “Increase understanding of 

irrigation water quality problems by growers to support additional water quality improvement 

on the behalf of stakeholders and educators in Yuma County”. In addition, these beneficiaries 
have benefitted specifically from the increased knowledge of key sources of water quality 
degradation in local canal irrigation systems. This information has also been shared with 
irrigation districts involved in this study. Because of this research, we are currently working 
alongside these stakeholders to determine best management practices aimed to reduce pollution 
sources identified in this study and ultimately improve food safety in the growing area. 
 

Lessons Learned 
Throughout the project period, the research and Extension team worked with local contacts and 
stakeholders to develop a sampling program that was useful to all partners involved. Our team 
was fortunate to work with some outstanding stakeholders that understood the benefits of our 
research from the beginning. However, looking back, additional time should have been taken at 
the onset of the project to better inform and communicate our plans for this study to the broader 
stakeholder community. After the initiation of the project, we learned that some stakeholders did 
not feel adequately informed of the intent of our research and the benefits of the intended 
outcomes. After receiving that feedback, our team worked diligently to remedy those questions 
and be as open and transparent as possible throughout the remainder of the project. We feel 
confident that the goals and objectives of this research were met and that stakeholders were 
adequately informed of our progress and outcomes. 
 
One positive un-expected outcome of this project was the leveraging of our water quality 
expertise and knowledge in the Yuma region to acquire additional funding from partners in 
Arizona and California. As a result of our work on this project, our team was approached to 
participate in broader research and Extension projects related to water quality that would directly 
benefit the local community. This includes support from the Center for Produce Safety, Western 
Growers, and additional funding from the Arizona Department of Agriculture. 
 
Contact Person 
Channah Rock, Associate Professor & Extension Specialist – Water Quality 
Department of Soil, Water, & Environmental Science 
The University of Arizona 
Ph: (520)381-2258 
Email: channah@ag.arizona.edu 
 
Additional Information 
Results from this project directly enhance the competitiveness of Arizona specialty crops due to 
the fact that this research, and its outcomes, has showcased local stakeholders and their 
commitment to food safety. More importantly, this work demonstrates the active engagement 
between Arizona growers and the research and Extension community, working together to find 
tools and solutions to maintain produce safety. Our research and Extension team was fortunate to 
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partner with stakeholders across Arizona who not only see the benefits of understanding water 
quality in their region but also fully comprehend the long term impact it will play on produce 
productivity and marketability. 
 

Evaluation of Pomegranate Varieties for Arizona 
This project was completed on September 30, 2014 
Project Summary 

Pomegranates (Punica granatum L.) have become very popular in recent years due to 
their health benefits of high vitamin C, potassium, and antioxidant content. They are marketed as 
whole fruit, arils, and juice.  Trees have a low water requirement with just 125 to 150 cm per 
year and grow well in the semi-arid climate in Southern Arizona. This area has great potential to 
grow pomegranates that are diverse in flower color, inside and outside fruit color, and taste. 
Opportunities exist for commercial and residential cultivation, and for boosting nursery 
production. Pomegranates establish quickly and produce significant fruit within 3 years after 
transplanting. Potential markets for the fruit include direct marketing, selling to health food 
stores or restaurants. Attractive flowers and fruits make the plant a desirable landscape plant. 
 Pomegranates grow as shrubs or small trees and are native to Central Asia. They have 
been cultivated for hundreds of years in the Mediterranean and in desert climates. In Arizona, 
pomegranates were introduced over 200 years ago by the Spanish. To date we are aware of only 
one 50-acre commercial orchard at Bowie, Arizona with plants just reaching their yield potential. 
Over 90% of all the commercial pomegranate acreage in the United States is located in the San 
Joaquin Valley in California and the major cultivar grown is ‘Wonderful’. Pomegranate flowers 
can be single or double and can be white, yellow, pink, candy-striped, and most commonly, red. 
The fruit color of the outside and inside varies from off-white or yellow to pink or bright 
crimson. Seeds vary in size and hardness. 
 There is great interest from the one current Arizona pomegranate producer and from 
several other individuals to learn more about cultivars that are alternatives to ‘Wonderful’, are 
well adapted to the climate and soil in Arizona, and have good yields of high quality fruit 
suitable for local marketing. We know of several individuals who are currently engaged in 
horticulture production in Arizona and some aspiring new producers who are looking at 
pomegranates as alternative crops to citrus or as a niche crop for the fresh market. Consumer 
interest in this fruit which has many health benefits is strong and offers a good opportunity for 
producers in Arizona. Nurseries are also interested to learn about which edible and commercial 
varieties they should offer to residential and commercial customers.   
 
Project Approach 
Objective. The objective of this 3-year project was to evaluate 28 varieties of pomegranate 
(Punica granatum L.) for their suitability at three different sites: Southwest Arizona, in Yuma, 
Southern Arizona in Tucson, and Southeast Arizona in Bowie, Cochise County.  At each site, 
plants were evaluated for plant growth, precocity, yield, and fruit quality.   
 
Plant material used and acquisition. We started the project in spring 2011, anticipating grant 
support later that year, by obtaining 27 pomegranate cultivars from the USDA Germplasm 
Repository in Davis, CA.  Meanwhile, we became aware of The Kino Heritage Fruit Trees 
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Project in Tucson. The Project researches, locates, propagates and re-establishes historically 
appropriate fruit tree cultivars to the original orchards and gardens at Tumacácori National 
Historical Park and Tucson Origins Heritage Park.  The Kino Project donated 12 plants of the 
cultivars ‘Ruby’, ‘Josefina’, and ‘Sosa Carillo’ for our work. We also obtained two commercial 
cultivars ‘Wonderful’ and ‘Angel Red’ from nurseries for our project. 
 

List of pomegranate cultivars and their characteristics evaluated in the study. 
The first 27 cultivars were acquired from the USDA Germplasm Respository in Daivs, CA, 
the other ones from different sources as indicated. 
1. ‘Sin Pepe’: yellow/pink rind, light pink to light red aril, very soft seed, sweet flavor 
2. ‘Fleischman’s’: light yellow/ pink rind, light pink to light red aril, soft seed, sweet flavor 
3. ‘Azadi’: mostly white rind, pink aril, soft seed, sweet flavor 
4. ‘Medovyi Vahsha’: red rind, red aril, soft seed, sweet flavor, very productive trees 
5. ‘Sogdiana’: red rind, red aril, soft seed, sweet flavor 
6. ‘Sirenevyi’: tan to red rind, red aril, soft seed, complex, sweet flavor 
7. ‘Gissarkii Rozovyi’: yellowish to red rind, light red aril, soft seed, good balanced flavor 
8. ‘Myagkosemyannyi Rosovyi’: yellow/pink rind, pink aril, soft seed, good flavor 
9. ‘Pamyati Rozanov’: red rind, red aril, soft seed, good balanced flavor 
10. ‘Parfianka’: red rind, red aril, soft seed, good flavor balance 
11. ‘Desertnyi’: tan to red rind, red aril, soft seed, good flavor balance (strong citrus notes) 
12. ‘Vkusnyi’: red rind, red aril, soft seed, good flavor balance 
13. ‘Ariana’: red rind, red aril, soft seed, good flavor balance.  Reportedly good in the heat.  
14. ‘Molla Nepes’: red rind, reds aril, soft seed, good flavor but tends to be a bit tart 
15. ‘Wonderful’: red rind, red aril, med. seed, good flavor (standard variety) 
16. ‘Palermo’: red rind, red aril, med. seed (similar to ‘Wonderful’), good balanced flavor 
17. ‘Cranberry’: red rind, red aril, crunchy seed, good balanced flavor 
18. ‘Purple Heart’: red rind, red aril, med. crunchy seed, good flavor, good production 
19. ‘Kara Bala Miursal’: red rind, red aril, med-hard crunchy seed, very productive 
20. ‘Nikitski Ranni’: red rind, hard seed, good balanced flavor, very productive tree 
21. ‘Haku-botan’: Japanese ornamental variety with greenish white rind, white double 

flowers.  Fruit and juice are tart. 
22. ‘Haku-taka’: Ornamental variety from Japan with double flowers. 
23. ‘Ki-Zakuro’: Japanese ornamental variety with pink and white double flowers 
24. ‘Nochi-shibori’ : Japanese ornamental variety with red double flowers 
25. ‘Toryu-shibori’ : Japanese ornamental variety with salmon-colored double flowers and 

yellow fruit 
26. ‘Syunt’ : Excellent, large, sweet, fruit has soft seeds, with white juice and arils  
27. ‘Sverkhranniy’: The name translates as "super early". Fruit can ripen in early August 
28.  ‘Ruby’: (this is not ‘Ruby Red’) a red pomegranate found near spring near the ghost 

town of Ruby in southern Arizona. Heirloom variety donated from Kino project. 
29. ‘Josefina’: A white pomegranate from Tucson extremely sweet with white fruit. 

Heirloom variety donated from Kino project. 
30. ‘Sosa Carillo’: a delicious soft-seed pink pomegranate that appears to have been 

originally grafted onto a white pomegranate, planted in 1880’s in Tucson. Heirloom 
variety donated from Kino project. 
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31. ‘Angel Red’: commercial cultivar, early, soft seeds, dark red exterior and interior color 
32. ‘Wonderful’: commercial cultivar, dark red interior and exterior, industry standard   

 
Our cooperator in this project is Mr. Larry Romney from Turley Pomegranates in Bowie. He 
allowed us to plant our trial in a portion of his 46 acres of commercially grown pomegranates 
located 5 miles north of the town of Bowie, AZ. His staff maintains the irrigation scheduling of 
the subirrigation drip and the weed control of the study area. The project leaders and their staff 
were responsible for the plot layout, transplanting the pomegranates in Bowie, pruning, replacing 
plants, general plant maintenance and all the data collection.  
 
Plant propagation. Cuttings of all 28 pomegranates were rooted in peat moss and perlite in 
spring 2011 in the greenhouse under mist and bottom heat in Tucson at the University of 
Arizona. Hardwood cuttings about 50-60 cm long and pencil size thick branches were received 
from the USDA-ARS National Clonal Germplasm Repository, University of California, Davis, 
CA. In February 2011 hardwood cuttings were cut into 20 cm long pieces which resulted in 2 or 
3 cuttings from each branch. Immediately after cutting, the basal ends were dipped in 10% Dip N 
Grow (Dip’N Grow, Clackamas, OR) solution for 5 seconds, and then were planted into the trays 
with prepared media. Growing media (perlite and peatmoss) was mixed at 1:1 ratio by volume. 
HIKO planting trays (Stuwe and Sons, Inc., Tangent, OR) with 24 cells per tray and each cell 
measured 5.1 cm wide and 10 cm deep. The bench heating system was set to 26.67o C and 
cuttings were misted frequently during daylight hours. Hardwood cuttings of ‘Angel Red’ were 
propagated in the same manner in March, 2011. On May 5, 2011 all rooted cuttings were potted 
into tree pots (Stuwe and Sons, Inc., Tangent, OR) (12.7 cm wide, 24.1 cm long and 2.54 L 
volume) with potting substrate containing compost (50 %) and cinder plus peatmoss (50%). An 
additional order of softwood cuttings of cultivars that did not yield 12 or more viable plants 
arrived from the USDA on July 1, 2011 and was placed on a misting bench using the procedures 
described above. During 2011 plants rooted from the hardwood cuttings grew large enough to be 
transplanted into #5 containers. Before transplanting pomegranates to the different field locations 
in 2012, plants in containers were moved under 30% shade outdoors for about one month and 
subsequently to full sunlight to harden them off for the field. 
 
Field site selection, preparation, transplanting and cultivation. Field sites were selected in 
December 2011 in Southern Arizona near Yuma, in Tucson, and near Bowie. The sites are at 50 
m, 700 m, and 1124 m elevation, respectively. Fields will be planted at the Yuma Mesa 
Agriculture Center in Somerton, AZ, the Campus Agriculture Center in Tucson, AZ, and at our 
cooperator’s orchard in Southeastern Arizona.  
 Field sites of 0.6 acres were prepared in Yuma, Tucson, and Bowie, Arizona. Soil was 
tilled and planting locations for 4 replications of each of the 32 cultivars were laid out in a 
completely randomized block design for the 32 cultivars at each of the three locations. A total of 
128 plants were established at each location. Pomegranates were transplanted from their 
containers in March and May 2012 in Yuma, In April in Bowie, and in May 2012 in Tucson. The 
Tucson site also had to be fenced and individual plants were surrounded by a wire cage in Yuma 
to prevent damage from rabbits. Rows were oriented N to S and plant spacing was 15 x 18 feet. 
Plants were trained multi-stemmed with 3-5 trunks and pruning will be done each winter to 
facilitate optimum branch structure for fruit production. Plants were cared for using commercial 
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practices recommended for California. The field in Yuma was irrigated with flood irrigation and 
four to five ounces of 44-0-0 slow-release fertilizer was applied in August 2013 by hand to plants 
and then incorporated into the soil. Leaf and soil analysis in Tucson and Bowie determined no 
need for additional fertilization at that time. Both sites are irrigated with subirrigation drip.  
 Data collection included plant height, canopy volume, plant survival, time of leaf and bud 
break, and yield. At harvest, fruits were weighed, sized, and graded according to exterior 
blemish, and evaluated for exterior color.  This was accomplished with Dr. Wright’s portable 
fruit packing line.  We also determined juice content, pH, °brix, total acid, and °brix to acid ratio, 
and seed hardness. 
 
Goals and Outcomes Achieved 

 We established the 28 proposed and an additional 5 cultivars of pomegranates in three 
locations in southern Arizona suitable for commercial pomegranate production. We have 
recorded plant survival, plant height and canopy size, emergence of leaves and flowers in spring, 
yield in 2013 and 2014 (after grant completion) including number of fruit, fruit size, juice 
content, brix and acid, exterior and interior plant appearance, and problems in the field with 
cultivation. 
 We have determined leaf emergence and bud break in spring which we had not planned 
on initially. However, this data helps us determine the differences between the three climates. 
Results for 2013 and 2014 showed that as expected the plants in Yuma start to grow first, 
followed by those in Tucson and last in Bowie.  
In Bowie transplant success was 74%, in the other two locations it was 100%. By 2014 survival 
of plants was 92% in Yuma and Tucson, and 79% in Bowie.  In 2013, fruit from the Tucson field 
were harvested on November 8 while the other two sites had negligible amounts of fruit. Best 
yielding cultivars were ‘Purple Heart’,’ Wonderful’, ‘Nikitski Ranni’, ‘Sosa Carillo’, and 
‘Cranberry’. All these cultivars had very acceptable interior and exterior coloring and brix and 
acid measurements confirmed that they are very acceptable for marketing to consumers as fresh 
fruit. Yields are shown in Fig. 1 but are expected to be much higher as the plants increase in size 
and mature to reach their full production potential. 
  Bud break in spring 2013 started earliest in Yuma on February 12 and within one month 
all plants had started new leaf growth. Flowering began in Yuma on March 15 and by April 1 
about 80% of all plants had open flowers. In Tucson bud break started on March 5 and by March 
19 almost all plants had started to grow new leaves. Earliest flowering in Tucson was recorded 
on April 1. In Bowie 50 percent of the plants showed new leaf growth on March 23 but no 
flowers buds were observed at that time.  In 2014 bud break in Tucson started 18 days earlier and 
in Yuma 12 days earlier than the previous year.  Flowering started 18 days earlier in Tucson and 
28 days earlier in Yuma. Problems observed during production include storm damage of 
branches resulting in breakage, loss of fruit to animal predation, splitting, sunburn, and rotting. 
At this time all five ornamental cultivars show great promise to be low water use and low 
maintenance plants for landscapes, making them desirable cultivars to produce by Arizona 
nurseries. 
 In our original proposal we had proposed to test 28 cultivars of pomegranates in our trial. 
Our study now exceeds the number of the proposed cultivars by 5, and we are proud to test three 
additional local heirloom varieties that we obtained through the Kino Project. Using locally 
adapted and proven varieties is a great asset to our study. We also included two more 
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commercially established cultivars into the trial which serve as good baseline data in the three 
locations. Our original proposal did not include collecting data on bud break and flowering at 
each location. However, we have included the collection of phenological data and find it useful 
to distinguish between the cultivars that start to grow early or late in the different locations. A 
third year of data will help us establish to predict the chilling requirements of the different 
cultivars that show promise for commercial cultivation.   
 In the original proposal, we proposed to establish between 3 and 6 plants of each cultivar 
in each location.  Because of our variable success in propagating the hardwood and softwood 
cuttings, we settled on growing 4 plants of each cultivar per site for the 32 cultivars. Originally 
we had considered measuring trunk diameter in case we would train each plant to a single trunk. 
However, after investigating current industry practices we determined that the 3-5 stem system is 
a good option and therefore trunk diameter measurements were not practical. Field days did not 
prove a viable activity due to the reasons outlined in lessons learned. Instead, we will launch a 
website in December 2014 about out experiment. 

Regarding the expected measurable outcomes there is currently still only one commercial 
producer in Arizona. Our cooperator Turley Pomegranates operates an orchard of 92 acres, 
growing the cultivars ‘Wonderful’ and ‘Angel Red’ in Bowie.  Their yields have increased in 
2014 due to favorable weather and maturing plants. During the previous two years yields were 
low because plants were younger and had sustained significant injury from freezing 
temperatures. The 2014 yield which was collected after the grant ended had been lower than the 
potential yield, due to hail damage of the fruit. This caused some fruit to be unmarketable or to 
be marketed below their potential value. The grower did not specify a value per acre as it 
depended on the extent of hail damage, and the amount of yield that could be packed for 
marketing. The value per acre was extremely variable in the orchard. For the coming season, the 
grower is purchasing machinery to separate the arils and sell them instead of the whole fruit. 
This has the advantage of having sellable product regardless of the cosmetic conditions of the 
exterior of the fruit and should raise profits in the future.  
 The PI’s were approached by several people interested in cultivating pomegranates in 
Arizona. We have provided information to several individuals based on our limited data, two of 
which have planted a small acreage with various cultivars of pomegranates, one in Cochise 
County and one in Yavapai County. We believe that these two growers will expand their acreage 
in the future. 

The data we have currently gathered for the 32 cultivars at the three locations show clear 
separation of cultivars that show good potential for commercial production in the different 
locations based on yield and fruit quality, however, more yield data is necessary to confirm this.  

We are currently summarizing the data including the 2014 harvest data and fruit quality 
to update our website. We are also writing an Experiment Station Report which will be published 
through the College of Agriculture and Life Sciences at the University of Arizona and will be 
available on our website. With further funding and the collection of two more years of yield data 
we will be able to write a paper for a refereed journal.    
 

Beneficiaries 

The greatest beneficiary of our current project is our cooperator from Turley Pomegranates in 
Bowie. We are sharing our results with Mr. Romney and he is very supportive of our objectives 
to identify more suitable cultivars for his climate. Several tree fruit producers in Yuma and a 
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producer interested in starting an operation in Southeast Arizona approached us about 
information on pomegranate cultivation. We have informally shared information about this study 
with tree fruit producers, wholesale nursery producers, retail nurseries, landscapers, Master 
Gardeners, and University of Arizona Cooperative Extension personnel. More than 300 people 
that attended the green industry Desert Horticulture Conference in Tucson in May 2013 were 
able to see the poster about our pomegranate study. There is great interest in our results, but to 
date our data is too preliminary with only one partial harvest, primarily in Tucson. We need two 
more years of harvest, 2014 which was just collected after the conclusion of this grant, and 2015 
to have solid information for recommending suitable cultivars of pomegranates for different 
Arizona locations and climates.    
 We expect up to ten new producers of pomegranates will be established in Southern 
Arizona within the next 5 years. New acreage that will be established is estimated at 2-25 acres 
per grower. Estimated yields range from 2100 lbs. of fruit per acre at age 3 through 8400 lbs. of 
fruit per acre beginning at age 6, at a potential net return above costs of $1,000 to $2,000 per 
acre.  
 

Lessons Learned 
The project leaders gained valuable insights into pomegranate production, cultivar selection and 
cultivation practices through this project that they will share with potential producers. It is 
apparent that cultivar selection will be critical for commercial operations located at different 
elevations and therefore exposed to different numbers of chilling hours. Matching cultivars to the 
appropriate climate will determine their optimal yield and quality. Finding cultivars suited to the 
low chill environment in Yuma and higher chill hours in Tucson and Bowie will eliminate some 
of the guessing for future producers. We are still in the process of learning about this as we just 
completed harvest in Bowie and Tucson in October and in Yuma in mid-November 2014. The 
yields from 2014 and 2015 will be important to decide which cultivars have potential for 
commercial production, both in terms of quality and quantity. We are certain that we will be able 
to recommend a small number of suitable cultivars among those tested for the three locations in 
Southern Arizona, which can be transferred to locations with similar climates in central and 
northern Arizona. 
 When we started this project we were not aware of some of the challenges related to 
pomegranate production. When the first fruit developed we learned that some cultivars appear to 
be more susceptible to sunburn, especially at the Yuma site and to a lesser extent at the Tucson 
site. In summer 2014, a spray of Surround, a calcined kaolin particle film, was applied in Yuma 
and controlled sunburn of fruit. Fruit predation from vertebrate animals was a challenge in 
Tucson that we have learned to control to a certain extent. In the 2014 season, fruit rot became an 
issue in Tucson and Bowie. We observed that the leaffooted bug (Leptoglossus sp.) punctured 
the fruit and that fungi such as Aspergillus and Penicllium that are ubiquitous in the environment 
subsequently colonized the fruit, leading to unmarketability. We are preparing to control the 
insect in the next growing season in order to prevent the reoccurrence of fruit rot. The 
commercial grower in Bowie also had some incidence of leaffooted bugs and fruit rot, but since 
the damage had been minor he was not aware of it. We made him aware of the issue and shared 
our information about the insect and the identification of the fungi with him so he can also 
prepare to control the insects should their numbers rise above an economically unacceptable 
threshold level in the future.  
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 Our plan to have field days did not prove practical as potential growers are 
geographically dispersed over long distances and we would have only a small number of people 
attending. Further, the pomegranates look very similar at the time of bloom with the exception of 
the ornamental cultivars which are only of interest to nursery growers and landscapers. Edible 
cultivars cannot be distinguished by their flower appearance. At the time of harvest there is even 
less difference between cultivars, fruit size and coloringvary, however, since fruit ripen at 
different times it is not a good comparison to visit a site once and make conclusions about 
exterior fruit appearance. Since fruit of different cultivar ripen over a period of time, the interior 
color, brix and acidity, and taste also vary if an assessment is taken at one time. Therefore we are 
preparing information for a website which will be launched in December 2014 to inform 
interested people about the progress of our study.    
 

Contact Person 
Dr. Glenn C. Wright, University of Arizona, Yuma Agriculture Center 
Tel. 928-782-5876 
e-mail: gwright@ag.arizona.edu 
 
Additional Information 

Farm Press article May 7, 2013 ‘Pomegranates Taking Root in Arizona’ about the Turley 
pomegranate orchard and details from our trial for which Dr. Glenn Wright was interviewed. We 
were able to correct the copy before publication. http://westernfarmpress.com/orchard-
crops/commercial-pomegranates-take-root-arizona 
 
Poster presentation at the American Society for Horticultural Sciences annual meeting in Palm 
Desert, California in July 2013 (see poster below). 
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Figure 1. Harvest data from Tucson (in kg) in 2013 
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The poster presented at the ASHS meeting in Palm Desert, CA in late July 
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Planting in Bowie April 2012 (L), Tucson field 2012 (M), Yuma field 2014 (R)    

      

Harvest 2013 in Tucson with portable packing line, and ornamental cultivar in bloom (R) 

 

Ripening fruit (L), flowers of edible (second left) and ornamental cultivars (two right) 

Bowie October 29, 2013:  Fruit were collected in Bowie on October 29, 2013. The number of 
fruit was relatively low and many of the plants did not bear any fruit. Some of the cultivars 
started to show leaf senescence with the advent of cold night temperatures at the Bowie site. One 
image shows some fruit end rot. 
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Pomegranates were harvested in Tucson on November 8, 2013. Fruit were sized ad weighed with 
the fruit sizer. 
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2014 growth, survival flowering and fruiting  
 

Location 
Total 
Plants 

Max. height 
(m) 

Min. height 
(m) 

Mean height 
(m) 

Bowie 116 1.65 0 0.9 

Tucson 127 2.19 0.26 1.4 

Yuma 127 1.75 0.71 1.2 

 

Location 
Total 
Plants 

Max. Growth 
Index 

Min. Growth 
Index 

Mean Growth 
Index 

Bowie 116 1.18 0 0.27 

Tucson 127 2.44 0.01 0.89 

Yuma 127 1.07 0.09 0.36 

 

Location 
Total 
Plants Live  Dead Live (%)  

Dead 
(%) 

Bowie 128 116 15 91 12 

Tucson 128 127 1 99 1 

Yuma 128 127 1 99 1 

 

Location Total Live Flowering 
Flowering 

(%) 

Bowie 116 92 79.3 

Tucson 127 117 92.1 

Yuma 127 126 99.2 

 

Location 
Total  live 

(N) Fruiting 
Fruiting 

(%) 

Bowie 116 92 79.3 

Tucson 127 117 92.1 

Yuma 127 118 92.9 
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Some of the fruit quality data is summarized as follows: 
 

Summary table: Fruit harvest 2013   

CV 
Aril wt (g) Juice wt (g) * 

Juice Vol 
(ml)* 

Brix **NS 

AGR 214.8 ab 152.8 a 142.7 a 18.1 

ARN 51.9 ab 30.8 a 29.5 a 14.6 

AZD 200.8 ab 153.1 a 143.2 a 17.2 

CBR 274.8 ab 203.9 a 191.5 a 18.8 

DSN 194.4 ab 151.8 a 143.5 a 16.5 

FSM 236.5 ab 149.7 a 138.8 a 20.0 

GKR 95.8 ab 69.2 a 62.8 a 18.6 

GRN 253.4 ab 180.7 a 170.3 a 17.6 

HBT 83.7 b 54.8 a 51.4 a 16.2 

JSF 366.3 ab 303.2 a 288.0 a 16.1 

KBM 135.3 ab 88.1a 82.7 a 17.5 

MDV 30.8 ab 12.4 a 12.0 a 12.8 

MGR 64.8 ab 46.8 a 44.0 a 16.7 

MLN 295.3 ab 234.7 a 221.4 a 18.8 

NKR 299.7 ab 240.3 a 226.3 a 17.6 

PFK 50.8 ab 26.1 a 24.5 a 14.4 

PHT 642.6 a 492.2 a 462.3 a 16.5 

PLM 414.6 ab 328.7 a 306.7 a 17.4 

PYR 381.1 ab 310.6 a 288.5 a 19.4 

RBY 260.3 ab 210.8 a 199.6 a 17.0 

SCR 599.9 ab 489.9 a 467.0 a 16.6 

SGD 102.4 b 76.0 a 71.1 a 16.2 

SKR 278.4 ab 215.2 a 201.4 a 16.8 

SNT 238.4 ab 186.1 a 175.0 a 18.6 

SPE 34.8 b 22.4 a 21.3 a 17.7 

SVY 446.9 ab 365.0 a 344.2 a 16.3 

VKS 198.7 ab 136.7 a 130.0 a 15.6 

WON 485.0 ab 365.2 a 441.0 a 18.1 
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Fruit damage from animal predation and cracking (toprow), puncture from leaffooted bug and 
subsequent fungal rot (bottom row)   

   
 

   
 

Hedging Pecans: Yield, Quality, Economic Implications 
This project was completed on September 30, 2014 
Project Summary 
Mechanical hedging and topping (pruning) pecan trees to control their size and reduce shading 
within the orchard has become standard practice for southwestern pecan production in the last 
decade. Prior to our study surprisingly little data were available to quantify effects of this 
practice. We measured effects of a four year hedging and topping cycle on foliar nutrient 
concentrations, and nut yield and quality in two pecan varieties over five seasons. Leaf nutrient 
concentrations, used to evaluate tree nutritional status, were largely unaffected by hedging, 
indicating that separate leaf sampling and interpretation is unnecessary. Although nut yield is 
reduced in the year of pruning, nut quality is improved. In the subsequent three years, yield 
increases and quality declines. In the Western Schley variety, the yield increase was linear, 
whereas yields of Wichita plateaued in the second and third year following pruning. In both 
varieties yields more than doubled over the four years following pruning.  Economic analysis 
showed that a three to four year pruning cycle was most profitable, depending on market 
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conditions. In both varieties, alternate bearing has been reduced relative to historical yields of 
these orchard blocks since mechanical pruning was adopted. 
 

Project Approach 

Although hedging and topping of pecan trees have rapidly (in the past ten years) become 
standard practice in Arizona and New Mexico and other arid regions around the world, the 
optimal hedging interval for nut production and orchard economics had not been systematically 
evaluated prior to this study. Growers have on ongoing need for objective orchard response 
information to help them make informed decisions. 

 
As pecan trees develop, the interior of the orchard becomes shaded, negatively affecting nut 
production. Tree competition exacerbates alternate bearing (orchards typically alternate between 
very high and very low yields in consecutive years) which results in poor ‘on’ year nut quality. 
Traditionally, growers addressed orchard shading by progressively removing trees to allow 
remaining trees adequate space and light, maintaining orchard production, but this did little to 
reduce alternate bearing. Orchard thinning has largely been replaced by mechanical pruning 
(hedging and topping) which reduces tree size while maintaining a constant tree population.  

 
Hedging and topping trees is a major operation. Specialized equipment is required, and there is a 
short window between the end of harvest (typically January) and the beginning of tree growth 
(early April) to perform this operation and also apply pre-season irrigation water and nutrients. 
There are large costs associated with tree hedging that go beyond the cost of running the hedging 
machines. In the first years following hedging, yield is significantly reduced, although that 
reduction and the rate of recovery had not been quantified. Grower observations generally 
suggest that hedging results in reduced alternate bearing, however this had not been well-
documented. Furthermore, the economic significance of reduced yields early on, coupled with 
improved nut quality and less alternate bearing later on had not been studied. 

 
This study was designed to provide provided Arizona’s pecan industry with an objective 
evaluation of the effects of hedging and topping on alternate bearing, nut yield and quality, 
nutrient utilization, orchard costs and market returns.  The data produced can be used to make 
better orchard management decisions.  
This Specialty Crop Block Grant built upon a project funded for the previous two years by 
USDA-ARS. 

 
Primary objectives of this study included quantifying nutrient utilization, nut production and 
quality from hedged and topped pecan trees, and conducting an economic analysis of changes in 
the orchard operating costs, market returns from harvests of varying nut yield and quality (as a 
response to pruning), and optimum hedging cycles for ‘Wichita’ and ‘Western Schley’ pecans. A 
main objective was to disseminate this information go area pecan growers.   

 
Project Activities 
The following work, specified in the work plan, was accomplished. Nut yield data were collected 
in the 2011, 1012, 2013 seasons. From harvested nuts, samples were collected and graded 
according to commercial grading standards. Leaf samples were collected in 2011, 2012, and 
2013 and analyzed for nutrient composition. All data were statistically analyzed. Each year, 
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appropriate trees were topped and hedged. An economic analysis of the hedging/topping system 
was conducted. Results were presented at the 2012 Western Pecan Growers Conference, the 
2014 Arizona Pecan Growers Association annual conference.  Additionally, this information was 
conveyed to growers in South Africa and Australia (at no cost to this project).  

 

Goals and Outcomes Achieved  
The scientific objectives of quantifying nutrient utilization, nut production and quality with 
respect to hedging/topping cycles were achieved. We found that nutrient status was not 
appreciably affected by pruning, obviating the need for specialized sampling or interpretation 
schemes. We quantified nut yield and quality response to pruning in the two major southwestern 
pecan varieties and conducted an economic analysis of this practice. This complex model, 
encompassing effects on numerous aspects of nut quality and valued as well as gross nut 
production, concluded that optimum hedging cycles for the orchard condition evaluated ranged 
from three to four years, depending on specific market conditions. Impact of pruning on alternate 
bearing, although evaluated by comparison with previous orchard performance, indicated a 
positive impact of pruning on alternate bearing intensity. Information was disseminated to 
growers via formal presentations to area grower groups and to specific producers, as well as less 
informal contacts.  
 
A goal of this project was to transfer of hedging information by making at least one presentation 
to approximately 250 pecan growers at the Western Pecan Growers Association annual meeting 
in Las Cruces, NM and 50 pecan growers at the Arizona Pecan Growers annual meeting in 
Tucson. These were accomplished. In addition, information from this study was presented to 
approximately 300 pecan growers in South Africa and to growers in Australia and Mexico (at no 
cost to this project).  A target was to publish results in the trade journal Pecan South, in a UA 
Cooperative Extension Bulletin, and in a peer-reviewed journal. A MS thesis ‘Economic 
Evaluation of the Pruning Frequency of Pecans’ by Placide Hiol was published (University of 
Arizona). A joint New Mexico State University/University of Arizona Extension bulletin is in 
preparation for publication. A refereed journal publication is also in preparation. Both 
publications have been waiting final data from the 2014 growing season (data completed in late 
March 2015). Growers representing at least 75% of Arizona’s pecan acreage were be surveyed to 
determine the impact of this project on hedging and topping practices. This survey was not 
conducted and, therefore, this benchmark was not achieved.   
 
Our study has provided quantitative information that clearly shows the benefits and drawbacks of 
hedging and topping pecan trees and can be used by growers with conditions similar to those in 
our study area. We plan to expand this study to include younger, newly-established orchard 
where pruning management is established early in the life of the tree rather than as remedial 
management of large, unpruned trees as in the current project. We did neglect to conduct an 
evaluation of the impact of our project, which serves as a reminder for us to periodically examine 
our expected outcomes.  
 
As described above, we will build upon this study by evaluating tree responses to pruning in 
orchards with significantly different conditions. This will provide useful data to a wider range of 
constituents.  Further, we will complete publications to disseminate information gained after 
current season data are complete.  
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Beneficiaries  
This project benefitted pecan growers in Southern Arizona and across the US southwest. In 
addition, data were disseminated in Mexico, South Africa, and Australia.  
 
Information was presented via presentations to over 1000 pecan growers, the vast majority of 
whom now have a hedging and topping program, or who will begin one when their trees reach an 
appropriate size.  
 
Our information provides a basis for making decisions regarding whether or not to institute a 
pruning program, and how frequently to prune, based on quantitative tree responses. 
 

Lessons Learned  
The outcomes that were not achieved are either still in progress (publications) or were neglected 
by the principal investigators. Expected outcomes should be periodically reviewed.  
 
We underspent on this project because a graduate student who should have been charged to this 
project was paid out of other funds due to miscommunication between two university units. 
More careful attention to budget status could have prevented this. 
 

Contact Person  
Dr. James Walworth 
University of Arizona   
520 490-6985 
Walworth@ag.arizona.edu 
 

Additional Information  
Additional data can be summarized upon request. 

 

 
Figure 1. Nut yield response in Wichita and Western Schley pecans to hedging and topping. Values presented 
are averages of five years (2009 – 2013). 
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Figure 2. Nut quality (kernel percentage) in Wichita and Western Schley pecans in response to hedging and 
topping. Values presented are averages of five years (2009 – 2013). 
 
Publication: student Placide Hiol, Placide. 2013.  Economic Evaluation of the Pruning Frequency of Pecans. 
University of Arizona MS thesis in Agricultural and Resource Economics. 

  
Maximizing Powdery Mildew Control on Melons 
This project was completed on September 30, 2013 
Project Summary 
Powdery mildew on melons, caused by the fungus Podosphaera xanthii, is an important disease 
on cantaloupe, watermelon and other melon crops in Arizona that can lead to significant yield 
losses when disease is severe.  Disease management relies heavily on fungicides.  A 2-year study 
from 2008 to 2009, funded by a previous Specialty Crop Block Grant, revealed large differences 
in efficacy among fungicides registered on melons for management of powdery mildew.  Highly 
efficacious chemistries included wettable sulfur (Microthiol Disperss), triflumizole (Procure), 
and quinoxyfen (Quintec); those of moderate effectiveness included trifloxystrobin (Flint) and 
pyraclostrobin (Cabrio); and products of low efficacy included azoxystrobin (Quadris), 
thiophanate-methyl (Topsin), Bacillus subtilis (Serenade), potassium bicarbonate (Kaligreen), 
and kresoxim-methyl (Sovran).  Growers have noticed that some of the primary fungicides used 
to manage powdery mildew have become less effective after a few years of widespread use.  
Fungicide field evaluation trials conducted at The University of Arizona Yuma Agricultural 
Center have shown that chemistries having low to moderate efficacy in 2008 – 2009, such as 
Cabrio, Quadris, and Topsin, were very effective in managing powdery mildew when tested back 
in 2000.  This decrease in fungicide efficacy over time can be brought about by changes in the 
pathogen population susceptibility to these chemistries. The Specialty Crop Block Grant study 
cited above also revealed that alternating between products of high and low inherent efficacy 
resulted in an acceptable level of at least 90% disease control.  These treatment programs 
alternating between fungicides of high and low efficacy provide not only effective control of 
powdery mildew but also subject the pathogen to different modes of action to facilitate resistance 
management within the pathogen population.  Since the overall success of these fungicide 
application programs requires incorporation of one or more highly effective fungicides within a 
treatment sequence, it is imperative to monitor the efficacy of these products in yearly field 
evaluation trials to ascertain that the innate efficacy of individual chemistries is not diminishing.    
  
In addition to fungicides, genetic disease resistance or tolerance can be a powerful powdery 
mildew management tool.  Cultivated melon varieties can vary greatly in their susceptibility to 
powdery mildew.  The fungicide trials described above were all conducted using a cantaloupe 
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variety that was susceptible to powdery mildew.  This was by design, as the goal of these trials 
was to identify the most effective disease management fungicides under severe disease pressure.  
However, growers now have access to some melon varieties with genetic tolerance or resistance 
to powdery mildew.  These plants are not immune to disease, as weather variables and race 
composition of the powdery mildew population will determine whether or not disease will occur 
as well as how severe it will be.  Even though genetic resistance is present in a melon crop, 
fungicides may still be needed.  Fungicides that had low efficacy on a susceptible melon variety 
may perform much better on a variety possessing a level of genetic resistance or tolerance.  
Biofungicides, which have low intrinsic efficacy on susceptible melon varieties when powdery 
mildew is severe, may provide useful levels of disease protection when genetic disease resistance 
is also present.  
                                                      
Project Approach 
The objective of this proposed research is to maximize powdery mildew control on melons.  The 
main thrust of the work will be to compare the efficacy of some conventional fungicides and 
biofungicides registered for melons on a susceptible as well as a genetically disease resistant 
cultivar of cantaloupes in a field trial.  This field trial was established at the University of 
Arizona Yuma Agricultural Center in 2012 and 2013.  In the 2012 trial, the susceptible cultivar 
used was “PS 2083” and the supposedly resistant cultivar supplied by a local seed company was 
“Olympic Gold.”  At the conclusion of this trial, we observed that nontreated plants of both 
cultivars were equally susceptible to powdery mildew; therefore, efficacy data of tested 
fungicides on a susceptible compared to a genetically resistant melon cultivar was not achieved.  
After a requested extension of our 1-year project was granted, another field trial was conducted 
in 2013.  This time, a planting of a cantaloupe cultivar (Olympic Gold) susceptible to the 
powdery mildew pathogen as well as a planting of cantaloupe with some genetic resistance 
(Navigator) to the pathogen was seeded on Mar 7, 2013.  Within the Olympic Gold and 
Navigator plantings, each fungicide treatment was replicated five times in a randomized 
complete block design with each replicate plot consisting of a 25-ft length of row.  Foliar 
applications of each fungicide were made May 16, May 23, May 30, and Jun 7 with a tractor-
mounted boom sprayer.  Disease severity was assessed Jun 13 to 18 by collecting 10 leaves from 
each replicate plot near the base of plants at a distance interval of 2 ft. and rating the severity of 
powdery mildew on the upper and lower leaf surfaces using the following rating system: 0 = no 
powdery mildew present; 1 = 1 to 5 powdery mildew colonies on the leaf surface; 2 = 6 to 10 
powdery mildew colonies on the leaf surface; 3 = more than 10 colonies to 25% of the leaf 
surface covered with powdery mildew; 4 = 26 to 50% of leaf surface covered with powdery 
mildew; 5 = 51 to 100% of leaf surface covered with powdery mildew. 
 
Table.  Reduction of disease severity by fungicides on either a cantaloupe cultivar with 

susceptibility (Olympic Gold) or some genetic resistance (Navigator) to the powdery 

mildew pathogen 
Fungicide Trade name1 Active ingredient Disease severity2 

Susceptible cultivar Resistant cultivar 
Microthiol Disperss Wettable sulfur 0 g 0 g 
Procure Triflumizole 0.07 g 0.11 g 
Rally Myclobutanil 0.13 fg 0.29 ef 
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Quintec Quinoxyfen 0.14 fg 0 g 
Cabrio Pyraclostrobin 0.65 d 0.8 bcd 
Flint Trifloxystrobin 0.92 b 0.45 e 
Actinovate Streptomyces lydicus 1.56 a 0.73 cd 
Sonata Bacillus pumilus 1.59 a 0.82 bc 
Untreated control ------- 1.65 a 1.52 a 

1. 1.  The quantity of each product applied to plants was the highest amount stated on the label.   
2.  Values followed by a different letter are significantly different (P = 0.05) according to 
Fisher’s protected least significant difference test. 
 
The data in the Table presents the combined upper or lower leaf surface disease severity values 
for each treatment, illustrating the degree of control obtained by applications of the various 
materials tested in this trial compared to nontreated plants.  Disease severity on the genetically 
susceptible and genetically resistant cantaloupe varieties did not differ when treated with 
Microthiol Disperss, Procure, Rally, Quintec, and Cabrio, which in general provided a high level 
of disease control on both melon varieties.  On the other hand, disease severity on the susceptible 
melon variety when treated with Flint, Actinovate, and Sonata was significantly higher than 
values on the resistant melon variety treated with the same respective product.  Disease severity 
on susceptible plants treated with Actinovate or Sonata did not differ from that on nontreated 
plants, whereas the same products applied to the resistant cultivar did significantly reduce 
disease severity compared to nontreated plants. 
 
The data from this trial support the hypothesis presented at the beginning of this report, namely 
that fungicides with low efficacy on a susceptible melon variety may perform much better on a 
variety possessing a level of genetic resistance or tolerance.  This includes biofungicides, such as 
Actinovate and Sonata, which have low intrinsic efficacy on susceptible melon varieties when 
powdery mildew is severe.  It must be noted, however, that we are dealing with data from a 
single field trial.  The conclusions reached from this data will need to be corroborated by data 
from one or more additional trials.  Also, the severity of powdery mildew in this trial was lower 
than normally experienced on cantaloupes in southwestern Arizona.  Additional trials with 
higher levels of disease should help confirm the preliminary conclusions from this single trial. 
 
This trial was terminated in mid-June when disease severity data were collected at crop maturity.  
There was not sufficient time to analyze data and present findings to growers and other interested 
clientele by the conclusion of the grant period in September, 2013.  However, data will be 
disseminated to stakeholders in the project though educational seminars at the 2014 Southwest 
Agricultural Summit in February (Yuma, AZ) and at the 2014 Arizona Crop Protection 
Association Desert Agricultural Conference in May (Chandler, AZ).  Also, data will be 
published in a 2014 Plant Disease Management Report, which will reach a worldwide audience.  
Finally, the 2013 trial may be repeated in 2014 if financial support is found, as an additional trial 
is needed to strengthen and support the preliminary findings of the 2013 trial. 
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Goals and Outcomes Achieved 
The performance (research) goal and measurable outcomes were achieved through the following 
activities. 
 

Performance (research) goal 
 Maximize powdery mildew control on melons.  A field trial was conducted to evaluate  

fungicide performance on cantaloupe plants genetically susceptible as well as plants with 
some genetic resistance to the pathogen that causes powdery mildew.  Tested fungicides 
included conventional and biofungicides already registered for use on cantaloupes and 
other types of melons in Arizona. 

 

Measurable outcomes 

Increased disease management efficiency.  One aim of this project was to increase 
disease management efficiency by using data from the field trial to develop an integrated 
approach to maximize disease control and optimize cost efficiency (Goal).  A recent 
survey of Arizona Pest Control Advisors to determine fungicides used to manage 
powdery mildew on melons showed that Procure, Quintec, and sulfur were the three most 
used products (Benchmark).  The relative efficacy of tested fungicides was demonstrated 
by data collected at plant maturity, both for the susceptible (‘Olympic Gold’) and 
resistant (‘Navigator’) cantaloupe cultivars (Target and Performance Measure).  Four 
fungicides (Microthiol Disperss, Procure, Rally, and Quintec) were highly effective in 
controlling powdery mildew on both the genetically disease susceptible as well as 
resistant cantaloupe cultivars.  On the other hand, the fungicide Flint provided little 
disease control on the susceptible melon, but did significantly reduce the severity of 
powdery mildew on the resistant melon.  These data suggest that fungicides with low 
inherent ability to reduce powdery mildew may play an important role in managing 
disease when used in conjunction with genetic disease resistance provided by the plant.  
These findings come from a single field trial and should be considered preliminary in 
nature, subject to confirmation in additional trials.  The data will be disseminated through 
meetings and publications. 
 
Increased use of effective biofungicides.  The objective is to identify effective 
biofungicides that could be used in fungicide application programs in order to develop an 
integrated approach to maximize disease control and optimize cost efficiency (Goal).  
The recent survey mentioned above to determine fungicides used to manage powdery 
mildew on melons showed that three registered biofungicides, Actinovate, Serenade, and 
Sonata, were not used to manage powdery mildew in commercial melon fields 
(Benchmark).   As described earlier, the relative efficacy of tested biofungicides was 
demonstrated by data collected at plant maturity, both for the susceptible and resistant 
cantaloupe cultivars (Target and Performance Measure).  The biofungicides 
Actinovate and Sonata significantly reduced the severity of powdery mildew on the 
resistant melon cultivar, but not on the susceptible cultivar.  Data from this study suggest 
that these biofungicides may play an important role in managing powdery mildew when 
used in conjunction with genetic disease resistance provided by the plant.  As noted 
earlier, these findings come from a single field trial and should be considered preliminary 
in nature, subject to confirmation in additional trials.  The data will be disseminated 
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through meetings and publications. 
 
The goal of this research project is to maximize powdery mildew control in melons.  Two 
measurable expected outcomes would be 1) increased disease management efficiency 
and 2) increased use of effective biofungicides for disease management. 

 
Increased disease management efficiency.   
 

The (PERFORMANCE MEASURE) for this goal will be an annual survey of growers 
and Pest Control Advisors to quantify losses due to powdery mildew and determine the 
quantity and identity of each fungicide used. Such data already is collected as part of an 
annual survey of losses in melon production fields due to diseases, insects, and weeds. 
Data from surveys prior to initiation of the proposed experiment will serve as the 
(BENCHMARK) or baseline values. The (TARGET) of 20% increased disease 
management efficiency is the adoption of disease management strategies incorporating 
the most effective fungicides and utilization of genetic disease resistance to maximize 
disease control and optimize cost efficiency. The annual disease loss and fungicide use 
surveys now conducted and funded from other sources will provide this information after 
the grant period ends to monitor adoption of research findings by melon growers and 
others in the melon production community.  
 

Increased use of effective biofungicides.   

 

The (PERFORMANCE MEASURE) for this goal will be the annual grower surveys 
described earlier. Survey results prior to initiation of the experiment in the grant proposal 
will serve as the (BENCHMARK) or baseline values. The (TARGET) of 20% increased 
use of effective biofungicides will be monitored by data gathered from the annual disease 
loss and fungicide use surveys, which are funded from other sources and would continue 
after the conclusion of the grant period. Genetic resistance or tolerance to powdery 
mildew in some melon varieties and application of biofungicides such as Serenade or 
Sonata may work in tandem to provide acceptable levels of disease control. If this occurs, 
then growers would be more inclined to use biofungicides in these situations. 

 
In addition to grower surveys, product sales data, and pesticide use data submitted to the Arizona 
Department of Agriculture will be used to quantify the stated measurable outcomes. The 
knowledge gained from this research will be disseminated to growers, agrochemical industry 
representatives, and other interested stakeholders through vigorous and extensive educational 
efforts, including grower meetings, publications and other means of communication. 
 
There was not sufficient time to analyze data and present findings to growers and other interested 
clientele by the conclusion of the grant period in September, 2013 and submission of the final 
report shortly thereafter.  However, data was disseminated to stakeholders in the project through 
an educational oral presentation attended by 70 people at the 2014 Southwest Agricultural 
Summit on February 27th (Yuma, AZ).  Findings will also be presented at the 2014 Arizona Crop 
Protection Association Desert Agricultural Conference in May (Chandler, AZ).  Also, data will 
be published in a 2014 Plant Disease Management Report, which will reach a worldwide 
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audience.   
 
The data from this single field trial must be substantiated by one to two additional runs of this 
experiment.  If funding can be acquired, this trial will be repeated at least once in 2014 to 
strengthen and support the preliminary findings of the 2013 trial. 
 
Beneficiaries 
The completion of this study and the accomplishments described earlier will be of interest to and 
benefit melon producers in Arizona, who in 2011 grew 20,000, 5,200 and 3,500 acres of 
cantaloupes, watermelons and honeydews, respectively.  Due to dissemination of these findings 
through vigorous and extensive educational efforts, including grower meetings, publications and 
other means of communication, melon growers throughout the nation and the world will have 
access to this powdery mildew management information as well. 
 
The quantitative data on powdery mildew disease management that would concern the 
beneficiaries of this project can be found in earlier portions of this report.  The potential 
economic impact of this study will result from more efficient and potentially cost effective 
disease management due to more judicious use of fungicides. 
 
Lessons Learned 
 Positive lessons learned. 

1. Since several of the tested fungicides provided a high level of powdery mildew 
control, it can be feasible to effectively manage this disease in the most economical 
manner by using the least expensive but still highly effective fungicides. 

2. In this study, biofungicides that were ineffective on a genetically susceptible melon 
plant did significantly reduce the severity of powdery mildew when applied to a 
melon variety possessing some genetic resistance to the powdery mildew pathogen. 

Negative lesson learned. 

1. One year studies involving a plant disease may yield very interesting data; however, 
such data must be considered preliminary in nature until substantiated by data from 
additional trials.  The original proposal to conduct this work was for a 3-year period; 
however, funding was only available for one year.  As such, the findings will need to 
be corroborated by additional field trials before the conclusions can be strongly 
advocated for implementation by growers. 

 
Contact Person 
Dr. Michael Matheron 
928-782-5863 
matheron@ag.arizona.edu 
Michael Matheron (Principal Investigator) and Martin Porchas (Research Specialist), The 
University of Arizona, Yuma Agricultural Center, 6425 W. Eighth Street, Yuma, AZ  85364 
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Risk Management for Farmers and Advisors 
This project was completed on December 31, 2012 
Project Summary 
The Arizona Pest Management Center (APMC), in collaboration with the Arizona Department of 
Agriculture and a stakeholder advisory committee, has constructed a historical research database 
of agricultural pesticide use records (1991 – 2012) based on uses reported by growers to the state 
(on form L-1080). This database, funded in part by previous Specialty Crop Block Grants 
heavily leveraged with other resources, is useful for analyzing long-term pesticide use trends and 
benchmarking practices to measure progress and change in the agriculture industry. For example, 
our data show dramatic declines over time in the use of broad-spectrum insecticides in Arizona 
lettuce production. Some of these chemicals have been associated with environmental and 
human health risks. The purpose of this project was to develop an analytical approach to 

specifically quantify the reduction in risk over time of pesticide practices of AZ lettuce 

producers, including insecticide, herbicide and fungicide use as documented in the APMC 

Pesticide Use Database. This was done in collaboration with the Integrated Plant Protection 
Center (IPPC) at Oregon State University (OSU). The IPPC was involved in the development of 
PRiME (Pesticide Risk Mitigation Engine), a rigorously peer-reviewed eco-toxicological tool for 
evaluating ecological and human health risks associated with a grower’s pesticide practices. 
Typically used as a planning and education tool for growers, our premise was that PRiME could 
be used to analyze historical Arizona lettuce pesticide records to chart the significant progress of 
the industry by scientifically documenting the adoption of reduced-risk pesticide practices and 
quantifying the reduction in risk that has occurred over two decades.  
 
Project Approach 

 We conferred with OSU IPPC collaborators throughout this project to develop the 
technical approach to be used for the analysis; to identify data errors and implement 
corrections; to identify updates needed to the PRiME database to account for all major 
lettuce pesticides in the data; to test the analytical approach; to develop and interpret 
charts and graphs; and to develop and present results to grower communities. Our 
interactions included conference calls, emails and face-to-face meetings.  

 We extracted a subset of all Arizona lettuce pesticide use records (1991 – 2011) from the 
APMC Pesticide Use Database (>500,000 pesticide applications) and performed rigorous 
checks and data corrections. We incorporated rate information for lettuce products in use 
over this time period and used it to check and correct application rates and related data 
fields. We reviewed location information (Township, Range and Section) for all 
applications against available crop maps and identified and corrected errors. This step 
involved review of physical 1080 forms (when available) and discussions with PCAs, 
growers and office staff at distributor companies.  

 We integrated new data fields into the APMC Pesticide Use database in order to calculate 
pounds of active ingredient applied and other information needed to complete the PRiME 
analysis of data.  

 We delivered first a partial dataset to IPPC partners for testing of PRiME analysis 
parameters, then sent a complete data set to IPPC collaborators for PRiME analysis. This 
dataset was later revised and re-analyzed when an error in the rate information was 
identified.  
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 IPPC partners produced charts and other data summaries indicating historical pesticide 
risk patterns, which we reviewed locally and discussed with IPPC partners. The data 

show the predicted overall trend of declining pesticide risk over time across several 

toxicological risk indices. But this initial analysis has made it clear that a more detailed 
understanding of the trends identified will require more contextual information. We have 
engaged with other UA lettuce pest management specialists (Palubmo, Matheron & 
Tickes) to begin to develop a historical narrative of major factors that may have 
contributed to historical shifts in pesticide practice (e.g., important pesticide registrations 
and cancelations; shifts in types of lettuces produced; year-specific pest outbreaks). This 
narrative, once developed, will be helpful in providing a historical context for data 
interpretation.  

 We have engaged stakeholders throughout this project in various ways. We have updated 
our APMC Pesticide Use Database advisory committee about this project and our 
progress at two meetings in 2012. We have engaged PCAs and growers to help us 
understand and correct apparent errors in 1080 pesticide location data (non-existent 
township, range and section locations that have been consistently, repeatedly submitted 
on 1080 forms to ADA).  

 We have presented information about PRiME and specific Arizona lettuce pesticide use 
data developed during this project at the Desert Agriculture Conference (May 2012) and 
at a Yuma Preseason Vegetable extension meeting (August 2012), reaching about 75 
growers, PCAs and other members of the agriculture industry. The results from our 
PRiME risk analysis will be presented at the Southwest Ag Summit in March 2013 in a 
dedicated breakout session and also a shorter plenary session. We anticipate reaching 
hundreds of interested stakeholders through this venue.  

 We conducted an audience response survey at the Yuma Preseason Vegetable extension 
meeting to determine changes in participant knowledge and interest in risk mitigation in 
general and the PRiME system in particular. (Results presented in the Goals and 
Outcomes section).  

 
Significant Results, Accomplishments, Recommendations & Conclusions: 

 Through this project, we developed a methodology for conducting risk analyses on large, 
geographically specific (section level) data sets using the PRiME Pesticide Risk 
Mitigation Engine. More specifically, we demonstrated that it is possible to retro-fit 
Arizona pesticide use (1080) data for PRiME analysis. This was a significant analytical 
achievement, as the PRiME system was not originally designed for this use, and this was 
by far the largest dataset ever processed using PRiME.  

 The results demonstrate a general trend of reduction in risk resulting from lettuce 
pesticide practices in Arizona over the time period analyzed. This risk is quantified 
separately for 7 different risk indices (such as avian acute toxicity, avian reproductive 
toxicity, fish chronic, etc.) for each active ingredient and major chemical class for each 
year (1991 – 2011).  

 Beyond this general risk reduction trend, analyses reveal a few current pesticide practices 
that indicate moderate to high risk for certain risk indices. It may be worthwhile to further 
explore the sources of these risks (products used and reasons for applications) and 
examine possible alternative practices that could mitigate current risk levels.  
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 While an analysis of the broad trends has been completed, we realize it will take more 
time and effort to explore, identify and understand some of the specific use patterns and 
their changes over time. Part of this is the need for a better understanding of the complex 
factors that may have driven shifting pesticide use patterns throughout this time period. 
As noted above, we have engaged UA vegetable pest management specialists who may 
provide some of this context. In addition, the data resulting from this project will be 
presented to PCAs, growers and agrochemical personnel at future meetings in an effort to 
gain their insights on some of the underlying context for major shifts in pesticide use 
patterns. These data tell a story of progressive improvements in pesticide practices, but it 
will take some time and input from knowledgeable stakeholders to fully understand the 
factors underlying these changes in practice.  
 

Significant Contributions and Roles of Project Partners: 
 Dr. Al Fournier, IPM Program Manager with the APMC at UA and lead PI for this 

project, supervised the management of the APMC Pesticide Use Database, including 
supervision of Wayne Dixon; coordinated activities and communications with IPPC 
partners; convened the APMC Pesticide Use Database advisory committee and advised 
them on this project; interacted with stakeholders to review and correct data errors; 
supervised development of data outputs; contributed to the development of the analytical 
approach, and has presented information about this project, including aggregated data 
that highlight pesticide use trends of the lettuce industry.  

 Wayne Dixon, Assistant in Extension for IPM Assessment and Database Specialist for 
the APMC, helped to develop and has refined the APMC Pesticide Use Database; 
evaluated and corrected data; integrated new information and tables needed to support 
PRiME analysis; developed data outputs and contributed to the development of the 
analytical approach.  

 Peter Ellsworth, Director of the APMC, IPM Specialist and State Pesticide Coordinator, 
greatly contributed to the development of the analytical approach and identification of 
data anomalies; developed graphical representations of data for use in presentations and 
collaborated with UA specialists and IPPC partners in interpretation of data.  

 Paul Jepson & Michael Guzy, collaborators at the Integrated Plant Protection Center 
and both professors at Oregon State University, were responsible for conducting the risk 
analysis of Arizona data using PRiME; they greatly contributed to the development of the 
analytical approach used; delivered data summaries and charts and assisted us in data 
interpretation. 

 APMC Pesticide Use Database Advisory Committee. The committee members have 
provided input and feedback throughout this project on a number of 1080 data issues. 

 
Goals and Outcomes Achieved 

Outcome 1: The generation of new, defensible, science-based data that will quantify a 

progressive risk reduction achieved by the AZ lettuce industry (GOAL). Achievement will be 

measured (PERFORMANCE MEASURE) by comparing BENCHMARK data from the APMC historical 

1080 database (e.g., 1995 use data) to recent 1080 data on lettuce management practices 

(TARGET) using the methodology we develop. 
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This outcome was achieved. The data generated allow us to compare risk levels from different 
years for any given active ingredient (AI) or class of chemistry for any of seven risk indices 
(aquatic algae, aquatic invertebrates, fish chronic, small mammal acute, avian acute, avian 
reproductive and inhalation). The level of risk reduction achieved and the number of acres 
affected varies by AI and risk index. But for example, the avian acute index ranked 3 AIs used 
on lettuce in 1991 as moderate to high-risk (diazinon, disulfoton and endosulfan); the same index 
in 2011 showed no remaining moderate to high-risk AIs in use. The fish chronic index listed 5 
AIs in 1991 as moderate to high risk and only 3 AIs for 2011 data. Of these, the only one 
categorized as high risk in 2011, endosulfan, has been recently de-registered. Some of the other 
indices indicate some AIs with moderate to high risk still in use in 2011, but in all cases (except 
for one identified error), risk levels, acres treated, or both have declined. Although more work 
(beyond the scope of this grant) is needed to fully explore and interpret this rich data set, we 
have produced scientifically defensible data documenting a clear reduction of pesticide risk in 
Arizona lettuce production.  
 
Outcome 2: We will measure the dissemination of information to stakeholder communities 

(GOAL); changes in participant knowledge and perception of risk mitigation practices (GOAL); 

and intentions of participants to use PRiME as a risk mitigation decision-making tool (GOAL) 

using audience response technology to implement pre and post (BENCHMARK, TARGET) surveys at 

extension meetings. MEASURES will include the number and type of meeting participants, and 

quantified participant self-assessments. 

 
This outcome was achieved. Information about this project and pesticide use data refined during 
this project were presented at two stakeholder meetings including the Desert Ag Conference 
(May 2012) and a Yuma Preseason Vegetable extension meeting (August 2012), reaching about 
75 members of the agriculture community. In addition, we are scheduled to deliver both a 
plenary and breakout session at the Southwest Ag Summit in March 2013 where will present 
results from the risk analysis. Last year’s summit attracted about 800 participants involved in the 
vegetable industry. At the Yuma extension meeting, following a presentation about the PRiME 
system, risk mitigation, and this project in particular, Al Fournier conducted an audience 
response survey to identify changes in participant knowledge and perception of risk mitigation 
practices (n = 38).  

 61% of participants indicated moderate increases and 8% indicated large increases in 
their knowledge of risk mitigation as a result of the presentation.  

 33% of participants indicated a moderate increase and 19% indicated a large increase in 
their interest in risk mitigation as a result of the presentation.  

 66% said they would consider using the PRiME system to evaluate and mitigate their 
agricultural pesticide risk and 18% said they would definitely use it. 

These data show a genuine interest among growers and PCAs in attendance in the topic of risk 
mitigation and a potential for future education opportunities. We would like to organize a future 
session for Yuma leafy vegetable growers (beyond the scope of this grant) to train them on use 
of the PRiME tool as a means for identifying and mitigating pesticide risks.  
 
Outcome 3: If successful, we will extend this approach to additional crops in the future (GOAL). 

Beyond the scope / timeline for this grant, we will measure the number of specialty crops 

subjected to PRiME analysis (PERFORMANCE MEASURE) in the future. 
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Arizona lettuces are the first and only crop to be subjected to this type of risk analysis.  But this 
project has demonstrated that it is possible to structure Arizona pesticide use data for PRiME 
analysis to chart changes in risk of pesticide practices over time for a given industry. We see 
great potential for similar analysis in other crops in the future.  
 
Beneficiaries 
Beneficiaries of this project include Arizona lettuce growers (we estimate 42 growers with 
submitted pesticide data for lettuce in 2011), and others associated with the industry such as 
PCAs, packers & shippers, etc. All would potentially benefit from information produced that can 
demonstrate a reduced risk of current pesticide practices relative to the past. All specialty crop 
producers (175), PCAs (200) and applicators (over 850 private and commercial) are among our 
potential target audience for future trainings on pesticide risk mitigation (beyond the scope of 
this grant). This type of education effort could result in further reductions of pesticide risk for 
lettuce and other specialty crops in the future. (Previous trainings by our OSU collaborators in 
the Pacific Northwest and elsewhere have demonstrated documented risk reductions in field 
pesticide practices following risk mitigation training). During this grant term we reach about 75 
and will reach hundreds more at the Southwest Ag Summit in March to present the results of this 
project.  
 
Lessons Learned 

 We knew when we began this project that a large portion of project time would be 
invested in development, verification and correction of data errors in the Arizona lettuce 
pesticide use data. While this proved to be true, during the project we learned that a large 
portion of errors in the 1080 data in the location information (township, range and section 
[TRS]) were not due to data entry error as expected, but to misidentified TRS information 
on grower and / or distributor maps. Some of these misidentifications have a long history 
of being incorrectly reported to ADA and so are included in the historical data. During 
our project, we made efforts to contact PCAs, distributors and growers and work with 
them to place applications in the correct location prior to analysis. Errors that could not 
be resolved were identified and withheld from section level analyses. Our hope is that in 
the future we can find ways to engage grower communities to educate and possibly 
provide tools to help eliminate incorrect TRS reporting on 1080 forms.  

 Our collaborations with partners at IPPC were educational and mutually beneficial to 
both the APMC Pesticide Use Database and the PRiME Pesticide Risk Mitigation 
Engine. Because of this project, toxic profiles for chemistries previously absent from the 
PRiME database were added. Our exchange of data allowed for identification of minor 
errors in both their database and our own, which have now been corrected.  

 Perhaps the biggest lesson throughout this project has been the realization that the results 
of the risk analysis itself are really only a starting point. While we have successfully 
modeled changes in pesticide risk over a whole industry through a two-decade period, 
understanding the causes and underlying forces that have driven those trends will take 
time and an ongoing dialog with experts and stakeholders in the vegetable production 
community. We know these results will be of great interest to those stakeholders. We 
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hope to engage in dialog in future presentations and forums to help build a more 
complete understanding and interpretation of these exciting data.  

 
Contact Person 
Al Fournier, University of Arizona, Maricopa Agricultural Center & Arizona Pest Management 
Center 
520-381-2240 
fournier@cals.arizona.edu 
 
Additional Information 
A presentation about the PRiME Pesticide Risk Mitigation Engine is posted online at 
http://ag.arizona.edu/crops/presentations/Jepson_DAC_PRiME_lo2.pdf 
 

RNA Vaccines against a Tomato Viroid 
This project was completed on June 30, 2013 
Project Summary 
Tomato chlorotic dwarf viroid (TCDVd) is a serious threat to the greenhouse tomato production in 
Arizona. TCDVd infection in tomato plants results in chlorosis and necrosis of plant parts and 
significant yield loss. A severe infection has the potential to wipe out production in an entire 
greenhouse. Despite its importance, there are no effective means to control the viroid disease. 
Viroids are naked RNA pathogens and are impossible to treat with conventional methods. 
Fortunately, the viroid RNA can be destroyed by RNA interference (RNAi), an innate defense 
mechanism in plants, if it is properly induced. We propose to develop RNA-based vaccines that can 
vaccinate tomato plants against TCDVd by inducing an RNAi response to degrade the viroid 
pathogen. We plan to use an attenuated strain of a tomato virus as a vector to deliver segments of 
the TCDVd genome as vaccines to tomato plants. These segments are expected to induce an RNAi 
defense that would specifically degrade the viroid RNA, thus achieving immunity in tomatoes 
against this deadly viroid pathogen. Completion of this project will provide an innovative and 
effective tool for tomato growers to manage TCDVd infections and subsequently increases 
competitiveness of tomato industry in Arizona. 
 

Project Approach 
This project intended to develop a novel approach to immunize tomato plants against Tomato 

chlorotic dwarf viroid (TCDVd), a tiny pathogen made of a naked, circular RNA of only 360~361 
nucleotides. Specific objectives were to engineer an attenuated viral vector to deliver double-
stranded RNA (dsRNA) segments of TCDVd to tomato plants, to optimize the expression of the 
dsRNA, and to evaluate the efficacy of the RNA-based vaccines in protecting tomato plants from 
TCDVd infections. 
This project built upon and extended a previous SCBGP project awarded to the PI. The previous 
award made it possible for PI’s laboratory to successfully develop an infectious cDNA clone of a 
tomato-infecting virus, Pepino mosaic virus (PepMV), as an expression vector to deliver the RNA 
vaccines against TCDVd.  
To accomplish proposed objectives, we cloned and sequenced six genomes of TCDVd isolated in 
Arizona, developed infectious TCDVd clones, engineered an attenuated strain of PepMV and 
inserted partial genome segments of TCDVd into the attenuated PepMV infectious cDNA clones, 
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tested the infectivity of the PepMV-TCDVd chimeric infectious cDNA clones and the expression 
of the RNA vaccines expressed from the attenuated PepMV strain, and are in the process of 
evaluate the efficacy of the RNA vaccines. Our approaches for the project are summarized below: 
Cloning, sequencing, and biological characterization of TCDVd in Arizona. Two pairs of 
primers were designed for the detection and cloning of the viroid. Both primer pairs amplified 
DNA products of the expected sizes with high sensitivity and were used successfully in the 
detection of the TCDVd from greenhouse tomato samples. To determine the dynamic of TCDVd 
infection and if resistant tomato can be identified, we mechanically inoculated nine greenhouse 
tomato varieties with TCDVd and observed the detectable levels of TCDVd and symptoms over a 
period of 6 weeks. None of the test varieties displayed resistance to TCDVd, however, two 
varieties showed a one-week delay in the detection of the viroid. Overall, TCDVD behaved as a 
slow virus, with viroid and symptoms being detectable at four to five weeks after infection.  
To further characterize the Arizona isolates of TCDVd, full-length cDNA of TCDVd was amplified 
using the primers described above. The DNA fragment was subsequently cloned into a TA cloning 
vector. Six independent clones were sequenced subsequently. There is little variation among the 
361 nucleotide sequence of the TCDVd genomes, with only one- to two-nucleotide differences 
among the six sequences obtained. To verify if the cloned full-length cDNA is indeed the viroid 
that caused the tomato chlorotic dwarf disease, the dimeric viroid cDNA amplified by RT-PCR was 
inserted into a plasmid pBL-XcmTT by TA ligation. Six independent clones were obtained that had 
the expected dimeric TCDVd cDNA under the control of either T7 RNA polymerase promoter or 
T3 RNA polymerase promoter. These clones were digested with either restriction enzyme XhoI or 
XbaI, depending on the orientation of the cDNA inserts. The in vitro transcripts made using the T7 
or T3 RNA polymerase were infectious on tomato and on Nicotiana benthamiana, confirming this 
viroid as the causal agent of the tomato chlorotic dwarf disease.  
Engineer an attenuated strain of PepMV as an expression vector. To express foreign sequences 
in the PepMV expression vectors conveniently, a restriction site, NcoI, was engineered in a PepMV 
expression vector, pPepUS1, immediately after the CP gene coding sequence. This was carried out 
in a sublcone, pPepUS1-H3, which contains the 400 nucleotides from the 3’ of PepMV genome. 
Two versions of PepMV expression vectors, both having an NcoI restriction site inserted 
immediately downstream of the CP coding sequence, were made. The last amino acid of PepMV 
CP was changed in the pPepUSNco1 vector but remained unchanged in the pPepUSNco2 vector. 
Both vectors were infectious on a transgenic line of Nicotiana benthamiana that expressed the 
movement protein from an unrelated virus. However, pPepUSNcoI proved to be uninfectious, and 
only three of the seven pPepUSNco2 clones were able to caused systemic infection on these plants, 
but the first appearance of the systemic symptoms was delayed from anywhere between two to five 
weeks in comparison with the wild type PepMV clone, pPepUS1. PepMV progeny derived from 
infectious cDNA transcript pPepUSNco2 were cloned and sequenced. It was found that the 
progeny contains a non-sense mutation near the end of the CP gene that resulted in a CP nearly 
identical to the while type CP. This suggested that the amino acid extension to the C-terminus of 
CP as results of the NcoI site insertion was deleterious to PepMV infection. In both of these 
constructs, a few extra amino acids were added to the C-terminus of the PepMV CP as a result of 
the instruction of the restriction site. These data suggested that the C-terminal extension to the 
PepMV CP may be deleterious to the viral infectivity and attenuated viral pathogenicity.  
The attenuation of the pathogenicity was due to the fact that PepMV CP was required for the viral 
cell-to-cell movement and the long distance transport. The mutated PepMV is restricted mostly in 
the inoculated leaves; only mutants with a reverted stop codon immediately after the CP open 
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reading frame were able to infect tomato plants systemically. The effect of the expression vector, 
pPepUSNco2, on tomato has also been evaluated. Plants carrying this viral vector exhibited 
identifiable symptoms on the inoculated leaves, but no apparent symptoms on other parts of the 
plants. Tomato plants inoculated with this vector has also been challenged with wild-type PepMV, 
most of the challenged plants did not display any symptoms and little or no viral RNA, indicating a 
level of protection conferred by pPepMVUSNco2. These experiments demonstrated that pPepMV-
US1-1 is a suitable expression vector for the expression of RNA vaccine against TCDVd. 
Cloning TCDVd fragments into the PepMV expression vectors: Initially, attempts were made 
to clone the dsRNA inverted repeats of TCDVd fragments into the PepMV expression vector.  A 
dimer of TCDVd genomic cDNA was digested with the restriction enzyme BamHI, ligation of the 
resulting three small fragments produced various manifestations of TCDVd inverted repeats. None 
of the repeats produced this way contained the complete TCDVd genome. When transcribed into 
RNA or expressed from a viral vector, these inverted repeats produced dsRNA, a form of RNA 
molecule that trigger RNAi to destroy an infecting viroid RNA. A further PCR step with 
specifically designed primer was used to add an NcoI restriction site to the end of the repeats to 
facilitate the cloning of these repeats into a PepMV expression vector. The subclone pPepUS1-H3 
was first digested with NcoI restriction enzyme, and then ligated with NcoI-digested inverted 
repeats. To put the subclone back to the full-length infectious expression vector, pPepUS1, a PmlI-
SmaI fragment from the sbuclone was used to replace the same fragment from the full-length 
clone. However, the PepMV infectious cDNA clones containing the inverted repeats proved to be 
unstable and difficult to maintain in bacterial cells.  
To overcome this problem, we cloned various DNA fragments directly into the pPepUSNco2 
expression vector, without the inverted repeats. New primers were designed and made to ensure a 
termination codon at the end of CP when TCDVd sequence fragments were inserted into the 
PepMV expression vector. These fragments are simpler and smaller in size and were easier to clone 
into the expression vector. During the replication of the viral vector, dsRNA replication 
intermediates would be produced and would be able to activate the RNAi defense pathways in the 
host cells. Primers used to amplify these short fragments also contained an NcoI sites. The 
amplified DNA fragments were first digested with NcoI restriction enzyme, ligated into the 
sublcone, pPepUS-H3, and then introduced into the infectious cDNA clone, pPepUSNcoI2.  
Introduction of RNA vaccines to tomato and N. benthamiana plants and assessment of their 

protection efficacy: The pPepUSNco2 expression vectors containing various TCDVd partial 
fragments were transcribed into RNA and mechanically inoculated into the tomato and N. 

benthamiana plants. Expression of the viral vector and the associated TCDVd sequences were 
monitored periodically by RT-PCR. The inoculated plants displayed little or no symptoms. Yet 
presence of PepMV and TCDVd sequences were evident from RT-PCR assays. These assays 
indicated that TCDVd sequences were delivered successfully by the PepMV vectors. Plants were 
then challenged inoculated with TCDVd. However, it will take some time before the final 
evaluation of the protective efficacy of the RNA vaccines can be completed as the viroid infection 
is a slow process. 
 
Goals and Outcomes Achieved 
Goal 1: Characterization of TCDVd in Arizona. At the onset of the project, little was known 
about the biology of the Arizona isolate of TCDVd that had devastated the greenhouse tomato 
industry. Through a series of molecular and biological experiments, we sequenced the TCDVd 
isolate that was responsible for the bankruptcy of the Eurofresh Farm in 2009 and determined that 
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only a single isolate of TCDVd was the culprit of the disease. For the first time, we systemically 
studied the latent period of the viroid and concluded the viroid was a slow-infecting pathogen with 
an unusually long latent period of 3 to 5 weeks. 
Goal 2. Construct attenuated PepMV expression vectors capable of delivering TCDVd 

vaccines. Despite of difficulties encountered in this project, we were able to engineer an attenuated 
strain of PepMV that could take up foreign sequences at a convenient NcoI restriction site. The 
restriction site is situated downstream from the CP open reading frame. Our experiments 
demonstrated that any significant disturbance of PepMV CP resulted in little or no infectivity of the 
expression vectors. We overcame this by ingeniously engineered a stop codon at the front the 
viroid sequences to preserve the integrity of the PepMV CP and at the same time allow the 
expression of TCDVd fragments.      
Goal 3. Deliver RNA vaccines against TCDVd from a PepMV expression vector and test its 

ability to protect plants from TCDVd. At the onset of the project, there was not a single PepMV 
vector that was capable of delivering foreign genes or nucleic acid sequences into plants Upon the 
completion of the project, we successfully constructed 4 PepMV-based expression vectors that 
delivered four different regions of TCDVd sequences in both tomato and N. benthamiana. These 
same vectors could be used to express foreign genes that enhance the nutritional values of tomatoes 
in future project. Due to the long infection cycle of TCDVd, the effectiveness of the RNA vaccines 
is still being evaluated.  
Goal 4: Communicate research progresses and results to the public, growers, and scientists. 

Portions of the results from this project were presented as a poster in the American 
Phytopathological Society 2012 Annual Meeting, August 4-8 in Providence, Rhoad Island. The 
meeting was attended by more than 1500 scientists, educators, and industrial representatives 
including tomato growers from 35 countries. The poster described the molecular and biological 
characterizations of the TCDVd isolates in Arizona and the validation of the primers used for 
detection and cloning. More than 500 people were present at the poster presentation.  

Portions of the results were also presented in the 2012 Undergraduate Poster session at the 
University of Arizona. This poster described molecular techniques used in the engineering of 
attenuated PepMV strains and the strategies to express foreign genes in the PepMV expression 
vectors. Over 100 students and faculty members viewed the posters. 

In March 6, 2013, a presentation was made to about 120 high school students in six sessions 
at the Southwest Ag Summit in Yuma, Arizona. Many of students were either from a farming 
background or potentially future tomato growers.  The presentation covered the technology and 
the novel control concept for TCDVd, and was well received in a post-presentation evaluation 
conducted by the organizers.   

 
Beneficiaries 
The primary beneficiaries are tomato growers in Arizona, particularly greenhouse tomato growers. 
Tomatoes are ranked as one of the top ten Arizonan commodities with an output of 3,789,748 
cartons in 2010. The tomato industry contributes to the economy of the state and provides job 
opportunities to many Arizonans. For example, the Eurofresh Farms, the largest tomato grower in 
Arizona with 318 acres of greenhouses, has over 1,000 employees on its payroll and estimated 
annual revenues of over of $160 million.  
 
More than 1500 people attended the poster session in the 2012 APS annual conference in which the 
outcome of this research was presented. Among the attendees, 1~2% (15 to 30) were believed to be 
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tomato growers. In the 2013 Southwest Ag Summit, an oral presentation was given by the PI. An 
estimated 10 to 15 tomato growers were present among an audience of 150 people. 
 
Lessons Learned 
The completion of this project allows us to fully understand the biology and the impact of TCDVd 
in tomato production in Arizona. The major impact of the viroid has been in the greenhouse tomato 
industry, a fast-growing sector in the Arizona economy. One very important yet unexpected 
outcome from this project is the finding that the viroid infection is a very slow process. It takes 3 to 
5 weeks before the viroid pathogen can be detected in the infected plants. This presents a major 
challenge in keeping the viroid pathogen out of the greenhouses by testing tomato transplants. This 
further highlights the urgency to further develop and test the vaccination approach to control this 
important disease. The ability of attenuated PepMV vectors to deliver TCDVd RNA vaccines into 
plants and the continued evaluation of the effectiveness of the RNA vaccines will provide growers 
a valuable tool in combating the tomato chlorotic dwarf disease. 
 

Contact Person 

Dr. Zhongguo Xiong 
School of Plant Sciences 
Forbes 303 
University of Arizona 
Tucson, AZ 85721 
(520)-621-9869 
Zxiong@email.arizona.edu 
   
Additional Information 
Publications: 

http://ag.arizona.edu/~zxiong/PepMV.htm: Engineering infectious cDNA clones of two Pepino mosaic 

virus strains in Arizona. 

McRae,A., Schweers, N., Yu, N., Anderson, B., and Xiong, Z. (2012). Engineering infectious 
cDNA clones for two strains of Pepino mosaic virus. The Annual Veterinary Sciences and 
Microbiology Research Poster Session, Tucson, AZ (May 2, 2012) 

Xiong, Z., Wong, B., Yu, N., Cantúa, J., Allee, E., Cochran, A., and Trinh, S. (2012). Biological 
and molecular characterization of Tomato chlorotic dwarf viroid in Arizona. Phytopathology 
102,  S139 

 
Transgenic Vegetables for Fertilizer Use Efficiency 
This project was completed on September 30, 2014 

Project Summary 
Crops produced in the desert receive large annual applications of nitrogen (N) and phosphorus 
(P) fertilizer. However, declining energy supplies and P mineral reserves, erratic fertilizer costs, 
and concerns about water pollution, has created incentives for improved efficiency.  While we 
have developed management practices such as soil and plant tissue testing and improved 
fertilizer placement and timing, the possibility of genetic modifications to crops for improved 
fertilizer use efficiency has received little attention.  More recently, it has been shown that that 
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over-expression of type I H+ -pyrophosphatase AVP1 (AVP, Arabidopsis vacuolar 
pyrophosphatase) can enhance nutrient acquisition by crops. With this SCBG project we 
demonstrated the potential economic and environmental benefits of using AVP1 modified crops.  
Field studies conducted with romaine lettuce during 2011-2013 as part of this project show 
improved nutrient use efficiency of AVP1-OX compared to conventional cultivars.   Although, 
results were not positive for potato, tomato also shows promise.  The development of AVP1 
inbred lines for iceberg lettuce continues.  We have secured additional funding from FREP to 
continue these studies based on the promising results from the SCBG program.  Outreach 
activities will continue. 
 

Project Approach 
Transformation of new iceberg lines 
During 2012 we completed the transformation two cultivars of iceberg lettuce for AVP1-OX.  
We have grown out T1 seed from at least five transgenic events from each of these modified 
cultivars in the greenhouse.  We made selections of T2 and T3 lines using selectable marker 
(Kanamyacin).  Due to delays we do not foresee initiating fertility field trials with AVP1-OX 
inbred iceberg cultivars until fall 2014 when we have inbreds after this project terminated.  We 
have secured other funding to continue this work. 
Potato 
 
We initiated seed increase and small P fertilizer experiment in 2012. Due to regulatory delays in 
harvesting we only collected enough potato to preserve our seed. 
 
A second potato experiment was planted February 26, 2013.  The P rates were 0, 50, and 100 kg 
P/ha.  The study included non-transgenic “Desirae” and three transgenic transformations of this 
cultivar.  The experiments was irrigated and fertilized with N (200 kg N/ha) by buried drip 
irrigation. These potatoes were harvested June 17, 2013. 
 
Tomato 
We had transformed the cultivar “Money Maker” which is a greenhouse cultivar.  Thus, our 
initial experiment was conducted in the greenhouse. Three gallon pots were filled with a 50:50 
blend of Grande (fine-loamy, mixed, hyperthermic,Typic Natriargid (reclaimed)) and silica sand 
to facilitate automatic irrigation without soil cracking.  The pre-plant Olsen P test was < 5 mg/kg.  
All pots received 1.5 g of N as a controlled release N fertilizer (ESN distributed by Agrium 
Advanced Technologies) so that N would not be limiting.  The experimental P rates were 0, 
0.125, 0.25, 0.5, and 1.0 g P/pot applied as triple superphosphate. Tomato transplants grown in 
greenhouse trays were transplanted one plant per pot. 
 
We conducted follow up studies in the field in 2013 and 2014.   
 
1st P field study with tomato 
Tomato “Money Maker” and “AVP-OX Money Maker” were seeded in the greenhouse.  The P 
rates in this experiment were 0, 25, 50, and 100 kg P/ha.  The tomato transplants were set in the 
field March 23, 2013.  The experiments was irrigated and fertilized with N (200 kg N/ha) by 
buried drip irrigation. Tomato yields were harvested July 3, 2013 to July 17, 2013. 
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2nd P field study with tomato 
We did a second study evaluating 7 AVP-OX back crossed tomato.  These were started in the 
greenhouse as above and transplanted March 23, 2013.  The P rates for this study were 0, 40, and 
100 kg P/ha.  The experiments was irrigated and fertilized with N (200 kg N/ha) by buried drip 
irrigation.  Tomato yields were harvested July 3, 2013 to July 17, 2013. 
 
These studies were repeated in the spring of 2014 but we did not collect meaningful yield this 
season due to disease. 
 
Romaine Lettuce 
Several field and greenhouse studies with N and P were conducted with AVP1-OX romaine 
lettuce this past season.  In most cases we conducted backup greenhouse studies for more 
intensive sampling since all plant and soil material are regulated articles and the logistics of 
transporting large numbers of samples from the field to the laboratory and subsequent disposal is 
onerous (double leak proof containment), laborious, and often cost prohibitive.  The 
experimental design for all greenhouse experiments was randomized complete block with four 
replications.  The treatment design for the field experiments was split plot where fertilizer rate 
was the main plot and cultivar the subplots. 
Statistical analyses were performed using SAS where responses to N or P were evaluated by 
trend analysis and differences among cultivars by least significant difference.  
N Studies 
Surface soil mapped as Casa Grande (fine-loamy, mixed, hyperthermic,Typic Natriargid 
(reclaimed)) was collected at the Maricopa Agricultural Center, sieved, and 1.6 kg were weighed 
into 15 cm diameter pots.  The pre-plant nitrate-N test for this soil was 50 mg kg-1.  All pots 
received 0.34 g P as mono-calcium phosphate so that P would not be limiting.  The treatments 
included ‘Conquistador’ (also referred to as conventional or WT), AVP1D2, and AVP1D6 
romaine lettuce and N rates. The AVP-OX lines are transformed ‘Conquistador’. The total 
seasonal rates of N were 0, 0.1, 0.2, 0.4, and 0.8 g N per pot.    The N was applied as a potassium 
nitrate solution in eight split applications to achieve these seasonal total rates.  The potassium 
nitrate solution was labeled with 10 atom percent 15N.   
Lettuce seedlings (one-leaf stage) were transplanted into the pre-watered pots.  The first N 
fertilization occurred 5 days after transplanting and continued twice weekly through harvest.  
These plants were grown to the eight-leaf stage and harvested by cutting the above ground plant 
at the soil surface.  Total leaf area was measured using a LiChor area meter (LI 3100 C), and 
fresh and dry weights were determined as described above.  Total N and 15N percent were 
determined by combustion mass spectroscopy.    
A field study was planted in the same field where we collected soil for the greenhouse 
experiment.  The entire plot area received 125 kg P ha-1 as mono-ammonium phosphate which is 
the common practice for low P testing soils.  Thus, the entire plot area also received 54 kg N ha-1 
with the pre-plant phosphate fertilizer. The N rate treatments of 0, 50, 100, 150 and 200 kg N ha-

1 (not including that applied with the pre-plant phosphate fertilizer) were applied pre-plant as a 
polymer coated urea controlled release N product (ESN distributed by Agrium Advanced 
Technologies). All N and P fertilizers were roto-mulched into the beds. Individual main plots 
were 25 m2 and the experimental design was randomized complete block with four replications. 
Lettuce cultivars were seeded in elevated double row beds on 1 m centers with a hand planter 
(Jang JP1 Clean Seeder) and thinned by hoe at the four-leaf stage to approximately 71,000 plants 
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per hectare.  The stands were established by sprinkler irrigation.  After establishment, all 
required irrigations were applied by level (no slope) furrows. Lettuce was harvested at maturity 
by cutting and weighing all plants from 3 m of double row beds.  Marketable yield was 
determined after grading using standard practices.  
P Studies 
We conducted four separate greenhouse studies to evaluate the response of conventional and 
AVP1-OX romaine lettuce to P.  For the first experiment we used a Superstition sand (sandy, 
mixed, hyperthermic Typic calciorthid), for the second and third experiments we used Casa 
Grande (fine-loamy, mixed, hyperthermic,Typic Natriargid (reclaimed)).  These three 
experiments were watered as needed by hand.  For the fourth experiment we used a 50:50 mix of 
Casa Grande and silica sand because we used an automatic irrigation system and we did not want 
soil cracking to compromise irrigations.  In all experiments 1.6 kg were weighed into 15 cm 
diameter pots.  The pre-plant Olsen soil test levels were < 7 mg/kg in all these greenhouse 
studies.   
 
All pots received 0.8 g N so that it was not limiting. In experiments 1 through 3 we used split 
applications of potassium nitrate.  In experiment 4, we used a controlled release fertilizer (ESN).  
The P rates were 0, 0.04, 0.08, 0.17, and 0.34 g P/pot applied as triple superphosphate. All P 
fertilizers were applied pre-plant.  Lettuce seedlings (one-leaf stage) were transplanted into the 
pre-watered pots and whole above-ground plants were harvested at the eight-leaf stage. 
 
Three field studies were conducted in 2012 on a field mapped as Casa Grande (fine-loamy, 
mixed, hyperthermic,Typic Natriargid (reclaimed)).  However, for purposes of discussion we 
included another field study conducted in 2011 on an Indio silty clay loam (mixed hyperthermic 
Typic Torrifluvent) before we had funding.  The study conducted in 2011 before funding had a 
pre-plant Olsen P test of 25 mg/kg.  The P source in the study was mono-ammonium phosphate 
because this is what growers primarily use in the desert for vegetables. This study was direct 
seeded using an air-planter.  
 
The first study conducted in 2012 was with transplants. The P source in this study was triple 
superphosphate.  The transplants were produced in a greenhouse and set in the field with a 
mechanical transplanter. The study had a pre-plant Olsen P test of <5 mg/kg. The second study in 
2012 had the same P source but was direct seeded using a hand planter (Jang JP1 Clean Seeder).  
This study had a pre-plant Olsen P test of <5 mg/kg.  For the third study in 2012, we again used 
mono-ammonium phosphate as the P source. The study also had a pre-plant Olsen P test of <5 
mg/kg. The P rates in all four field experiments were 0, 25, 50, 75, and 100 kg P/ha. All P 
fertilizer was applied pre-plant onto the beds and power-mulched into the soil.  N was applied to 
the entire plot area so that it would not limit production. A total N application of 200 kg/ha was 
applied as a combination of sidedress and water run applications.  The lettuce was thinned by 
hoe at the four-leaf stage to approximately 71,000 plants per hectare. The stands were established 
by sprinkler irrigation.  After establishment, all required irrigations were applied by level (no 
slope) furrows. Lettuce was harvested at maturity by cutting and weighing all plants from 3 m of 
double row beds.  Marketable yield was determined after grading using standard practices. 
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N and water studies with romaine lettuce 
Two studies were conducted evaluating the response of AVP-OX romaine lettuce to N and 
water.  The studies were factorial combinations of water (60, 100, and 140% ET) and N (60, 120, 
and 180 kg N/ha).  These studies were conducted under drip irrigation.  The system was designed 
with nine manifolds and nine mains to deliver the various treatment combinations to plots in a 
randomized complete block design.  The irrigation were based on AZMET generated ET 
measurements. 
We seeded romaine studies on irrigation and N fertilization on November 5, and December 22. 
The crops were established by sprinkler irrigation. After stand establishment all irrigation and 
fertilizations were applied through the drip system.  The first and second lettuce romaine studies 
were harvested on April 4 and April 26, respectively. 
 

Goals and Outcomes Achieved 
Note: Please refer to Appendix F for all tables and figures referenced in this section. 
 

Iceberg Lettuce 

The development of inbred AVP-OX iceberg lettuce lines is on-going. 
 

Potato 

The response of conventional and AVP-OX potato to P is shown in Table 1.  There were no 
response to P.  The initial P soil test were medium which may have limited the response because 
potato are not as responsive to P as lettuce.  There were no significant differences in yields of 
conventional and AVP-OX potato.  It has been reported that potato largely relies on symplastic 
transport nutrient pathways which may limited response to AVP-OX.  We did not continue work 
with potato in year 3. 
 

Tomato 

Overall, the AVP1-OX tomato showed more rapid growth and development compared to the 
conventional type across all P rates in the greenhouse (Figure 1).  The yield data are interesting 
where early production was higher for AVP1-OX tomato compared to the conventional at all P 
rates (Figure 2).  However, as harvests continued, cumulative yields at higher P rates were 
greater for the conventional compared to the AVP1-OX tomato.   For example, maximum yields 
of AVP1-OX tomato were approximately 1200 g fresh fruit per pot at 0.125 g P/pot and were 
significantly greater than the conventional at this P rate.  However, AVP1-OX tomato showed no 
further increase to higher P rates while conventional did, ultimately out-yielding the AVP1-OX 
tomato at P rates greater than 0.125 g P/pot. 
 
The response of conventional and AVP-OX tomato to P in the field is shown in Table 2. There 
were no yield response to P.  The initial P soil test were medium which may have limited the 
response because tomato, like potato, are not as responsive to P as lettuce.  There were no 
significant differences in yields of conventional and AVP-OX tomato.  At harvest day time, day 
time high temperatures approached 115 F and, heat stress seemed to limit yields of the “Money 
Maker” cultivar.  Interestingly we also evaluated some back crossed AVP1-OX and two of these 
back crosses performed exceptionally well.   
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Romaine Lettuce 

N Studies 
Lettuce above ground dry matter and leaf area significantly (P<0.01) increased by N rate 
(Figures 3 and 4).   Furthermore, cultivar effects were also statistically significant where 
AVP1D6 outperformed AVP1D2 which in turn outperformed the conventional conquistador. 
Leaching of N in this greenhouse experiment was high due to the frequent watering required to 
maintain plant vigor in the warm greenhouse.  Total accumulation of N and fertilizer N 
significantly (P<0.01) increased with N rate and was statistically (P<0.05) higher in AVP1-OX 
plants compared to conventional Conquistador (Table 3).  On average over 90% of the N 
accumulated in the plant was derived from the applied fertilizer.   
Romaine lettuce showed a significant (P<0.05) quadratic response in the field where marketable 
yields were essentially maximized to the first N rate (50 kg N ha-1) and N rates beyond 100 kg N 
ha-1 reduced yields (Figure 5). Cultivar response was highly significant (P<0.01) where both 
AVP1D2 and AVP1D6 produced more marketable yield across all N rates compared to 
unmodified Conquistador. 
P Studies 
In all greenhouse experiments, lettuce dry matter yields increased to P rate (Table 4 and Figure 
6).  Further, the AVP-OX lettuce consistently outperformed the conventional “Conquistador”.  
In all field experiments there was response to P and there were significant differences among 
cultivars (Table 5). In experiment 1 (2011), response to P was small as pre-plant soil test were 25 
mg/kg.  Lettuce typically does show some response to P fertilizer up to Olsen soil test P of 35 
mg/kg and there was a modest response to P for the conventional cultivar (Figure 7).  However, 
yields of the AVP1-OX romaine lettuce were near maximum and significantly higher than the 
conventional cultivar when no P was added suggesting these plants can take up P that the 
unmodified cultivar could not.   
In the experiments conducted on a low P testing soil (experiments 2 through 4), marketable 
yields were generally higher for AVP1-OX lettuce across most P rates (Table 5 and Figure 8 and 
8).  Interestingly, marketable yields for AVP1D6 lettuce were generally a little higher compared 
to AVP1D2 lettuce, although usually not statistically significant.  This is in contrast to the 
greenhouse experiments where dry matter was generally higher for AVP1D2 compared to 
AVP1D6, although not statistically significant.  We have other data showing greater root growth 
for AVP1D6 compared to AVP1D2 and perhaps in the greenhouse the pots restricted root 
growth.  
 
Water and N Experiment with AVP-OX romaine lettuce 
The yield responses of conventional and AVP-OX romaine lettuce to water and N are shown in 
Tables 6 and 7.  Overall, there was a large response to irrigation.  Unfortunately, this soil had 
high residual N levels and there were no positive responses to N fertilization.  In the first 
experiment there was no response to N at all.  In the second experiment, N fertilization reduced 
yields, where the reduction was more pronounced when N was limiting.  There were no 
significant differences in conventional and AVP-OX romaine lettuce.  Previous reports had 
reported enhanced drought tolerance to AVP-OX.  We did not observe that in this experiment.  
In experiments conducted in 2011-2012, AVP-OX showed improved N utilization efficiency.  In 
this experiment, it appears N was not limiting so we could not validate this response in 2012-
2013 
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Outreach 

We presented preliminary data collected in the project at the SW Ag. Summit on March 8, 2012. 
There were approximately 30 producers and crop advisors present.  
  
We showed these plots in a field day at the Maricopa Agricultural Center April 2, 2012.  There 
were approximately 30 producers and crop advisors present.   
These data were presented at a fall vegetable workshop in Yuma.  There were approximately 50 
producers and crop advisors present at this meeting. 
 
We conducted three formal outreach activities during spring 2014.  These included presentations 
at 2014 Irrigation and Nutrient Management meeting in Salinas CA on February 12, 2014, the 
SW Ag Summit in Yuma on February 27, 2014, and the Desert Ag Conference in Chandler 
Arizona on May 8, 2014.  The first, second and third venues had approximately 120, 40, and 60 
producers present during these presentations. 
 
Our SCBG AVP-OX plots were also visited as a stop on field tours at the Maricopa Ag. Center. 
Outreach activities are on-going. 
 
Some of the results of these studies have been written into journal articles which are currently in 
peer review.  One accepted we may compose and extension fact sheet.  However, because GMO 
crops for food consumptions are highly regulated, and have not been approved, there will be no 
adaptation of this technology in the short term.  
 
Beneficiaries 
Ultimately the beneficiaries would vegetable producers in the SW US, seed producers, and 
consumers due to lower costs.  There would also be positive environmental impacts because less 
and N and P would be required for production resulting in less non-point source pollution and a 
lower carbon foot print due to a lower energy input to production.  However, as of present few 
GMO food crops have been allowed by regulators and further development is required.  As noted 
above we had contact with over 30 commercial companies regarding this research.  This is over 
80% of the vegetable industry in Arizona. 
 

Lessons Learned 
Overall, the data collected in the project shows the potential and improved economic and 
environmental sustainability in vegetable production systems in the southwestern US.  The 
following are specific lessons learned. 
 
Screening for AVP-OX iceberg lettuce required some methodology developments that took 
longer than anticipated.  This caused actual delays in field testing of iceberg lettuce.  Fortunately, 
we have obtained funding from another source and field testing is planned for fall 2014. 
 
Romaine lettuce showed improved N and P use4 efficiency to AVP-OX.  The results were 
dramatic. We anticipate similar results for iceberg lettuce. 
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Potato did not show response to AVP-OX. It has been reported that potato largely relies on  
symplastic transport nutrient pathways which may have limited response to AVP-OX.   
 
The inconsistent results with tomato were surprising.  While AVP1-OX lettuce outperformed 
conventional lettuce at all P fertilizer levels, AVP1-OX tomato only outperformed conventional 
tomato at suboptimal P levels in the greenhouse experiments.  Yields of conventional and AVP-
OX in P field experiments were similar and generally low due to heat stress. Perhaps the 
differences observed between lettuce and tomatoes are associated with a crop harvested in a 
vegetative state such as lettuce, and a crop harvested at a reproductive state, such as tomato.  
However, as part of this project we have selected two promising back crosses and evaluation of 
these will continue with funding from another source. 
 

Contact Person 
Charles A. Sanchez 
928-782-3836 
sanchez@ag.arizona.edu 
 
Zinc Fertigation for Arizona Pecans 
This project was completed on September 30, 2014 
Project Summary 

Pecans have a large demand for zinc (Zn). Because Zn is extremely insoluble in high pH soils, 
such as those in the desert southwest, commercial Arizona pecan production includes multiple 
foliar Zn applications each season. Trees are typically treated at least five times (and as many as 
13 times) per season, requiring manpower and expensive, specialized equipment. Commercial 
pecan producers are very interested in development of alternative Zn application techniques.  

 
After achieving success with soil Zn-EDTA application to pecans in pot studies and in newly-
planted orchard trees, we developed this study test the efficacy of a system for injecting Zn-
EDTA into a micro-sprinkler irrigation system to provide a sustainable micronutrient fertilization 
practice for pecans. A field trial to accomplish this was established in a commercial Arizona 
orchard in 2011 with ‘Wichita’ and ‘Western Schley’ pecans.  Injection of 2 or 4 lb/ac of Zn in 
the form of ZnEDTA largely eliminated visible Zn deficiency symptoms, and significantly 
increased foliar Zn concentrations. Photosynthesis rates were increased throughout the growing 
season by injecting Zn into the irrigation water. Tree growth rate was also elevated. Our data 
indicate that ZnEDTA injection into irrigation water can be an effective alternative to foliar 
sprays. 

 
Project Approach 
Adequate Zn nutrition is critical for commercial production of pecans, so providing supplemental 
Zn is a standard part of pecan cultural practices. Zn deficiency is prevalent in pecans grown on 
high pH soils because Zn availability is very low in these soils, and because pecans have a very 
high demand for Zn. Zinc deficiency reduces catkin length, the number of fruits produced per 
shoot, fruit development, and nut yield. Pecan varieties best suited to Arizona growing 
conditions, such as ‘Wichita’, are highly susceptible to Zn deficiency. Due to the difficulty of 
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supplying Zn via soil applications, Zn is foliarly applied in the desert southwest. At least five, 
and as many as thirteen, annual applications are typically required.  

 
In previous field studies conducted in calcareous soil, even application of very high rates of Zn 
via traditional fertilization methods have failed to increase tree zinc uptake, but in a controlled 
greenhouse environment, soil-applied ZnEDTA did effectively increase leaf Zn levels of potted 
trees. Soil application of chelated ZnEDTA can be used to supply Zn to pecan trees growing in 
calcareous soils, but fertilizer placement and management are critical to achieving an acceptable 
long-term crop response. For the current field study we injected varying rates of ZnEDTA into a 
micro-sprinkler irrigation system in a newly-planted commercial orchard in San Simon, Arizona, 
and monitored tree growth, photosynthesis, and Zn uptake to evaluate efficacy of this method.  

 
Results from our study have been extended to pecan growers in the area and beyond via 
presentations to growers groups and to individual growers. 
 
Development of a reliable and sustainable method for Zn fertilization of pecan trees via 
fertigation could eliminate the need for supplemental Zn sprays, resulting in substantial savings. 
The cost for foliar Zn sprays in Arizona pecan orchards (between $90 and $360 per acre per 
year) could be greatly reduced (cost of ZnEDTA application ranges from $30 to $60/ac, 
depending on application rate). In addition, management conflicts between Zn spraying and other 
operations such as irrigation can be avoided.   
 
Older pecan Arizona orchards are largely flood irrigated. Fertilizer injection into irrigation water 
is not an appropriate technology for such irrigation systems. Newer orchards, on the other hand, 
have pressurized irrigation systems that are compatible with this technique. Because pecan 
acreage is rapidly increasing in arid regions, this is a key time for growers to make decisions 
concerning long-term fertilizer practices.  

 

Project Activities 

As outlined in the work plan, the Zn fertilizer injection system was constructed in the field, 
tested, and calibrated prior to ZnEDTA applications. Zinc applications were made throughout the 
2012, 2013, and 2014 growing seasons.  Composite leaf samples from each plot were collected 
and analyzed each year. Dormant-season tree diameters were measured to determine plant 
growth. Data were subjected to statistical analyses. Presentations were made to grower groups. In 
addition to tasks listed in the work plan, in 2013, nut yields were collected from Wichita trees. 
Also, photosynthesis measurements were made one time in 2012, four times in 2013, and five 
times in 2014. 
 
Our research clearly demonstrated the efficacy of irrigation applied ZnEDTA for increasing plant 
tissue Zn concentrations, photosynthesis rates, tree growth, and nut yield. It has furthermore 
established a minimum biological leaf tissue Zn level of 15 parts per million (ppm) and an 
orchard minimum of 30 ppm. We are recommending ZnEDTA injected into irrigation water as a 
management tool for young pecan trees and have seen increases in market consumption of 
ZnEDTA and application to pecan orchards via irrigation injection.  
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Goals and Outcomes Achieved  
The primary goals of this project were to evaluate the ability of Zn-EDTA fertigation to 1) 
provide adequate and sustained Zn uptake and 2) to elicit positive growth responses in treated 
trees. The benchmark for the first goal was to eliminate visible Zn deficiency symptoms by 
ZnEDTA injection. This was largely accomplished, although slight Zn deficiency can still be 
seen in treated tees. The benchmark for the second goal was to establish that ZnEDTA treatments 
positively affected tree growth. This was partially achieved. As trees grew larger, it became 
impossible to accurately measure plant height or length of shoots, as originally envisioned. Tree 
trunk diameter growth did increase, but this proved to be a relatively inaccurate measurement. 
Therefore, we measured leaf photosynthesis rates, which is a very sensitive measurement. We 
clearly demonstrated that photosynthesis rates were greatly increased (nearly doubled) by 
application of ZnEDTA. The target for leaf Zn levels was 40 to 50 ppm. In 2014 foliar Zn levels 
in the higher ZnEDTA treatment exceeded 30 ppm, compared to less than 15 ppm in untreated 
trees. Although our target was not met, through this study we have learned that this target is 
higher than necessary and have accordingly changed our foliar Zn analysis interpretations.  
This project achieved all of its goals. Efficacy of ZnEDTA treatments was quantitatively 
demonstrated. Some measures had to be altered (e.g. replacing some plant growth parameters 
with biochemical measurements including photosynthesis rates).  Foliar Zn concentrations did 
not reach anticipated levels, however, we determined that the original target level was 
unnecessarily high.  
 
Progress and results from this project have been presented to local growers at the Western Pecan 
Growers Association Conference in March, 2011; the Arizona Pecan Growers Association in 
September of 2012 and 2013, and September, 2014; at the New Mexico Pecan Short course in 
November 2014; and the Simposio Internacional de Nogal Pecanero in Hermosillo, Sonora in 
September, 2014. Presentations were made to an audience comprised largely of Western region 
crop consultants in March of 2011, 2013, and 2015. Internationally, results were presented at the 
South Africa Pecan Growers Association Conference in February, 2013; and at the International 
Horticulture Congress in Brisbane, Australia in August, 2014. A report was made to the Western 
Soil Science Society in Tucson, Arizona in July, 2013. Progress and results were published in the 
2011, 2013, and 2014 Proceedings of the Western Nutrient Management Conference. 
 
An ancillary project started in 2014 in conjunction with scientists at New Mexico State 
University, and using material produced in the current project, has determined that pecan nuts 
produced with fertigated ZnEDTA contain elevated levels of anti-oxidants, a healthful ingredient 
contained in nuts. This work will be presented at the American Society for Horticultural Science 
Annual Conference in August 2015.  
 
This research needs to be continued as the size of the test trees grows. We can recommend 
irrigation injection for small trees, but still lack information on larger ones. We will continue to 
apply treatments and collect plant data in coming seasons.  

 

Beneficiaries  
Pecan growers in regions with calcareous soils benefit from this project. It is most applicable to 
those with orchards irrigated with pressurized irrigation systems. This includes some older 
orchards, but is most appropriate for young orchards that incorporate microsprinkler or drip 
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irrigation systems. Results were presented to growers in New Mexico, Arizona, Sonora Mexico, 
South Africa, and Australia.  
 
There are approximately 30 commercial pecan growers in Arizona, several hundred in New 
Mexico, and roughly 100 West Texas growers with similar soils and growing conditions. 
Additionally, pecan acreage is expanding in Sonora and Chihuahua, Mexico. In Arizona 
approximately 8,000 of the 21,000 total acres use pressurized irrigation systems suitable for zinc 
fertigation (this is not an option for orchards irrigated with surface flow systems). In New 
Mexico, the vast majority of acreage is irrigated with surface systems, but there are no figures to 
quantify this. In Sonora and Chihuahua, most orchards use pressurized systems but, again, no 
specific data are available. Furthermore, a small amount of acreage consists of growers 
producing certified ‘organic’ pecans, in which use of Zn-EDTA is prohibited. Consequently, it is 
not possible to provide a specific number of potential specialty crop beneficiaries of this 
research. In Arizona and Mexico, particularly, nearly all new orchard acreage is irrigated with 
pressurized systems, and some older acreage is being converted to pressurized systems. In 
Arizona, essentially all of this newer acreage is being fertigated with Zn-EDTA. Anecdotal 
reports indicate that this practice is also being adopted in other Western states.  Over At least one 
quarter of Arizona’s 20,000 acres of pecans are now fertilized with ZnEDTA injected into 
irrigation water.  
 
Growers adopting this technology have reduced costs, and improved Zn nutrition of pecan trees.  

 

Lessons Learned  
We learned that highly accurate biochemical measurements like photosynthesis rates are more 
useful than much more variable growth parameters. We have also developed better irrigation 
injection systems for research orchards. Improved experimental designs have been incorporated 
into new studies.  

 

Contact Person  
Dr. James Walworth 
520 490-6895 
Walworth@email.arizona.edu 
 

Additional Information  
Detailed results are available upon request. 

 

 
Figure 1. Leaf Zn concentrations resulting from varying levels of ZnEDTA application. 
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Figure 2. Visible Zn deficiency in Wichita pecans 
resulting from varying levels of ZnEDTA application. 
0 = severe symptoms; 5 = no symptoms. 
 

 
Figure 3. Photosynthesis rates (2014) in Wichita pecans 
resulting from varying ZnEDTA application rates.  
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2012 Southwest Ag Summit 
Field Day & Breakout Session Speakers 

March 7th and 8th, 2012 
 
 

1st DAY OF EVENT (March 7, 2012) 
 
2012 Field Day for March 7th/Wednesday 
 
7:00 AM  Registration/Yuma Ag Center 
 
8:00 AM to Noon Field Demonstration Day 

Mark Siemens, Ph.D., Yuma Agricultural Center, University of Arizona and 
Kurt Nolte, Ph.D., Yuma County Cooperative Extension, University of Arizona 

 
Field Demonstrations 
 

o Delta Plastics – Lay Flat Polytubing for Furrow/Flood Irrigation 
o Keithly-Williams Seeds – Cotton/Corn Planter 
o Keithly-Williams Seeds – The RoboCrop Automated in-Row Weeder/Thinner 
o Keithly-Williams Seeds – Williames Automated Transplanter 
o Keithly-Williams Seeds – Kennco Mulch Retriever 
o Empire Southwest LLC/Wilcox Ag Products – Solar Energy Demonstration 
o Kurt Nolte, Yuma County Cooperative Extension – Spike Wheel Fertilizer Applicator 
o Booth Machinery Inc. – Effects of Tillage on Soil Properties - Case IH Ecolo Tiger, 870 

Disk Ripper, V-Ripper, 790 Disk, 165 Rollover Plow 
o Dr. Mark Siemens, University of Arizona – Lettuce Thinner 
o RDO Equipment Co. – John Deere 8360R Tier 4 Tractor with iGrade Leveling System 
o SITECH Southwest – Trimble Autopilot with SVRS RTC Connection 
o Bingham Equipment Co. – New Holland Ground Prep Tools 
o Foothill Packing – Lettuce Thinner 
o Green Leaf Technologies – Turbodrop Spray Nozzle Technology/Empire Spray Coupe 
o Helena Chemical Company – Clyphosate herbicide Test 
o KIFCO – Water Reel 
o Gearmore – High Density Planter 
o Northwest Tillers – 84” Mulcher/Bed Shaper 

 
 

2nd DAY OF EVENT (March 8, 2012) 
 
2012 Academic Speakers & Workshops for March 8th/Thursday (22 CCA Units, 11 CA/AZ PCA Units) 
 
7:00 AM  Late Registration and Refreshments/Pivot Point, Old Town Yuma 
 
7:45 AM  Opening Remarks – Steve Alameda YFVA, CAPCA Award 
   Dr. Shane Burgess, College of Agriculture, University of Arizona 
 
8:15 AM  Morning Keynote – Mike McCarty, President and CEO, Helena Chemical Company 
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    “Pest Management Technologies Have a Bright Agricultural Future” 
(0.5 CCA Units, 0.5 CA/AZ PCA Units) 

 
9:15 AM  Networking Break 
  
 
Morning Breakout Sessions / 9:30 AM – 12:00 PM 
 

PIVOT POINT – REDONDO ROOM 
Morning Session: Breakout #1, Integrated Pest Management Regulatory Update (2 CCA Units, 2 CA/AZ PCA 
Units) 
Moderator: John Palumbo, Entomology Department, University of Arizona 
 
 9:30 – 10:30 AM  California Legislative and Regulatory Update  
   Renee Pinel, Western Plant Health Association 
   
10:30 – 11:30 AM       Arizona Pesticide Regulatory Update   
   Jack Peterson, AZ Dept of Agriculture 
 
 

PIVOT POINT – SOUTHERN PACIFIC ROOM 
Morning Session: Breakout #2, Fresh Produce Safety I (1.5 CCA Units) 
Moderator: Fatima Corona, JV Farms 
 
 9:30 – 11:00 AM  Quality Standards and Sampling of Irrigation Water for Food Safety  
    
 
 

PIVOT POINT – ANZA ROOM 
Morning Session: Breakout #3, Minimizing Pesticide Spray Drift with Advanced Nozzle Selection (1.5 CCA 
Units, 1.5 CA/AZ PCA Units) 
 
 9:30 – 11:00 AM  Advanced Nozzle Selection for Minimizing Pesticide Spray Drift in Desert Grown Crops  

Dr. Bill McCloskey, University of Arizona, Dr. Pedro Andrade, University of Arizona 
 
 

HILTON GARDEN INN – YUMA ROOM (2 CCA Units) 
Morning Session: Breakout #6, Alternative Crops and Technologies 
Moderator: Dr. Mark Siemens, University of Arizona 
 
  9:30 – 10:00 AM  Wheeled Point Injection System for Improved Chemical Application 

Dr. Mark Siemens, University of Arizona 
 

10:00 – 10:30 AM       Sunflower: An Alternative Crop in the Desert Southwest 
Ron Meyer, Colorado State University 
 

 10:30 – 11:00 AM  The Lettuce Ice and Freeze Forecasting Program 
Dr. Paul Brown, University of Arizona 
 

10:00 – 10:30 AM       Irrigation and Nitrogen Management Web-Based Software for Lettuce Production 
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Dr. Michael Cahn, University of California 
 
 

HILTON GARDEN INN – CALIFORNIA ROOM (2 CCA Units) 
Morning Session: Breakout #7, Fresh Approaches to Plant Nutrition and Fertilizers 
Moderator: Ayman Mostafa, University of Arizona 
 
  9:30 – 10:00 AM  Understanding and Improving Phosphorus Fertilizer in SW Agriculture 

Dr. Terry Tindall, J.R. Simplot 
 

10:00 – 10:30 AM       Fundamentals of Using Controlled Release Fertilizers 
Dr. Eric Ellison, Agrium Advanced Technologies, Inc. 
 

10:30 – 11:00 AM  Seeking a Genetic Path for Improved Nutrient Use Efficiency 
Dr. Charles Sanchez, University of Arizona, Dr. Roberto Gaxiola, Arizona State University 
 

10:00 – 10:30 AM       Algae: Fuel, Feed and Fertilizer 
Dr. Milton Sommerfield, Arizona State University 
 

 
Noon to 1:30pm LUNCH 

Afternoon Keynote – Howard Buffett, CEO, Howard G. Buffett Foundation 
 

 
 
 
Afternoon Breakout Sessions / 1:30 PM – 3:30 PM  
 

PIVOT POINT – REDONDO ROOM 
Afternoon Session: Breakout #8, Integrated Pest Management in Vegetables (2 CCA Units, 2 CA/AZ PCA Units) 
Moderator: John Palumbo, University of Arizona, Martin Reid, DuPont Crop Protection 
 
1:30 – 2:00 PM  Sclerotinia Drop of Lettuce: Management Considerations for Next Season 
   Dr. Mike Matheron, University of Arizona 
 
2:00 – 2:30 PM  Update on Vegetable Disease Concerns for California and Arizona 
   Dr. Steven Koike, University of California 
 
2:30 – 3:00 PM  Demonstration of Herbicide Mode of Action with Time Lapse Photography 
   Barry Tickes and Marco Pena, University of Arizona 
 
3:00 – 3:30 PM  Effective Management of Powdery Mildew on Melons: Achievement and Sustainability 
   Dr. Mike Matheron, University of Arizona 
 
 

PIVOT POINT – SOUTHERN PACIFIC ROOM 

Afternoon Workshop: Breakout #9, The Agronomic Professional Development Refresher (2 CCA Units) 
 
1:30 – 1:50 PM  Basic Nutrient Management 
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    Dr. Sam Wang, University of Arizona 
 
1:50 – 2:10 PM  Physical and Chemical Properties of Soil 
   Shawna Loper, University of Arizona 
 
2:10 – 2:30 PM  Introductory Plant Physiology 
   Dr. Kurt Nolte, University of Arizona 
 
2:30 – 3:00 PM  Tillage and Ground Preparation 
    
3:00 – 3:30 PM  Irrigation and Water Management 
   Dr. Ed Martin, University of Arizona 
 
 

PIVOT POINT – ANZA ROOM 
Afternoon Session: Breakout #10, Agribusiness, Strategic Planning for the Future: An Interactive Panel 
Discussion  
Moderator: Dr. George Seperich, Food Science and Agribusiness, Arizona State University 
 
1:30 – 3:30 PM  Gary Dyer, President and CEO, Farm Credit Southwest 
    Tim McCabe, President, Arizona Food Marketing Alliance 
 
 

HILTON GARDEN INN – ARIZONA ROOM 
Afternoon Session: Breakout #11, Fresh Produce Safety II (1 CCA Unit) 
Moderator: Vicki Scott, Amigo Farms 
 
1:30 – 2:00 PM  How to Effectively Communicate Food Safety Practices to Field Crews 
   Dr. Bobby Torres, University of Arizona 
 
2:00 – 2:30 PM  United Fresh Produce Association: Industry Update 
   Mr. Barry Eisenberg, United Fresh Produce Association 
 
2:30 – 3:00 PM  Agroterrorism: Potential Threats to the Agriculture Industry 
   Melissa Kreitner, FBI Intelligence Analyst, WMD Operations Investigative Unit 
 
3:00 – 3:30 PM  The Scat/Track Guidebook for Desert Animal Identification 
   Kaylee Renick, University of Arizona 
 
 

HILTON GARDEN INN – CALIFORNIA ROOM 
Afternoon Session: Breakout #13, Crop and Irrigation Management (2 CCA Units) 
Moderator: Dr. Mike Ottman, University of Arizona 
 
1:30 – 2:00 PM  A Model for Efficient Season Long Sprinkler Irrigation in Vegetables 
   Dr. Dawit Zerihun, Dr. Charles Sanchez, Dr. Kurt Nolte, University of Arizona 
 
2:00 – 2:30 PM  Lettuce Breeding for Low Desert Environments 
   Dr. Ryan Hayes, USDA Ag Research Service 
 

Page 102 of 139



2:30 – 3:00 PM  Soil Compaction in ‘Medjool’ Dates and its Effect on Root Growth and Fruit Yield 
   Dr. Pedro Andrade, University of Arizona 
 
3:00 – 3:30 PM  Growth Stages of Wheat: What They Mean to You 
   Dr. Mike Ottman, University of Arizona 
 
 

PIVOT POINT – COLORADO RIVER ROOM 
Afternoon Session: Breakout #14, Agricultural Labor and Immigration Reform (1 CCA Units) 
Moderator: Shelly A. Tunis, Attorney, Representing Yuma Fresh Vegetable Association 
 
1:30 – 3:30 PM  Trends in the Agricultural Labor Market: Interactive Panel Discussion 
Immigration reform and stricter enforcement of current immigration laws could significantly boost labor costs 
for agricultural producers.  Although the implications of future immigration reforms are highly uncertain, the 
most current information about the status of farmworkers is presented here. 
H2-A Issues and US Department of Labor and US Immigration and Customs Enforcement Investigations of 
Agricultural Operations. 
   Monte B. Lake, Attorney, CJ Lake, LLC, Washington DC 
 
Immigration Reform Efforts in Washington, DC and the States, and the Economics of Immigrant Agricultural 
Workers 
   Tamar Jacoby, President, ImmigrationWorks, Washington DC 
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2012 Southwest Ag Summit Survey 

 
1.   How would you describe your 

occupation?  [Circle 1] 
a.   Equipment Dealer 
b.   Grower/Farm Company 
c.   Marketing/Sales 
d.   PCA/Chemical Rep. 
e.   Professional/Support Personnel 
f. Seed Representative 
g.   University/Government Personnel 
h.   Water-related Personnel 
i. Other 

 

 

2.   Does your occupation involve the melon 
or vegetable industry? 

 

a.   Yes b.  No 
 
3.   Did you attend the Field Demonstration 

at the Yuma Ag Center? 
 

a.   Yes b.  No 
 
4.   How has the SW Ag Summit affected 

your occupation?  [Circle all that apply] 
 

a.   Obtained material about desert ag 
b.   Provided marketing opportunities 
c.   Obtained material about food safety 
d.   Developed networking opportunities 
e.   Gained continuing education credits 
f. Other   

 

 

5.   How did you learn about the SW Ag 
Summit? [Circle all that apply] 

 
a.   Postcard/Flyer in mail 
b.   SW Ag Summit website 
c.   Email 
d.   Social Media 
e.   Newspaper article 
f.  Word of mouth 
g.   Other   

6.  How likely are you to share information 
you obtained from the SW Ag Summit 
with others?  [Circle a number] 
Less Likely Very Likely 

 
1 2 3 4 5 

 
7.  If you share the information, with whom 

will you share it?  [Circle all that apply] 
 

a.   Staff 
b.   Coworkers 
c.   Media 
d.   Friends/Family 

 
8.  Why did you attend the SW Ag Summit? 

[Circle all that apply] 
 

a.   Academic breakout sessions 
b.   Booth displays 
c.   Continuing Education Credits 
d.   Field Demonstration 
e.   Keynote addresses 
f. Marketing opportunities 
g.   Networking opportunities 
h.   Other 

 

 

9.  What was the best part of the SW Ag 
Summit? 

 
 
 
 
 
10.  What part of the SW Ag Summit needs 

improvement? 
 
 
 
 
 

11.  What topics would you like to see at a 
future SW Ag Summit? 
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Arizona GHP/GAP Cost-Share Program
Rev. 2/2013

M.I.

State

Social Security Number or Employer Identification Number (EIN)

NO

Total Amount of Fees Paid for Certification

Date /
Day

Arizona Department of Agriculture

Date Audit Completed

$

For Official Use Only

To be eligible for reimbursement the operation must have received Good Handling Practices (GHP) and Good Agricultural

Practices (GAP) audit certification on or between October 1, 2011 and September 30, 2013 . The amount of

reimbursement is 75% of certification costs (maximum of $750). 

Email Address

Arizona GHP/GAP Certification Cost Share Application

Reimbursable Costs From InvoiceApplication Number

/
Month Year

Contact Name

Did the Applicant participate in GHP/GAP 

training?

Zip Code

Approved By Date

GHP/GAP AUDIT INFORMATION

Name of Auditor

YES

Date Fees Paid

Last Name

Auditor Duty Station

Documents To:

County

Phone Number

Agricultural Consultation and Training

PRODUCER/HANDLER IDENTIFICATION

NOTE: You must attach a copy of your certification, billing, and proof of payment (in the form of 

a cancelled check) to your application.

I certify that the above information is true and correct, and the operation stated above received GHP/GAP certification on 

or between October 1, 2011 and September 30, 2013.

Notice of Penalties: Penalty for knowingly making false statements or false entries, or attempts to secure 

money through fraudulent means, may include fines and/or incarceration and/or forfeiture of agriculture 

assistance funds under applicable federal and state law.

Mail Application and Supporting

First Name and/or Company Name

Address

City

Phoenix, Arizona 85007

SIGNATURE
Certification by Producer:

Certified Operations Signature

SCBGP - GHP/GAP

Cost Share Reimbursement

1688 West Adams Street

□75% = $ □ $750
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Fruit & Veggie Garden

AC T I V I T Y  G U I D E
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Resources for General Background Information
To facilitate the activities in this booklet, it is helpful to have background information about plants. 
Below are websites that provide information in easy-to-learn formats, along with defi nitions for common 
plant-related terms.

Enchanted Learning
www.enchantedlearning.com/subjects/plants/plant

Biology 4 Kids
www.biology4kids.com/fi les/plants_main.html

Plants and Our Environment ThinkQuest
http://library.thinkquest.org/3715/

Seed to Fruit PBS Video
az.pbslearningmedia.org/resource/evscps.sci.life.seedint/from-seed-to-fruit-interactive

Think Garden: Plant Structure PBS Video
az.pbslearningmedia.org/resource/5dea21b4-6c92-46ff-982c-8650f9429c01/think-garden-plant-structure

From Seed to Flower PBS Video
az.pbslearningmedia.org/resource/tdc02.sci.life.colt.plantsgrow/from-seed-to-fl ower

www.wormwoman.com

www.cityfarmer.org
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The purpose of this activity guide is to provide an 
introduction to the many concepts and ideas that can 
be explored in conjunction with the Phoenix Zoo’s 
Fruit & Veggie Garden. The guide is designed with 
students and families in mind and can be adapted for 
a variety of age levels. We encourage you to combine 
these activities with a visit to the Zoo’s Fruit & Veggie 
Garden. 

The guide contains:
 • Resources for general background information.
 • Activities to 
  o explore the science of plants.
  o  explore the nutritional benefi ts of fruits and 

vegetables.
  o  explore Arizona’s agricultural production and 

economy.
 •  Links to Arizona’s K-12 science education 

standards for classroom teachers.

We hope that you enjoy exploring fruits and 
vegetables and that you are able to make a visit to  
the Zoo’s Fruit & Veggie Garden. 

Funding for this guide and the Phoenix Zoo Fruit & 
Veggie Garden comes from:

Western Growers Foundation

Will & Leslie Rousseau Family

Arizona Department of Agriculture

Introduction
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General Plant Anatomy
Flower: colored and usually scented product of a plant.

Fruit: product of a plant that follows the fl ower.

Leaf: part of the plant that is an offshoot of the stem and is 

usually green.

Root: the part of the plant, usually underground, that uptakes 

water and nutrients.

Seed: the part of a (fl owering) plant that may grow into a new 

plant.

Seed coat: the protective outer layer of the seed.

Seed leaves: also known as the cotyledons, these will “feed” 

the plant until it develops its new leaves.

Shoot: above ground part of the plant.

Stem: the part of the plant that supports the leaves and 

transports water and food from the roots to the leaves.

Flower Anatomy
Stigma: part of the pistil that receives the pollen. 

Style: central part of the pistil. 

Ovary: lower part of the pistil that produces eggs. 

Pistil: the set of female parts of a fl ower; includes the ovary, 

style and stigma. The ovary, style and stigma are contained in a 

carpel and some fl owers have multiple carpels. All of the carpels 

together make a pistil. Sometimes the terms carpel and pistil are 

used interchangeably. 

Receptacle: part of the fl ower to which the other parts are 

attached. 

Sepal: small leaves under the fl ower that protect the young 

fl ower bud. All of the sepals together form the calyx.

Standard Defi nitions 

Petal: structures that are often large and colorful, and 

sometimes scented. They sometimes produce nectar and often 

serve to attract pollinators. All of the petals together form the 

corolla.

Filament: the stalk of the stamen that supports the anther. 

Anther: part of the stamen that produces the pollen.

Stamen: the set of male parts of a fl ower; includes the fi lament 

and anther.

Peduncle: the stalk that supports the fl ower.

Pollen: grains containing the male gametes. Located in the 

anther.

Ovule: Located in the ovaries, these carry the female gametes. 

When they are fertilized they become seeds. 

Fruit: the mature ovary of a fl ower that serves to protect the 

seeds and often aids in seed dispersion.
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In this activity, students use observation 
and inquiry skills to identify potential 
characteristics that separate fruits and 
vegetables from each other. 

Procedure:
1.  Divide students into groups of three or four and give each group 

a variety of fruits and vegetables to explore.

2.  Direct the students to fully explore the produce in front of them 

with all of their senses (except for taste at this point). For older 

students, you can ask them to take notes about their observations, 

while younger students can discuss their observations together 

in their groups. Let them know that you can help them cut their 

produce open or in half if they’d like to explore the insides. 

3.  After they’ve had time to explore and discuss/record their 

observations, ask them to start placing the produce into groups 

with similar characteristics. They need to determine as a group 

what characteristics they are grouping together. Once they’ve 

made their groupings, take a moment for each group of students 

to share with the class and discuss ideas for which groupings may 

be fruits, vegetables or a combination of both.

4.  After the class discussion, have the students work in their groups, 

think about which produce are fruits and/or vegetables and place 

the produce into the appropriate group. Then have them develop 

a defi nition for each group. For younger students, you may ask 

them to create a list of words to describe fruits and vegetables 

instead of a full defi nition. 

What is a Fruit? What is a Vegetable?

Materials:

 •  A variety of fruits and vegetables (or images if fresh 

produce is diffi cult to obtain, see the Supplemental 

Materials section of this packet for some example images)

 • Magnifying lenses

 •  Produce knife (for the adults and older students only)

5.  Have the student groups share their defi nitions with the class and 

discuss the similarities and differences between each defi nition. 

6.  You can then share the following descriptions with the class: 

A vegetable is typically considered to be the edible portion 

of a plant. Vegetables can be leaves (lettuce), stems (celery), roots 

(carrots), tubers (potato), bulbs (onion) and fl owers (broccoli). 

The defi nition of a vegetable can vary in different cultures. In 

the U.S. they are commonly considered foods that are eaten 

with a meal, versus fruits which are sweet and thought of as 

snacks or dessert. Sometimes tomatoes, squash and peppers are 

considered vegetables, while by defi nition they are actually a fruit. 

A fruit, in botanical terms, is the mature ovary of a plant which is 

produced after a fl ower is fertilized. The fruit provides protection 

for plant seeds. Fruit is also typically considered the sweet and 

fl eshy part of a plant, while vegetables are all of the other edible 

portions of a plant. 

  •  SC00-S1C1-PO1, PO2, PO3; SC00-
S1C3-PO1; SC00-S1C4-PO1, PO2

•  SC01-S1C1-PO1, PO2; SC01-
S1C2-PO4; SC01-S1C3-PO2; 
SC01-S1C4-PO1;  SC01-S4C1-PO1

Connections to Arizona Academic Standard
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Guide your students to discover that a 
seed has a new plant in it and food for 
the plant to begin its life.

Materials:

 • A variety of fruit, vegetable and nut seeds

 • Corn or bean seeds

 • Glass of water

 • Plastic knife

What’s in a Seed?

Procedure:
1.  Put some corn or bean seeds in a glass of water to soak 

overnight.

2.  Pass out samples of the other seeds you’ve gathered (dry 

seeds). Compare and contrast the sizes, shapes, colors and 

plants that they come from. 

3. Ask the children what they think is inside the seed. 

4.  To fi nd out, take the beans you’ve soaked overnight and gently 

open the seeds with your fi nger or a plastic knife.

5.  Allow the students to look inside the seeds to see the tiny 

plants. 

6.  Begin to point out that the plant depends on the food provided 

by the seed until it can send out roots to get food from the 

soil. 

Extension Ideas:
1.  Collect a variety of seed packets or photos of seeds and 

images of their corresponding mature plants.  You can create 

a matching activity, asking students to match the seeds to the 

correct mature plant image or give students time to explore 

the materials and create their own games to test each other. 

2.  Have students do their own research to understand how 

seeds are produced and stored for a particular plant. If you did 

the activity to explore the defi nitions of fruits and vegetables, 

you might want to focus their research projects on vegetables 

since they will already have a basic understanding of how 

fruiting plants store their seeds. 

•  SC00-S1C1-PO1, PO2; SC00-
S1C2-PO2; SC00-S1C3-PO1; 
SC00-S1C4-PO1, PO2; SC00-
S5C1-P01

•  SC01-S1C1-P01, P02, P03; SC01-
S1C2-P04; SC01-S1C1-PO1, PO2

Connections to Arizona Academic Standard
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Students explore a variety of plants 
to learn about their various parts and 
their structure and function. They then 
create their own plant with all of the 
appropriate parts.

Procedure:
1.  Invite the students to examine and describe the various parts 

of the plants that they have access to. What colors are the 

different parts? How do the different parts smell? Which parts 

are large? Small? Rough? Smooth? Round? Pointed? Bumpy? 

Soft? Velvety? Waxy? 

2.  Ask them to discuss in groups how they think the various 

plant parts might help the plant to survive.  

3.  Have the groups report out their fi ndings to the rest of the 

class, then show them a plant diagram and explain the function 

of each part to the class. 

4.  After the class discussion and lesson, invite the students to 

use their creativity to create their own plant. They can be 

as imaginative as they want to create their plant as long as 

the plant has all of the necessary components for survival. 

Students can use whatever materials you are able to provide 

for their creations. They can draw their creation, use craft 

materials to represent the various plant structures, or glue 

together photographs of plant parts. For younger students, 

you can invite them to create a collage out of photos of plant 

parts (stems, leaves, fl owers, roots, etc.).

Plant Parts Exploration

Materials:

 •  Access to a garden or outdoor area with a variety of 

plants 

 • Magnifying lenses

 •  Various art and craft supplies (what you have available 

is fi ne) or images of plants that can be cut into pieces 

(by plant part) or images of plant parts

5.  Invite students to share their creations with the class when 

they are done. 

Extension Ideas:
1.  Gather images of fruits and vegetables and their corresponding 

mature plants. Allow the students to use these images to 

create their own games to match the fruits and vegetables to 

their plants. 

2.  Survey your school yard and plants and see what fruits and 

vegetables are around. Have the students point out the various 

parts of those plants. 

•  SC00-S1C1-PO1, PO2; SC00-
S1C2-PO2; SC00-S1C3-PO1; 
SC00-S1C4-PO1, PO2; SC00-
S5C1-P01

•  SC01-S1C1-P01, P02, P03; SC01-
S1C2-P04; SC01-S1C4-PO1, PO2; 
SC01-S2C1-PO1; SC01-S4C1-PO2

• SCO3-S4C1-PO1

Connections to Arizona Academic Standard
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Materials:

 •  A large blossom to dissect (one for each student or 
each group of students)

 • Magnifying lenses

 • Tweezers or cotton swabs

 •  Anatomy of a fl ower diagram (included in this packet in 
the Supplemental Materials section)

 •  A variety of close-up images of fl owers and plant 

pollinators (some of your images should show the 
pollinator in action in the f lower). Example images are 

provided in the Supplemental Materials section. 

 • Paper and crayons or colored pencils

 •  Optional:  An outdoor location with fl owering plants 
that you know is frequented by pollinators or video 
clips of pollinators in action 

Introducing Pollinators

Procedure:
1.  Divide students into small groups or have them work 

individually and give each access to a blossom, magnifying lens, 

cotton swab or tweezers and a copy of the fl ower diagram.

2.  Give them time to explore the blossom and identify all of the 

parts from the diagram. Encourage them to touch the pollen 

with their fi ngers or the cotton swab (be sure to check if any 

students have allergies to fl ower pollen).

3.  After the students had time to explore and dissect the 

blossom, use a cotton swab to visually demonstrate how a 

pollinator accesses the fl ower for nectar and inadvertently 

picks up pollen and distributes it to another blossom. 

4.  Then give each group of students a set of images of fl owers 

and pollinators to examine. The students should spend time 

examining the shape of the fl owers compared to the shape of 

the organisms that feed from them and pollinate them. Have 

them record their observations and consider these questions: 

How does the pollinator access the food within the fl ower? 

How does the pollinator pick up the pollen from the fl ower? 

Are there pollinators with specifi c body shapes that seem to 

frequent specifi c shapes of fl owers? 

5.  If you have access to an outdoor space where students can 

observe live pollinators in action, or a video clip of pollinators 

in action, allow some time for them to explore and consider 

the same questions with pollinators in action. 

6.  Once observations are complete, have the students work in 

groups or by themselves and challenge them to design a new 

type of fl ower and the pollinator that would feed from the 

fl ower. How does the pollinator get the food from the fl ower?  

How does the pollinator pick up the pollen and transfer it to 

another blossom? Encourage the students to consider shape, 

color and scent of the fl ower along with shape, color and 

locomotion of the pollinator. 

Extension Ideas: 
Have students conduct research about a specifi c pollinator and 

the blossoms that it is attracted to. Ask the students to identify 

how the pollinator’s and fl ower’s structure allows for pollination 

to happen. 

• SC01-S4C1-PO1; SC01-S4C3-PO3

• SC02-S4C1-PO1

• SC03-S4C1-PO1; SC03-S4C3-PO4
Connections to Arizona Academic Standard

This activity focuses on pollination that is 
aided by other organisms such as insects, 
birds and bats. First, students will dissect 
a fl ower to understand the role of pollen 
and the pollination process. Then they will 
use images or live observations to explore 
how various insects or birds interact with 
plants to support pollination. 

Pollination is an important part of a plant’s life cycle. There 
are many different ways that pollination can take place. 
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Fruits and vegetables don’t just taste good, they are 

also an important part of a healthy diet. To ensure 

that you get enough fruits and vegetables each day, 

the USDA recommends that you fi ll half of your 

plate at every meal with fruits and vegetables. There 

are so many kinds of fruits and vegetables to choose 

from and they all have different benefi ts for your 

body. Many healthy fruits and vegetables are grown 

right here in Arizona and in neighboring California. 

Procedure:
1.  Visit the website producepedia.com by Western Growers.

2.  Look through the site at the variety of fruits and vegetables 

that are grown in Arizona and California.  Which look tastiest 

to you? What health benefi ts do they offer that interest you? 

3.  Choose at least one fruit and one vegetable that you’d like to 

try. Explore the page for each one and learn all that you can 

about it. Click on the links for the farmers that grow them and 

learn more about those farmers. 

4.  Explore the page to fi nd links to recipes and choose a recipe 

that you’d like to try.

The Nutritional Benefi ts of Fruits and Vegetables

Extension Ideas:
1.  Design a daily or week-long menu with fruits and vegetables to 

get the most nutritional benefi t that you can. 

2.  Choose an Arizona farmer to visit and see how they grow the 

fruits and vegetables that you love to eat. 

3.  Watch the videos on the site to learn more about how farmers 

grow fruits and vegetables. 

• H00-S1C1-PO1; H00-S1C3-PO2

• H01-S1C1-PO1; H01-S1C3-PO2

• H02-S1C1-PO1; H02-S1C3-PO2

• H03-S1C1-PO1; H03-S1C3-PO2

• H04-S1C1-PO1; H04-S1C3-PO2

• H05-S1C1-PO1; H05-S1C3-PO2

Connections to Arizona Academic Standard

Western Growers has created a great 
website where you can learn about the 
benefi ts of local fruits and vegetables. 
It’s a great place to start thinking about 
how to add more fruits and vegetables 
into your diet. 
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Explore Arizona’s Agricultural Production and Economy

Fruit and vegetable production and sales are an 
important part of Arizona’s economy.  There are 
1,683 specialty crop farms in the state.  Arizona ranks 
second nationally in its production of cantaloupe 
and honeydew melons, head and leaf lettuce, spinach, 
broccoli, caulifl ower and lemons. This activity section 
helps in the exploration of the importance of 
produce to Arizona. 

Mapping Arizona’s Fruit and Vegetable Production
Students use Arizona’s agricultural data to map the market value of fruits 
and vegetables produced in the state by county. They then explore questions 
that come up when they analyze the distribution. 

Page 1 of 2

Procedure:
1.  Divide students into groups of 3 – 5 individuals. Give each 

group a map, a group of blocks and the Arizona Agriculture 

Data Chart.

2.  Explain that the students will need to stack the appropriate 

number of blocks in each county to represent the amount 

of dollars worth of vegetables that are produced in that 

county. For younger students, you will need to tell them how 

many dollars each block is worth. Older students may be 

able to determine themselves how much each block should 

represent. There is a wide distribution of values between 

counties so you may choose to designate different colored 

blocks as different values, or simplify the activity to focus 

on only a few of the larger counties. Data is not available 

for all counties, so it is recommended that you focus on 

the counties for which data is available. You may also do the 

same activity using the number of farms, or total farm land 

from the table.

3.  Once they determine how many blocks belong in each 

county, the students should then stack the blocks in each 

county. They will then have a three-dimensional histogram of 

the distribution of vegetable production across the state. 

4.  Ask the students why they think the production may 

be distributed the way that it is. Does it have to do with 

population, cities versus urban environments, topography or 

water availability? Encourage them to think about what plants 

need to survive as they discuss the possibilities. As a class, 

decide what research could be done about the counties to 

help determine why the crop production is distributed the 

way that it is. 

5.  To conduct their research students may want to start with 

exploring the main webpage for each county along with the 

topography of the state.
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Materials:

 •  A large map of Arizona with counties labeled (see the 
Supplemental Materials section for a basic map that can 
be enlarged)

 • LEGO blocks or any type of small stackable blocks

 •  Arizona Agriculture Data Chart (included in this packet, 
see the Supplemental Materials section)

Explore Arizona’s Agricultural Production and Economy

Page 2 of 2

Optional: 
Do the same activity, but start by giving students a blank map 

of the state with county divided lines and have them use colors 

or symbols to draw in the topography of the state. This will 

help the students to think about vegetable production in 

relation to what the land may be able to support. Arizona 

topography information can be found at: www.worldatlas.

com/webimage/countrys/namerica/usstates/azland.htm  and 

geology.com/state-map/arizona.shtml.

Extension Idea: 
How Does Arizona Compare to the Rest of the 

Country? 

Use the U.S. Agricultural Data Chart (see Supplemental Materials 

section) and have students create a histogram to compare the 

dollar value of fruits and vegetables produced in different U.S. 

states.  You can divide the students into small groups and assign 

each group to compare Arizona to 4 – 5 other states. Hold a 

class discussion about how Arizona compares to other states 

and what might contribute to Arizona’s ranking. 

•  SC02-S1C1-PO1; SC02-S1C3-PO1, 
PO2; SC02-S1C4-PO1

• SC04-S1C4-PO1, PO2

• SSO3-S5C1-PO4, PO5, PO6

•  SS04-S4C1-PO1; SS04-S1C1-PO3; 
SS04-S4C2-PO1, PO3, PO4, PO5

•  Math Common Core for Grade 3: 
3.MD.B.3

•  Math Common Core for Grade 6: 
6.SP.B.4

Connections to Arizona Academic Standard
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Sample Fruit and Veggie Images

Supplemental Materials

Bell Pepper (photos courtesy of PBS LearningMedia)  •  Grapefruit (photos courtesy of Western Growers)

Page 117 of 139



Plant Structures Diagram

©Sheri Amsel   www.exploringnature.org

Supplemental Materials
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Flower Diagram

Supplemental Materials

Top Flower Image ©Sheri Amsel   www.exploringnature.org

Page 119 of 139



Sample Pollination Images

Supplemental Materials
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Alabama 48,753 9,033,537 33,902 27,610

Alaska 686 881,585 4,281 75

Arizona 15,637 26,117,899 865,260 97,745

Arkansas 49,346 13,872,862 38,145 13,209

California 81,033 25,364,695 5,435,521,000 11,054,581,000

Colorado 37,054 31,604,911 289,34,5000 23,192,000

Connecticut 4,916 405,616 30,230,000 28,641,000

Delaware 2,546 510,253 71,47,000 *

Florida 47,463 9,231,570 1,422,150,000 2,144,718,000

Georgia 47,846 10,150,539 459,612,000 201,504,000

Hawaii 7,521 1,121,329 61,256,000 154,315,000

Idaho 25,349 11,497,383 783,807,000 30,036,000

Illinois 76,860 26,775,100 103,914,000 10,246,000

Indiana 60,938 14,773,184 78,719,000 19,193,000

Iowa 92,856 30,747,550 16,310,000 7,371,000

Kansas 65,531 46,345,827 24,767,000 7,293,000

Kentucky 85,260 13,993,121 20,937,000 3,088,000

Louisiana 30,106 8,109,975 53,448,000 19,358,000

Maine 8,136 1,347,566 155,147,000 85,183,000

Maryland 12,834 2,051,756 56,394,000 19,393,000

Massachusetts 7,691 517,879 59,180,000 100,623,000

Michigan 56,014 10,031,807 347,305,000 392,472,000

Minnesota 80,992 26,917,962 275,912,000 18,517,000

Mississippi 41,959 11,456,241 82,498,000 33,498,000

Missouri 107,825 29,026,573 61,705,000 4,315,000

County Number of Farms** Amount of Farm Land** Value of Vegetables Value of Fruits and Nuts
               (acres)             ($)                 ($)

U.S. Agricultural Data Chart

Supplemental Materials

Page 1 of 2

2007 data retrieved from http://www.agcensus.usda.gov/Publications/2007/Full_Report/Census_by_State/
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County Number of Farms** Amount of Farm Land** Value of Vegetables Value of Fruits and Nuts
               (acres)             ($)                 ($)

U.S. Agricultural Data Chart

Montana 29,524 61,388,462 39,429,000 7,877,000

Nebraska 47,712 45,480,358 63,840,000 2,594,000

Nevada 3,131 5,865,392 56,356 *

New Hampshire 4,166 471,911 12,716,000 12,968,000

New Jersey 10,327 733,450 181,543,000 147,933,000

New Mexico 20,930 43,238,049 88,996,000 105,867,000

New York 36,352 7,174,743 338,037,000 363,295,000

North Carolina 52,913 8,474,671 333,939,000 79,288,000

North Dakota 31,970 39,674,586 162,655,000 *

Ohio 75,861 13,956,563 135,355,000 45,419,000

Oklahoma 86,565 35,087,269 25,315,000 17,543,000

Oregon 38,553 16,399,647 339,388,000 515,582,000

Pennsylvania 63,163 7,809,244 125,623,000 151,101,000

Rhode Island 1,219 67,819 8,111,000 4,483,000

South Carolina 25,867 4,889,339 126,311,000 34,481,000

South Dakota 31,169 43,666,403 3,464,000 412,000

Tennessee 79,280 10,969,798 71,870,000 2,552,000

Texas 247,437 130,398,753 373,704,000 219,819,000

Utah 16,700 11,094,700 16,092,000 17,022,000

Vermont 6,984 1,233,313 13,192,000 15,875,000

Virginia 47,383 8,103,925 93,988,000 68,193,000

Washington 39,284 14,972,789 809,963,000 2,081,031,000

West Virginia 23,618 3,697,606 5,811,000 14,206,000

Wisconsin 78,463 15,190,804 422,639,000 218,248,000

Wyoming 11,069 30,169,526 3,501,000 *

Page 2 of 2

*data not available  **Number of farms and amount of farm land are calculated using all agricultural products, not just fruits and vegetables.
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Arizona Agricultural Data Chart
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Apache 4,243 * 3,981,000 609,000

Cochise 1,065 824,226 * 19,819,000

Coconino 1,597 6,101,943 905,000 *

Gila 279 1,166,457 139,000 *

Graham 343 1,345,629 * 4,983,000

Greenlee 127 3,567 * *

La Paz 99 * 46,328,000 *

Maricopa 1,793 485,469 93,052,000 *

Mohave 334 858,392 * *

Navajo 2,949 4,502,752 2,399,000 688,000

Pima 622 * 328,000 *

Pinal 785 1,047,112 * *

Santa Cruz 193 129,581 * 340,000

Yavapai 756 639,042 320,000 563,000

Yuma 452 210,480 673,544,000 *

County Number of Farms** Amount of Farm Land** Value of Vegetables Value of Fruits and Nuts
               (acres)             ($)                 ($)

2007 data retrieved from http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/County_Profi les/Arizona/
*data not available  **Number of farms and amount of farm land are calculated using all agricultural products, not just fruits and vegetables.
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Figure 1.  Image demonstrating tomato growth to increasing P rate (left to right) and conventional 
(front) and AVP-OX (back) tomato. 
 
  
 
 
 

    
 
 
 

    
          
          
          
          
          
          
          
          
          
          
 

    
 

    
          
     

 

     
     
     
     
     
     
Figure 2. Cumulative fruit yield of greenhouse tomato by P rate and cultivar. 
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Table 1.  Main effect responses of conventional and AVP-OX potato to P in 2013. 
Treatment Marketable Yield (MT/ha) 

 
P Rate (kg/ha)  

0 11.2 
50 12.4 
100 11.0 
Stat. NS 

  
Cultivar  
Desirae 13.1 

Desirae AVP-OX 1 9.7 
Desirae AVP-OX 2 12.1 
Desirae AVP-OX 3 11.2 

Stat. NS 
NS=not significant 
 
 

Table 2.  Main effect responses of conventional and AVP-OX tomato to P in 2013. 

Treatment Marketable Yield (MT/ha) 
 

P Rate (kg/ha)  
0 6.0 
25 6.4 
50 7.1 
100 6.6 

 NS 
  

Cultivar  
Money Maker 7.4 

AVP-OX Money Maker 5.7 
 * 

*Significant at the 5% level. NS=not significant. 
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Figure 3.  Dry weight of conventional and two selections (AVP1D2 and AVP1D6) of modified 
romaine lettuce to N.  
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Figure 4.  Leaf area of conventional and two selections (AVP1D2 and AVP1D6) of modified 
romaine lettuce to N.  
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Table 3.  Total above ground N and fertilizer N (as calculated from 15N) to N rate and cultivar in 
greenhouse experiment. 
Significant linear (L) and quadratic (Q) responses to N rate at P<0.01.  Cultivar effect was 
significant at P<0.05. 

 
 
 
 
 
 
 
 
 

 Conquistador AVP1D2 AVP1D6 
N Rate (g/pot) Total Above ground N (mg/pot) 

0 3.7 5.4 5.4 
0.1 22.5 25.1 28.1 
0.2 33.1 44.7 49.2 
0.4 47.5 59.7 51.7 
0.8 33.5 46.1 63.8 

Stat. L**Q** L**Q** L**Q** 
 Total Above ground Fertilizer N (mg/pot) 
0 - - - 

0.1 19.7 22.0 24.5 
0.2 30.9 40.8 44.9 
0.4 41.4 55.6 48.4 
0.8 31.4 43.3 63.8 

 L**Q** L**Q** L**Q** 
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Figure 5.  Marketable yield of conventional and two selections (AVP1D2 and AVP1D6) of 
modified romaine lettuce in a field study.  
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Table 4.  Main effect dry matter means in greenhouse P experiments to P rate and cultivar. 
Treatments Experiment 

P rate (g/pot) 1 2 3 4 
Above-ground dry matter (g/pot) 

0 1.33 0.65 0.15 0.17 
0.04 2.88 1.1 0.52 1.42 
0.08 2.91 1.6 0.80 1.95 
0.17 3.25 1.65 0.87 2.86 
0.34 3.24 2.17 0.94 3.71 

 L*Q** L** L**Q** L**Q* 
Cultivar     

Conventional 1.74a 1.06a 0.56a 1.52a 
AVP1D2 3.19b 1.77b 0.71b 2.48b 
AVP1D6 3.23b 1.47ab 0.69ab 2.06ab 

*,**Significant linear (L) and quadratic (Q) responses to P rate at P<0.05 and P<0.01, respectively.  
Cultivar effect followed by same letter were not significant at P=0.05. 
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Figure 6. Dry weight of conventional and two selections (AVP1D2 and AVP1D6) of modified 
romaine lettuce to P fertilizer in greenhouse experiment 2.  
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Table 5.  Main effect marketable yield means in field P experiments to P rate and cultivar. 

Treatments Experiment 
P rate (kg/ha) 1 2 3 4 

Marketable yield MT/ha 
0 28.0 47.3 33.0 37.0 
25 36.7 49.9 38.5 55.6 
50 34.3 52.0 41.9 63.6 
75 34.8 59.2 39.8 75.2 
100 38.7 57.4 42.2 72.6 

 L** L** L* L**Q* 
Cultivar     

Conventional 31.5a 47.5a 35.5a 51.9 
AVP1D2 36.7b 52.2a 40.3ab 63.8 
AVP1D6 35.2b 59.2b 41.4b 66.7 

*,**Significant linear (L) and quadratic (Q) responses to P rate at P<0.05 and P<0.01, respectively.  
Cultivar effect followed by same letter were not significant at P=0.05. 
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Figure 7. Marketable yield of conventional and two selections (AVP1D2 and AVP1D6) of 
modified romaine lettuce to P fertilizer in field experiment 1.  
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Figure 8. Marketable yield of conventional and two selections (AVP1D2 and AVP1D6) of 
modified romaine lettuce to P fertilizer in field experiment 4.  
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Table 6.  Yield of conventional and AVP-OX romaine lettuce to irrigation and N fertilization in 
first experiment. 
**Significant at the 1% level.  NS=not significant. 

  

Treatment Marketable Yield (MT/ha) 
ET (%)  

60 43.3 
120 56.5 
100 60.6 

  
N (kg/ha)  

60 50.0 
120 49.7 
180 57.2 

  
Cultivar  

Conquistador 51.3 
AVP1-OX 53.0 

  
ET ** 

N Rate NS 
Cultivar NS 
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Table 7.  Yield of conventional and AVP-OX romaine lettuce to irrigation and N fertilization in 
2nd experiment in 2012-2013. 

Treatment Marketable Yield (MT/ha) 
ET (%)  

60 15.9 
120 31.2 
100 33.1 

  
N (kg/ha)  

60 32.2 
120 28.6 
180 20.1 

  
Cultivar  

Conquistador 26.9 
AVP1-OX 26.8 

  
ET ** 

N Rate ** 
Cultivar ** 

  
**Significant at the 1% level.  NS=not significant. 
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