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Introduction 

On January 11, 2016, 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 $1,215,126.59 in FY15 Specialty Crop Block Grant Program – 

Farm Bill funds to fund twenty 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, four education projects and fourteen research projects and are 

one to three years in duration. The expiration of the grant period is September 29, 2018.   

 

On May 2, 2016, AMS approved an amendment to this agreement that added the project, 

“Continuation of GHP/GAP Certification Cost-Share Program – 2016”. 

 

2016 SWAS – A Collaborative Educational Forum 1 

This project was completed on September 30, 2017 

Project Summary  
The 2017 Southwest Ag summit (SWAS) brought together growers, scientists, equipment 

manufacturers, government officials, all involved in the production of lettuces, broccoli, 

cauliflower and various vegetables to present, share and garner information to increase 

production, quality, food safety and efficiencies of specialty crop farming. Over a day and a half 

information was presented hands on at field demonstrations and via lecture presentations. From 

plant nutrition to pathogen solutions to the marketing of Arizona Medjool Dates (SCBGP Grant) 

information was up front and cutting edge. We had a morning general session panel discussing 

the current Colorado River water supply as well as several different scenarios in the future 

affecting water supply. 

 

We had approximately 850 registered attendees coming from local farms as well as Imperial 

Valley, Blythe/Parker region, Central Arizona and Coachella, CA. In addition, this year from 

Farmington New Mexico, we had seven members of the Navajo Agricultural Products Industry 

(NAPI). This has been our furthest outreach in our history. Our Field Demos for which we 

typically do not check registrations encouraging growers to bring employees to look for new and 

innovative ideas, we had our largest attendance on record. 

 

Feedback from participants was tremendous. In particular, Joe Sigg, executive director for the 

Arizona Farm Bureau deemed it as the best Agriculture gathering in the state of Arizona! 

 

Project Purpose  
Our original intent has not changed in eleven years. We have always strived to have a Summit 

that focused on arid land agriculture providing content to growers of vegetables to improve 

production, quality and efficiencies. Growers of vegetables includes farm owners, operators, 

supervisors and suppliers of goods and services. Our goal is to provide cutting edge technology 

and as well as new information to improve tried and proven methods and make them even better.  

                                                 
1 Due to program income from the 2015 Southwest Ag Summit this project was pushed back 

until 2017 so program income could be expended on the 2016 Southwest Ag Summit. There 

have been no changes to the original scope of work aside from the work plan dates.  
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Each year we hold this event at the “end” of the season before the production moves north to 

Salinas. Prior to this time everyone in the industry is too busy and any later many have moved to 

the next region. The problems, successes, issues are still fresh in their minds and typically we 

have anticipated well what their needs and wants will be for new ideas.  

 

Success can be measured in many ways. This year our focus was not just on content but 

increasing participants that can rightfully use the information presented by the SWAS.  Our 

numbers were up in all three categories: Overall attendance, Field Demo attendance and 

increasing the number of people who will share this information to fellow employees and 

industry partners. 

 

Two years prior we received grant funding for Summit 2015 as well as several Summits prior. 

Each year we have been able to take the experiences from the year before to improve and make 

better more successful use of grant monies. The grant has made it possible to market the event 

well outside our own abilities. Consequently we have been on a rate of growth and increased 

outreach each of these years with grant assistance. 

 

Project Activities  
Arranging speakers is an extremely important piece of this event. We begin discussions in our 

wrap up meetings from the previous year. What was good and what was OK and what was not 

good. We ask ourselves and random participants for feedback. We then remain vigilant through 

the year to issues and concerns that would be of value but also be attractive to attendees. Crop 

protection and plant nutrition are always of importance. This year we highlighted a growing 

concern and that is issues related to heavy metals. The other was an extremely tough and 

unprecedented Diamondback Moth outbreak. These were both addressed during the event. Along 

with this we also included: 

 

- Food Safety issues with alternative water sources 

- Arizona/Mexico relations in regards to produce production 

- Tracing food from farm to consumer  

- Water supply for the Yuma area and outside the region 

- Hartnell College presentation on educating future workers in the produce industry and 

how Yuma (AWC) might build a similar model. 

- Marketing Arizona Grown Medjool dates (SCBGP FB16 recipient)  

 

We spent a lot of time working with AWC. A very important partner in our Summit because of 

location, being the only facility in Yuma large enough to accommodate our Summit. With the IT 

equipped rooms, the IT support in each room, the ability to feed everyone in a timely manner is 

of utmost importance to the Summit. Their ability to handle our registrations and then make sure 

everyone has a nametag and information to maximize their learning experience. Early on we 

saved the date and signed the contracts when agreement was reached. 

 

With the marketing assistance from Limelight Creative Group, who has been with us for over 

seven years we were able to reach out and let people know that the Summit was coming in 

February and get those calendars marked. Using the insider Magazine as our lead piece and 
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following it up with email blasts to over 5,000 recipients our coverage was intense. Add to that 

social media via Face Book our hits were up even higher than last year.  

 

The event came off rather seamlessly without any major problem. Land prep for the Field demos 

which included planting specific crops for the automatic thinners and field conditions to 

demonstrate Transplanters and mulchers etc. All the speakers showed up and presentations were 

made at appointed times.  

 

We always ask attendees at lunch to fill out a questionnaire to help us evaluate our program and 

outreach/marketing. These are our results: 

 

2017 Southwest Ag Summit Survey Statistics 

1. How would you describe your occupation? 

Label Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

(Blank) 10 4.57   
 

Equipment Dealer 12 5.48 5.74 5.74 

Grower/Farm Company 45 20.55 21.53 27.27 

Marketing/Sales 14 6.39 6.70 33.97 

PCA/Chemical Rep. 27 12.33 12.92 46.89 

Professional/Support Personnel 16 7.31 7.66 54.55 

Seed Representative 16 7.31 7.66 62.20 

University/Government 

Personnel 
49 22.37 23.44 85.65 

Other 30 13.70 14.35 100 

Total 219 100 100   
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2. Does your occupation involve the melon or vegetable industry? 

Value 

Label 
Frequency Percent 

Valid 

Percent 

(Blank) 1 .46   

Yes 180 82.19 82.57 

No 38 17.35 17.43 

Total 219 100 100 

    

 

 

3. Did you attend the Field Demonstration? 

Value 

Label 
Frequency Percent 

Valid 

Percent 

(Blank) 0 0   

Yes 109 49.77 49.77 

No 110 50.23 50.23 

Total 219 100 100 
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4. How has the SW Ag Summit affected your occupation? (Multiple overlapping answers) 

Label Frequency Percent 

Gained continuing education units 60 27.40 

Obtained material about desert ag 105 47.95 

Obtained material about food safety 59 26.94 

Provided marketing opportunities 60 27.40 

Provided networking opportunities 144 65.75 

Other 13 5.94 

 

 
 

5. How did you learn about the SW Ag Summit? (Multiple overlapping answers) 

Label Frequency Percent 

Postcard/Flyer in Mail 38 17.35 

SW Ag Summit Website 48 21.92 

Email 64 29.22 

Social Media 13 5.94 

Newspaper Article 6 2.74 

Word of Mouth 102 46.58 

Other 39 17.81 
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6. How likely are you to share information you obtained from the SW Ag Summit with others? 

Information Sharing 

Mean 4.51 

Standard Error .05 

Median 5.00 

Mode 5.00 

Standard Deviation .70 

Sample Variance .49 

Kurtosis 1.29 

Skewness -1.34 

Range 3.00 

Minimum 2.00 

Maximum 5.00 

Sum 979.00 

Count 217 

 

 

 

 

 

 

 

 

 

Page 7 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

  

Distribution of answers from “1 Less Likely” to 5 “Very Likely” 

 
 

7. If you share the information, with whom will you Share it? (Multiple overlapping answers) 

Label Frequency Percent 

Staff/Coworkers 200 91.32 

Media 42 19.18 

Friends/Family 105 47.95 

 

 
 

Many of the growers and landowners attending this event grow a second crop each year. The 

primary crop of course is produce. We always try to have breakouts that can address the growing 

of wheat, cotton, alfalfa and seed crops for the benefit of those growers trying not only to be a 

better more efficient producer of vegetables but to also maximize their yields and quality in 
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these crops also. We also have a breakout on business issues and this year it was concerning 

retirement plans for small companies with a few employees.  In order to ensure that grant funds 

are not utilized for these presentations we ask that AWC bill us separately for room rent and all 

the services required in these rooms. Any speaker expense is paid for with monies other than 

grant money. We also determine the percentage of attendees that are associated with the 

specialty crop business via our survey and registration information and this figure is 80% and 

seems to be about the same each year. Using that 80% figure we discount any and all expenses 

by 20% when applying for Grant funds. 

 

Goals and Outcomes Achieved  
 Increase the attendance of the 2017 SWAS Academic Programs by vegetable and melon 

industry (Goal) by 10% from 660 (Benchmark) to 725 (Target) measured by surveys, 

registration and attendance counts. Actual attendance this year, 2017, was measured at 

825. Our survey indicated that 82.57% of the attendees were involved in the melon and 

vegetable industry. Using 82.57% of 825 equals 681 and we did not reach our goal of the 

725 target.   

 Increase the reach of SWAS by measuring how likely attendees are to share materials 

with co-workers and/or staff unable to attend the SWAS (Goal) by 25% from 320 people 

(Benchmark) to 448 people (Target) measured by survey questions about participants 

sharing SWAS materials (Performance Measure). Of those who answered “Yes” to 

question number 2 of the survey indicating that their occupation involved the melon or 

vegetable industry 167 or 92.78% indicated they would share their materials with 

Staff/Coworkers. Applying those percentages to the total estimated number of 

participants 825 participants whose occupations involve the melon and vegetable 

industry, it is estimated that 765 will share the materials with staff and coworkers. The 

goal was exceeded!       

 Increase the attendance to the 2017 SWAS Field Demonstrations by vegetable and melon 

industry members (Goal) by 10% from 130 (Benchmark) to 143 (Target) measured by 

surveys, registration and attendance counts (Performance Measure). We counted 340 

attendees and using the 82.57% figure our attendance of vegetable and melon industry 

people was 280. We exceeded our goal! 

 

Beneficiaries  
 Vegetable and melon Growers and their associates from Arizona, California and New 

Mexico. On Field Demonstration Day we encourage growers to bring their forward 

thinking employees (Supervisors, shop workers, tractor drivers, irrigators etc. who would 

benefit from seeing new and innovative equipment at no extra admission fee.  

o Pest Controlled Advisers licensed by the state of Arizona and California as well 

as their respective organizations: CAPCA and AZCPA. 

o Certified Crop Advisors licensed by the state of Arizona and California. These 

Continuing Education Units are extremely difficult to earn. 

o Researchers from Universities in Arizona and California as well as corporate and 

private industry involved in trialing and testing innovative products 

o Equipment and product manufacturers benefitted from the congregation of many 

in the same industry displaying, discussing and demonstrating new and viable 

products. 
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 Attendance for this event was pegged right at 825 by our registration but we printed over 

1,000 name tags! We made non-registered name tags for VIP’s, students, AWC 

educators, special friends of the industry.  

 Project benefit for attendees were in the content presented by our Field Demonstrators, 

Keynote Speakers and breakout presentations: 

o Plant nutrition 

o Pest management 

o Food Safety 

o Ag machinery demonstrations 

o Farm to market tracking 

 Additional benefit was networking. The SWAS presents a great opportunity for the arid 

land Specialty Crop Industry to gather at the same time and place to not only see and 

receive new and innovative information but the ability to discuss and critique amongst 

their peers the features and benefits of a tremendous amount of information. 

 

Lessons Learned 
 The one goal not reached was increasing attendance by 10%. Attendance did increase and 

for that we are not disappointed but we clearly need to concentrate harder on outreach. If 

there is anything to learn from this is that the low hanging fruit, attendees from within a 

50 mile radius, are easier to encourage to attend. Those beyond 50 miles will require a 

better marketing strategy. This could include marketing with an expanded content 

presentation that would be attractive to those potential Specialty Crop producers. We will 

need to spend some time in those areas asking the questions that will hopefully give us 

the right format. 

 The administration of this project has had great success in finding the right people to 

manage each area of importance and letting them do their job with minimal oversight. 

One person can only help lay out the template, it takes people interested and with buy in 

to this project to take it over the top. 

 Specifically, to improve this project we would need to: 

o Expand and improve the Field Demonstrations, extend from a half day event to a 

full day. 

o Market the networking side of this event. 

o Continually talk to our customers about what they want to see and hear. 

 

Additional Information 
Gross income attributed to Specialty Crops is estimated at $115,870 and comes from registration 

fees and sponsors. Gross income is used to fund expenses $52,144 not covered by Specialty Crop 

Block Grant and meals $12,973including meals for this two day event. The estimated net income 

for this event is $50,173 and will be reinvested into the 2018 SWAS helping us to sustain the 

event.  

 

Contact Person 

Bruce A. Gwynn 

brucegwynn@gmail.com   

928-503-2003 
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Continuation of GHP/GAP Certification Cost Share Program 2016 
This project was completed on September 30, 2017 

Project Summary 

On October 30, 2016 the GHP/GAP Cost Share Program was approved by AMS and added to 

the State Plan. As of September 30, 2017 fourteen cost share applications had been received and 

processed. 

 

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 (ADA), 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.  

 

This project was a continuation of previous years’ efforts to provide cost-share reimbursement 

for small growers, farmers and handlers of specialty crops that obtain GHP/GAP Certification. 

This project complimented and enhanced previously completed work by continuing to provide 

assistance to those producers/handlers looking for a jump-start in addressing food safety 

concerns of their customers. 

 

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. A total of 29 people participated in the 2016 -2017 training program, the bulk of 

which were identified as small Arizona specialty crop producers.  Staff attended several industry 

events, where specialty crop producers were present, to speak with individuals and promote the 

program to eligible participants. 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 A) 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.  

 

Goals and Outcomes Achieved  

The goal of this project was to increase the number of new GHP/GAP audit participants who 

would in turn participate in the cost-share program to reduce their audit costs by an average cost 

25 percent. 
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Cost-share applications for this funding cycle began in October 2016 following the amendment 

to the State Plan in May 2016. During this one year period of the FB2015 funding we received 

14 applications. Nine of the fourteen applicants had participated in the GHP/GAP training 

provided by the Food Safety Projects Coordinator. Since the beginning of this project in 2010 

we’ve had 29 organizations submit cost share reimbursements. The goal for this project was to 

increase that number by 15 percent. There were six applicants who requested cost-share 

reimbursements and were new to the cost-share program resulting in a 21 percent increase. We 

are excited to report that we exceeded our goal and through our efforts we are reaching new 

producers. 

 
Knowledge in GHP/GAP is not necessarily leading to behavior change in the form of USDA 

GHP/GAP certification.  Change is primarily occurring among growers when they are required 

by those buying their produce to provide evidence of on-farm food safety practices. 

 

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.” 

 

Beneficiaries  
A total of 14 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 $337.00 per audit. 

 

29 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  
While we did see an increase in new applicants, it is anticipated that until GHP/GAP certification 

becomes mandatory, this program will remain underutilized. However, that does not take away 

from the importance of the program. 

 

Contact Person  
Ashley Estes 

602-542-0972 

aestes@azda.gov 
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Continuation of GHP/GAP Certification One-on-One Assistance 

Program 
This project was completed on September 30, 2017 

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 USDA’s Agricultural Marketing Services’ 

Good Agricultural Practices/Good Handling Practices (GHP/GAP) Audit Verification Program, 

or how to begin to develop a program that would comply with the program’s requirements.  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 and 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.  The FSPC will contact the attendees of the training classes to offer assistance, if 

needed or desired, to develop a food safety program for the GHP/GAP audit. 

 

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 Purpose  
The main purpose of this project is to assist Arizona growers of specialty crops with the 

development of a food safety program that is unique to each grower.  These programs will 

comply with the USDA GHP/GAP On Farm Verification Audit and each grower is encouraged 

to audit.  The FSPC is the lead in the project and is responsible to both the industry in providing 

correct assistance and the Department in providing to the public the Department’s goals. 

 

The continuation of this project is important to all aspects of Arizona agriculture from the grower 

to the consumer, touching all parts of the food industry: growers, harvesters, packers, 

warehouses, transporters, consumers (farmers markets, wholesale, retail, etc).  The timing of the 

project coincides with the public’s and buyers’ requirements of food safety certifications.  
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Although some will not require a certification, we are learning that many retail and wholesale 

buyers and distributers are beginning to request and require a food safety certification as a 

purchase specification.  Those growers planning on selling their produce to school districts may 

be required to submit a certificate with their bids. This project is built on previously SCBGP-FB 

and will continue the scope and work of these projects. 

 

Project Activities 
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:  During this grant period: 

October 2015 to Sept 2017: 

 

 One-on-one consultations:  29 consultations 

 GHP/GAP Classroom Training Instructions:  2 classes, 33 attending 

 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 

 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 was 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 based on the USDA’s AMS 

GHP/GAP Verification Program.  Dr. Nolte, unfortunately has resigned from the University in 

December 2016.  He has taken a position with FDA and is no longer associated with the 

GHP/GAP Training Program.  The Food Safety Projects Coordinator is the instructor/presenter 

for each scheduled training class.   

 

This project benefitted growers and producers of specialty crops and does not include 

commodities.  The FSPC will discuss food safety for commodity growers, but the main focus of 

this grant is specialty crops. 

 

Goals and Outcomes Achieved  
The goals, or measurable outcome, developed at the beginning of the program have been revised 

to capture actual information from the growers involved with our training program. These 

questions were posed to the attendees of the GHP/GAP classes as not all those attending would 

request one-on-one consultations, hence a larger audience and responses. The wording of the 

questions or responses may be revised, or may target a different audience (those requesting 

consultations).   
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Five questions were posed to the most recent 100 attendees of the most recent GHP/GAP 

training classes. 

These questions were: 

1.  To what extent do you feel you have learned from the program?  

2.  To what extent has your understanding of GHP/GAP improved or increased as a result 

of the program? 

3.  To what extent have your skills in GHP/GAP improved or increased as a result of this 

training? 

4.  What is your overall rating of this training program? 

5.  I will be able to use what I learned in this training. 

 

The responses were worded to allow the growers to express their satisfaction with our training 

classes: 

A. Learned nothing 

B. Learned very little 

C. Learned some 

D. Learned some but still confused 

E. Learned enough to start a GHP/GAP program 

 

23% of the growers/attendees responded:                   

 

 

 

 

 

 

 

This is the first survey and response and will be used as a base line for future surveys. On 

average almost 75% of those attending the classes were provided enough information and 

materials to start a GHP/GAP program, while 100% responded that they left the training with 

more knowledge than they had at the beginning.   

 

 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 that will pass the GHP/GAP audit.  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: Up to September 2015, there have been 20 

scheduled GHP/GAP training classes throughout Arizona with more than 325 people 

attending. From October 2015 to September 2017 there were 2 GHP/GAP training 

classes with 33 growers attending. 

 

 A B C D E 

Q. 1 0 0 8.7 17.39 73.91 

Q. 2 0 0 9.09 13.64 77.27 

Q. 3 0 0 18.18 9.09 72.73 

Q. 4 0 0 9.09 13.64 77.27 

Q. 5 0 0 19.05 9.52 71.43 
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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 has 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:  

 They are free. 

 The FSPC gives current 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! 

 

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 as they feel more comfortable. 

 

From the results of the surveys we can conclude that: 

 The GHP/GAP training programs that are administered by the Arizona Department of 

Agriculture’s Agricultural Consultation and Training are right on track for the delivery 

and content of materials.   

 As in any survey, the results are contingent on the wording of the questions. 

 There is a need for this training within the Arizona agricultural community.  Beginning 

growers lack the experience in food safety, while established growers may lack the know 

how to start a food safety program.  

 The FSPC must be able to be flexible with the intended audience. 

 

We believe that food safety training is a long term project spanning many growing seasons.  The 

development of a food safety program is a business commitment and may change over time, but 

those in the administration of the programs will have the tools to amend their plans.  The FSPC 

is always available for consultations and advice.  Many growers who had consultations with the 

FSPC and attained certification, contact the FSPC with questions about current affairs. 

 

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. Additionally any food borne illnesses that are sourced from a specific crop or 

commodity will affect all growers of that crop. 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 this GHP/GAP project.  Many 

growers have desire or need to audit for a food safety certification from market or buyer 

requirements, 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. 
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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. 

 

The FSPC has accompanied the department’s Public Information Officer (PIO) to discuss the 

food safety programs with two Arizona State Senators. 

 

There have been 19 food safety and GHP/GAP presentations by the FSPC, to The University of 

Arizona Cooperative Extension’s Beginning Farmers and Master Gardeners Classes, 5 during the 

period of October 2015 to September 2017. 

 

During this time period the FSPC has addressed several Native American Tribes within Arizona.   

One has successfully passed the USDA GHP/GAP audit and is currently selling their fresh leafy 

greens produce on the reservation.  The FSPC has presented the GHP/GAP program to the Indian 

Health Services meeting in Phoenix, explaining the benefits of food safety certification. 

 

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.  “Any food safety program is better than no food 

safety program”. 

 

During the tenure of the FSPC, since August 2011, there have been more than 70 one-on-one 

consultations with growers and farmers to develop a GHP/GAP food safety program.  During 

the period of October 2015 to September 2017 there were 29 one on one consultations.  Several 

have audited and have been certified.  But the majority has 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. 

  

There have been revised quantitative data developed to support the benefits of the FSPC and the 

GHP/GAP training. 
 

From October 2015 to September 2017 there were two GHP/GAP training classes with 33 

attending.  During this same time frame there were 29 one on one consultations. 

 

From October 2015 to September 2017 there were 9 growers that had one on one 

consultations with the FSPC who successfully completed the USDA GHP/GAP audit. After 

all this is the point of the program! 
 

Those Arizona growers that have attended a GHP/GAP training class, and those that the FSPC 

have assisted with a one on one consultation, reviewed their written programs, or have had 

contact have benefitted with correct information that is relevant to the development of their 

individual food safety programs that comply with the USDA GHP/GAP audit.  Those that 

choose to audit for certification will benefit in the marketplace by demonstrating good 

agricultural and/or handling practices. 
 

 

Page 17 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

  

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. 

 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. 
 

Some lessoned learned in the administration of the project: 

 The FSPC must be experienced in food safety, and comfortable with public speaking.  

Knowledge of a subject is part of the equation, but the ability to deliver that knowledge to 

others is as important. 

 Knowledge of the intricacies of the specialty crop industry, the ability to discuss issues 

with growers, packers, harvesters, etc. is critical. 

 Having the industry trust the FSPC with their information and procedures is also critical.  

As a consultant, if wrong or false information is passed to the FSPC, the wrong advice 

may be given.  This aspect is discussed by the FSPC with each grower so that correct 

information and advice is handed by the FSPC. 

 As described above, the correct audience should be targeted for training.  

 In training classes, adults tend to wander off subject at times.  The instructor must be 

prepared for this. (Some even fall asleep, although the FSPC’s trainings and presentations 

are loud and interactive. 
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Contact Person  
Stewart Jacobson 

Food Safety Projects Coordinator 

Arizona Department of Agriculture, Agricultural Consultation and Training 

602-542-0950: office 

sjacobson@azda.gov  

 

Additional Information  
By providing food safety training and consultations, the 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”. 

 

Appendix B: 

This is a copy of the report sent to the USDA licensed auditor prior to the audit.  The FSPC 

generates the report at the conclusion of consultations and program review.  The report is first 

sent to the grower for approval, that the information is correct then forwarded to the auditor.  

This is done to alert and advise the auditor of the program, thus needing to spend less time on 

trivial matters on site. 

 

Appendix C: 

The report completed as sent to the auditor. 

 

DoD Fresh Produce Program Series 

This project was completed on September 30, 2017 

Project Summary 
Through the funding provided by the USDA AMS Specialty Crop Block Grant Program, Arizona 

Department of Education increased the demand for and purchasing of local produce in the school 

food market, a new sector for many of the producers that participated throughout this grant 

project. This is timely as food safety certification for institutional purchasing is a top priority 

within industry given compliance requirements of the Food Safety Modernization Act. Year to 

date, a total of $230,455.02 moved through the Department of Defense Fresh Produce Program 

over the grant period. This was accomplished through the robust initiatives held through Stern 

Produce and their Arizona Fresh Together Program and the expansion of the Arizona 

Department of Education’s Harvest of the Season Program, which brought seven producers to 

the school food market. This opportunity validated the marketability of each producers’ 

investment in food safety certification, continuing the efforts and advancements afforded through 

industry, that in return, strengthen Arizona’s local food supply chain. As a direct result, 

Arizona’s Farm to School Program is beginning to see great impact in the way of local food 

purchasing for use is school meals. This project has never been funded through the Specialty 

Crop Block Grant Program. 

 

Project Purpose  
The Department of Defense Fresh Produce Pilot Program Series offered training and assistance 

in food safety, industry needs and specifications, procurement guidance, entrance into two well-
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attended school food shows, provided special recognition in the Department of Defense (DoD) 

Fresh Produce Program and expanded the Harvest of the Season Program, a marketing campaign 

geared to highlight the various specialty crop products available and ready for the school food 

market.  The process of working with industry (producers, produce distributors, processors and 

institutional buyers) has helped directly provide a return to the investments made to many of the 

newly certified producers holding a USDA GHP/GAP food safety certification due to the 

Arizona Department of Agriculture’s USDA GHP/GAP training, technical assistance and 

reimbursement program. Considering the release and extended roll out of the Food Safety 

Modernization Act, producers new to securing a third-party food safety certification are now 

finding value in their work industry and is proving to be a viable and relevant investment for 

good business practice in Arizona.  

 

Project Activities 
This project was divided into three phases designed to engage and investigate an up and coming 

market for small and medium sized fruit and vegetable producers in Arizona. Phase 1, focused 

on surveying schools and soliciting fruit and vegetable production business for use in a buy-local 

program tailored to school foodservice. Phase II, focused on focused on expanding a marketing 

campaign called Harvest of the Season used to increase demand for Arizona grown fruit and 

vegetables carried through the Department of Defense Fresh Produce Program. Phase III, 

focused on connecting fruit and vegetable producers to school foodservice as venues where 

school food buyers would be in high attendance. The results lead to an increase in demand for 

Arizona grown fruits and vegetables from school food buyers and increased fruit and vegetables 

sales for producers that would not have occurred outside of robust efforts made through this pilot 

program. Major pilot program activities include: 

 

Over the course of this two-year grant project many lessons were learned. These are described in 

short below: 

 School Nutrition Association of Arizona Conference + Food Show (September 2016) -

500 attendees 

o Farm Tour Pre-Conference 

o Session: USDA Farm to School Grant Program 

o Vendor Tables for Arizona Department of Education (to promote Harvest of the 

Season Program), Crooked Sky Farms, Blue Sky Farms, Duncan Family Farms, 

Green Gate Fresh, and Abby Lee Farms.  

 School Food Programs Processing Conference + Food Show (February 2017) -60 

attendees/6 farmers (panel) 

o Two sessions: Buying Local through Department of Defense Fresh Produce 

Program  

 School Nutrition Association of Arizona Conference + Food Show (September 2017) 500 

attendees 

o Vendor Table for Arizona Department of Education (to promote Harvest of the 

Season Program) 

 

Goals and Outcomes Achieved  
 ADE did not increase the number of local producers who are GHP/GAP certified or 

otherwise certified with a third-party audit that satisfies most county health department 
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requirements for approved source. Instead, ADE reinforced for producers newly certified 

with USDA GHP/GAP a place for their products for the school food market. In 2015, 

there were four certified farm reviews in Arizona for the USDA GHP/GAP certification. 

To date, there are eleven certified farm reviewed companies in Arizona.  

 ADE Increased the number of local food producers, down to the farm name, available on 

the DoD Fresh Produce catalog, via FAAVORS  in School Year 2015 from one farm to 

seven farms and eleven products.  

 ADE did not increase the percentage of dollars spent through the Department of Defense 

Fresh Produce Program by offering more locally grown products, down to the farm name, 

FFAVORS catalog. In 2015, ADE had hoped to increase their 10% local purchasing 

through the Department of Defense Fresh Produce Program to 19% by the end of 2016-

2017 school year. Instead, these numbers have dropped to 7% for 2016-2017 school year 

with the number for 2017-2018 school year yet to be determined.  

 

Beneficiaries  
Over the course of this two year grant term, Arizona has seen several beneficiaries of this work. 

Directly, seven farm companies, listed in the table below, share the measurable impact made 

through this buy-local education program. 

 
Company Products Carried  Sales through Stern 

Produce 

Cases Shipped 

Martori Farms Cantaloupe, 

Watermelon, 

Honeydew 

100,116.33 8774 

Blue Sky Farms Spring Mix Not yet available as of 12/14/17 

Duncan Family Farms Strawberries (SY 

2017) 

$25,102.94 793.86 

Blue Sky Farms Spring Mix (SY 2017) $9,135 870 

Rousseau Family 

Farms 

Carrots (SY 2018) Not yet available as 

of 12/14/17 

 

Rousseau Family 

Farms 

Carrots 3oz + sticks 

(SY 2017) 

$45,381.12 

+$42,090.87 

2,011 +2,602 

Abby Lee Farms Cherry Tomatoes + 

Cucumbers 

Not yet available as of 12/14/17 

Wholesum Harvest Vine Ripe Tomatoes  $8628.76 555 

Arizona Microgreens  Pea Shoots Not yet available as of 12/14/17 

Total Known Impact $230,455.02 15,605.86 

*See Velocity Reports from Stern Produce for verification.  

 

Lessons Learned  
Despite the Department’s ability to reach anticipated outcomes, the Harvest of the Season 

Program will continue to be encouraged throughout ADE’s regular training and technical 

assistance to school food buyers. In addition, the sales estimated for the remainder of the items 

identified through Stern Produce, the contracted vendor for the Department of Defense Fresh 

Produce Program, have yet to be determined for the 2017-2018 school year and are expected to 
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increase throughout the winter months, when many items become available on the FFAVORS 

catalog to schools.  

 

Over the course of this two-year grant project many lessons were learned. These are described in 

short below: 

 

1. Access to real-time data for both estimated usage from school food buyers and the 

production capacity from farmers is challenging and requires much more time than what 

our program had allotted for program development. Estimated quantities for school food 

buyers were not accurate for what purchases took place. In addition, access to quantities 

of product from the producers, at times, required a backup supply of product. In many 

cases this may have been avoided if better planning took place between producers and 

schools.  

2. When introducing new product into market, the methods to promote those items (i.e. 

vendor presence at food shows, available marketing materials, and feedback sessions for 

planning) improved program development from school year 2016-2017 to school year 

2017-2018, but still showed challenging results in what items were pushed through the 

Department of Defense Program.  

3. The methods for data collection proved to be inaccurate. State of Origin Reports available 

to the Arizona Department of Education to evaluate local purchasing trends throughout 

the year for the Department of Defense Fresh Produce Program were not always 

reflective of school purchases when compared to the Stern Produce’s velocity reports for 

sales made for each product discussed in this pilot project. Identified success of this 

program is, in part, limited because these two sources of information do note match.  

 

Overall, the fruit and vegetable industry is very flexible and what is planned may not work out. 

This makes planning with all sectors involved extremely challenging and in short has proved to 

limit the success for products involved.  

 

Contact Person  
Ashley Schimke 

Farm to School & School Garden Specialist 

Ashley.Schimke@azed.gov 

(602)364-2282 

 

Additional Information  
See Harvest of the Season Program Series (Appendix D) 

See DoD Fresh Produce Program Produce Schedule SY2018 (Appendix E) 

 

Edible School Gardens 

This project was completed on September 30, 2017 

Project Summary 
Today’s children may be the first generation of Americans whose life expectancy will be shorter 

than that of their parents.  Seventy-five percent (75%) of Americans eat less than two servings of 

fruits and vegetables per day. Connecting people to their food source and educating them about 
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the importance including 5 – 13 servings of nutritious fruits, vegetables and nuts into their diet – 

every day – is paramount to arresting this unhealthy trend.  

 

The purpose of this project is to help maintain edible school gardens in Arizona in order to 

provide access to fruits and vegetables, teach children the importance of good nutrition and 

increase the demand for specialty crops. 

 

Project Purpose 
Working with Arizona schools, Western Growers Foundation awarded 25 schools $1,500 each to 

create and sustain their edible school garden.  To date, Western Growers has funded and 

supported 275 Arizona school gardens.  Our data analyses, which includes ongoing data 

management, regular surveying of schools, onsite visits and required school reporting, 

demonstrates that 91% of gardens remain active.  
 

School gardens provide an interactive and edible experience to make that connection for all 

Arizonans – children and adults (teachers, parents) – who participate in school gardens.  By 

funding twenty-five edible school gardens and closely monitoring these schools, our data 

collection will show that this project will provide student access to fruits and vegetables, teach 

the children the importance of good nutrition and where their food comes from, show a change in 

eating habits and increase the demand of specialty crops going forward. 

 

This project was important because it helps children to learn about the fruits and vegetables that 

they eat, improves healthy eating, and builds awareness among the general public. This is timely 

because of the obesity epidemic that is plaguing our nation. 

 

This grant builds on SCGBP-FB14-17 and focuses on building more edible school gardens. Both 

grant focuses on the following statement: 

 

Fresh produce is a cornerstone to both the health of Arizonans and to Arizona’s $10.3 billion 

agriculture industry. There are 1,683 specialty crop farms in Arizona. Arizona ranks second 

nationally in its production of cantaloupe and honeydew melons, head and leaf lettuce, spinach, 

broccoli, cauliflower and lemons. By “bringing the farm” to Arizonans through these edible 

school gardens, we can influence students, teachers and parents to eat more fruits, vegetables 

and nuts as well as educate them about the value of the specialty crop industry in Arizona. 

 

Project Activities 

The Foundation solicited grant applications via the Collective School Garden Network (CSGN) 

newsletter and through word-of-mouth and email promotion by Arizona Garden Network 

supporters including individuals with Arizona Department of Education, Food Corp America, 

Farm to School Network, and Arizona Department of Health Services. The grant cycle was 

further promoted on the CSGN website and Western Growers and Western Growers Foundation 

social media profiles. At the end of the first quarter (Oct. 2015 – Dec. 2015), 81 applications 

were completed and submitted. 
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Grant winners were determined by a scoring checklist created by Western Growers Foundation 

personnel. Please refer to the Appendix F for the scoring checklist. Winners had the highest 

scores. Of the 81 applicants, 25 were awarded $1,500 each. In addition to the grant money, each 

winner received a grant package containing a copy of the Gardens for Learning book, seeds, and 

Producepedia Recipe Cards. 

 

During the grant period, the Foundation went through a significant change in personnel. This 

adjustment, combined with a lack of documentation from predecessors, created a difficult 

situation for current staff. Proper protocol was unclear and processes were implemented as the 

grant period move forward. Of the 25 schools awarded with the grant, only one could not fulfill 

their grant agreement with Western Growers Foundation. The school was given a grant 

amendment and their deadline to spend all funds was extended to September 30, 2017, which 

allowed them to fulfill their obligations.  

 

Due to the lack of documentation, it was unclear with current staff as to what obligations the 

predecessors had proposed for this grant. Because so, the Foundation’s agreement to distribute 

and conduct online, interactive, and bilingual surveys was not satisfied. Upon speaking with the 

Grant Program Coordinator from the Arizona Department of Agriculture, we concluded that the 

best course of action was to create a simple survey and distribute it to the 25 schools. Because 

the pre-surveys were not completed, the questions that were asked were adjusted to include 

information on the teachers’ experiences with this grant and students’ interest in eating more 

fruits and vegetables. 

 

Goals and Outcomes Achieved 
A survey was given to the teachers responsible for the school garden and the following are 

significant conclusions: 

 100% of the school garden are still in operation 

 An average of 279 students were reached per school  

 Four schools had an Arizona farmer visit and work with the students 

 

When asked about what impact the school gardens had on students, educators responded: 

 Made lessons more concrete, tried new foods, place to use imagination and 

investigation. They love to visit and care for the garden. 

 The garden has provided our students with a hands on learning lab. They have learned 

about the importance of healthy soil, the life cycle of plants, and problem solving 

skills. Beyond academics, the students have started to experience real food nutrition. 

 Our kids love the gardens! When they get to see how flowers and vegetables grow, 

they are amazed. Watching the kids plant seed that grow into 8 foot tall sunflowers or 

foot long zucchinis (yep, we let a few grow too long!) is magical. The look on their 

faces as they eat a really fresh tomato for the first time makes all the hard work worth 

it. When I was teaching 4th grade, I had my kids do all the fertilizing, preparing the 

soil, planting seedlings and seeds, weeding, and harvesting. Kids even came after 

school or on weekends to help. They learned so much from doing the work and seeing 

the final results of their labor. Most of our kids do not have home gardens and are 

completely unaware of what vegetables look like actually on a vine or growing on the 

Page 24 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

plant. Some of our teachers had never seen broccoli growing so even they were 

amazed. Picking a carrot was a major event for my class. What I love most is the real 

life experiences our kid had from the gardens. One 5th grade teacher had her kids 

make salsa with our garden tomatoes and peppers. The kids got to measure, mix and 

sample the salsa. When our kindergarten kids released butterflies in the butterfly 

garden, they got so excited to see them landing on the plants and some stayed around 

for hours. When I brought in zucchini bread made from our zucchinis, the kids could 

hardly believe that we had grown part of it. We only grew a few strawberries so they 

became a reward for walking in line quietly. The kids were on their best behavior 

trying to win one of those! One of the best things about the garden is how it has made 

our school look. When people come to visit, they all comment on how beautiful our 

campus is. The central garden, butterfly garden, classroom boxes and pots by each 

door along with the charming rabbit, turtle and frog statues really make our school 

welcoming. It looks like learning is happening everywhere (which of course it is!) We 

are all so thankful to The Western Growers Foundation for making our school garden 

project a huge success. Without you, all we would have is pots and boxes of dirt. 

 They love learning about the lessons involved and they especially enjoy the food 

harvested. 

 Positive relationship to nature, nutrition, physical activity, science....the list goes on 

and on! 

 The students are learning how to plant, care for and harvest fruits and vegetables. 

Many students do not have space at home to have a garden, so they are very excited 

to be a part of our school garden. Students were allowed to take home what they 

grew. 

 The garden has allowed for all students to become involved in a community project 

and learn about the benefits of maintaining a garden. Many students were able to 

utilize the area through their classroom projects and the afterschool club. 

 Healthy eating and healthy life styles 

 The students learn about the work it takes to grow the food on our tables. They have a 

much greater appreciation for agriculture now. Because we are an urban farm, many 

students know how food is grown! 

 Taught state standards using the garden. Children enjoyed getting out and working in 

the earth 

 

A separate survey was given to students and the following are significant conclusions: 

 100% participated in planting fruits and/or vegetable 

 100% participated in taking care of fruit and/or vegetable plants 

 88.33% participated in harvesting fruits and/or vegetables 

 100% participated in eating fruits/and vegetables that they helped grow 

 

It can be concluded that school gardens can be incorporated to support the STEM curriculum. 

We found that schools were using the garden to teach lessons in multiple subjects considering 

that a successful garden requires buy-in from the entire school.  WGF has found that the interest 

and need for school gardens is continuing to grow in support of the STEM curriculum. 
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Additional benefits include engaging the children through physical activity and encouraging 

healthier eating habits. 

 

These survey results were not published.  

 

Beneficiaries 
 All specialty crop growers in AZ benefited from increased awareness of their products 

among school age children. 

 25 schools benefited from the project.  

 The grant recipients were able to use their funds to plant and sustain a fruit and vegetable 

garden, giving children the opportunity to learn where their food comes from. 

 

Lessons Learned 
 Documentation is key to maintaining continuity between teams in these types of projects.  

 

Contact Person 
Alyssa Luu 

(949) 885-2284 

Aluu@wga.com  

 

Arizona Grown Marketing Efforts Phase 5 
This project was completed on September 30, 2017 

Project Summary  
Arizona Grown Marketing Efforts Phase 5 focused on new ways to continue to increase 

awareness of the Arizona Grown brand as well as educate and engage the public on where and 

why to buy Arizona Grown plants and produce. An added benefit of this Phase was conducting a 

follow up survey to the initial survey conducted in Phase 4. The survey will measure the overall 

increase in understanding and importance of the brand as well as the importance of buying local 

produce and plants. This phase continued to build value and loyalty in our ongoing efforts in the 

Arizona market through four areas; social media, Google and Facebook ads, billboards and 

research. 

 

Project Purpose   
Most consumers are unaware of the benefits of purchasing local specialty crops (produce and 

plants), although we have been making progress with our Arizona Grown marketing projects.  

They need to understand these needs in order to increase the competitiveness of the Arizona 

specialty crop industry. Since its inception, the Arizona Grown Facebook page has drawn over 

2,021 likes and has reached an average of 3,000 consumers per week.  The purpose of this 

project is to increase sales of Arizona specialty crops and drive awareness to the benefits of 

purchasing local produce and plants. While Arizona Grown as a whole was established for all 

aspects of agriculture this particular marketing project solely focused on the specialty crop 

portion of agriculture and the Arizona Grown initiative. 
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This project differs from previous grants by including a new form of outreach through Google 

and Facebook ads as well as gathering consumers input to measure our efforts through a survey 

and build upon those results.  This grant does continue to build upon the social media aspect of 

previous grants.  

 

Project Activities  
Phase 5 focus consisted of social media, Google and Facebook ads, billboards and a follow up 

research survey that highlighted only specialty crops (plants and produce).  

 

With Facebook having such a strong presence and having served as the anchor for the Arizona 

Grown efforts over the last three years, this continued to be a key component of this project. 

Three times a week a promoted post about Arizona Grown plants and produce was posted to the 

Arizona Grown Facebook page. Promoted posts include photos, videos and website links which 

have proven to be more engaging than plain text. You can also target a specific audience and 

people by location, age, gender and interests. 

 

New to this year’s project were Google banner ads and promoting the purchase and consumption 

of Arizona Grown produce and plants. The Google banner ads ran for two months and targeted 

the Phoenix, Tucson and Yuma areas. There was a total of 3,678,824 impressions and 35,476 

clicks on the ads that redirected people to the Arizona Grown website. Facebook ads which also 

ran during this time and targeted people with specific interests such as fresh produce, gardening, 

supporting locally grown, farmers’ markets and more. These also ran for two months with 

6,830,213 impressions and 12,837 people engaged in the post. These posts received a total of 

5,039 likes and 1,170 shares. These ads have proven to be a productive way to reach a large 

portion of the general public. 

 

A follow up electronic market survey to determine brand recognition in the market was 

conducted to determine if marketing efforts increased brand recognition, sales and consumption 

of Arizona Grown produce and plants. The survey ran for two weeks with 419 people 

participating in the online survey. Qualified respondents were full or part time residents of 

Arizona, at least 18 years old and had primary or shared responsibility for household purchases. 

This survey was to help determine our efforts as Arizona Grown continues to move forward in 

the future.   

 

In order to reach as many people as possible we ran digital billboards in the Phoenix 

metropolitan area supporting Arizona Grown plants and produce in hopes to increase 

recognition. We ran these billboards prior to our follow up survey in hopes that it would reflect 

in the survey results. 

 

Goals and Outcomes Achieved   
One goal of this project was to increase the number of likes on the Arizona Grown Facebook 

page by 1,000. We were successful in meeting and exceeding this goal. At the beginning of this 

phase we had a total of 2,021 likes and at the end of this phase we had a total of 4,873 likes. This 

shows that our marketing efforts in the Facebook promoted post and ads were successful in 

engaging new people. 
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Another goal of this project was to increase the recognition of the Arizona Grown logo on plants 

and produce through our marketing efforts. In phase 4 survey participants were asked “Have you 

seen the Arizona Grown logo on signs and stickers for plants and produce?” with 60% saying yes 

they have seen the logo. During the post survey we had hoped to see a 10 percent increase in the 

results. Unfortunately, we saw a decrease with only 53% saying they have seen the logo.* While 

through our survey we did not see an increase, we still see success in the fact that more than 50 

percent of the people surveyed have seen the logo on plants and produce throughout the State. 

 

The other goal of this project through our research survey was to increase the likeliness of people 

purchasing Arizona Grown plants and produce. In phase 4 survey participants were asked “What 

impact would the Arizona Grown logo have on your decision to purchase?” with 93% saying 

they would be much more likely or somewhat more likely to purchase plants or produce with the 

Arizona Grown logo on them. During the post survey we had hoped to see a 10 percent increase 

in the results. Unfortunately, we saw a decrease with only 83% saying they were much more 

likely or somewhat more likely to purchase plants and produce with the Arizona Grown logo.* 

Again, we do not look at this as a failure but rather a success as our results show that majority of 

the people surveyed want to buy produce and plants that are grown here is Arizona. 

 

*The participants of the post survey were not the same participants as the Phase 4 survey.  

 

Beneficiaries   
The biggest beneficiary is the consumer and the ability to educate and connect them to locally 

grown plants and produce. 

 

Although a specific number of growers who benefited from this project cannot be determined, 

the Arizona Nursery Association has over 60 growers in the state and the increased demand for 

locally grown plant material by retailers benefits all growers and retailers.  Western Growers 

represents an estimated 120 produce growers in Arizona and again, the increase in demand for 

locally grown produce by consumers will benefit the retailers as well as the growers in the state. 

 

Lessons Learned   
Below are some of the key findings from Wave 1 (W1) and Wave 2 (W2) of the research survey: 

 

 The number of people who purchased plants has remained consistent, while the number 

of people who have purchased produce has significantly decreased from W1 to W2. After 

further analysis, it was discovered younger males are purchasing less produce this wave. 

 The number of Arizona residents who consider specific products while shopping has 

significantly increased from W1 to W2, while others considerations have significantly 

decreased such as price/cost and location. Because respondents are more focused on 

specific products, cost and location may be less of a concern as they are determined to 

find what they are looking for. 

 About 1 in 4 Arizona residents say that they DO NOT look at signs/stickers. This 

presents an opportunity to further educate Arizona residents on the importance of plants 
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and produce being locally grown, and why they should actively look for signs and 

stickers. 

 Of those who have seen the Arizona Grown logo, the belief that buying locally is “better 

for the economy” is the most compelling reason to buy local live plants and produce. This 

is a significant increase from W1 to W2. 

 

Below are some recommendations for future marketing research of Arizona Grown plants and 

produce: 

 As purchase behavior continues to change, additional research will be needed to monitor 

key trends over time. More Arizona residents are purchasing live plants and produce 

“somewhere else”. It’s recommend that we conduct additional waves with more 

open‐ended questions to identify possible nontraditional outlets. 

 Seasonality effects may influence the purchase of live plants and produce. To best 

address seasonality trends, future waves should be conducted at similar times 

(fall/summer). 

 Though not on the top of the consumer’s mind, the Arizona Grown logo can have a 

significant influence on product choice for produce and live plants. Arizona residents 

may need additional education regarding the freshness and superior quality of locally 

grown products. 

 It’s possible the Arizona Grown logo has less of an impact due to limited messaging. 

Future campaigns may require larger media buys to make a significant impact. 

 

Contact Person   
Ashley Estes 

602-542-0972 

aestes@azda.gov  

 

Plant Something Campaign Marketing Support II 

This project was completed on December 31, 2017 

Project Summary 

The Arizona Nursery Association (ANA) was awarded this grant for the continuation of the Plant 

Something campaign, especially for marketing endeavors.  The goal with the grant was to 

expand promotion, sale and use of Arizona grown landscape plants and trees.  These grant funds 

were utilized to further promote the Plant Something campaign, targeted specifically at 

consumers through the use of radio advertising, digital billboards and social media from January 

– December 2017.  These grant funds allowed the use of these media to target the general public 

to increase awareness of the campaign which promotes purchasing plants and trees therefore 

increasing the sales of ornamental nursery stock.  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 purpose of this grant is to specifically increase the awareness of the Plant Something 

campaign through various media outlets.  This was important because sending a consistent 

message to consumers makes them take notice of the advertisements.  This project did build on 
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the previously funded Plant Something grants which the Arizona Nursery Association has 

received.  This is also an advantage as creative costs are kept at a minimum since we can 

repurpose advertising images.   

 

All components work toward the central goal of increasing the competitiveness and long term 

sustainability of the Arizona nursery industry.   

 

Project Approach 
Advertising 

ANA utilized digital billboard ads and Radio Advertising with these grant funds.   

 

The radio advertisements aired during March and April 2017.  There were 60 second, 30 second 

and in air features on Plant Something as well as additional features in the stations on-line 

newsletter.   

 

The digital billboards featured a large patch of soil with two different sets of copy.  One digital 

billboard said “Do Something Shady….Plant Something” and the other said “Do Something 

Dirty…..Plant Something”.  Both then encouraged viewers to go to the Plant Something website.     

 

Web Presence 

Social media and Facebook advertising was utilized during 2017.   

 

Goals and Outcomes Achieved  
Sales in Retail Nurseries: 

Arizona grown low water use plant sales will increase by at least 10% during the promotional 

period.   

ANA emailed surveys to retail nurseries to report plants sales during same month cycles in 2017 

compared to 2016 to measure the effectiveness of the promotion.   

 

Reported results were as follows: 

Comparing ANA member retail nursery sales in 2017 to 2016, an average increase of 7% was 

reported. 

 

Radio Advertising:   

March & April 2017 - 2 weekly 30 second and 1 weekly 60 second ads brought an estimated 

2,800,000 impression to Arizona residents.   

 

Digital Billboards: 

Spring 2017 and Fall 2017 – 10 freeway billboards with an 8 second spots rotating every 64 

seconds resulting in total estimated impressions of 535,000. 

 

Beneficiaries  
The project benefited the entire Arizona nursery crop industry.  This industry, according to the 

2007 survey, has total sales of $644 million million and includes the 200 members of the 

Arizona Nursery Association as well as an estimated 1000 landscapers in Arizona.  Educating 
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consumers of the environmental benefits of planting landscapes has resulted again in an increase 

in sales on the retail level which will in turn, increase Arizona grower sales.  Because the grant 

met a need of each level of the Arizona industry as well as the general public, an actual number 

cannot be quantified.     

 

Lessons Learned  
We learned that in lean times, repurposing copy and billboards is possible and to not reinvent the 

wheel when the messaging you have works and the advertising agency also told us repetitive 

messaging is a good thing.  

 

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  
We believe the Plant Something promotional campaign has increased awareness of the 

competitiveness and consumption of ornamental plants in Arizona.  Through our previous 

surveys, a 10% increase in sales was reported by the retail nurseries.  At this time, sales are again 

rising in the industry an average 7% increase was reported for the year 2016-2017. 

 

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 and 23 states are partners in the program.   

 

Copies of any and all promotional materials, radio advertisements, digital billboards and videos 

are available upon request.  Website is www.plant-something.org and Facebook page is under 

Plant Something.   

 

Bacterial Die-off in Agricultural Waters 
This project was completed on December 31, 2017 

Project Summary 
Recently, the FDA has amended its previously proposed microbial standards for the use of water 

applied directly to produce during growing to be consistent with the 2012 Environmental 

Protection Agency (EPA) criteria for recreational water quality. In addition, for waters not 

meeting the microbial quality standard of 126 CFU (colony forming units) of E.coli per 100 mL 

of water, farmers would have additional means to achieve it through alternate options that allow 

adequate time for microbial die-off supported by scientific data. This project focused on local 

assessments of microbiological die-off related to UV radiation, temperature, time, humidity and 

other environmental factors that have been known to play a role in microbial survival. A critical 
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component of this work is that it is completed in Arizona’s unique climate and growing season 

so that local stakeholders, specialty crop growers and food safety coordinators understand the 

best options available to them for the protection of public health and promotion of food safety. 

 
When fresh produce is contaminated with bacterial pathogens, information is needed about how 

the bacterial pathogens behave in order to keep consumers safe. However, there have been 

limited reports on bacterial pathogen (or indicator bacteria) behavior in the environment under 

real-world growing conditions in water, on soil or on fresh produce (Global Safety of Fresh 

Produce, 2014). While modeling the growth and survival of pathogens and indicators has been a 

basic tool in predicting food safety (Riva et al., 2001; Rodriguez et al., 2000; Viswanathan and 

Kaur, 2001) these models provide predictions of growth and subsequent die-off during constant 

conditions and do not accurately reflect growing conditions of the produce industry. To date, no 

microbial die-off studies have been conducted evaluating real world scenarios focusing on local 

growing conditions in Arizona. 

 

Recent up-dates to the Food and Drug Administration (FDA) Food Safety Modernization Act 

(FSMA) indicate that for waters not meeting the microbial quality standard Geometric Mean of 

126 and/or Statistical Threshold Value of 410 colony forming units (CFU) E.coli per 100 mL, 

farmers would have additional means to achieve it through alternate options. These options 

would allow adequate time for microbial die-off and suggest a 0.5 log reduction of bacteria per 

day, or alternate reduction supported by scientific data. Currently, very few (if any) local 

specialty crops growers have amassed scientific data related to die-off of bacteria on farm. 

Additionally, this may be a significant burden to small and mid-size producers of leafy greens. 

Due to the unique growing conditions of the fresh produce industry in Arizona our research team 

developed site-specific data related to the die-off of bacteria in water and on raw product prior to 

harvest that will support the local industry in meeting the proposed FSMA guidelines for water 

quality. 

 

This work was accomplished through site-specific testing of bacterial die-off in the following 

scenarios; Water Canal Transfer (how much time and under what conditions in the canal does 

microbial die-off occur and how long do bacteria survive in agricultural waters); and Field 

Application (once applied in the field, what is the resulting microbial die-off over time during the 

typical leafy green growing season –hours, days, etc.). 

 

Project Approach 
In order to accomplish these goals, our research and extension team relied upon the University of 

Arizona industry supported AZMET network (http://ag.arizona.edu/azmet/) of weather stations 

to collect localized real-time data on the following elements that influence microbial die-off 

(Figure 1). The project approach included preforming mock contamination events and 

monitoring microbial die-off over time. In order to evaluate microbial die-off, the research team 

used a non-pathogenic strain of E.coli bacteria in addition to the viral indicator MS2 in all field 

applications conducted at the Yuma and Maricopa Agricultural Centers.  
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The irrigation water 

contamination events were 

conducted at both the UA 

Yuma Agricultural Center 

(YAC) and Maricopa 

Agricultural Center (MAC), 

in sections of irrigation 

canal that were controlled 

for flow rate and duration. 

Our research team “spiked” 

irrigation water in controlled 

canal sections with a known 

concentration of non-

pathogenic strain of E. coli 

(ATCC# 25922) as well as 

the non-pathogen viral 

indicator MS2 that were 

used as a water quality 

tracers. Water samples were 

then collected at a 

predetermined number of 

locations within the lateral 

canal. Once in the laboratory, water samples were analyzed using the IDEXX Colilert® method 

for enumeration of E.coli according to manufacturer instructions. Virus water samples were 

analyzed using the double agar layer (DAL) methods according to Standard Methods for the 

Analysis of Water and Wastewater.  

 

Spinach field plots were also applied with known concentrations of non-pathogenic E.coli and 

samples were collected at time intervals adequate to assess die-off (usually in two hour intervals 

for multiple days). Collected samples of raw product followed current industry standards for the 

detection of E.coli and were analyzed by 3M™ Petrifilm™ E. coli/Coliform Count Plates using 

two methods including (1) direct plating of raw product wash water, and (2) tryptic soy broth 

enrichment of raw product wash water + plating after 24h incubation.  

 

This work offers recommendations towards die-off rates of E.coli and the viral indicator MS2 

under Arizona growing conditions that can be used by the produce industry to meet FSMA 

Agricultural Water Rule standards. This research supports the goals of the Leafy Green 

Marketing Agreement (LGMA) and FSMA regulations by providing data necessary for more 

accurate assessment of the risks associated by water into agricultural fields. Directing the 

communication of the final data to industry will, in turn, focus on tangible guidance for the fresh 

produce industry with respect to irrigation water quality and pathogen control. 

 

 

 

Figure 1. Elements of 

Microbial Die-off 
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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 

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 

materials and workshops related to the project, and has presented information about this 

project to growers and other local stakeholders in Arizona and California. 

 

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

develop and refine the sampling approach used for the study and contributed to the 

development of outreach materials including presentation and workshop materials 

supplied to stakeholders. Additionally, she provided guidance to the students and helped 

to troubleshoot specific assays used in this project. 

 

 Dr. Kurt Nolte, Produce Safety Expert for the Produce Safety Network, Western Region, 

FDA, was critical in facilitating connections of the research team to local industry 

members and stakeholders in order to implement the research approach. He also 

contributed significantly to the review of materials/information supplied to stakeholders 

as well as interpretation of the FDA rules. 

 

 Ms. Natalie Brassill, Assistant in Extension, Maricopa Agricultural Center, helped to 

coordinate sample processing methods, ordering of supplies, implementation of field 

scale evaluation, and final data interpretation. She was essential in communication of 

results to industry partners and grower stakeholders. 

 

 Ms. Stevi Zozoiya, Student Employee, Maricopa Agricultural Center, was essential in the 

collection of water and raw product samples, helping the team to facilitate sample 

collection and laboratory work. 

 

 Mr. James Dalton, Research Technician, Maricopa Agricultural Center, played a pivotal 

role in collecting water samples, raw product samples, coordinating sample collection 

and final data interpretation. Additionally, Mr. Dalton supervised Project Puente student 

interns who help complete project tasks. 

 

Goals and Outcomes Achieved 
This study examined both irrigation water and raw product samples in order to observe if 

microbial concentrations decreased over time and at what rate in-order to inform local grower 

communities. Over the course of this project quantitative data on the temporal distribution of 

indicator organisms was assessed for over 3,000 irrigation water and raw product samples. A 

total of three different growth based methods were also evaluated to determine the 

concentrations and “survivability” of both E.coli bacteria and viral indicator MS2 under real-

world conditions. 
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Table 1. Number of Samples Collected, Water and Raw Product.   

Sample Type # of Samples # of Trials 

Raw Product 1080 4 Trials (February, March, April, 

December) 

Irrigation Water 2112 8 Trails (March, April, June, July, 

August) 

 

Results for Raw Product (Spinach) Evaluation. Quantification data can be seen below in Figures 

1 thru 4, and detail bacterial die-off as a result from solar radiation, temperature and relative 

humidity on raw-product (spinach).   

 

Figure 1. Trail 1; Impact of Environmental Factors on Bacterial die-off; a. Radiation, b. 

Temperature, c. Relative Humidity.  

Figure 6. Field Application of E.coli bacteria to Spinach (a) 

(a.)  

(b.)  
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(c.)  
 

Figure 2. Trail 2; Impact of Environmental Factors on Bacterial die-off; a. Radiation, b. 

Temperature, c. Relative Humidity.  

(a.)  

(b.)  
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(c.)  
 

Figure 3. Trail 3; Impact of Environmental Factors on Bacterial die-off; a. Radiation, b. 

Temperature, c. Relative Humidity.  

(a.)  

(b.)  
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(c.)  
 

Figure 4. Trail 4; Impact of Environmental Factors on Bacterial die-off; a. Radiation, b. 

Temperature, c. Relative Humidity.  

(a.)  

(b.)  
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(c.)  
 

Results for Water Quality Evaluation. Average quantification data can be seen below in Figure 5 

evaluating E.coli bacterial and MS2 viral die-off in irrigation water used for produce production. 

It should be noted that this data represents a total of eight trials.  

 

Figure 5. Impact of Temperature on Bacterial and Viral Die-Off in Irrigation Water (a).  

  

(a.)  
 

Overall Research Conclusions 

 Irrigation water can be a potential source of both bacterial and viral pathogens in leafy 

greens produced in Arizona and the Southwest. 

 

 The highest concentrations of E.coli bacteria and MS2 virus were found at the on-set of 

die-off experiments (hours 0 and 2), with rapid decline in bacterial and viral populations 

within 4 hours of inoculation.  

 

 Measurable differences were seen in die-off rates of bacterial and viral indicators in 

simulated canal events when compared to raw product contamination events. In general, 
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both indicator organisms were able to survive at extended periods of time (days) in water 

when compared to raw-product (hours). 

 

 Irrigation water contamination events overall were found to contain higher concentrations 

over time of microbial indicators on average than raw product, regardless of the starting 

concentration of E.coli or MS2 applied to water or spinach.  

 

 Only raw product samples tested positive for E.coli bacteria after 36 hours in trial 4, 

which was conducted in December, 2017. Of special note, is that a two-day precipitation 

event occurred during this trail, indicating the potential importance of moisture in E.coli 

bacteria ability to survive in the environment.  

 

 Average 24-hour E.coli log-reductions for all field trials indicated up to 6 log-reduction 

on raw-product and up to 4.5 log-reduction in irrigation water. This is significantly 

greater than the proposed log-reduction of 0.5 log/day as recommended by the FDA. 

 

 Both UV radiation (Langley’s) and temperature were found to be significant factors in 

the survival of E.coli bacteria on raw product and irrigation water samples. 

 

 These results (under controlled conditions) demonstrate that the FDA standard log-

reduction (0.5 log/day) is much lower than the observed die-off rates, indicating that high 

levels of contamination would be eliminated in reduced time intervals both in irrigation 

water and on raw product under Arizona growing conditions, than times suggested by 

FDA.  

 

As a result of this work, bacterial die-off information has been shared with the broader 

stakeholder community. As originally proposed, over the course of this project our team worked 

directly with the leafy greens specialty crop industry to develop local information on microbial 

die-off in agricultural waters (GOAL). No data currently exists (BENCHMARK). The success of 

this project is measured by the development of scientific data on local microbial die-off that can 

be used to support growers in meeting the FSMA water quality guidelines (TARGET AND 

PERFORMANCE MEASURE). 

 

Additionally, through these evaluation metrics, we believe that we have increased the awareness 

of leafy greens specialty crop industry of the impact of microbial die-off on their ability to meet 

FSMA water quality standards by presenting to the Yuma Safe Produce Council and UA Desert 

Fresh Produce Safety Collaborate Field Conference 2017/2018 (GOAL). Additionally, during the 

2018 Southwest Ag Summit which occurred February 22-24th, 2018 the research and extension 

team provided a presentation as well as surveyed 32 growers in attendance (PERFORMANCE 

MEASURE). We determine that their knowledge on factors that impact microbiological survival 

was increased by 62% (TARGET) from the knowledge that they had before attending the 

presentation(s) (BENCHMARK). These results indicate that this work increased awareness of 

the leafy greens specialty crop industry on the impact of environmental factors on microbial die-

off through personal communications, grower based workshops, communications to the Yuma 

Safe Produce Council, information dissemination to the State Food Safety Specialist, Dr. Paula 
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Rivadeneira, as well as information transfer to growers and regulators during recent FDA 

Produce Safety Rule trainings (Phoenix, AZ, Produce Safety Rule integrated training held on 

October 4-5th, 2017 with 52 growers in attendance; Willcox, AZ, Produce Safety Rule grower 

training held on January 18, 2018 with 21 growers in attendance) in which project team members 

Natalie Brassill and Dr. Channah Rock served as lead trainers.  

 

Beneficiaries 
This research builds on our expertise in Extension and contributes to a growing body of 

knowledge related to food safety and water quality research. In past studies funded by ADA, we 

have collected data that demonstrates high levels of E. coli, and common occurrence of the 

human pathogens Salmonella spp., in canal waters used to irrigate fresh produce during canal 

maintenance events. Our additional work on bacteria die-off examines the potential loading by 

enteric bacterial pathogens in pre-harvest irrigation water has also shed light on the impact of 

environmental factors on the die-off rates in both water and on raw product under Arizona 

growing conditions. This work on FB15-23 specifically focused on how food safety 

professionals can assess their irrigation water quality and localized conditions to determine if 

they can meet the FDA FSMA Agricultural Water Quality rules. This work is critically important 

as it provides tools that stakeholders can use to best assess, and ultimately make food safety 

decisions in their operation. Overall, the direct beneficiaries reached include 105 grower 

stakeholders, with indirect stakeholders reaching 329 through information dissemination at PSA 

grower trainings across the State. 

 

Lessons Learned 
 A positive outcome of this, and past ADA projects, was the leveraging of our food safety 

expertise and knowledge in the Yuma and Maricopa regions 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 industry and enhance the competitiveness of the leafy green specialty crop industry. 

This includes support from the Center for Produce Safety, Western Growers, and 

additional funding from the Arizona Department of Agriculture. We are now able to say 

we have a “team” of Arizona researchers and Extension Specialists working together to 

solve problems for local industry related to food safety. The Arizona Department of 

Agriculture has been critical to the success of these programs. 

 

Contact Person 
Channah Rock, PhD 

Associate Professor & Extension Specialist – Water Quality 

Department of Soil, Water & Environmental Science 

The University of Arizona 

Phone: (520) 374-6258 

Email: channah@cals.arizona.edu 
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Additional Information 

Results from this project directly enhance the competitiveness of Arizona specialty crops due to 

the fact that this research, and its outcomes, showcase 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 partner 

with stakeholders across Arizona who not only see the benefits of understanding food safety in 

their region but also fully comprehend the long-term impact it will play on produce productivity 

and marketability. 

 

Supplemental Figures and Tables 

 Figure 6. Field Application of E.coli bacteria to Spinach (a) 

 

Figure 7. Field Application of E.coli Bacteria to Spinach (b)  
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Creation of Self-Sterilizing Irrigation Pipelines 
This project was completed on April 1, 2018 

Project Summary 
A safe and sustainable food supply is of paramount importance in Arizona and thus, methods and 

materials aimed at protecting irrigation systems against biofilm formation are of intense interest 

to growers of specialty crops. Recently, multiple formulations of quaternary ammonium 

compounds (QACs) and chlorine dioxide (ClO2) have been introduced as commercial cleaning 

agents. According to manufacturer literature, QACs and ClO2 provide long-term protection 

against biofilm growth with no lasting residual that may be harmful to crops. In addition, the 

project assessed the efficacy of Decon7TM, a commercially-available cleaning agent containing 

dimethylbenzylammonium chloride and hydrogen peroxide that is being marketed to growers as 

a disinfection agent. The capability for long-term sterilization of irrigation systems would be of 

great value to growers of specialty crops, but despite their growing use and industrial cleaning 

agents, no information is available on the use of these three compounds for irrigation system 

disinfection. This work conducted a two-year field and laboratory study to compare the long-

term efficacy of QACs, ClO2, and Decon7TM on inhibition of biofilm growth (estimated using 

growth of total heterotrophic bacteria, E. coli, and Salmonella) within model and field-based 

irrigation pipelines. The results were compared to control irrigation systems with no treatment to 

assess the produce safety and economic benefits of the use of these three disinfection agents in 

fresh vegetable production. The study determined that treating the pipeline gaskets with QACs or 

ClO2 did not inhibit the growth of biofilms compared to non-treated control gaskets, and that 

pretreatment was not an effective microbial control. Though Decon7TM showed some efficacy in 

the short term, this material was not effective for long-term control of microbial regrowth. A 

field study determined that residues from all pipeline treatments did not affect the growth of 

spinach. The project also included development of multiple extension events to convey results to 

the grower community.  

 
Irrigation systems and their structural parts (gaskets, pipelines, sprinkler heads) are under 

constant exposure to soil and other bacterial-laden environments and as such, are highly prone to 

formation of bacterial biofilms, presenting a challenge for maintaining irrigation water meeting 

LGMA guidelines (Yan et al., 2010; Pachepsky et al., 2013). Though research results have 

shown that commonly used water sanitizers (e.g., bleach and acid cleansers; Ordinola-Zapata et 

al., 2013; BioSafe Systems, 2013) are effective for biofilm removal within irrigation pipelines, 

such compounds leave within-system residual, and growers cannot consider the implementation 

of sanitation methods that could result in negative impacts to fresh vegetables.  

 

This project examined the utility of three promising compounds (QACs, ClO2, and Decon7TM) 

for growing season-length sanitation of irrigation pipelines. QACs have been used as industrial 

sanitizing agents since the 1930s, but have since undergone successive improvements to enhance 

efficacy and reduce their toxicity to users. The most recent improvements include the additions 

of QACs to a silicone polymer, such that once applied, the compound sticks to metal and plastic 

surfaces, forming an effective “self-sterilizing” hydrophobic and biologically-resistant film on 

target surfaces (Meras Engineering, 2014). Ammonium molecules within the film destroy 

bacteria and viruses that come in contact with the surface, completely eliminating the ability of 

Page 43 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

the microorganisms to produce biofilms. The project also examined the long-term efficacy of 

ClO2 for system sanitation. ClO2 is being marketed as a highly effective, non-corrosive anti-

biofilm agent with no lasting residual (GlobalEX, 2015), and is an EPA-registered biocide that 

will not induce bacterial resistance. The third formulation tested was Decon7TM solution (Decon7 

Systems, LLC. Scottsdale, AZ), a commercially-available cleaning agent containing 

dimethylbenzylammonium chloride and hydrogen peroxide. While Decon7TM is marketed to 

provide high kill rates of bacterial pathogens this agent has never been studied in irrigation 

pipelines.  

 

The proposed work evaluated the use of QACs, ClO2, and Decon7TM for long-term sanitation of 

irrigation systems. We hypothesized that application of these materials to irrigation pipes would 

significantly decrease, and perhaps eliminate, biofilm formation on gaskets, pipes, and sprinkler 

heads, potentially resulting in substantial economic savings to growers and reducing potential for 

bacterial contamination of irrigated vegetables.  

 

The specific objectives of this project were to:  

 Establish the effectiveness of QACs, ClO2, and Decon7TM for use in long-term 

sterilization of irrigation systems, and to conduct field tests to establish application 

timing resulting in most efficacious sterilization.  

 Effectively communicate these results to Yuma, Arizona specialty crop producers.  

 Provide student training in field, laboratory, and extension methodology.  

 

Project Approach 
This project included laboratory and field studies to determine the feasibility of introducing 

QAC-, ClO2-, and/or Decon7TM-based sterilization practices to producers. Phase I of the stated 

Work Plan involved field studies and a mock irrigation system constructed at the University of  

Arizona Yuma Agricultural Center (Figure 1).  

 
 

 

Figure 1: Aerial view of pond irrigation system. The system had five 30-foot segments of irrigation 

pipes. Red arrows represent the direction of water flow direction. Temperature probes were installed at 

the inlet and outlet locations, and lime green stars represent approximate locations of sampling ports 

containing rubber gaskets. 

Inlet Outlet 

Irrigation water source (Pond) 
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Figure 3: Field irrigation system experiment design. 

The sampling pipes (in black) were placed at a distance 

to prevent intersecting spinach harvesting zones. 

Individual ports in the pipeline permitted insertion of cassettes that simulated the gasket-pipeline 

interface (Figure 2) that is often a point of microbial growth within pipelines. Each gasket was 

treated with one of the sterilizing agents, or with water (control gaskets).  

 

The irrigation system was assembled such 

that water would cycle from the pond 

through the system continuously through 

the duration of the 10-week experiment. 

Five sampling ports in each pipe allowed 

for removal of one gasket per treatment 

every two weeks. Over the length of the 

study a total of five replicates of the 

irrigation system study were conducted, 

some using new gaskets and some using 

gaskets that had been exposed to weather 

conditions. 

 

After preliminary analysis of data from the 

mock irrigation experiments, field trials 

began in November of 2016. While the 

mock irrigation system circulated water 

24/7 and thus represented a ‘worst-case 

scenario’ for irrigation pipeline 

contamination, field experiments were 

designed to test the sterilization treatments 

under realistic conditions and in 

accordance with a standard irrigation 

schedule (Figure 3).  

 

Standard methods were used for the 

cultivation of Spinacia olerace (spinach) 

across approximately 0.25 acres. Sprinkler 

irrigation was used throughout germination 

and growth of the 60-day crop, allowing for 

the collection of one gasket from each 

irrigation pipeline treatment once per 

month over the course of the 2017 leafy 

green growing season. Field systems underwent two complete growth and harvesting cycles; the 

first crop was harvested in January, 2017 and the second crop was harvested on May 1, 2017.  

 

After transport to the lab, gaskets were assayed for microbial quality (total coliforms, E. coli, 

Salmonella, and heterotrophic plate count (HPC)) using standard molecular and cultural 

methods. Data from each of the experiments (both the mock irrigation system and the field trials) 

were collected and graphs were constructed to identify inhibition in microbial regrowth 

following treatment of gaskets with QACs, ClO2, Decon7TM, or water (control). Construction of 

Figure 2. Ports in irrigation pipeline that allowed 

insertion of cassettes (left); and disassembled cassette 

(right). 
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these graphs allowed us to discern inhibition in microbial growth related to the sanitation 

treatment. 

 
 

Over the five mock irrigation experiments, the bleach-treated and QAC-treated gaskets revealed 

trends similar to the water-treated gaskets, suggesting that the treatment with bleach or QACs 

was not inhibiting microbial growth. The Decon7TM treatment showed short-term efficacy in 

controlling regrowth of both heterotrophic bacteria and E. coli.  This resulted in the Decon7TM 

being carried forward into the field irrigation trials.  

 

Microbial growth in the field irrigation trials revealed no distinct trends related to sanitation 

method. The Decon7TM treatment that showed some efficacy in the mock irrigation experiments 

failed to control microbial growth in the field irrigation trials. These results provide insight to the 

highly variable environment found within aluminum irrigation pipelines, and provides strong 

evidence that even under conditions thought to preclude microbial growth (including field 

temperature extremes and variations in water availability), conditions conducive to microbial 

growth exist within irrigation pipelines. 
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The spinach crop irrigated using treated 

pipelines was inspected using quantitative 

and qualitative characteristics developed by 

the United States Department of Agriculture 

(USDA, 2006). Measured characteristics of 

the crop included leaf damage and decay, 

cleanness, infection, yellowing, downy 

mildew, and flower budding. In addition, 

crop biomass was removed from all treated 

fields (Figure 5) and analyzed for wet weight 

and dry weight.  

 

Two complete growing cycles revealed no 

adverse crop effects (no leaf damage, no 

decreases in biomass) related to the use of 

the disinfection agents.  

 

Phase II of the stated Work Plan was to 

perform an economic analysis of physical 

cleaning methods for irrigation pipelines, to 

ascertain if growers would be willing to 

adopt the use of these sterilizing agents, 

despite the increased costs associated with 

chemical cleaning agents. This economic 

analysis would have been useful if indeed 

the QACs and other cleaning agents had 

proven to be effective sterilization methods. 

However, this was not the case. 

Nevertheless, leafy greens producers in 

Yuma and other municipalities in Arizona were asked to complete a detailed questionnaire on 

procedures and cost for sterilization of irrigation pipelines. During eight producer meetings and 

workshops (Table 1), cooperating growers completed a total of 206 questionnaires, with the 

major results summarized in Table 2.  

 

Table 2 indicates strongly that, while growers are open to the idea of using alternative methods 

for sterilization of irrigation pipelines, they are in need of information on the efficacy and the 

cost of new products. What is also clear is that well-controlled, replicated studies with conclusive 

results would be needed before growers are willing to adopt new measures.  
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Table 1. Outreach events attended to distribute finding and collect grower information. 

Date Event 
Number of 

Questionnaires 

Presentation 

Method 

November 6, 2016 
2016 Agronomy Society 

Annual Meeting, Phoenix, AZ 
42 

Poster presentation 

March 28, 2017 

University of Arizona Water 

Resources Research Center 

Annual Conference, Tucson, 

AZ 

38 

Poster presentation 

June 20-21, 2017 
Center for Produce Safety 

Annual Meeting, Denver, CO 
5 

Personal contact 

June 20, 2017 

Monthly Meeting of Palo Verde 

Irrigation District, Ehrenburg, 

AZ 

15 

Presentation, 

question-and-answer 

June 21-22, 2017 
Community Meeting, 

Holbrook, AZ 
22 

Presentation, 

question-and-answer 

November 16, 2017 

Annual Meeting, Center for 

Excellence in Desert 

Agriculture, Yuma, AZ 

20 

Personal contact 

January 18, 2018 

Produce Safety Alliance 

Grower Training Course, 

Wilcox, AZ 

12 

Personal contact 

February 20-22, 

2018 

Southwest Agricultural 

Summit, Yuma, AZ 
52 

Display booth, 

personal contact 

 

Table 2. Results of questionnaire completed by cooperating growers at producer meetings. 

Question Response 

What supplies/methods do you use for 

sterilization of irrigation pipelines? 

Bleach (14%); UV/sunlight (80%); Soap and 

water (10%); None (8%) 

Would you consider the use of another 

cleaning agent if it were effective? 
Yes (65%); Maybe (15%) 

What information would you require about a 

new cleaning agent? 

Efficacy (80%); Cost (100%); Potential for 

damage to crop (92%) 

How many person hours do you estimate are 

spent each week during harvesting season on 

the cleaning of irrigation pipelines? 

0-10 (75%); 10-20 (5%); 20-30 (10%); 30-40 

(4%); 40+ (6%) 

Phase III of the stated Work Plan had the objective of providing student training in field and 

laboratory microbiology and extension methods. The master’s student placed on this project, Juli 

Simons, successfully defended her thesis on December 6, 2017. Juli was solely responsible 

(under the guidance of the Principal Investigators) for the planning and design of all field and 

laboratory studies and management of the project budget, as well as the reporting of results. She 

also attended all outreach events in 2016 and 2017 to disseminate research results, address 

grower concerns and questions, and manage responses to the questionnaire. 
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Goals and Outcomes Achieved 
The Expected Measurable products of this project stated in the proposal included:  

 

Goal 1: Establish the effectiveness of new disinfection materials (QACs and ClO2) for reducing 

microbial regrowth within six model irrigation systems (GOAL). Over two growing seasons, 

measure regrowth of heterotrophic bacteria, E. coli, and Salmonella within treated systems 

(PERFORMANCE MEASURE) to determine if QAC and/or ClO2 treatment reduce biofilm 

formation by 100% relative to non-treated irrigation systems (BENCHMARK). Using 

Salmonella (pathogen) regrowth metrics, establish a concomitant significant decrease in risk to 

public health via transmission of pathogens to irrigated food crops (TARGET). 

 Through laboratory and field assessments of the efficacy of QACs relative to bleach and 

water in sanitizing irrigation pipelines over multiple replications in both a mock irrigation 

system and a spinach field, this goal was achieved. This goal was expanded to include a 

new sanitation method, Decon7TM. Because none of the methods tested showed long-term 

efficacy in sanitizing irrigation pipelines, no conclusions were reached related to public 

health. 

 

Goal 2: Increase awareness of irrigation system sanitization practices among Arizona specialty 

crop producers via dissemination of key recommendations to over 250 growers (GOAL) at the 

2016 and 2017 preseason fresh produce safety workshop in Yuma, the 2017 Southwest Ag 

Summit, and Arizona Good Agricultural and Good Handling Practice Workshops (TARGET). 

Summarize final results, including economic analyses, in a Cooperative Extension Bulletin at the 

conclusion of the project (TARGET). The success of the project will be measured by willingness 

to adopt the recommended best management practices by 20 growers (TARGET), compared to 

pre-study disinfection practices (BENCHMARK). Success will be established by workshop 

participant exit assessments (PERFORMANCE MEASURE) and downloads of Cooperative 

Extension Bulletin from the University of Arizona website (PERFORMANCE MEASURE).  

 The second goal of this project has been partially met. Distribution and completion of 

surveys by specialty crop producers increased understanding of current practices in 

sanitation of irrigation pipelines, and the current interest of growers in testing and 

adopting updated methods of sanitation. Because the sterilization did not present any 

long-term improvement in pipeline cleanliness, the Cooperative Extension Bulletin is not 

going to be completed as part of this work. Results of this project have been distributed to 

growers of specialty crops during eight events as detailed in Table 1.  

 

Beneficiaries 
This research builds on our expertise in Extension and contributes to a growing body of 

knowledge related to pathogenic bacteria and food safety. To date, few studies have been 

conducted that assess the potential for irrigation pipelines to pass bacteria into crops, and the 

efficacy of sterilization methods. This project specifically targeted the growers of leafy greens in 

Yuma County, and other Arizona agricultural communities. Farms growing one or more of the 

15 leafy greens produced in Arizona represent a $1 billion industry that employs more than 

20,000 workers (Arizona Leafy Greens, 2014). The economic analysis completed by growers 

compared the efficacy of the compounds tested for irrigation system sterilization with established 

cleaning procedures. Workshops developed to distribute the findings of this work specifically 
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targeted the growers of leafy greens, and were offered pre- or post-harvesting, to ensure that 

leafy green producers taking part in workshops will learn about the results of the study and the 

methods developed during this project. Though this project utilized leafy greens (spinach) as a 

model, it is fully expected that these results will be applicable to growers of any specialty crop 

undergoing irrigation, including broccoli, celery, melons, and many others. Results of this work 

were not shared with producers of non-specialty crops, e.g., cotton, switchgrass, as these crops 

are not produced for human consumption, making irrigation water quality less of a concern.  

 

The results of this project will be of extreme interest to stakeholders and growers, whose primary 

interest is the production of a high-quality, safe end product. We consider these stakeholders, 

who have been integral in the conception, proposal, and design on this project, the primary 

beneficiaries of this information. Over the length of the project, we documented 412 specific 

instances where information from this project was beneficially transferred to stakeholders. 

Benefits were realized in several ways. First, surveys to understand time and materials spent on 

sanitizing harvesting tools and equipment were completed by specialty crop producers at grower 

meetings outlined in Table 1, resulting in the collection of 206 completed questionnaires/surveys. 

Additional outreach events are documented in Table 1; during these events, the presenters 

collected information on the number of individuals asking questions, resulting in the final 

number of 412 individuals reached with this information. 

 

Lessons Learned 
The finding no extended efficacy in destroying contaminating bacteria in irrigation pipelines was 

unexpected. We hypothesized that, because modern cleaning agents are designed to adhere to 

surfaces and prevent biofilm growth, that pipelines would remain sterile after treatment. It was of 

consequence that no crop damage was observed due to the chemical treatments; this finding was 

of extreme interest to the specialty crop producers who aspire to grow safe and healthy products. 

 

Contact Person 
Jean E. McLain, Associate Director 

University of Arizona Water Resources Research Center 

(520) 621-7292 

mclainj@email.arizona.edu  

 

Additional Information 
Presentations resulting from this work. Arizona Department of Agriculture funding has been 

noted on all of these presentations. 

 Poster: Juli Simons, Channah Rock, Kurt Nolte, and Jean E. McLain. 2016. Self-

sterilizing harvesting tools and irrigation pipelines. American Society of Agronomy-Crop 

Science Society of America-Soil Science Society of America International Annual 

Meeting, Phoenix, Arizona. 

 Poster: Juli Simons, Channah Rock, Kurt Nolte, and Jean E. McLain. 2016. Self-

sterilizing harvesting tools and irrigation pipelines. University of Arizona Water 

Resources Research Center Annual Conference, Tucson, Arizona. 

Page 50 of 288

mailto:mclainj@email.arizona.edu


Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

 Workshop: Natalie Brassil, Channah Rock, and Jean McLain. 2017. Sterilization of 

irrigation pipelines – how important is this? Multiple grower workshops throughout 

Arizona in 2017 and 2018. 

 Master’s Thesis: Juli Simons. 2017. Self-sterilizing harvesting tools and irrigation 

pipelines. University of Arizona Department of Soil, Water and Environmental Science, 

Tucson, Arizona. 
  

Driving Demand for Arizona Grown Medjool Dates 

This project was completed on March 31, 2017 

Project Summary 
Gross production of Medjool dates has approximately doubled in Arizona, with the growing 

region increasing to over 3,000 harvested acres. As supply of Medjool dates increases, consumer 

demand needs to increase correspondingly. This project investigated consumer demand, 

preferences and willingness-to-pay (WTP) for Arizona-grown Medjool dates. A demand model 

was derived and key drivers of demand and WTP were determined to enable stakeholders to 

better understand consumers and to facilitate targeted marketing strategies to more effectively 

communicate benefits of Medjool dates. Through a national consumer study comprising 3,000 

participants, and employing conventional- and open-ended choice experiments, estimates of 

consumer demand, preferences and WTP for Medjool dates were determined. The data were 

collected in 2016 and were analyzed using univariate and multivariate statistical methods to 

provide insight on factors that affect the demand and WTP for Medjool dates. Key findings are 

that on average, consumers are willing to pay a premium for Arizona grown Medjool dates. 

Moreover, consumers seem to be willing to pay a premium for pesticide-free production 

labelling of Medjool dates. The model and related findings were shared with Arizona specialty 

crop growers during a workshop at Arizona State University and at the Agricultural Summit in 

Yuma, AZ. This project did not build upon a previously funded SCBGP project. 

  

Project Purpose  
Success of Arizona specialty crops deliver a host of benefits that include economic, societal, and 

environmental benefits. Medjool dates, in particular, is a crop that has grown significantly in 

recent years, providing important economic and labor benefits and stability to the economically 

distressed region of Yuma, AZ. Yuma’s unemployment rate hovers between 25–28 percent and 

becomes more dire outside of the winter months, when lettuce is harvested. With date harvesting 

starting in mid-August and running through mid-October, the growing and harvesting of Medjool 

dates help to alleviate the unemployment in this region and provide much-needed stability in the 

labor sector. 
 

Over the last four years, gross production of Medjool dates has approximately doubled in 

Arizona, with the growing region increasing to over 3,000 harvested acres in 2014. As the supply 

of Medjool dates increases, consumer demand for dates needs to increase correspondingly. To 

ensure demand keeps pace with supply, a good understanding of consumers is needed. It is 

essential to identify consumer demand and willingness to pay (WTP) for Medjool dates, as well 

as the underlying drivers of demand and WTP. By identifying those attributes consumers value 

in Medjool dates, better packaging, labeling, and promotional campaigns can be developed that 

speak to consumers' wants and needs. 
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The objective of this project was to determine the key drivers of consumer demand and WTP for 

Arizona-grown Medjool dates. Conventional and open-ended choice experiments were designed 

which employ those attributes in which growers and marketers are most interested, here: price, 

region of origin (California-grown, Arizona-grown), GM-free and pesticide-free. Conventional 

choice experiments allow researchers to evaluate the impacts of several attributes 

simultaneously, derive a marginal utility parameter for each of the attributes, and estimate the 

relative impact of socioeconomic characteristics on the valuation of the attributes. Open-ended 

choice experiments allow for the consideration of competing products. The advertising and food 

landscape has become increasingly cluttered. By focusing on these attributes, it is expected that 

Arizona Medjool date growers will have a higher likelihood of successfully developing a 

message that resonates with consumers. This project was specific to Arizona Medjool date 

growers, as attributes specific to Arizona-grown Medjool dates were modeled and tested.  
 

Project Activities  
Summary of work plan completion 

The tasks outlined in the work plan were completed. This includes desk research, data 

preparation and collection of additional product information for consumer marketing survey; 

development of empirical framework, i.e., survey instrument, completed pilot study; completed 

online consumer marketing survey; analyzed data; presented findings at Southwest Agricultural 

Summit and Agricultural & Applied Economics Ass. Meetings; invited growers and other 

stakeholders to Arizona State University campus for presentation of draft working papers and 

feedback; finalized a research paper and submitted it for journal publication; finalized an 

Arizona Farm Bureau's Choices publication.  

 

Work plan completion by quarter 

 First Quarter (Oct. 2015 – Dec. 2015) Activities:   

 Work accomplished during the reporting period, and specific tasks from the Work Plan of 

the approved project proposal that were accomplished: We conducted secondary 

research, as well as data preparation and collection of additional product information for 

the consumer marketing survey. We developed the empirical framework (i.e., survey 

instrument) and received approval of the Internal Review Board from Arizona State 

University to conduct the consumer research. We consulted and collaborated with 

Arizona Medjool date growers to develop a survey which addressed their needs. Then, 

we completed a pilot study which entailed testing of the survey instrument, data 

collection and focus group. Results were assimilated and incorporated into the 

development of finalizing the survey instrument. We also contracted with Qualtrics, a 

research software company, to provide a sufficient and representative consumer sample. 

 In order to solely benefit Medjool dates as a non-specialty crop commodity, we focused 

exclusively on Medjool dates in the development of the survey instrument.   

 

 Second Quarter (Jan. 2016 – Mar. 2016) Activities: 

 We completed the design of the choice experiments and tested the design twice in order 

to create the final choice experimental design.  
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 Third Quarter (Apr. 2016– June 2016) Activities: 

 We collected the data via Qualtrics. Roughly 3,000 participants were sampled. We 

conducted a soft launch to assure data quality. The soft launch data were acceptable, so a 

full launch was executed and data analysis from the full launch, commenced.  

 We presented the project and discussed pre-test results with delegates at the International 

Food Marketing Research Symposium in Bologna, Italy (06/13-06/14), presenting on the 

topic “Drivers of Demand for Specialty Crops: The Case of Arizona-Grown Medjool 

Dates.”  

 

 Fourth Quarter (July 2016 – Sept. 2016) Activities: 

 We started the data analysis. 

 In accordance with the work plan, we presented preliminary findings at the Agricultural 

& Applied Economics Ass. Meetings: Grebitus, C., * Hughner, R.S. and A.O. Peschel 

(2016): Drivers of Demand for Specialty Crops – The Example of Arizona-Grown 

Medjool Dates. AAEA Congress, 07/31-08/02, Boston, MA. The related working paper is 

entitled: Drivers of Demand for Specialty Crops: The Example of Arizona-Grown 

Medjool Dates and can be found on AgEcon Search: http://purl.umn.edu/235545. 

 We began to organize a workshop to be held at Arizona State University in November 

2016 to present findings to stakeholders. Invitations were sent out. 

 Approval was received for an extension of the project; more time was given to complete 

the data analysis. Results of our research will now be presented at the 2017 Southwest 

Agricultural Summit (TARGET). 

 

 First Quarter (Oct. 2016 – Dec. 2016) Activities:   

 We invited growers and other stakeholders to the Arizona State University Polytechnic 

campus for presentation of draft working papers and to receive feedback. In accordance 

with our output we held a workshop on: Driving Demand for Arizona-Grown Medjool 

Dates (November 2016). 

 We completed the data analysis to 80% and the first research paper is completed to 80%. 

    We also prepared the results to present at the Southwestern Ag Summit in Yuma. 

 

 Second Quarter (Jan. 2017 – Mar. 2017) Activities:   

 Our Expected Measurable Outcomes are to develop a predictive model for the demand of 

and willingness to pay for Medjool dates. We have done this and presented this at the 

Agricultural Summit in Yuma to provide a foundation for a marketing plan to increase 

the demand and willingness to pay for Medjool dates, by surveying 3,000 consumers of 

dried fruits (GOALS). The titles of the presentations are as follows: 

o Characteristics of Date Consumers. 02/23/2017, Southwest Agricultural Summit, 

Yuma, AZ. 

o Consumer Demand, Preferences and Willingness to Pay for Medjool Dates. 

02/23/2017, Southwest Agricultural Summit, Yuma, AZ. 

 We submitted a manuscript to the journal Food Policy: Drivers of Demand for Specialty 

Crops: The Example of Arizona-Grown Medjool Dates. 
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 We submitted a manuscript to the Farm Bureau’s journal Choices: Consumer demand and 

preferences for Medjool dates grown in Arizona. 

 

Specifically, we find the following: 

 

Preference model: The higher the price the less preferred are packages of Medjool dates. 

Arizona grown dates are preferred over date package options not labeled for region of origin. 

Furthermore, participants preferred dates that were labeled as Pesticide-free and GMO-free. 

Interestingly, the interaction effect between these two labeling options is significant and 

negative, indicating that when participants were presented with both labels, “pesticide-free” and 

“GMO-free”, on a package of dates, they were less likely to choose those dates. Consumer 

preferences for Arizona grown are not heterogeneous but they are heterogeneous for California 

grown coefficient and for pesticide-free labeling.  

 

Willingness to pay model: Results show that consumers are willing to pay $0.14 per ounce 

more for dates from Arizona compared to dates not labeled for region of origin. Dates labeled as 

pesticide-free increase $0.55 in value per ounce, while dates labeled as GMO-free increase $0.17 

in value per ounce. Testing for the inclusion of both production labels on the date package 

indicates that “more” is not necessarily more valuable for consumers.  

 

Demand model: Participants’ demand for an 8-ounce box of dates was more than twice as high 

when priced at $2.99 versus $6.99. Consumers were more accepting of the mid-range prices of 

$3.99 to $4.99, with demand fairly high. However, at the price of $5.49, two-thirds, or sixty-six 

percent, of the respondents chose not to buy any dates; as the price increased to 6.99, the 

percentage opting not to buy dates rose to seventy-five percent. “Arizona Grown” Medjool dates 

led to more demand than simply “Medjool” dates.  

 

Goals and Outcomes Achieved  
The goals of this project are to develop: a predictive model for the demand of and WTP for 

Medjool dates; an analysis of underlying consumer characteristics that affect demand and WTP; 

and a foundation for a marketing plan to increase the demand and WTP for Medjool dates, by 

surveying 3,000 consumers of dried fruits (GOALS). No such model existed (BENCHMARK).  

The model and results of the study were shared with growers at the 2017 Southwest Agricultural 

Summit, and were discussed at a workshop with Medjool Date stakeholders at Arizona State 

University in fall 2016. Results will also be disseminated through the Arizona Farm Bureau's 

Choices publication (TARGET). These outlets should have reached most, if not all, of the state's 

Medjool date growers. Attendance at these two events counted about 30 participants and the 

readership of Choices (PERFORMANCE MEASURE). This satisfies the end GOAL of 

disseminating the findings at the Southwest Ag Summit to producers and others who might make 

use of it.  The TARGET for the dissemination of the results were the number of people who 

attend the seminars (over 20 at the AgSummit, about 10 at the Arizona State University 

workshop).  

 

We estimated that 150 people would attend the seminar at the AgSummit since in the year before 

(PERFORMANCE MEASURE) around 500 people attended the conference. However, our 
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attendance was lower than that. However, we also presented our findings at two conferences 

(Boston and Bologna, Italy), reaching approximately 150 agricultural and food marketing 

researchers. 

 

Predictive models 
Preference model: Results show that, the higher the price the less preferred are alternative 

packages of Medjool dates. Arizona grown dates are preferred over non-labeled date package 

options. Furthermore, participants preferred dates that were labeled as Pesticide-free and GMO-

free. Interestingly, the interaction effect between these two labeling options is significant and 

negative, indicating that when participants were presented with both labels, “pesticide-free” and 

“GMO-free”, on a package of dates, they were less likely to choose those dates.  

 

With regard to preference heterogeneity the standard deviation coefficient for Arizona grown is 

not significant. This means that consumers on average prefer Arizona grown dates over non-

labeled dates without being heterogeneous in their preferences. While the California grown 

coefficient was not significant for the mean estimate the standard deviation coefficient is 

significant indicating that some consumers do prefer Medjool dates grown in California while 

others do not share those preferences. The same holds for pesticide-free labeling. The interaction 

effect for pesticide- and GMO-free labeling is also significant which suggests that some 

consumers may prefer dates labeled with both claims while others would rather choose dates not 

labeled with both signals. 

 

Willingness to pay model: We found that, on average, consumers are willing to pay a premium 

for Medjool dates labeled “Arizona Grown”. Moreover, consumers indicated a willingness to pay 

a premium for pesticide-free labelling of Medjool dates. Considering that this label is not in use 

currently, it could be a viable tool to communicate the production method in the market place.  

Consumers were also willing to pay a premium for GMO-free dates, but the premium they were 

willing to pay was considerably lower than that for pesticide-free dates. Specifically, results 

show that consumers are willing to pay $0.14 per ounce more for dates from Arizona compared 

to dates not labeled for region of origin. Dates labeled as pesticide-free increase $0.55 in value 

per ounce, while dates labeled as GMO-free increase $0.17 in value per ounce. Testing for the 

inclusion of both production labels on the date package indicates that “more” is not necessarily 

more valuable for consumers. Findings lead to the conclusion that the willingness-to-pay for 

Medjool dates labeled as being pesticide-free and GMO-free is lower than the willingness-to-pay 

associated with the labels individually. This leads to the recommendation that producers focus on 

one attribute to include on the packaging.  

 

Overall, our results show that consumers respond positively to region of origin and production 

method labelling. However, the relatively low premium of 14 cents for region of origin labeling, 

may indicate an opportunity for Medjool date growers and other stakeholders, to consider 

strategies to improve the brand image of Arizona Grown products. Growers could also benefit 

from incorporating and communicating the message of pesticide-free production of Medjool 

dates. This strengthens the argument to provide local producers with better strategies to 

successfully market their products. Providing consumers with information about the benefits of 

buying Arizona Grown Medjool dates would be the first step in this regard. To summarize, 
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consumers are concerned about pesticide residues and GMOs in fruit, preferring pesticide-free 

and GMO-free labeling. Pesticide-free labeling has the largest impact on willingness-to-pay. 

GMO-free and Arizona-grown labeling have modest effect on willingness to pay. Pesticide-free 

and GMO-free labeling seems to be more effective than region-of-origin labeling, though their 

combined usage does not add incrementally more value. 

 

Demand model: Turning to price, we varied the price of Medjool dates to determine its effect on 

demand. Participants’ demand for an 8-ounce box of dates was more than twice as high when 

priced at $2.99 versus $6.99. Consumers were more accepting of the mid-range prices of $3.99 

to $4.99, with demand fairly high. However, at the price of $5.49, two-thirds, or sixty-six 

percent, of the respondents chose not to buy any dates; as the price increased to 6.99, the 

percentage opting not to buy dates rose to seventy-five percent. “Arizona Grown” Medjool dates 

led to more demand than simply “Medjool” dates. Testing the belief that dates may be 

considered a substitute for almonds (both are shelf-stable, ready-to-go snacks and can be used in 

baked goods), we found that almonds and dates are not substitutes. In fact, the demand for 

almonds was found to be stable and demand remained independent from date prices. While 30% 

to 70% of respondents opted out of buying dates depending upon the price, only 20% to 30% 

opted out of buying almonds. A price increase of one dollar more per 8-ounce package of dates, 

reduced demand by one package; ultimately, a higher price reduced demand. 

 

Looking at socio-demographic characteristics, overall, preferences to purchase greater quantities 

of dates were exhibited by younger consumers (21-30), males, and households with children. 

Though, preferences were not for Medjool dates or Arizona Grown dates, specifically, but for 

dates, in general.  Additionally, when consumers were knowledgeable about dates (i.e., they 

knew that dates were fresh), demand increased moderately by up to two 8-ounce packages of 

dates. It is hoped that the results facilitate the development of target-oriented marketing 

strategies to more effectively communicate benefits of Medjool dates. 

 

Conclusions and Recommendations 

Key findings are that on average, consumers are willing to pay a premium for Arizona grown 

Medjool dates. Moreover, consumers seem to be willing to pay a premium for pesticide-free 

production labelling of Medjool dates. Considering that this label is not in use currently, it could 

be a viable tool to communicate the production method in the market place. Similarly, consumers 

were willing to pay a premium for GMO-free dates but the WTP was considerably lower 

compared to pesticide-free dates. Testing for the use of both labels at the same time shows that 

“more” is not necessarily more valuable for consumers. Findings lead to the conclusion that the 

WTP for Medjool dates labeled as being pesticide-free and GMO-free is lower than the sum of 

WTP associated with the labels individually. This indicates a sub-additive effect of the labels and 

an overlap in the valuation of the two labels that compete for consumers’ attention. It is 

recommended that producers focus on one label, rather than both, to include on Medjool date 

packaging. Overall, our results show that consumers respond to region of origin and production 

method labelling. This indicates that producers could consider strategies to improve the brand 

image of Arizona grown products and that they could benefit from incorporating and 

communicating pesticide-free production of Medjool dates. Future research could expand the 

findings by identifying consumer segments of Medjool date preferences. This strengthens the 
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argument to provide local producers with better strategies to successfully market their products. 

Providing consumers with information about the benefits of buying Arizona grown Medjool 

dates would be the first step in this regard. 

 

Beneficiaries  
The specialty crop groups benefiting from the completion of this project’s accomplishments are 

Medjool date growers and their stakeholders. Arizona is the world’s largest producer of Medjool 

dates. Date production in the Yuma area totals about 10 million pounds a year and is estimated to 

be a $30 to $35 million dollar industry that employs more than 2,000 people annually. More 

specifically, the number of Arizona’s Medjool date growers benefitting from the project count 

about 25, and in addition being extended to their employees, and related stakeholders living in 

the Yuma and Bard regions. This specialty crop group and their stakeholders benefit from the 

project by being informed on Medjool date consumers’ preferences and willingness to pay for 

Medjool date characteristics; and their demand for Medjool dates labeled for region of origin. 

Furthermore, they benefit by learning about key drivers of the demand. All of which can be used 

to create efficient and effective marketing activities and stimulate demand. 

 

Lessons Learned  
 All goals and outcome measures were achieved. 

 It was planned to hire a student worker to assist with the project but given the level of work 

necessary to be conducted this was not done in the end. The conclusion was to rather budget 

more time for faculty instead of hiring a student to ensure the applicability of the research to 

the “real world.” Ultimately, this increased efficiency in the research. 

 Discussing the planned research with industry stakeholders proved to be very effective. 

 

Contact Person  
Dr. Carola Grebitus  

Phone: 480.727.4098  

Email: carola.grebitus@asu.edu 

 

Additional Information  

Specific deliverables are as follows: 

Grebitus, C., and R.S. Hughner (2017): Consumer demand and preferences for Medjool dates 

grown in Arizona. Under review. 

Grebitus, C. (2017): Consumer Demand, Preferences and Willingness to Pay for Medjool Dates. 

Southwest Agricultural Summit, 2/22-2/24, Yuma, AZ  

Hughner, R.S. (2017): Characteristics of Date Consumers. Southwest Agricultural Summit, 2/22-

2/24, Yuma, AZ. 

Grebitus, C., Peschel, A.O., and R.S. Hughner (2017): Information Overload? The additive effect 

of “free from” labels and region of origin. Under review. 

Grebitus, C., Peschel, A.O., and R.S. Hughner (2016): Drivers of demand for specialty crops: 

The example of Arizona-Grown Medjool dates. AgEcon Search, 

http://purl.umn.edu/235545. 
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Hughner, R. (2016): Characteristics of Date Consumers. 11/18/2016, Arizona State University, 

Mesa, AZ. 

Grebitus, C. (2016): Consumer Demand, Preferences and Willingness to Pay for Medjool Dates. 

11/18/2016, Arizona State University, Mesa, AZ. 

Hughner, R.S., Grebitus, C., and A.O. Peschel (2016): Drivers of Demand for Specialty Crops: 

The Case of Arizona-Grown Medjool Dates. International Food Marketing Research 

Symposium, 06/13-06/14, Bologna, Italy. 

 

Economic Contribution of Arizona Vegetables 
This project was completed on September 30, 2017 

Project Summary 
This study conducted an economic contribution analysis, estimating the direct and multiplier 

effects of the vegetable and melon industry cluster on Arizona’s economy. The industry cluster 

includes packing, cooling, storing, processing, trucking, and wholesaling as well as on-farm 

production. The contribution analysis used input-output modeling and the premiere software for 

such analysis, IMPLAN Version 3.1, a regional economic modeling system based on national 

averages of production conditions. This model was refined using best available data to better 

reflect economic conditions and agricultural practices in Arizona. The vegetable and melon 

industry cluster’s contribution to the Arizona economy (including multiplier effects) was $1.8 

billion in sales in 2014 and $2.5 billion in 2015. Vegetable and melon sales revenues were 

unusually low in 2014, while 2015 revenues were closer to long run trends. In 2014, Arizona 

vegetable and melon production required more than 26.7 million hours of hired on-farm labor, 

including directly-hired, contract, and other agricultural service workers.  Monthly labor demand 

fluctuated from less than 1.5 million hours in slack months to more than 3.5 million hours in 

peak winter months.  In 2014, there were more than 31,400 individuals working in jobs 

supported directly or indirectly by the Arizona vegetable and melon cluster. The project 

represents new and original research and was not based on previously funded projects with the 

SCBGP.    
 

Project Purpose  
Agricultural producers frequently wish to communicate the importance of their industry by 

demonstrating their contributions to the Arizona economy. Yet, credible numbers are often 

difficult to find. Common complaints are that: (1) numbers are typically not available for 

Arizona specialty crops, such as vegetable and melons, (2) accessible numbers often only 

account for on-farm production, understating the industry’s total economic contribution, and (3) 

highly cited numbers don’t have an attributable study that explains how these numbers were 

generated or where they came from.  

 

This project addressed all of these issues by applying the well-established, nationally recognized 

IMPLAN input-output modeling data and framework to examine vegetable and melon production 

in Arizona and to estimate the overall contribution of the industry to the Arizona economy. The 

economic contribution of vegetables and melons to the state economy extends beyond on-farm 

production due to their perishable nature. In order to deliver high-quality vegetables and melons to 

consumers, a high-level of coordination between on-farm production and industries that perform 
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post-harvest activities is required. Therefore, estimating vegetable and melon’s contribution to the 

Arizona economy warrants an examination of the whole value chain – the vegetable and melon 

industry cluster. This cluster includes industries involved in packing, cooling, storing, processing, 

trucking, and wholesaling vegetables and melons. The IMPLAN model was used to estimate the 

industry cluster’s total contribution to the Arizona economy, including the direct effects from on-

farm production and post-harvest activity as well as the additional economic activity generated in 

other Arizona industries when vegetable and melon cluster industries purchase inputs, and workers 

spend their profits and wages on consumer goods. This total contribution of the industry cluster, 

including multiplier effects is reported in terms of total sales, gross state product, employee 

compensation, proprietor’s income, and state and local taxes. 

 

Partnering with the Yuma Fresh Vegetable Association, we conducted employer interviewers in 

order to get a better understanding of how production is vertically integrated, how labor markets 

operate, and limitations of currently available labor statistics. This enabled us to develop better 

estimates of the industry’s labor requirements and its contribution to state employment. 

 

Labor costs and availability are of great concerns to vegetable and melon producers.  Vegetable 

and melon labor costs as a share of total production expenses are nearly double those in the rest 

of Arizona agriculture.  Operators must recruit a labor force that is largely immigrant, mobile, 

and seasonal, with sharp peaks in labor demand. The number of workers employed at vegetable 

and melon operations is of interest because of fears that farm labor shortages could reduce the 

state’s production of these high-value crops. 

 

With a new, incoming presidential administration and Congress, there are potentially significant 

changes in immigration, agricultural, trade, and environmental policies.  Changes in any of these 

policies could affect the vegetable and melon industry.  This report provides quantitative estimates of 

the economic importance of the vegetable and melon industry cluster – including much of its post-

harvest supply chain – to Arizona’s economy.  This economic information can inform policy 

decisions and indicate the economic consequences for the industry and Arizona’s economy generally.   

 

The report’s results illustrate some of the logistical challenges of mobilizing the work force to 

produce vegetables and melons in the state.  Monthly labor demand in the highest peak-demand 

months of 2014 were more than triple demand in the lowest-demand month.  Producers must 

recruit and deploy this highly fluctuating labor force to fit very narrow time windows of 

production.  Quantification of these logistical challenges may inform new immigration policies 

or implementation of current ones, such as the H-2A visa program for agricultural workers.   

 

Project Activities 
First Quarter (2015) 

 Assembled data on Arizona vegetable and melon sales and production expenses from USDA 

sources.  

 Assembled Department of Commerce data on post-harvest industries related to vegetable and 

melon production.  Identified value added industries related to vegetable and melon 

production based on North American Industrial Classification System codes.  Data on 
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Arizona state totals as well as county level data were collected for number of establishments, 

employee payroll, and number of employees.   

 Recruited and hired a Graduate Research Assistant (GRA) to begin working on the project.  

GRA began literature review of data sources on farm employment data.  

 Data sources and documentation for vegetable and melon employment were identified.  

 

Second Quarter (2016) 

 Conducted review of all government agency surveys measuring on-farm employment in 

agriculture in general and vegetable and melon production in particular.   Separate surveys 

are conducted by the Bureau of Labor Statistics, the Bureau of Economic Analysis, and the 

USDA National Agricultural Statistics Service.   

 Collected and organized data from these different sources to derive estimates of number of 

jobs in Arizona vegetable in melon production. 

 Interviewed extension agents in Arizona and California to obtain additional information on 

employment patterns. 

 Collected data from the Census of Agriculture and other USDA sources to calibrate the 

IMPLAN model (to be used in subsequent analysis) to more accurately reflect production 

conditions in Arizona vegetable and melon production.  The base IMPLAN model assumes 

that production relationships for each industry matches national averages in terms of value of 

output, productivity, and costs.  These national average estimates do not accurately reflect 

production conditions in Arizona.   

 Collected data on downstream industries linked to vegetable and melon production (e.g. 

refrigerated warehousing) to include in estimates of the overall economic contribution of the 

industry to Arizona’s economy.  

 

Third Quarter (2016) 

 Interviewed Yuma growers, packers, and shippers to obtain better understanding of the 

structure of the industry, with a primary focus on understanding the linkages to downstream 

industries related to vegetable and melon production (post-harvest activities).  

 Checked IMPLAN model for data discrepancies and calibrated base IMPLAN model. 

Calibration of the model is required to ensure linkages between agricultural industries and 

vegetable and melon production relationships more accurately reflect production conditions 

and economic accounts in Arizona. 

 Estimated value of sales and employment of downstream industries linked to vegetable and 

melon production. Available data is not disaggregated enough to identify only those 

industries linked to vegetable and melon production. Data required parsing out the post-

harvest activities related to vegetable and melon production (e.g. refrigerating warehousing 

from all warehousing).  

 Solicited comments from growers regarding estimations of downstream industries linked to 

vegetable and melon production.  

 Conducted initial IMPLAN simulation to estimate the overall economic contribution of the 

vegetable and melon industry to the Arizona economy.  

 

 

Page 60 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

Fourth Quarter (2016) 

 Completed contribution analysis to estimate the overall economic contribution of the 

vegetable and melon industry cluster to the Arizona economy. 

 Completed estimation of jobs supported by the vegetable and melon industry cluster, both 

directly and indirectly. 

 Completed first draft of final report to be submitted to industry representatives to get 

comments and recommendations for any final revisions.  

 Revised report in response to comments from industry representative and other stakeholders. 

 

Note: The original project proposal planned report measures of project impacts that would include 

– for example – briefings of state and local officials or citations of project outputs in official local, 

state, and federal documents. The project final report was released in December, 2016, so the 

original project was amended so that metrics would be tracked and reported for 2017.  

 

First Quarter (Fall 2016)  

 A draft, final project research report was delivered to Yuma Fresh Vegetable Association 

(YFVA) to solicit and respond to their comments, questions, and suggestions 

 The final draft report was revised in response to YFVA comments and completed 

 The final report was posted on the University of Arizona College of Agriculture and Life 

Sciences publication website: https://cals.arizona.edu/arec/publication/contribution-

arizona%E2%80%99s-vegetable-and-melon-industry-cluster-state-economy 

 Interested readers can download the entire report and/or a shorter, separate executive 

summary 

 The project team met with Faith Schwartz Faith Schwartz, Information Specialist, Arizona 

Cooperative Extension, College of Agriculture and Life Sciences, to develop a media rollout 

for project results.   

 The project team has approached the Arizona Farm Bureau to have project results posted 

online as part of the Farm Bureau’s The Voice blog.  The report will be featured in the second 

quarter of this year.  

 We responded to information requests from freelance writer Lee Allen about the study 

results.  

 The report was listed as a featured publication in the University of Arizona Cooperative 

Extension Tuesday Morning Notes electronic newsletter.  

 

Second Quarter (2017)  

 The Arizona Farm Bureau has developed a draft article summarizing some of the studies 

major findings for their The Voice blog.  We are currently working with them to get a final 

article posted.   

 Study results were presented at the University of Arizona, College of Agriculture and Life 

Sciences Poster Forum, March 22, 2017 

 We have used the input-output model developed for the project to respond to information 

requests from the Arizona Department of Agriculture and from the Arizona Farm Bureau. 

 The study report is now available in Google Scholar. 

 The study report is now available through ResearchGate. 
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Third Quarter (2017)  

 Responding to requests from the USDA, Economic Research Service, Market and Trade 

Economics Division, we have made copies of the report available to USDA staff.  

 George Frisvold was interviewed by the Washington Post regarding western lettuce 

production.   

 Research findings publicized by University of Arizona, College of Agriculture & Life 

Sciences:https://cals.arizona.edu/arec/sites/cals.arizona.edu.arec/files/publications/VegMelon

%202%20Page%20Summary%20-%20FINAL.pdf 

 Ashley Kerna presented project findings to Yuma growers and shippers at Leafy Greens 

Marketing Agreement Meeting, June 8, 2017.   

 Project research findings summarized in New Studies Show Improved Farm Profitability 

While also Conserving Water posted on Arizona Farm Bureau blog.  

 

Fourth Quarter (2017)  

 Project results cited in Neonicotinoid Insecticide Use and Pollinator Protection in Several 

Crops and Recreational Turf in Arizona and New Mexico. Prepared by Alfred Fournier, Peter 

Ellsworth & Wayne Dixon. Comments submitted by the Arizona Pest Management Center 

University of Arizona to the U.S. EPA 

 Project results reported in the Trucking Reports of HaulProduce.com 

 Data on the ranking of Yuma County vegetable and melon sales from the report are included 

on the Yuma Fresh Vegetable Association website 

 Project findings used in presentations by the University of Arizona Yuma Center for 

Excellence in Desert Agriculture 

 The Leafy Greens Marketing Agreement asked us to pull out separate data and analysis for 

leafy greens out our original vegetable and melon results.   

 The Arizona Farm Bureau asked us to include our results for vegetable and melons in a 

broader study of Arizona agribusiness. 
 

Significant Results and Conclusions  

 The vegetable and melon industry cluster’s contribution to the Arizona economy (including 

multiplier effects) was $1.8 billion in sales in 2014 and $2.5 billion in 2015. Vegetable and 

melon sales revenues were unusually low in 2014, while 2015 revenues were closer to long 

run trends. 

 The vegetable and melon industry cluster’s total contribution to the state value added, or 

Arizona’s gross state product (GSP) was $946 million in 2014. This includes approximately 

$745 in incomes (wages and salaries of employees and proprietor income).  

 Including taxes generated through indirect and induced multiplier effects, the total state/local 

tax contribution attributable to the vegetable and melon industry cluster in 2014 was 

approximately $59.2 million.  

 Vegetables and melons consistently rank in the top three agricultural commodities produced 

in the state. Arizona ranked second in the nation among states in vegetable and melon 

production by weight, third by value of production, and third by area harvested in 2014. 

Arizona ranked second in the production of broccoli, cantaloupe, honeydew, spinach, and 

head, leaf, and Romaine lettuce. 
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 Arizona vegetable and melons production has a dual structure, with many small-scale and 

hobby producers and a small number of large producers. In Arizona, 96% of vegetable and 

melon sales come from 4% of farms.  There are many small-scale farms in Northeast 

Arizona. Yet, according to the 2012 Census of Agriculture, Yuma County and Maricopa 

County accounted for 76% and 13% of Arizona’s vegetable and melon sales.  

 Also, according to the Census, Yuma County was in the top 0.1% of vegetable and melon 

sales among all counties growing these crops, while Maricopa County was in the top 1%.  

 The dominant form of organization of Arizona vegetable and melon farms are family-based 

operations and partnerships.  Family/individual operations and partnerships accounted for 

55% of sales, while family held corporations accounted for another 35% of sales.  Non-

family held corporations accounted for just 10% of Arizona vegetable and melons sales.  

 Several challenges arise in attempting to measure the Arizona vegetable and melon 

workforce.   

o There is not one single source of data on U.S. hired farm labor, while none report 

comprehensive data on labor employed in vegetable and melon production.   

o While agencies report the number of farm jobs, they do not report the number of individual 

workers filling those jobs.  This presents a problem of defining what constitutes “a job.”  

For example, if one person works at three jobs lasting three months each and is 

unemployed for three months, is this three jobs or ¾ of a job?  Some previous labor studies 

have estimated the number of full-time equivalent jobs (FTEs) based on hours worked.  

o This FTE approach has its own problems, though.  Studies from California have found 

that there were an average of two unique workers employed for every full-time equivalent 

job. Measuring labor in FTEs also obscures sharp monthly fluctuations in labor demands.  

This study estimated monthly hours of work employed in Arizona vegetable and melon 

production to better account for these fluctuations. 

 In 2014, Arizona vegetable and melon production required more than 26.7 million hours of hired 

on-farm labor.  This included directly hired, contract, and other agricultural support service 

workers employed on-farm.  Monthly on-farm labor demand fluctuated from lows of less 

than 1.5 million hours per month in slack months to highs above 3.5 million hours per month 

in peak winter months.   

 There were more than 17,700 jobs directly and indirectly supported by the vegetable and 

melon industry cluster in Arizona on an annualized basis.  Nearly 70% of these jobs were 

direct, on-farm jobs, which included farm proprietor jobs, directly hired farm labor, and 

agricultural support service workers (usually hired through farm labor contractors).  Other 

jobs supported were in post-harvest industries, in industries providing inputs to the cluster, and 

in industries providing consumer goods and services to workers and proprietors in the cluster.  

 The number of unique farm workers employed in vegetable and melon production is far 

greater than the number of full-time equivalent jobs. There are more than 2,900 unpaid 

(family) workers on vegetable and melon farms.  Recent research from California found an 

average of two unique farm workers reported for each year-round equivalent farm job. 

Assuming this relationship holds for Arizona – with similar production systems – and 

including unpaid family workers, this suggests there are more than 31,400 individuals 

working in jobs supported directly or indirectly by the Arizona vegetable and melon cluster.    
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Calibration of the base IMPLAN model required updating and tailoring data on agricultural 

accounts for all agricultural sectors of Arizona’s economy.  This was necessary to make sure that 

all the agricultural accounts added up correctly to match state sales and cost totals.  Updating 

other agricultural sectors was necessary to estimate the economy-wide contribution of the 

vegetable and melon industry cluster.  No resources were devoted to conducting analysis for 

other sectors.  The updated accounts for other sectors could be useful for future analysis, but only 

analysis necessary for the vegetable and melon contribution was conducted.   

 

Goals and Outcomes Achieved  
The project will increase understanding among the public, media, and local and state officials 

the many different ways that the vegetable and melon industry contributes directly and indirectly 

to the state economy (GOAL).  This is a medium to longer term goal of the project.  Briefing 

materials and press releases will be developed for dissemination by the University Of Arizona 

College Of Agricultural and Life Sciences, Cooperative Extension Offices, the Yuma Center of 

Excellence for Desert Agriculture, and by industry groups such as the Yuma Fresh Vegetable 

Association, and the Arizona Farm Bureau.  Principal investigators also have contacts with 

media representatives at Western Farm Press, the Yuma Sun, and with Phoenix radio station 

KJZZ and can work to develop news stories.   

 

Main project outputs will be a report and annotated bibliography of data sources on vegetable and 

melon employment (BENCHMARK). An annotated bibliography of data sources on agricultural and 

vegetable and melon employment data sources is attached as a separate Appendix G.    

 

The final estimates and report of the economic contribution of the vegetable and melon industry 

to Arizona’s economy (BENCHMARK).  This report is completed and is attached as a separate 

Appendix H.  

 

A short on page (two-sided) issue brief for the media and public officials summarizing report 

findings (BENCHMARK). This issue brief is completed and is attached as a separate Appendix I.   

 

Metrics of success will include the number of groups, publications, and social media platforms 

that quote the study’s findings (OUTCOME).  Research findings from the study have been 

reported by and / or have been included on the websites of: 

 University of Arizona College of Agriculture and Life Sciences 

 Yuma Fresh Vegetable Association 

 University of Arizona Yuma Center for Excellence in Desert Agriculture 

 University of Arizona Water Resources Research Center 

 Arizona Farm Bureau 

 Arizona Department of Water Resources 

 Leafy Greens Marketing Agreement 

 The Packer  

 Perishable News 

 Radio station KJZZ 

 Haul Produce 
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Other measures will include invitations to brief state and local officials and the number of times 

findings are cited in official local, state, and federal documents (OUTCOME).  

 Copies of the report were requested by staff at the Market and Trade Economics Division of 

the USDA Economic Research Service 

 Research findings from the report were included in Governor Douglas Ducey’s proclamation 

naming November 2017 Leafy Greens Month 

 The Arizona Farm Bureau requested briefings and interviews regarding project findings.  

 The Leafy Greens Marketing Agreement staff requested a presentation on project findings.  

 

Recommendations or conclusions based upon data and project outcomes 

 Publically available data from the National Agricultural Workers Survey does not indicate 

whether survey responses are specifically for workers in Arizona.  Data for Arizona are 

aggregated with responses from New Mexico, Oklahoma, and Texas.  Access to data that 

identifies whether workers are Arizona workers. It is possible to access data at the Mountain 

III level (which combines Arizona and New Mexico) but that data is restricted and has to be 

analyzed either at the offices of JBS International (the survey contractor) or at the 

Department of Labor in Washington, DC.  One possibility for future research might be a joint 

project with JBS International to publish a profile of the specialty crop workforce based on 

this more detailed, but secured database.  Obtaining data that combines Arizona and New 

Mexico would still be very useful because Arizona accounts for about 80% of directly hired 

vegetable and melon production jobs and 85% of farm labor contracting jobs.   

 

 In 2008, the Arizona Department of Tourism published results of a commissioned study on 

Mexican Visitors to Arizona.  This study, conducted by the Economic and Business Research 

Center at the University of Arizona provided useful data on the number of visitors coming 

into Arizona to work.  Updating this type of study and including more detailed questions 

about agricultural labor would provide much needed information about cross-border 

commuters who come into Arizona daily to work in specialty crop fields.   

 

Beneficiaries  
The intended beneficiaries of the project are the more than 1,700 farms in Arizona that produce 

vegetables and melons.  Representatives of different organizations within the vegetable and 

melon industry cluster wish to communicate the importance of their industry by demonstrating 

their contributions to the Arizona economy.  This report provides quantitative evidence of the 

size of this contribution, carefully documenting how estimates were arrived at.  At this point, as 

the study is just being released now, these can only be anticipated benefits.  As noted above, data 

will be collected throughout the upcoming year to monitor and quantify the usefulness of the 

study and its findings.   

 

Findings of this study can be used by industry representatives to communicate to policy makers 

the importance of Arizona’s vegetable and melon industry as well as potential economic 

consequences of any policy changes.   

 

The study also highlights the challenges of mobilizing the labor force necessary to produce 

vegetables and melons in the state.  Producers must deal with extremely sharp peaks in seasonal 
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labor demand.  Estimates of this study will helpfully inform and improve implementation of the 

H-2A visa program and other policies affecting farm labor availability.  

 

Lessons Learned  
 There is not one single source of data on U.S. hired farm labor, while none report 

comprehensive data on labor employed in vegetable and melon production.  Multiple 

agencies report data: the U.S. Department of Agriculture, the U.S. Department of Labor, and 

the U.S. Department of Commerce. Each agency measures agricultural labor and wages in 

different ways and at different time scales ranging from once per month to once per year.  

Data are not entirely consistent. USDA data suggests that workers hired directly by farm 

operators are a greater expense, while Labor and Commerce suggest that workers hired 

indirectly through farm labor contractors are a bigger expense.  Different statistical accounts 

from agencies need to be carefully reconciled to get more accurate labor numbers.   

 There are inherent challenges in simply defining what a job is.  For example, if a worker who 

works for three different farms for three months each and is unemployed for three months, is 

this three jobs, or is this just ¾ of a job because the worker worked for ¾ of the year.  For 

example, in the USDA Census of Agriculture, if a single worker works for two different 

employers, he or she is counted as two hired laborers.   

 There are methods to develop estimates of full time equivalent jobs (FTEs).  Yet, research 

from California suggests that – on average – there are two unique workers per job reported 

by employers.  In addition, agricultural work is not 40-hour per week, 50-weeks per year type 

of employment.  So, measuring employment in terms of FTEs does not accurately reflect the 

seasonality of labor demand.   

 It is perhaps more straightforward to collect information on the number of hours worked.  

There is relatively good data on wages paid and prevailing wage rates. One can divide total 

wages paid by average wages per hour to get hours worked.  Estimates of hours worked are 

potentially more accurate than number of jobs or number of workers.   

 Data for post-harvest production activities and employment related to that do not report 

estimates for vegetable and melon production separate from total for all of agriculture.  

Different indirect methods that use data on shipping, sales, and labor productivity are needed 

to develop estimates specific to vegetable and melon production.   

 Vegetable and melon production revenues are highly volatile because they are subject to 

sharp fluctuations in both prices and production.  The initial year chosen for analysis was 

2014, which turned out to be the lowest revenue year in 20 years.  We updated analysis as 

2015 data became available.  But this shows that contribution analysis results are sensitive to 

the year chosen.   

 

Contact Person  
Dr. George Frisvold, Professor and Extension Specialist 

University of Arizona, Department of Agricultural and Resource Economics 

650 N. Park Ave 

Tucson, AZ 85721 

(520) 621-6269 

frisvold@ag.arizona.edu 
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Additional Information  
Two separate appendices are attached as separate documents.   

 On-Farm Employment in Arizona Vegetable and Melon Production: An Annotated 

Bibliography of Data Sources and Labor Market Studies. 7 pages. (Appendix G) 

 The Contribution of Arizona’s Vegetable and Melon Industry Cluster to the State Economy. 

42 pages. (Appendix H) 

 

Enhancing Commercial Mushroom Production in Arizona 
This project was completed on September 30, 2016 

Project Summary 
This proposal was focused on promoting and supporting small-scale mushroom production in 

Arizona through research and extension outreach in the development of production systems 

optimized for Arizona. The project PIs are Dr. Barry Pryor, UA School of Plant Sciences, and 

Elizabeth Sparks, Pima County Cooperative Extension. Dr. Pryor’s program has already developed 

small-scale mushroom production systems based upon a unique mesquite bean pod/straw substrate as 

part of a project funded by the UA Green Fund, which promotes sustainable recycling programs on 

the UA campus. Some of this production has been at Tucson Village Farm, under the direction of 

Extension Agent Sparks, who is integrating mushroom cultivation into their nationally acclaimed 

farm educational program. The project will include a substantial education component, including 

both technical and economic aspects of starting small-scale mushroom production businesses. Initial 

oyster mushroom production at UA has been on mesquite pods, especially those that are deemed 

unsuitable for milling and consumption. Over the course of the project, other agricultural and 

landscape waste products will be evaluated for suitability to support mushroom production. In 

addition, new types of mushrooms will be evaluated for commercial development in Arizona.  

 

Project Purpose 
This project is focused on promoting production of a unique specialty crop in Arizona, cultivated 

gourmet mushrooms. The overarching goal of this project is to promote and support local mushroom 

production as an opportunity for business development across the state. To achieve this goal, this 

project will educate citizens on how to grow mushrooms, continue research on best practices for use 

in Arizona, and evaluate new varieties of specialty mushrooms best suited to our state. This project 

compliments a previously funded project, Recycling with Mushrooms, supported by the University 

of Arizona Green Fund, which promotes sustainable recycling programs on the UA campus. This 

proposal seeks to leverage outcomes from the previous research for the support and development of 

mushroom production across all of Arizona.  

 

This project is quite timely because commercial mushroom production is growing rapidly worldwide 

and is an extremely profitable enterprise. Production in the US is currently valued at $1.2 billion/year 

and has been increasing at over 8% annually for the last 10 years. This annual increase is driven by 

consumer demand; Americans and people the world over are recognizing the nutritional value and 

the culinary opportunities provided by mushrooms. Much of the US production is centered on 

common button and Portobello mushrooms, and this industry is dominated by large producers or by 

cooperatives in Pennsylvania and California. However, most of the current growth in the mushroom 

market is focused on the gourmet mushrooms varieties such as oyster, shitake, maitake, pioppino, 
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and enoki, which are generally supplied to the market by local producers. Improved methods for 

production of such specialty mushrooms are continuously being developed, which has provided 

opportunity for small and large business development in many states. Currently, there are not enough 

mushroom producers in Arizona to meet increasing state-wide demand. Thus, the objectives of this 

project are to 1) teach how to grow mushrooms in Arizona, 2) research optimal substrates, culture 

conditions, and varieties for our state, and 3) create a center for ongoing education/support of 

mushroom cultivation for AZ. 

 

Project Activities 

During the first quarter of our project period, beginning in October 2015, an Instructional Specialist 

was hired to assist with the implementation of the educational and web components of the work plan. 

Improvements were made on one of our growing facilities located at the Tucson Village Farm (TVF) 

located at the Pima County Cooperative Extension offices, which up until funding of SCBGP-FB15-

11 had been a valuable Extension tool for demonstrating local mushroom production. Following 

funding, the TVF facility was expanded and was established as our Mushroom Outreach Center, 

which now functions as a focus of our Pima County mushroom growing workshops. We developed 

and designed interpretive signage, which has been installed at the location to serve as an outreach 

tool to the general public and those who may be interested in mushroom production but have not 

been reached though our other activities.  

 

Over the course of the project, we have established a project website to promote our activities and 

serve as a resource for the Arizona mushroom growing community. The website represents the 

Arizona Mushroom Growers Association (www.azmushroom.weebly.com) and includes content 

useful to entrepreneurs interested in beginning a mushroom-growing operation.  

 

An important component of this project has been the delivery of information and hands-on activities 

in 4-hr mushroom growing workshops. The visual presentation used in these workshops and the 

date/time/location and agendas for each workshop are posted on the AZMGA website. Over the 

course of this project, we have delivered 9 workshops, which is above our projected 6 workshops in 

our revised budget. (Tucson, 1/13; Phoenix, 2/24; Yuma, 4/20; Phoenix, 4/27; Showlo, 6/1; Tucson, 

6/29; Flagstaff, 7/6; Prescott, 8/10; Tucson, 8/31). Number of attendees for each workshop are 32, 

35, 17, 38, 16, 34, 25, 16, and 21, respectively. Total number of stakeholders served is 234. Data 

from exist surveys are included in Table 1.  

 

In order to make the content of our workshops outside of Tucson more comprehensive, we have 

designed and constructed a mobile mushroom production facility within a modified utility trailer. 

This mobile outreach facility includes all of the elements and equipment that a grower would need in 

order to begin a small-scale commercial growing operation.  

 

In addition to the more structured workshops described above, we have presented truncated versions 

without the hands-on components in 12 additional outreach activities, including local mushroom 

hobbyists, local food preparation festivals, local science fairs, and a workshop at the University of 

Arizona Controlled Environment Agricultural Center. In this last activity, we presented a one-hour 

demonstration to over 50 commercial specialty crop producers on how they could integrate 

mushroom production into their diversified specialty crop business, and to over 150 citizens who 

expressed strong interest in entering the mushroom cultivation industry. 
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Research into optimization of mushroom production progressed well. We investigated two new 

woody substrates for production testing, alder shavings and pecan shells. Both are waste products 

from local industries. In addition, we have obtained three new species of mushroom in addition to the 

four strains of oyster mushroom that we normally grow: shitake, lion’s mane, and golden oyster. 

Both substrates and new species have been evaluated for their potential to reliably produce 

mushrooms under controlled conditions attainable by Arizona growers.  

 

Goals and Outcomes Achieved 
Objective 1 was to increase knowledge and awareness of Arizona mushroom cultivation 

viability, technical and economic aspects.  Over the course of this program, we delivered 9 full 

workshops and 12 truncated workshops, which is well above the objective stated in the revised 

budget narrative, and well above the benchmark of zero workshops previously available.  Our 

workshop goals were met and exceeded. Some of the outcomes achieved are summarized in survey 

results in Table 1 (Appendix J), and include that nearly 20% of all attendees state they will likely 

begin growing mushrooms commercially as a result of the workshop and information. In addition, of 

the attendees that are already participating in a commercial diversified farming operation, 50% stated 

they will likely be including mushroom in their crop profile. Over the course of this project, we 

delivered 9 workshops, which was a 50% increase in what we projected. In summary, we have 

presented content on mushroom cultivation to over 400 stakeholders who are either commercial 

mushroom producers or have expressed strong interest in entering the business. 2 

 

Regarding Objective 2, increase optimal substrate options for desert mushroom production, best 

practices, and the mushroom varieties for the Arizona mushroom industry, through our research 

we have learned that the straw/cotton seed substrate mix remains the most efficient medium on 

which to produce oyster mushrooms.  Moreover, bioefficiency in mushroom production in 

southern Arizona drops in both midwinter and in midsummer, and this is despite the fact that the 

production facilities are controlled environment with standard temperature, humidity, and CO2 

year round.  The reason for this is the pre-production incubation conditions, conditions that are 

not environmentally controlled yet have a dramatic impact on subsequent production efficiency.  

Data from our studies are changing the way growers manage their pre-production processes, and 

perhaps giving previously overlooked process new importance.  This is establishing new 

statewide recommendations for mushroom production where there were none previously 

established.  These recommendations have been summarized in our mushroom production 

workshop content and are posted online on the AZMGA website. 
 

We have established that bioefficiency for two additional mushroom species: shitake (Lentinula 

edodes) and lion’s mane (Hericium erinaceum), which are highly sought after by gourmet chefs, are 

25% and 50% less, respectively, than those of conventional oyster mushroom species, and this will 

change the interest of growers wishing to grow these mushrooms, especially if they are new growers 

starting out. Moreover, the skill required to reach even these lower bioefficiency levels is greater than 

that for growing oyster mushrooms, which will preclude all except the more experienced growers. 

                                                 
2 The original proposed expected measurable outcome was to teach 12 workshops throughout the 

State. When this project was selected for funding the evaluators chose to reduce the budget by 

half of what was requested in the original proposal. When the budget was reduced the number of 

workshops conducted within the EMO should’ve been changed to 6 instead of 12. 
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However, wholesale/retail prices are 2-3 times that of oyster mushrooms so low yields are 

compensated by high prices if a grower can successfully achieve the highest possible bioefficiency.  

 

Regarding Objective 3, expand Arizona Mushroom Education Center and Arizona Mushrooms 

Growers Network Website, the AZMGA website continues to be modified and expanded to 

make it easier for growers to connect with us and to order spawn and grow bags. It also is a 

resource for growers to utilize with information on the viability of growing mushrooms for profit and 

basic how-to tutorials regarding how to get started growing. All presentation material to date has 

been posted on this website for continued education. We have obtained a tracking ID from Google 

Analytics and will include this on all AZMGA webpages. We send out periodic newsletters with help 

growers adopt new ideas and new techniques to improve their operations in expanded website 

content.  
 

The establishment of the Arizona Mushroom Growers Association (AZMGA) as a growing 

community was an achievement that was not initially planned, but was a natural extension of our 

workshops and outreach activities. The AZMGA has grown to include 68 members from all around 

the state. The AZMGA provides low-cost spawn and grow bags to many of these growers in order to 

remove some of the financial barriers involved in starting up a small mushroom growing business. 

Over the course of this project, more than 12 businesses and individuals took advantage of our low 

cost and free products for continue existing businesses, expand mushroom species currently offered, 

or explore new business opportunities.  

 

The Tucson Village Farm (TVF) Mushroom Education Center continues to be a pivot for local 

mushroom production outreach and general education on the ecology of mushrooms and the 

nutritional properties of mushrooms. Where our state-wide mushroom production workshops are 

targeted toward adults and the opportunity for small business development, activities surrounding the 

TVF Mushroom Education Center are targeted toward K-12 STEM education. We have expanded 

the storage areas with an additional production shed and have built high quality interpretive 

signage that informs the public about mushroom cultivation without the need for trained staff.  

 

Beneficiaries 
The primary beneficiaries of this project have been the commercial mushroom producers in Arizona. 

When we initiated this project, there were only three firmly established mushroom growers in the 

state: Arizona Mushrooms (2010). Prescott Mushroom Company (2011), and Old Pueblo Mushrooms 

(2013). Over the course of this project, the number of growers has increased to 22, and there are 

68 members registered with the AZMGA, all of which are direct beneficiaries of this effort. The 

number of experiential learners who have been introduced to the Center and mushroom 

cultivation through the center is approximately 500-600.However, the opportunity for increasing 

local production is great. The current producers in Arizona are all small businesses (< $100K annual 

revenue) producing gourmet varieties and retail to local restaurants, food stores, and at local farmer’s 

markets. However, consumption of mushrooms in the US is nearly 4 lb per capita, and is increasing. 

Much of this increase is in the consumption of gourmet mushrooms varieties, currently at 0.6 lbs per 

capita with an average price to growers at nearly $4/lb wholesale ($10-$15 retail). Considering just 

Phoenix alone (pop. = 1.4M), gourmet mushrooms demand exceeds $3M annually, and is growing. 

Currently, the majority of this demand is met primarily by larger producers out of state. However, 

mushrooms are perhaps the most perishable products in the produce aisle and local production 
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provides a much higher quality product that is immediately recognizable. Thus, the potential for 

success of the current Arizona mushroom producers is great. Secondary beneficiaries have been the 

communities that benefit from a local supply of mushroom products and from promotion of local 

small-, and potentially large-scale business development.  

 

Lessons Learned  
An important lesson learned from this project is to not underestimate the interest and/or needs of the 

community when presented with options for small business development. Over the course of this 

project, we delivered 9 workshops, which was a 50% increase in what we projected. But once our 

workshops became widely advertised, the public wanted many more. We could have double the 

number of workshops delivered and still not provide all that the community was interested in.  

 

Moreover, these initial workshops were at an introductory level. Once persons attended a first 

workshop, they were interested in attending more advanced workshops to develop addition skills in 

mushroom cultivation. In addition, once many of the people who were not currently growing 

mushrooms learned of the exciting opportunity provided, there were interested in obtaining resources 

to help them begin. We did not anticipate this tremendous need and at the time were not able to 

provide such resource to help them get started, at least with some preliminary starter kits.  

Thus, in the future when we receive continued funding for this project, we will need to developed 

advanced content and workshops for the experienced mushroom grower. Moreover, we will need to 

be prepared to provide start-up resources for the novice grower to experiment with and develop the 

initial skill sets. Mushroom production is not difficult, but for the uninitiated, the process may seem 

daunting. However, with a relatively small investment in resources for initial trial and error, the 

hurdles can be crossed quickly and even those with little mycology training can develop extremely 

profitable mushroom production businesses.  

 

Contact Person  
Barry Pryor  

Professor of Plant Pathology and Microbiology  

School of Plant Sciences  

University of Arizona  

520-626-5312  

bmpryor@email.arizona.edu   

 

Additional Information  
For additional information about the project, please visit our project website: The Arizona Mushroom 

Growers Association http://www.azmushroomgrowers.org. 

 

Enhancing Vegetable IPM Education in Arizona 

This project was completed on September 30, 2017 

Project Summary 

Cooperative Extension personnel at the University of Arizona, Yuma Ag Center enhanced the 

competitiveness of the Arizona vegetable industry by further developing and maintaining a 

robust Integrated Pest Management (IPM) program.  The VegIPM program provides growers, 

PCAs and Agribusinesses with timely, unbiased information on new pest control technologies 
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essential for the economical and environmentally sound production of high value, vegetable 

crops in Arizona. The objective of this project was to further enhance IPM knowledge through an 

extension outreach program that emphasizes the development, validation, and delivery of 

relevant, science-based information and technologies to growers and PCAs for managing insects, 

plant diseases and weeds in Arizona vegetables.  Program activities synergized vegetable IPM 

education in Arizona by supporting an extension educator that assisted a core team of Extension 

Specialists and Agents in delivering and demonstrating new information throughout Arizona 

vegetable production systems. Educational information developed during this project was 

provided to growers and PCAs through the electronic UA updates, UA Cooperative Extension 

educational meetings, field demonstrations and technical publications/fact sheets.    

  

Project Purpose 
Arizona growers are one of the leading producers of fresh-market vegetables in the U.S., 

producing vegetables and melons on greater than 150,000 acres at an estimated value of over $2 

billion annually.  However, vegetable cropping systems in Arizona are pest-intensive and 

growers annually spend millions of dollars battling a multitude of insect pests, weeds and plant 

diseases.   Furthermore, new pest problems periodically challenge the industry causing unwanted 

economic losses. Because of the high crop values and consumer demands for aesthetically 

appealing and pesticide-free produce, Arizona vegetable growers are forced to use IPM tactics 

that are both effective and safe.  Arizona growers primarily rely on pesticides for management of 

insects, weeds and plant pathogens on produce and melons to satisfy regulatory and consumer 

requirements.  This level of crop quality however, comes at a significant cost.  Insect control 

alone annually costs head lettuce growers over $400/acre. Costs for weed and disease control are 

similar. Pesticide costs continue to increase and IPM alternatives need to be developed.  New 

invasive pests have recently put significant strains on vegetable producers due to lack of 

information on pest biology and management (i.e, CYSDV, Bagrada bugs). In addition, recent 

EPA regulatory decisions have placed limitations on important crop protection chemicals (i.e., 

Kerb in leaf lettuce, Endosulfan has been removed from the market) that could make vegetable 

production more difficult and expensive.  Consequently, the need for relevant IPM information 

may be greater now than ever. UA Extension Specialists and Research Scientists have been 

working with local growers for years in developing useful information that will assist them in 

these pest management activities and their endeavors to satisfy consumer and regulatory 

demands.  

 

Continual maintenance of existing IPM programs and implementation of new IPM strategies is 

essential for sustaining economically and environmentally sound production of vegetable crops 

in Arizona.   Cost-effective adoption of new reduced-risk control technologies by growers and 

PCAs will require a significant knowledge base of pest biology, ecology, impact and 

management.  Because “All IPM is local”, the knowledge base necessary for training young 

PCAs and implementing new IPM approaches must be developed specifically for desert growing 

conditions in Arizona. Presently, this information on vegetable IPM in Arizona has resulted 

almost exclusively through the efforts of several University of Arizona Cooperative Extension 

specialists and agents who have developed objective, research-based IPM information on insects, 

weeds and plant diseases.  Although individual research programs are adequately supported from 

local and national grant funding, resources to sufficiently support IPM educational programs for 
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desert vegetable crops are scarce.   This project was developed to continue on with our team 

efforts to enhance our unbiased, science-based multidisciplinary IPM outreach program that 

emphasizes the development, validation, and delivery of timely and relevant information and 

technologies for managing pests in Arizona vegetable and melon crops that 1) reduces reliance 

on broadly-toxic pesticides without sacrificing yield, quality and profitability, and 2) 

concurrently minimizes dietary and environmental risks.   

 

The objectives of this two-year project were achieved by strategically investing in an extension 

educator to assist team members in delivering and demonstrating IPM in local high value, 

vegetable production systems.  Similar projects have been funded since 2009 year by the SCBGP 

to provide support for an extension educator. The extension educator, Mr. Marco Pena, was hired 

in late November 2009 where he initiated and continues to participate in a number of project 

activities in association with the team members.  The Vegetable IPM team members, who are 

responsible for the majority of the educational materials and activities, include Dr. John 

Palumbo, Extension Entomologist; Dr. Mike Matheron, Extension Plant Pathologist; and  Mr. 

Barry Tickes, Area Weed Specialist.  The role of  the UA Vegetable IPM Team is to provide the 

vegetable industry with objective, unbiased information based on our local research and 

experience. This includes hands-on training and demonstration of: new pesticide alternatives, 

biological information on existing and invasive pest species, updates on new and adopted 

management tactics, and diagnostic support for unknown pests and diseases. Development and 

timely delivery of information on new IPM technologies will allow Arizona vegetable growers 

and PCAs to make better informed pest management decisions. This will enable them to improve 

vegetable yields and quality, use pesticides more cost-effectively and safely, and consequently 

stabilize, if not increase their profit margins.   

 

Project Activities 
Vegetable IPM Updates 

The most significant activity in which the Vegetable IPM Team has been engaged is in the 

maintenance of an innovative outreach system for delivering timely and relevant information to 

our varied Arizona stakeholders and beneficiaries through our Vegetable IPM Updates. Since the 

project was initiated in Jan 2010 we have delivered 191 bi-weekly updates that provide new and 

useful information to vegetable growers and PCAs; during the present project (2015-17) the 

Vegetable IPM Team has delivered 50 bi-weekly updates.  These email updates contained 

detailed information on insect, weed, disease management along with market information that 

are presently important to Arizona vegetable growers. Each update contained at least one 

electronic pdf document available on our website that contains timely research information or 

recommendations for addressing a relevant local pest problem. These updates have been sent to 

PCAs, growers and other agribusinesses every two weeks since early January 2010. The updates 

have been archived and can be found at: 

 http://ag.arizona.edu/crops/vegetables/advisories/advisories.html. 

 

Field and Translational Research Projects 

The Arizona Vegetable IPM team members have set up and participated in field translational 

research and on-farm demonstrations with cooperating vegetable growers in the Yuma county 

area. Our weed scientist completed two herbicide demo trials (Kerb in Lettuce, and Prefar 
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chemigation in melons) with commercial growers during this project.  Small field days that 

attracted growers, PCAs and industry stakeholders were held.  Our Entomologist was involved in 

several translational research projects with cooperating growers. A large translational research 

projects which focused on area-wide whitefly and virus management was continued for the 9th 

and 10th years during this project. Results of the project and recommendations for whitefly 

/CYSDV management in melons can be found at: 

https://cals.arizona.edu/crops/vegetables/advisories/more/insect162.html. 

 

In addition, area-wide insect monitoring using pheromone and yellow sticky traps was 

established in 2013, an area-wide pheromone trapping network was established where real-time 

information on trap captures are provided via our email updates. The trap captures are presented 

graphically on a weekly basis and are also available upon request from our stakeholders. The 

trapping network was maintained during the 2 years of this project.  Results can be found at: 

https://cals.arizona.edu/crops/vegetables/advisories/advisories.html. We started an additional 

trapping network for diamondback moth using pheromone traps following the outbreaks of this 

pest in 2016. Results can be found at: 

https://cals.arizona.edu/crops/vegetables/advisories/advisories.html.    

 

Our plant pathogist has been involved in several translational field demo for advancing fusarium 

wilt management in lettuce including varietal resistance, cultural and chemical control.  Results 

of that project can be found at:  

https://desertagsolutions.org/project/advancing-fusarium-wilt-management-lettuce  

 

Diagnostic Support 

The UA Vegetable IPM team also maintain diagnostic services for insect, pathogen and weed 

identification which includes a pesticide diagnostics laboratory maintained by our Assistant in 

Extension.  We routinely provide identification for growers and PCAs of new insect, weed and 

plant diseases. 

 

Educational Outreach  

Our Vegetable IPM Team, participated in the development and publications of miscellaneous 

extension publications that have been provided on-line via our Arizona Crop Information internet 

site http://ag.arizona.edu/crop/.  We have produced a total of 36 new technical publications 

during the current project (2015-2017).  The team also successfully organized and participated 

annually in numerous educational meetings including the Lettuce Insect, Disease and Weed 

Workshop held annually in April, the AZCPA Desert Ag Conference held annually in May, the 

Desert Pre-Season Vegetable Workshop held annually in Aug, and the Fall Desert Crops 

Workshop held each October, as well as many smaller meeting held throughout the state. The 

extension educator has also produced a number of video demonstrations on various aspects of 

vegetable IPM. He has produced 97 videos since the program was established in 2010; a total of 

15 videos were produced during the present project period. These videos and others can be found 

on our Vegetable IPM Video Archive page which contains a collection of educational videos 

from current research work in vegetable crops by University of Arizona Researchers. 

http://ag.arizona.edu/crop/vegetables/videos.html. Finally, the extension educator has been 
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engaged with numerous stakeholders soliciting input for identifying their IPM needs/priorities as 

well as feedback on the relevance of our deliverables.   

 

Goals and Outcomes Achieved 
Our primary goal for this project was to increase awareness and technical knowledge of IPM 

among target audiences. Based on the outcomes of the activities described above, the Vegetable 

IPM Team achieved this goal by producing and delivering numerous educational materials, 

workshops, meetings, and grower demonstrations. A total of 60 continuing education units 

(CEUs) were provided by the team during this project with attendance at these meeting ranging 

from 41 to over 300 attendees.  In comparison, during the previous 2-year project (2013-2015) 

we provided a total of 46 CEUs, and prior to the development of this program the usual meeting 

attendance rarely exceeded 30 participants.  An increase of awareness has also been 

demonstrated by the number of subscribers to our VegIPM Updates over the course of the last 2 

years. When we initiated the project in January 2010, our email listserve contained about 170 

addresses.  At the completion of this project, the email listserve contained 898 addresses who 

receive our bi-weekly update.  This is up from little less than 700 when we started the project in 

October 2015. This list continues to grow monthly via word of mouth among growers, PCAs and 

other industry stakeholders statewide.   Based on the overwhelming increase in subscriptions and 

users of our IPM information, we estimate that IPM awareness and usage by stakeholders has 

clearly increased by more than 30%.  In addition, upon request from a popular regional 

publication, our IPM Veg updates are published periodically on their website which caters to 

stakeholders throughout the western US:  the Western Farm Press, www.westernfarmpress.com. 

This publication reaches well over a 1000 subscriber throughout the western U.S.  In addition, 

we receive positive feedback on the information we provide via these updates. Most of the 

comments are very complimentary and inform us that the information is constructive to the daily 

activities of the growers and PCAs who view the updates. 

 

Another goal of our project was increase grower and PCA use of new IPM technology and 

tactics. In previous projects we measured this by the outcome of the Insect, Disease, and Weed 

Losses Workshops described above. To date we have collected baseline data (2004-2017) on 

sampling, pesticide usage, threshold usage and profitability that will allow us to measure changes 

in grower behaviors in the IPM tactics they adopt.  During this project we have continued to 

collect data on sampling, IPM tactics and pesticide usage.  The data collected specifically shows 

that PCAs are now scouting at higher intensity levels, where field visits increased 15% per week 

since 2010.  Also the usage of economic decisions levels (i.e., action thresholds) has increased 

through the awareness of insect, weed and disease pressure. PCAs continue to reduce the number 

of spray applications of broadly toxic insecticides by almost 20% since 2010. Perhaps most 

important has been the steady increase in the use of “soft” reduced-risk pesticides. PCAs 

continue to treat a greater number of lettuce acres with soft chemistry rather than the broad 

spectrum OP/carbamate chemistries.  Results of these surveys can be found at the following:  

https://cals.arizona.edu/crops/vegetables/advisories/more/insect161.html 

https://cals.arizona.edu/crops/vegetables/advisories/more/insect183.html 

 

To more directly address this second goal, we conducted a survey of our stakeholders that sought 

to estimate the significance of the UA Vegetable IPM program and its impact on the Arizona 
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vegetable industry.  The questionnaire was prepared with the participation of the internal 

stakeholders. Some questions were focused on the inputs but the main emphasis was placed on 

the outputs and expected outcomes of this educational program.  The survey was administered 

online and distributed via email using the University Arizona Yuma Vegetable IPM Team 

distribution email list on May 13, 2016. The survey was sent to 865 subscribers and the number 

of respondents was 77 individuals. The criteria in many of the evaluation questions were the 

recognition of the resources offered by the program to the agricultural vegetable industry as 

useful or appropriate and mainly using both a qualitative and quantitative approach. The 

indicators for many of the evaluation questions were percentages of individuals changing 

practices, the amount of knowledge acquired through the Arizona Vegetable IPM program, and 

meeting attendance rates.  

 

To highlight the survey results, we found that 100% of respondents showed that expertise 

provided by the IPM team were “adequate”, 95% indicated that advice provided was appropriate 

in all areas, which included Entomology, Plant Pathology and Weed Science. Similarly, 95% of 

respondents say IPM program almost always provides a timely response to pest issues and 100% 

of participants learned at least a modest amount about reduced risk chemistries from the 

Vegetable IPM Team. The % of respondents that gained a moderate amount of information 

specific to resistance management from the program was 93%.  Also 80 % of the individuals 

making decisions in the field (PCAs and growers) believe that their pest management practices 

changed due to information provided by the Yuma Vegetable IPM Team. This directly addresses 

t the long-term impacts and outcomes specified in this project.   Additionally, 97% of 

respondents are satisfied with the Diagnostic services provided by the AZ Vegetable IPM Team 

in Yuma. The criteria established, which was set at 70% general performance suggests that the of 

the level of performance for the program was surpassed in all cases.  Results of the survey are 

shown below.  

 

Summary of Survey Results 
1. How would you describe yourself? 

 

Respondents Demographics 

 
 

Not surprising,  43% of our respondents were PCA’s, 21% growers (segment we most wanted to 

survey), 20 % service or product providers and 15% others. 
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2. How adequate was the expertise provided by the UA Vegetable IPM Specialists?  

  

Adequacy of Expertise Provided 

 
The response for the “very adequate” category was 84% and 16% for “adequate”, which reflects 

that inputs as shown in the Logic Model were considered to be at least adequate by 100% of the 

questionnaire respondents.  

 
3. How many meetings offered by the UA Vegetable IPM team have you attended during the past year?  

 

Meetings Attended 

 
The chart shows that 83% of the respondents have attended at least 1-3 meetings promoted by 

the AZ Vegetable IPM Team. Additionally, we found that about 14% of respondents attended 

zero meetings.  
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4. Was the advice provided by the IPM team appropriate in the disciplines below?  

   

Appropriateness of Advice Provided 

 
A high percent of our respondents (85%) considered that the advice provided by the entomology 

specialist was always appropriate and 15 % appropriate most of the time. In the diseases (plant 

pathology area) 66% thought the advice was always appropriate and 28% appropriate most of the 

time. In the area of weed science, we had similar data with 66% of participants stating that 

advice was always appropriate and 29% declaring appropriate most of the time. In this area only 

one respondent stated that the advice was never appropriate.  

 
5. Did the publications, videos and newsletters delivered via email provide a timely response to pest 

issues? 

 
       Timely Response of Veg IPM Publications

 

  
65% of respondents indicated the program always provided a timely response to pest issues and 

30% considered almost always. This is very positive because it means that 95% of respondents 

think the IPM program always or almost always provides a timely response to pest issues. 
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6. How helpful were the Vegetable IPM publications, newsletters, and videos in increasing your knowledge 

of new technologies in vegetable production? 

   
How Helpful Were IPM Publications  

 
The responses reveal that 95% of people think the Vegetable IPM publications, newsletters, and 

videos were helpful in increasing your knowledge of new technologies in vegetable production.  

Also, more than 65% think they are very helpful. 

 
7. How much did you learn from the Vegetable IPM Team specific to reduced risk chemistries? 

 
Reduced Risk Learning from Veg IPM Team 

 
Respondents answered: a great deal 54%, a moderate amount 37%, a modest amount 9%, very 

little 0% and none 0%. Revealing that almost 100% of participants learned at least a modest 

amount about reduced risk chemistries from the Vegetable IPM Team.  
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8. How much did you learn from the Vegetable IPM Team specific to resistance management? 

 

    Resistant Management Learning  

 
In the graph above one can see that 93% of respondents indicated learning from the IPM 

program a moderate or greater amount of information specific to resistance management. 

 
9. Have your pest management practices changed due to information provided by the Vegetable IPM Team. 

 
Change in IPM Practices  

 
The chart shows that 80 % of the individuals making decisions in the field (PCAs and growers) 

believe that their pest management practices changed due to information provided by the Yuma 

Vegetable IPM Team. This is one of the long-term impacts and outcomes specified in the 

project. 
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10. What is your level of satisfaction on insect, weed and disease ID service provided by the Vegetable IPM 

Team? 

 

Level of Satisfaction  

 
The results show clearly that 97% of respondents are satisfied with the ID service provided by 

the AZ Vegetable IPM Team in Yuma. 

 
11. The industry has adopted reduced risk practices due to Vegetable IPM Team's activities. 

 
Risk Management Changes 

 
 

In this case 80% of the people surveyed agree the industry has adopted reduced risk practices due 

to the knowledge gained through activities of the Vegetable IPM Team.  
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12. How much have your yields and economic returns improved due to better Vegetable IPM practices? 

 

Yield and Returns Improvement 

 
The chart shows that 83% of the PCAs and growers surveyed consider their yields have 

improved due to better IPM practices, which are based on the knowledge gained through the 

Program’s activities. 

 
13. The reliance on broadly toxic pesticides has been reduced due to increased Vegetable IPM knowledge. 

 
Broadly Toxic Pesticides Reduction 

 
 

The above graph portraits that 80% of the participants perceive a reduction of broadly toxic 

pesticides due to Vegetable IPM knowledge in AZ. 
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Beneficiaries 
The stakeholders who directly benefitted from this project include vegetable growers, PCAs, 

vegetable seed company representative, Agri-chemical Industry representatives, and 

miscellaneous agribusinesses. The impact of this project on the beneficiaries is best measured by 

the significant increase in attendance at educational meetings, and the rapid growth in our 

listserve for our VEG IPM updates, which continues to increase each year. The number of 

positive comments by our stakeholders concerning the updates is also a positive measurement of 

the relevancy of our activities.  The fact that a large regional agricultural publication also 

requested to use our updates indicates the value in the outcomes of this project. Based on the 

survey, it is clear that a large proportion the intended beneficiaries (AZ vegetable growers and 

PCAs) have benefitted from this project (see survey results above). 

 

The economic benefits of this project to our stakeholder’s impacts can be difficult to measure, 

but a second survey was developed to address this question. This follow up questionnaire sent on 

December 29, 2016 included monetary figures to estimate the potential savings and losses and 

the economic effects of the Yuma Vegetable IPM team in the state of Arizona. It is clear from 

the survey results below that the Vegetable Team had significant impact of the economic returns 

attained and economic losses avoided by those growers/PCAs who utilized the information made 

available by the program.  For example, 83% of those surveyed consider their yields have 

improved due to better IPM practices promoted by the UA Veegetable IPM team, and 63% of 

our respondents perceive the Entomology specialist has improved their economic returns from 

$60 to $189 dollars per acre.  (See the complete summary below). 

 

Summary of Survey Results 
1. How would you describe yourself? 

 

 
Very similar to the earlier survey data 46% of our respondents were PCA’s, 23% growers, 28 % 

service or product providers and 19% others. This data shows that respondents were individuals 

holding critical positions and make impactful decisions in their particular operations. 
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2. If a PCA or Grower,  how many acres does your operation include? 

 

 
The largest group of respondents, which was 44% of the total respondents, pertain to agricultural 

operations larger than 8,000 acres.  If we sum up participants that work in operations ranging 

from 1001 to 7000 acres they comprise 33% of total participants. Another large group with 22% 

of the total respondents was participants in small operations with less than 500 acres.  

 
3. What is the approximate value of your operation?  
 

 
Our largest group of respondents 30% make critical decisions in operations larger than 

$25,000,000. Then our second group with 27% is in the range of $100.000-$999,999 operations. 

In the range of $3,000,000-$5,999,999 operations we had 15% of respondents. Additionally, 

12% of respondents are grouped together in operations ranging from $6,000,000 to $14,999,999 

dollars. The data collected testifies of the economic impact of the decision-making process in the 

agricultural industry. 
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4. What percent of the value of your operation was positively affected by adopting insect, weed and disease 

management practices that were recommended by the Arizona Vegetable IPM Team? 

 

 
The results to this particular question showed 38% of respondents indicating that 90 to 100% of 

their operation was positively affected by adopting insect, weed and disease management 

practices that were recommended by the AZ Vegetable IPM Team.  If added together 40% of 

respondents perceived that 50 to 89.9% of their operation was positively impacted. 

 
5. What percent of the value of your operation was maintained due to reduced risks to health and safety 

achieved through the implementation of IPM team recommendations? 

 

 
The responses show 29% of participants believe 90-100% of their operation was maintained due 

to reduced risks to health and safety achieved through the implementation of IPM team 

recommendations. All respondents considered the IPM evaluations of value except for one 

respondent. 
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6. How much have your economic returns per acre improved due to better-  Insect - IPM practices 

promoted by our specialist? 

 

 
Our respondents were distributed across the ranges. Adding categories, the evaluation team 

observed that 63% of respondents perceive the Vegetable IPM Entomology specialist has 

improved their economic returns between $60 to $189 dollars per acre. To extrapolate this value 

to one of the 8,000-acre operation, which was the case for 44% of the individuals surveyed, the 

increase in returns would range from 480,000 – 1,512,000 USD economic returns improved for 

just one particular operation. 

 
7. How much have your economic returns per acre improved due to - Disease - IPM practices promoted by 

our specialists? 

 
The largest group of respondents 20% perceives the Vegetable IPM program Plant Pathologist 

has improved economic returns of $20-40 USD per acre. Additionally, 10% of our survey 

responses consider the program specialist has improved economic returns more than $250.00 

per acre.  
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8. How much have your economic returns per acre improved due to better weed IPM practices promoted 

by our specialists? 

 
The majority (90%) of respondents to this question agreed that the AZ vegetable IPM program 

weed science recommendations are having an important economic impact. The data testifies of 

the success of the evaluated program. 

 
9. How much yield and economic loss was prevented by the recommendations of our Entomology IPM 

specialist? 

 
Responses for this question indicate that 19% of respondents think the Entomology Specialist 

has prevented more than $250.00 dollars per acre in their operation, followed by 13% saying the 

amount of prevented losses was $100 to $119.00 dollars per acre. 

 

 

Page 87 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

10. How much yield and economic loss was prevented by the recommendations of our Plant Pathology IPM 

specialist? 

 
The results obtained show responses varied in different ranges. About 16% of respondents did 

not think that damage from disease was prevented by recommendations of the team. However, 

42% of respondents considered there was loss prevention starting at $60 to more than $250 per 

acre if the four categories are added together.  
 
11. How much yield and economic loss was prevented by the recommendations of our Weed Science IPM 

specialist? 

 
The results from our respondents show that our largest group considered that the weed science 

specialist contributed to avoid losses to the amount of $60 - 79.99 dollars per acre. Additionally, 

13% of responses report loss prevention greater than $250.00 dollars per acre. 
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Lessons Learned 

One helpful lesson learned from this project was that our stakeholders have rapidly adopted new 

communications technology. Smart-phone, tablet and laptop computer technology is now 

employed by all growers and PCAs.  Thus, email updates are a great mechanism to deliver 

timely, relevant information as opposed to fax and postal mailings that were used in the past.  

This approach was very easy to implement and maintain, and is obviously appreciated by our 

clientele.  We also found great value in developing and administering scientific surveys of our 

stakeholders to address our goals and measurable outcomes. We are very thankful that our 

stakeholders took the time to complete the questionnaires. 

 

Contact Person 
John C. Palumbo, Professor and Extension Specialist 

Yuma Agricultural Center 

928-782-5885 

 jpalumbo@ag.arizona.edu 

 

Additional Information 
For a complete access to the Veg IPM Updates,  IPM videos/publications and surveys cited in  

this project, please go to:     http://ag.arizona.edu/crops /vegetables/advisories/advisories.html 

 

International Fusarium Wilt of Lettuce Symposium 
This Project was completed on November 30, 2016 

Project Summary 
Fusarium wilt of lettuce (FW) was identified by producers as the top threat to the future 

competitiveness of the $300M Arizona head lettuce industry.  Growers need proven management 

tools, but none exist other than to avoid planting lettuce in infected fields, which is obviously not 

a sustainable solution. 

 

In order to share current knowledge and advance new research efforts, UA’s Yuma Center of 

Excellence for Desert Agriculture (YCEDA) brought the top worldwide FW researchers, growers 

and seed breeders to Yuma in November, 2015, for an International Fusarium Wilt of Lettuce 

Symposium, which included a field trip to the first FW variety and product field trials in a dozen 

years and a brainstorming session to identify and prioritize promising near-term research efforts 

to assist with their funding and completion.  Over 175 people from several states and five 

countries participated, many receiving CEU’s. 

 

In October of 2016, we hosted a conference in the Salinas area to follow up on the ideas from the 

brainstorming session and follow-up surveys.  With sessions on FW updates, soil health, research 

projects, and product/variety field trials, the stage was set to continue moving forward with 

efforts to manage this threatening disease. 

 

Project Purpose  
The competitiveness of the $300M Arizona iceberg lettuce industry is threatened by Fusarium 

wilt of lettuce.  This soil-borne disease, which originated in Japan and is spreading rapidly in the 
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southwest, causes severe crop loss and abandonment in early fall lettuce crops.  Unlike most 

plant diseases, there is no known treatment to suppress Fusarium wilt of lettuce, and resistant 

cultivars are not yet available.  The only proven “management tool” is to avoid planting lettuce 

in fields known to be infested with the pathogen.  This is obviously unsustainable as the number 

of infested fields grows, so new management tools are needed quickly, before the industry is 

unable to supply the international demand it has grown to support. 

 

The objective of the International Fusarium Wilt of Lettuce Symposium is, for the first time 

ever, to bring together expert researchers and seed breeders from around the world to 1) share 

FW knowledge among themselves and the grower community, 2) get firsthand feedback from 

growers, 3) see the results of a resistant variety trial, and 4) identify the most promising near-

term FW research projects to increase the competitiveness of the Arizona specialty crop industry, 

both organic and traditional.  A follow-up effort, which is not part of this grant request, will 

include the identified projects in a larger research project led by YCEDA with the cooperation of 

Dr. Pryor and Dr. Matheron to assure their funding and completion.  Partnering with UA 

Cooperative Extension Service, these new tools will be shared far and wide to keep the Arizona 

lettuce industry competitive and viable. 
 

Project Activities 
 First Quarter (Oct. 2015 – Dec. 2015) Activities:   

All preparations were completed and a very successful international symposium was held 

with 180 attendees – more than triple the expected number.  We are well on our way to 

achieving stated goals of 1) Sharing current knowledge between and among the grower and 

research communities, 2) Sharing results of a Fusarium Wilt variety trial with researchers and 

industry, and 3) Identifying promising research efforts for follow-up.  Already, a grant 

proposal has been submitted to the Specialty Crop Multi-state Program based on needs 

discovered during industry/researcher interaction at the symposium. 

 

Completed tasks from the Work Plan are covered below: 

 Solicit researchers, breeders and growers to attend and present at the symposium:  

We were very successful in soliciting researchers from the international research 

community who have specialized in Fusarium Wilt of Lettuce.  We ended up with 

nine researchers from Japan, Italy, Brazil, California and Arizona presenting their 

work at the symposium, as well as six industry professionals sitting on an industry 

panel.   

 Reserve facilities:  The Yuma Pivot Point Conference Center and Hilton Garden Inn 

were selected for their unique location and facilities that allowed for meetings, 

lodging and off-site meals all within walking distance. A contract was agreed upon 

for conference facilities, AV, and lodging rooms. 

 Design web pages:  Our research assistant worked with the Communications & Cyber 

Technologies Team at UA CALS to enhance the YCEDA website 

(https://desertagsolutions.org) to promote the conference and take reservations for 

lodging and conference events. 

 Publicize symposium dates; finalize and distribute marketing materials (including 

websites and social media):  We designed and distributed postcards, E-mail 
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solicitations, Newsletter placements, flyers, website pages and social media 

promotions of the conference into communities of researchers and industry. 

 Finalize speaker travel arrangements; finalize meeting materials:  All speaker travel 

arrangements, including those for international travel, were completed.  All meeting 

materials were professionally prepared and produced. 

 Register participants and finalize facility/transportation requirements:  The website 

was enhanced to allow on-line registration.  Based on registration reports, all 

arrangements were made for conference and lodging facilities, materials and 

transportation equipment. 

 Put on the symposium:  On November 11-13 the symposium was held.  We were 

thrilled to have over 170 attendees representing the international research community 

along with strong representation from industry (lettuce producers, seed and chemical 

companies), government agency personnel and even the general public interested in 

protecting the specialty crop industry. 

 Move forward with a large follow-up research project to fund and implement the 

priority projects that come out of the symposium brainstorming session:  Based on the 

highest priority items to come out of the conference brainstorming session (annual 

trials in commercial fields with current and developing varieties, current treatment 

product and current practices; and a tool to measure Fusarium levels in the soil to 

predict the likelihood of disease pressure in a given field), YCEDA and researchers 

from UA and UC Davis collaborated to submit a $588k research proposal to the 

Specialty Crop Multi-state Program (SCMP).  We await word that we will receive the 

funding to move forward with the urgent recommendations of the symposium 

attendees. 

 

      Progress toward Expected Measurable Outcomes is highlighted below: 

 Goal 1 -- For the first time ever, bring together researchers and breeders working on 

Fusarium Wilt of Lettuce to share known management tools and ideas for future 

research with each other and with the specialty crop grower community:  Our target 

was to have 12 researchers present their work at the symposium.  We ended up with 

10 presentations given by nine researchers, plus a panel of six industry professionals 

(growers, seed breeders, chemical companies, industry associations, industry research 

organizations).  There were also 27 additional researchers and other academics in 

attendance, along with 30 from the seed industry. 

 Goal 2 -- Bring together the specialty crop grower community impacted by FW to 

gain new management tools from researchers, and to give feedback on what they 

experience in the lettuce field:  Our target was to have 50 people from the grower 

community attend the symposium, with four of them serving on the industry panel.  

This goal was exceeded by 86%, with approximately 66 of 180 registrants from the 

specialty crop grower community and 27 from the crop protection industry.  Six of 

these people sat on the industry panel. 

 Goal 3 -- Provide PCA/CCA continuing education units (CEU’s) for conference 

participants: Arrangements were made for participants to receive continuing 

education units.  Our target of ten PCA’s receiving CEU’s was exceeded by 420%:  
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Twenty-eight received 6.0 hours of AZ CEU’s, seventeen received 6.0 hours of CA 

CEU’s and seven received 5.5 hours of CCA’s. 

 Goal 4 -- Share results of a FW-resistant lettuce variety trial with researchers, 

breeders and the grower community:  Our target of 80 people touring the variety trials 

was exceeded by over 10%, with approximately 90 attendees riding three buses to 

inspect the two commercial field trials.  About 30 participants were given a Yuma Ag 

tour before returning to the conference center. 

 Goal 5 -- End the conference with a facilitated brainstorming session to identify the 

most promising near-term research projects which could deliver new Fusarium wilt 

management tools to keep the Arizona lettuce industry competitive and viable:  Our 

target was the identity of six priority projects.  The last day of the symposium 

consisted of about 35 participants brainstorming paths forward in the areas of Cultural 

Practices, Containment & Regulation, Product Development, Breeding & Resistance, 

and Resources & Funding.  During the second quarter of the project the outputs of the 

brainstorming session will be distilled into the top priority projects. 

 

 Second Quarter (Jan. 2016 – Mar. 2016) Activities: 

With the symposium completed in the First Quarter, the second quarter was spent on the 

second phase of achieving the project goals of 1) Sharing current knowledge between and 

among the grower and research communities, 2) Sharing results of a Fusarium Wilt variety 

trial with researchers and industry, and 3) Identifying promising research efforts for follow-

up. 

 

Tasks accomplished from the Work Plan are covered below: 

 Publish and distribute symposium proceedings to the research and specialty crop 

producer communities:   

o Prepared symposium presentation videos and slides for posting and 

distribution 

o Final Variety/Product Field Trial results have been prepared for distribution 

o Continued to enhance website to act as a central hub for FW activities 

o We are compiling Brainstorming Recommendations for distribution and 

action 

 Design web pages:  The website has undergone further enhancements as we have 

added the presentation videos and PowerPoints, trial results, and other centralized 

information on FW of Lettuce. 

 Move forward with a large follow-up research project to fund and implement the 

priority projects that come out of the symposium brainstorming session:  We have 

submitted a SCBGP grant application to the Arizona Department of Agriculture for a 

one-year $68,765 project involving field trials of treatment products, and research 

into remote early detection of Fusarium Wilt of lettuce. 

 

       Progress toward Expected Measurable Outcomes is highlighted below: 

 Goal #4 -- Share results of a FW-resistant lettuce variety trial with researchers, 

breeders and the grower community:  Final results of both the variety and product 

trials are now complete and ready for distribution prior to planting season in Yuma. 
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 Goal #6 -- Conference proceedings will be published and distributed to the research 

and grower communities both physically and electronically, including web and social 

media.  The detailed conference program served the purpose of conference 

proceedings.  We will be electronically distributing field trial results, conference 

presentations, and recommendations for future steps to supplement the program.  

These items are all being prepared for distribution. 

 

 Third Quarter (Apr. 2016– June 2016) Activities: 

The third quarter was spent on furthering the project goals of 1) Sharing current knowledge 

between and among the grower and research communities, 2) Sharing results of a Fusarium 

wilt variety trial with researchers and industry, and 3) Identifying promising research efforts 

for follow-up.  Key accomplishments were distribution of conference presentations, 

suggested steps forward from the brainstorming session, and trial results along with an 

attendee survey.  We were also granted a project extension to utilize remaining funds on a 

follow-up conference focused on the items surfaced in the brainstorming session. 

 

Tasks accomplished from the Work Plan: 

 Publish and distribute symposium proceedings to the research and specialty crop 

producer communities:   

o We emailed all attendees links to symposium presentation slides and videos, 

variety and product field trial results, results of the brainstorming session, an 

update of the steps we have taken since the symposium, and an extensive 

survey to ascertain the value of the symposium, find out what else should have 

been included, and gauge which items from the brainstorming session should 

get our initial focus. 

o Posted symposium presentation videos and PowerPoint slides on our website 

o Compiled and posted Brainstorming Recommendations on our website 

o Continued to enhance website as a central hub for FW activities 

 Analyze attendee surveys:   

o Early survey responses have been analyzed to help plan and improve our 

follow-up conference to be held in October. 

 Design web pages:   

o We have finalized the new design and are near implementation of an 

improved, interactive website (www.DesertAgSolutions.org) to host the 

Fusarium wilt information. 

 Move forward with a large follow-up research project to fund and implement the 

priority projects that come out of the symposium brainstorming session:   

o We were awarded a SCBGP grant from the Arizona Department of 

Agriculture for a one-year $68,665 project involving field trials of treatment 

products, and research into remote early detection of Fusarium wilt of lettuce. 

This will be done alongside Dr. Matheron’s second-year variety trials. 

 

       Progress toward Expected Measurable Outcomes is highlighted below: 

 Goal #4 -- Share results of a FW-resistant lettuce variety trial with researchers, 

breeders and the grower community:   
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o Posted Final Field Trial results of Varieties (Dr. Matheron) and 

Product/Biologicals (Dr. Pryor) on our website 

 Plans are proceeding to publish these in the journal Plant Disease. 

o Produced and widely distributed a video and postcards to highlight 

availability of trial results to assist producers with planting decision for 

Yuma’s fall season. 

 

 Goal #5 -- Identify the most promising near-term research projects which could 

deliver new Fusarium wilt management tools to keep the Arizona lettuce industry 

competitive and viable. 

o We compiled and posted the results of the brainstorming sessions 

(breeding, resources and funding, product development, cultural practices, 

and containment).  Then we included the most promising items in the 

attendee survey.  Top items will be discussed at the follow-up conference 

this fall. 

 

 Goal #6 -- Conference proceedings will be published and distributed to the 

research and grower communities both physically and electronically, including 

web and social media. 

o We distributed and posted field trial results, conference presentations, and 

the brainstorming session recommendations for future steps. 

 

 Fourth Quarter (July 2016 – Sept. 2016) Activities: 

Key fourth quarter accomplishments included aggressively distributing results of the 

Fusarium wilt variety and product trials to industry as they were preparing to make fall 

season planting decisions for Yuma fields; doing a final survey for additional feedback and 

guidance on steps to move forward; and preparing for an October, 2016 follow-up conference 

focused on key items and activities surfaced in the brainstorming session and surveys per our 

project amendment. 

 

Tasks accomplished from the Work Plan: 

 Analyze attendee surveys:   

o Final survey responses were analyzed to help plan and improve our follow-up 

conference to be held in October. 

 Identify available dates for follow up meeting:   

o October 3, 2016 was chosen for our follow-up conference based on the 

plethora of researchers and industry experts in the Salinas/Monterey area for 

an October 4 conference being put on by the California Leafy Greens 

Research Board. 

 Research and finalize meeting locations and travel arrangements:   

o A conference facility was secured at the Arizona per-diem rate, near the 

Monterey airport to facilitate travel arrangements. 

 Outline meeting agenda based on discussion with researchers and symposium survey 

results; determine speakers/leaders of breakout sessions:   
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o The meeting agenda was prepared based on survey results and discussion with 

key researchers. 

o Jerry Hatfield, Director of the USDA National Laboratory on Agriculture and 

the Environment, was secured as our keynote speaker.  Dr. Barry Pryor was 

tapped to lead the breakout session on Research Projects.  Dr. Mike Matheron 

and Kevin Ford, of Keithly Williams Seeds, were tapped to lead the breakout 

session on Resistant Varieties and Product Evaluation. 

 Arrange for tours of the Salinas lettuce industry: 

o Tours were arranged in Salinas to include a lettuce field tour with T&A 

production experts; Steven Koike’s UC Monterey County Cooperative 

Extension Plant Disease Diagnostics Laboratory; the USDA Ag Research 

Station with Dr. Jim McCreight; and the Greengate Fresh Salad Processing 

Plant.  

 Email save the date notice to key participants of brainstorming session; register 

attendees: 

o Key researchers and industry experts from the 2015 brainstorming sessions 

were invited to the conference.  Approximately 35 people registered to attend. 

 

 Final Quarter (Oct. 2016 – Dec. 2016) Activities: 

In the final quarter, we held the follow-up FW conference on October 3rd and 4th.  Thirty-two 

researchers, producers and seed company personnel participated in a full day of presentations 

and brainstorming, and a tour of lettuce production and research facilities the following day.  

The director of the USDA National Lab on Agriculture and the Environment was the keynote 

speaker, on improving soil health to mitigate Soilborne disease pressure.  The breakout 

session on research projects led to the formation of an AZ/CA research team from UA and 

UC Davis that will be applying for a USDA Multistate Specialty Crop Block Grant.  The 

breakout session on variety and product trials laid out the goals for future field trials.  And 

the tours covered lettuce production challenges, diagnostic facilities, varietal research 

facilities, and a salad processing plant.   

(See Appendix K for results of the 2016 brainstorming sessions.) 

 

Goals and Outcomes Achieved  
 GOAL #1:  For the first time ever, bring together researchers and breeders working 

on Fusarium wilt of lettuce to share known management tools and ideas for future 

research with each other and with the specialty crop grower community (GOAL).  

There is no BENCHMARK at this time since this is the first FW symposium, but our 

TARGET is to have 12 researchers present their work at the symposium.  This will be 

measured using registration and attendance list. Achievement of results regarding 

sharing of useful information will be assessed with post-conference surveys 

(PERFORMANCE MEASURE). 

o RESULTS:  Nine researchers from Arizona, California, Japan, Italy and 

Brazil presented 10 distinct sessions at the 2015 symposium (the Italian 

researcher covered her topic and that of a colleague in order to save travel 

costs), and an additional researcher presented at the 2016 conference.  This 

made for 11 research presentations.    There were also 27 additional 
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researchers and other academics in attendance in 2015 and another 5 in 2016 

for a total of 42 researchers, along with 30 from the seed industry in 2015 and 

13 more in 2016, for a total of 43.  Useful information shared included a 

global overview of the disease and tools for its management.  The 

effectiveness of the information sharing is summarized in the 2015 Survey 

Results, found in the Appendix K. 

 

 
 

 GOAL #2:  Bring together the specialty crop grower community impacted by FW to 

gain new management tools from researchers, and to give feedback on what they 

experience in the lettuce field (GOAL).  Our TARGET was that 50 people from the 

grower community attend the symposium, four of them serving on a panel to share 

their field experiences with FW. There is no current BENCHMARK at this time. This 

will be measured using registration and attendance lists.  Achievement of results 

regarding new knowledge of management tools to stay competitive will be measured 

with post-symposium grower surveys (PERFORMANCE MEASURE). 

o RESULTS:  Approximately 67 registrants in 2015 and 2016 combined from 

the specialty crop grower community and 28 from the crop protection 

industry.  This is a total of 95 registrants from the grower community, 

exceeding our goal of 50 by 90%.  Six of these people sat on the industry 

panel, which was 50% above our goal of 4. 
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 GOAL #3:  Provide PCA/CCA continuing education units (CEU’s) for conference 

participants.  Opportunities for the PCA/grower community to obtain these locally are 

limited, so this should be a popular draw to the conference (GOAL).  Our TARGET 

is for 10 PCA’s to obtain CEU’s. There is no current BENCHMARK at this time.  

Results will be measured by registration lists and credits granted (PERFORMANCE 

MEASURE). 

o RESULTS:  Our target of ten PCA’s receiving CEU’s was exceeded by 420%:  

Twenty-eight received 6.0 hours of AZ CEU’s, seventeen received 6.0 hours 

of CA CEU’s and seven received 5.5 hours of CCA’s, for a total of 52. 

 

 GOAL #4:  Share results of a FW-resistant lettuce variety trial with researchers, 

breeders and the grower community (GOAL).  This has not been done in Yuma since 

2002, so researchers and the grower community are very interested to know how 

current and in-the-pipeline lettuce varieties fare against Fusarium wilt. There is no 

current BENCHMARK at this time.  Our TARGET is for 80 people to tour the 

variety trials during the symposium. This will be measured by attendance lists and 

from post-symposium surveys (PERFORMANCE MEASURE). 

o RESULTS:  Our target of 80 people touring the variety trials was exceeded by 

13%, with approximately 90 attendees riding three buses to inspect the two 

commercial field trials.  Final Field Trial results of Varieties (Dr. Matheron) 

and Product/Biologicals (Dr. Pryor) were posted on our website, and a video 

and postcards were distributed to hundreds of people to highlight availability 

of trial results to assist producers with planting decision for Yuma’s fall 

season.  Plans are proceeding to publish these in the journal Plant Disease, and 

the Year 2 trial results will be similarly distributed when ready.  2015 Trial 

Results can be found in the Appendix K. 
 

 
 

 GOAL #5:  End the conference with a facilitated brainstorming session to identify the 

most promising near-term research projects which could deliver new Fusarium wilt 

management tools to keep the Arizona lettuce industry competitive and viable 

(GOAL).  Our TARGET is the identity of six priority projects. There is no current 
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BENCHMARK at this time. This will be measured by the number of projects 

identified for further pursuit (PERFORMANCE MEASURE). 

o RESULTS:  During the 2015 symposium 35 participants brainstormed paths 

forward in the areas of Cultural Practices, Containment & Regulation, Product 

Development, Breeding & Resistance, and Resources & Funding.  Twenty-

one steps forward were identified.  We compiled and posted the results of the 

brainstorming sessions (breeding, resources and funding, product 

development, cultural practices, and containment).  Then we included the 

most promising items in the attendee survey.  Top items were discussed at the 

follow-up conference this fall, where another 16 steps forward were identified.  

Grant applications for a $68,665 project involving field trials of treatment 

products, and research into remote early detection of Fusarium wilt of lettuce 

was awarded as an outcome of this symposium.  A $600,000+ multi-year 

multi-state grant addressing additional trials and novel methods of detecting 

disease pressure prior to planting was unsuccessfully applied for, but as a 

result of the 2016 follow-up conference it will be applied for again in 2017.  

2015 and 2016 Brainstorming Session results are available in the Appendix 

K. 

 
 GOAL #6:  Conference proceedings will be published and distributed to the research 

and grower communities both physically and electronically, including web and social 

media (GOAL).  This will contain attendee contact information, new management 

tools shared at the conference, results of the variety trial, and the projects identified as 

near-term prospects for additional new tools to keep the industry competitive.  Our 

TARGET is to distribute 100 physical proceedings and have 100 electronic 

downloads. There is no current BENCHMARK at this time. This will be measured by 

the number physically distributed as well as website hits and downloads 

(PERFORMANCE MEASURE). 

o RESULTS:  The detailed conference program served the purpose of 

conference proceedings, and was distributed to all 175+ attendees as well as 

Page 98 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

some who couldn’t attend but requested it.  We electronically posted and 

distributed the field trial results, conference presentations, and the 

brainstorming session recommendations for future steps to supplement the 

program to hundreds of growers,.  The Symposium Program, Field Trial 

Results, and Brainstorming Session Results, as well as website links to the 

presentation videos and other resources are available in the Appendix K. 
 

Beneficiaries  
The direct beneficiaries of this project were the entire Arizona head lettuce grower community, 

as they gained proven management tools that will allow them to continue to produce this 

specialty crop in the fall market slot, where they are currently so competitive that they supply 

nearly 90% of the North American market.  The 2012 USDA Ag Census counts 1,945 vegetable 

farms in Arizona, and most vegetable farms produce some lettuce.  The university research 

community benefited by learning what has been done and is being worked on by other 

researchers in multiple countries, and especially by getting the perspective of the grower 

community that has been fighting the disease.  And the seed industry benefited by participating 

in the field trials, as well as getting grower and researcher perspectives on managing the disease. 

Additionally, produce consumers will be spared the higher prices that are inevitable if the disease 

reduces production and availability.   
 

Lessons Learned  
All of our objectives were exceeded.  Hosting a symposium on a topic of great interest, and 

involving all perspectives (growers, researchers, seed companies and chemical companies) turns 

out to be a huge draw.  Having speakers to share the international perspective was also a big 

draw, and gave valuable information that would have been unknown.  The field trip to the trials 

was of great interest to the participants, and the brainstorming session was instrumental in 

making plans for future efforts.  We found that follow-up conferences are critical for moving 

things forward, and adding new team members.  We posted a lot of information from the 

conference on-line (videos of the presentations, PowerPoints, trial results, brainstorming results, 

etc.) and found that to be an excellent way to get critical information out to a larger audience 

than just those who attended the symposium.  Any money spent to keep the teams collaborating, 

accountable and moving forward is money well spent.  Budgeting for travel expenses was 

difficult so far ahead of time, and required some budget shifting as actual expenses came in. 
 

Contact Person  
Paul Brierley, Executive Director  

Yuma Center of Excellence for Desert Agriculture 

Office Phone:  928-782-5873 

Email:  paulbrierley@email.arizona.edu  
 

Additional Information  
Referenced documents can be found in the attached Appendix K. 
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Managing Fusarium Wilt on Iceberg Lettuce 
This project was completed on September 30, 2017 

Project Summary 
Fusarium wilt is a destructive soilborne disease that threatens the competitiveness of Arizona’s 

$700M lettuce industry.  One of the main activities of this project was conducting two trials in 

growers’ fields during the fall of 2015 and 2016 to evaluate the degree of susceptibility to 

Fusarium wilt among currently available iceberg varieties and new varieties in development 

compared to some romaine lettuce varieties.  The other objective was to assess the potential 

efficacy of the plant activator Actigard in reducing disease incidence.  Research results from the 

two trials conducted in 2015 demonstrated that the mean percentage of lettuce plants that were 

diseased for both trials ranged from 14 to 22% among seven tested iceberg varieties and 3 to 6% 

among five tested romaine lettuce varieties.  Clearly, romaine varieties were more resistant than 

iceberg varieties in 2015 field trials. The two lettuce variety trials conducted in 2016 differed 

substantially in disease severity.  Final disease incidence for the 10 commercial iceberg lettuce 

varieties in one field ranged from 6 to 43%, whereas disease ranged from 95 to 99% for seven 

similar iceberg varieties in the other field.  Romaine varieties in each 2016 trial sustained only a 

1 to 2% disease incidence.  A significant finding in the 2016 trials was that disease incidence for 

two new noncommercial iceberg lettuce varieties in development was 2 to 3% and 8 to 13% in 

fields with low and high disease pressure, respectively.  This observed high level of disease 

resistance in potential new iceberg lettuce varieties is very encouraging.  In 2015 field trials, the 

mean percentage of iceberg lettuce (variety Raider) plants that were diseased in both trials when 

not treated, treated with Actigard @ 21 grams of product per acre, or treated with Actigard @ 28 

grams of product per acre, was 20, 15, and 10%, respectively.  The 25 and 50% reduction of 

Fusarium wilt incidence for the low and high rates of Actigard compared to nontreated lettuce 

was statistically significant.  However, neither Actigard nor any of the 20 additional 

conventional and biological fungicides tested significantly reduced the incidence of Fusarium 

wilt in 2016 trials.  The primary benefit from this research project to the lettuce industry was the 

very significant identification of two new iceberg lettuce cultivars with a high level of genetic 

resistance to the destructive disease Fusarium wilt.  The existence of resistant iceberg lettuce 

cultivars will allow planting in fields formerly unusable due to the presence of the Fusarium wilt 

pathogen.  This project does not build upon a previously funded SCBGP project. 

 

Project Purpose 
Fusarium wilt of lettuce is caused by the soil-borne fungus Fusarium oxysporum, f. sp. lactucae.  

Over 100 additional special forms (f. sp.) of Fusarium oxysporum are known, each with one to a 

few plant species on which it can cause disease.  In Arizona, the disease was originally detected 

in six lettuce fields in 2001.  By 2010, the number of fields known to harbor this pathogen had 

increased to 50, and this number has increased further since then.  Fusarium wilt was identified 

as the number one priority of the industry-funded Yuma Center of Excellence for Desert 

Agriculture (YCEDA).  Also, in a survey of iceberg lettuce producers conducted recently by the 

Arizona Iceberg Lettuce Research Council, Fusarium wilt, Sclerotinia Drop and powdery 

Mildew were considered the three most critical of the 12 major lettuce diseases that growers 

have to contend with.  Unlike Sclerotinia drop and powdery mildew, however, effective 

fungicides are not available to manage Fusarium wilt.  The biology of the lettuce Fusarium wilt 
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pathogen presents formidable challenges to developing effective disease management strategies.  

The primary management tool for Fusarium wilt on most host plants is to plant resistant 

cultivars.  In 2002 and 2003, all 88 iceberg lettuce cultivars tested in Arizona were found to be 

susceptible to Fusarium wilt.  To minimize the spread of the lettuce pathogen from infested to 

noninfested fields, any activity that can move infested soil or plant material needs to be curtailed, 

even when crops other than lettuce are planted. Considering the potential for infestation of fields 

by contaminated sprinkler irrigation pipe, worker’s footwear, tractors, and other farm equipment, 

containing the spread of infested soil will be difficult to achieve.  Crop rotation is of limited use, 

as Fusarium oxysporum can survive in soil for many years in the absence of a host plant by 

subsisting on dead plant tissue as well as living roots of several nonhost plants.  These tested 

nonhost plants, which include cantaloupe, watermelon, cotton, broccoli, cauliflower, and 

spinach, are all important crops planted on the same land used for lettuce production in Arizona.  

Field trials conducted in 2002 and 2003 demonstrated that disease severity was affected by soil 

temperature.  Disease incidence in lettuce plantings seeded in September, October, and 

December was 83.2, 10.0, and 1.5%, respectively.  Cooler soil temperatures at later plantings 

significantly reduced disease incidence and lettuce plant loss.  Where possible, planting iceberg 

lettuce early in “clean” fields and in December in “infested” fields allows growers to minimize 

losses due to Fusarium wilt.  However, as the number of infested fields continues to increase, 

resulting in fewer clean fields, this avoidance strategy is becoming increasingly ineffective. 

Where do we go from here?  The objectives of this research project are to 1) examine current 

early planted commercial iceberg cultivars for their relative susceptibility to Fusarium wilt, as 

many cultivars tested in earlier research have been replaced with new varieties, 2) evaluate 

promising lines currently in development by lettuce breeders, and 3) assess the potential efficacy 

of the plant activator Actigard on reducing Fusarium wilt of lettuce.  Actigard, which activates 

disease resistance mechanisms in some plants, significantly reduced the incidence of Fusarium 

wilt of watermelon in recent research.   

 

Project Activities 
The main activity of this project was conducting two trials in growers’ fields during the fall of 

2015 and 2016 with the goal of evaluating the degree of resistance to Fusarium wilt among 

currently available iceberg varieties and new varieties in development compared to some 

romaine lettuce varieties.  The potential efficacy of the plant activator Actigard in reducing 

disease incidence also was assessed.  These activities were accomplished as described in the 

original proposal Work Plan.  One Expected Measurable Outcome was to increase marketable 

lettuce yield by identifying lettuce varieties with the highest level of disease resistance.  

Research results from the two trials conducted in 2015 demonstrated that the mean percentage of 

lettuce plants that were diseased for both trials ranged from 14 to 22% among seven tested 

iceberg varieties and 3 to 6% among five tested romaine lettuce varieties.  Clearly, tested 

romaine varieties were more resistant than iceberg varieties in 2015 field trials. The two lettuce 

variety trials conducted in 2016 differed substantially in disease severity.  Final disease incidence 

for the 10 commercial iceberg lettuce varieties in one field ranged from 6 to 43%, whereas 

disease ranged from 95 to 99% for seven similar iceberg varieties in the other field.  Romaine 

varieties in each 2016 trial sustained only 1 to 2% disease incidence.  A significant finding in the 

2016 trials was that disease incidence for two new noncommercial iceberg lettuce varieties in 

development was 2 to 3% and 8 to 13% in fields with low and high disease pressure, 

Page 101 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

respectively.  This observed high level of disease resistance in potential new iceberg lettuce 

varieties compared to existing varieties is very encouraging.  If these two new iceberg lettuce 

varieties meet the market characteristics desired, their use would increase marketable lettuce 

yield by resisting the effects of Fusarium wilt.  If these varieties do not currently meet all market 

requirements for size and other characteristics, they can serve as starting points for continued 

breeding efforts to achieve useful new iceberg lettuce varieties for production during the early 

part of the desert lettuce production season, when Fusarium wilt is most problematic. 

 

Another Expected Measurable Outcome was to increase marketable yield by application of 

Actigard to plants.  In 2015 field trials, the mean percentage of iceberg lettuce (variety Raider) 

plants that were diseased in both trials when not treated, treated with Actigard @ 21 grams of 

product per acre, or treated with Actigard @ 28 grams of product per acre, was 20, 15, and 10%, 

respectively.  The 25 and 50% reduction of Fusarium wilt incidence for the low and high rates of 

Actigard compared to nontreated lettuce was statistically significant.  However, neither Actigard 

nor any of the 20 additional conventional and biological fungicides tested significantly reduced 

the incidence of Fusarium wilt in 2016 trials. Although not finding any crop protection products 

that consistently reduced disease incidence was disappointing, the nonperformance of tested 

products will be useful knowledge for growers should salespeople claim that these products are 

efficacious. 

 

Goals and Outcomes Achieved 

 Four distinct, quantifiable, and measurable outcomes and goals were identified for this project: 

1) increasing marketable lettuce yield by identifying lettuce cultivars with the highest available 

level of disease tolerance or resistance, 2) increasing marketable yield by treating lettuce with 

Actigard, 3) determining a possible relationship between disease severity and Fusarium wilt 

pathogen population in field soil, and 4) disseminating research findings from this project to 

lettuce producers and others within the Arizona iceberg lettuce production community. 

 

Increasing marketable lettuce yield by identifying lettuce cultivars with the highest 

available level of disease tolerance or resistance.  This outcome and goal was measured by 

recording and comparing the number of potentially marketable lettuce heads produced by each 

tested lettuce cultivar (PERFORMANCE MEASURE).  The BENCHMARK was disease 

incidence and yield from the most commonly used iceberg cultivars grown when Fusarium wilt 

risk is highest.  In 2015 trials, the commercially available iceberg cultivars LT 4083, Raider, 

Prestige, Sunquest, Dover, and Crusader were not significantly different in susceptibility to 

Fusarium wilt.  However, one tested cultivar, Midway, sustained significantly less disease than 

the other iceberg cultivars, but was significantly more susceptible to disease when compared to 

most tested romaine cultivars.  In the 2016 high disease severity trial, the mean percentage of 

dead and diseased plants was 78% for the commercial varieties Raider, LT 4083, Tamarack, 

1221, El Guapo and Pybas 7101a, whereas a significantly lower level of 10% dead or diseased 

plants was recorded for the new iceberg cultivars Meridian and Oracle.  For comparison, the four 

tested romaine cultivars (Del Sol, King Henry, Valley Heart, and Duquesne) sustained 1% dead 

or diseased plants.  The TARGET of this measurable outcome was to identify the commercial 

cultivar or line that produced the greatest number of potentially marketable lettuce heads.  The 

discovery of two such new iceberg cultivars, Meridian and Oracle, is a giant step forward in 
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developing iceberg lettuce cultivars with strong resistance to Fusarium wilt, compared to iceberg 

lettuce cultivars now commonly in use.  Grower acceptance and use of Meridian and Oracle will 

increase marketable yield of iceberg lettuce in fields infested with the Fusarium wilt pathogen.  

These resistant cultivars could also be the foundation for even more resistant iceberg cultivars in 

the future. 

 

Increasing marketable yield by treating lettuce with Actigard.  This outcome was measured 

by recording and comparing the number of potentially marketable heads produced by the cultivar 

Raider treated with different rates of Actigard (PERFORMANCE MEASURE).  The 

BENCHMARK was marketable yield of Raider not treated with Actigard.  The TARGET of this 

measurable outcome was to identify the rate of Actigard that would provide the highest increase 

in marketable heads compared to nontreated plants.  In 2015 trials, the mean percentage of 

lettuce plants that were dead or diseased when not treated, treated with 21 grams of Actigard per 

acre, or 28 grams of Actigard per acre was 20, 15, and 10%, respectively.  Both treatment rates 

provided a significant reduction of Fusarium wilt in these trials.  However, neither Actigard nor 

any of the 20 additional conventional and biological fungicides tested significantly reduced the 

incidence of Fusarium wilt in 2016 trials.  The inconsistency of Actigard performance between 

trial years suggests that more testing is warranted to determine if this product truly can help 

reduce the incidence of Fusarium wilt of lettuce. 

 

Determining the relationship of Fusarium wilt pathogen populations to disease severity.   

This outcome was to be measured by recording the population of the lettuce Fusarium wilt 

pathogen present in infested fields and comparing these values to disease severity in the same 

fields (PERFORMANCE MEASURE).  There is no current BENCHMARK concerning the 

relationship between pathogen population density in the field and severity of Fusarium wilt of 

lettuce.  The TARGET of this measurable outcome was to establish this relationship so that 

growers could use pathogen population density values to predict potential losses due to Fusarium 

wilt.  Population density of the lettuce Fusarium wilt pathogen was determined in the two fields 

used for trials in 2015 and in 2016.   A correlation between pathogen population density and 

Fusarium wilt severity could not be detected.  Two possible reasons for failure to note a 

correlation could be the patchy distribution of the pathogen in fields and not collecting enough 

soil samples in each field to achieve a meaningful estimate of pathogen population levels.   

 

Disseminating research findings from this project to lettuce producers and others within 

the Arizona iceberg lettuce production community.  This outcome was accomplished by 

presenting research findings to clientele and stakeholders through reports and presentations 

delivered orally, in hard-copy form, and by electronic means and measured by recording when 

possible the number of individuals receiving presented material (PERFORMANCE MEASURE).  

There is no BENCHMARK, as this research data did not exist until the trials were conducted and 

completed.  The TARGET of this measurable outcome was to deliver this information to a 

minimum of 100 people within the Arizona iceberg lettuce production community.  Research 

findings were disseminated in three Plant Disease Management Reports (online publication), oral 

presentations in Arizona at the Desert Ag Conference, Preseason Vegetable Production 

Workshop, Southwest Ag Summit, Yuma Center of Excellence for Desert Agriculture Seminar, 

and Yuma and La Paz County Weather and Pest Management Workshop (total audience of 388 
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attendees), and articles in the Arizona Vegetable IPM Newsletter (electronic newsletter reaching 

896 subscribers). 

 

Beneficiaries  

Fusarium wilt is a destructive soilborne disease that threatens the competitiveness of Arizona’s 

$700M lettuce industry by causing an increasingly negative impact on the 45 lettuce producers’ 

income in the state.  Each person attached in some way to the lettuce industry in Arizona, such as 

growers, pest control advisors, field workers, seed company employees, and so forth, are 

beneficiaries of this research, as it impacts the health and long term sustainability of the lettuce 

industry in the state.  The primary benefit from this research project to the lettuce industry and to 

all associated with it is the very significant identification of two new iceberg lettuce cultivars 

with a high level of genetic resistance to the destructive disease Fusarium wilt.  The existence of 

resistant iceberg lettuce cultivars will allow planting in fields formerly unusable due to the 

presence of the Fusarium wilt pathogen.  Fusarium wilt of iceberg lettuce has not yet been 

vanquished, but this is an important step in that direction.   

 

Lessons Learned 
The inability to establish a correlation between the population density of the lettuce Fusarium 

wilt pathogen in soil and the resulting level of disease that developed in the crop was 

disappointing.  In hindsight, due to the patchy distribution of diseased lettuce plants in most 

fields, the five to six soil samples collected in the 1.5 acre fields were likely not enough to 

establish a good average pathogen population level.  If there is a relationship between pathogen 

population density and final disease incidence, more extensive research will be needed to show 

it. 

 

Contact Person 
Dr. Michael E. Matheron 

Phone: (928) 782-5863 

E-mail: matheron@ag.arizona.edu 

 

New Rapid E. coli Detection Method 

This project was completed on December 31, 2016 

Project Summary 
The Hygiena MicroSnap E. coli system was assessed for its ability to detect E. coli in irrigation 

waters. The system was evaluated for its utility in the field using a portable heat block and a 

handheld fluorometer with results ready within six hours or less. This is more rapid than current 

methods (≥24 hours). The system was successfully modified by using a “hot start” with pre-

heated reagents to reduce the necessary incubation times (as few as three hours). In addition, the 

concentration of larger volumes of water samples (e.g., 10 ml or 100 ml) successfully lowered 

the detection limit of the method. Despite this, the MicroSnap E. coli system did not produce 

comparable results to those provided by the Colilert® most probable number and the MI agar 

membrane filtration methods - two currently approved methods for the detection of E. coli in 

irrigation waters. Additionally, the output of the Microsnap E. coli method provides a range of E. 

coli numbers rather than a specific value, which does not meet FSMA irrigation water 
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monitoring requirements. Therefore, we currently would not recommend the MicroSnap E. coli 

system as an alternative method for the detection and quantification of E. coli in irrigation 

waters. This study did not build on any previously funded SCBGP projects. 

 

Project Purpose 
While there is currently no official standard for irrigation water quality, standards of 126 to 

1,000 E. coli per 100 ml have been suggested. A U.S. Environmental Protection Agency 

(USEPA) guideline of 126 E. coli per 100 ml was based on epidemiological studies of bather 

exposure in recreational waters. Since 2002, the USEPA has approved ten enzyme-based E.coli 

detection tests for the examination of drinking water, most of which are based on the detection of 

the E.coli‐associated enzyme ß‐D glucuronidase which breaks down a compound in the medium 

to produce a fluorescent blue end product when exposed to an ultraviolet (UV) light source. 

Current E. coli indicator tests include the following:  
 

Most Probable Number (MPN) Tests: MPN tests are used to create a statistical estimation of 

bacterial numbers in a water sample. In this type of test, multiple tubes (usually 3 or 5) are 

inoculated with several dilutions (usually 3) of the sample. The number of positive tubes for each 

dilution are counted and then compared to an MPN table. These tests are labor intensive and 

usually require 24-48 hours of incubation to allow for sufficient bacterial growth. Also, MPN 

tests often require a confirmation step (and thus an additional incubation period).  

 

Membrane Filtration (MF) Tests: Volumes of a water sample (e.g., 100 ml to 1 liter) are 

passed through a filter (pore size ≤ 0.45 µm diameter). The bacteria are retained on the filter 

which is placed on the surface of a selective agar medium and incubated for 24-48 hours. 

Colonies are counted to quantify the bacteria. MF tests are both materials and labor intensive. 

 

The Colilert® System: May be used in an MPN test format by placing the water sample 

(usually 100 ml) in a Quanti-Tray® which has 49 large wells and 48 small wells (treated as 

different dilutions). After incubation, the numbers of E. coli positive wells (fluorescent blue 

under a UV lamp) are counted and converted to an MPN using a table. These tests require 

specialized equipment (a Quanti-Tray Sealer) and also require incubation for 18 to 24 hours.  

 

The currently available MPN, MF, and Colilert® tests fall short of the ideal analytical method 

for the rapid detection of potential fecal contamination in that they all require significant 

incubation periods (i.e., 18+ hours). Furthermore, in the case of the non-Colilert® MPN and the 

MF tests, the test methodology is lengthy and labor intensive, is susceptible to interference by 

non-coliform bacteria, and requires trained personnel and specialized facilities and equipment. 

Analytical methods are thus needed to quickly assess the microbial water quality of irrigation 

water samples while providing detection limits comparable to currently used tests. This is 

particularly becoming more important as the frequency of irrigation water monitoring has 

increased as a result of the Food Safety Modernization Act’s Produce Safety Rule. 

 

Recently, the MicroSnap E. coli system has become available that can detect low levels of E. coli 

within 6 hours in foods. The system is manufactured by Hygienia of Camarillio, CA. It is 

capable of detecting and quantifying 1 to 10 E. coli in 6 hours. An ATP meter using the same 
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principles has successfully been used in the food manufacturing industry to assess the cleanliness 

of food preparation surfaces. The total reagent cost is approximately $5.00 per test. The test 

requirements include two MicroSnap tubes, a dry heating block, and a handheld fluorometer. The 

sample is placed in an enrichment medium tube with incubation in a dry block heater for 6 hours. 

A portion of the medium is then removed and placed in a second MicroSnap tube which is then 

incubated for 10 minutes and analyzed using the handheld fluorometer. The resulting relative 

light unit (RLU) reading is then converted to the number of E. coli in the original sample. 

 

Project objectives:  
Objective 1 - To determine if various modifications to the MicroSnap E. coli System can reduce 

the amount of time required for E. coli detection: The MicroSnap E. coli tests were modified 

using one of three approaches: A). To determine if a disposable syringe and filter can be used to 

concentrate the E. coli to reduce the amount of time required for detection; B). To determine if 

the use of a “hot start” or preheating of the reagents to 37°C reduces the time for the E. coli to 

grow and be detected; and C). To determine if the first incubation step can be performed using a 

larger volume of the sample to reduce the amount of time required for detection.  

 

Objective 2 - To compare the results of the modified MicroSnap E. coli with currently used 

standard methods. The remaining water volumes from field samples tested using the MicroSnap 

system were placed on ice and returned to the laboratory at the University of Arizona where they 

were divided for testing by multiple methods.  

 

Project Activities 
Weekly meetings were conducted throughout the course of the project between the principal 

investigator, the co-PI, the post-doctorates, and the student working on the project to ensure that 

research targets were being met and to discuss troubleshooting efforts. 

 

Objective 1 - To determine if various modifications to the MicroSnap E. coli System can 

reduce the amount of time required for E. coli detection. 

 

Without any modification to the protocol, the Hygiena MicroSnap E. coli tests were able to 

consistently detect E. coli in dechlorinated tap water after 6 hours of incubation at concentrations 

of ≥1 x 102 CFU/ml. The MicroSnap E. coli tests were modified using one of three approaches: 

 

Approach A - A disposable syringe and filter (0.45 μm pore size) were used to concentrate E. 

coli in water samples to reduce the amount of time required for detection. Four different volumes 

(100, 10, 5, and 1 ml) were evaluated in separate tests. The bacteria were recovered by adding 

the filter directly to the enrichment media in the MicroSnap tube and incubated. 

 

Concentrating the samples by filtration of larger volumes resulted in higher concentrations being 

detected. Nevertheless, the numbers did not increase in a consistent fashion relative to the 

increase in volume. An example experimental result is shown in the table below. One possible 

explanation for this is that perhaps the bacteria are being trapped on the filter and cannot 

adequately utilize the media in the Hygiena MicroSnap tubes. Nonetheless, the higher numbers 
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of E. coli resulted in a decrease in the detection limit of the method, allowing for the detection of 

lower numbers of E. coli. 

 

   

E. coli concentration (CFU/total volume) measured 

after 6 hours of incubation with the following 

volumes filtered 

1 ml 10 ml 100 ml 

Measured 

Concentration 
100 to 1,000 200 to 5,000 5,000 to 100,000 

Expected 

Concentration 
1,000 10,000 100,000 

 

Approach B - A “hot start” or preheating of the reagents to 37°C was evaluated to determine if 

it reduced the incubation time required for the E. coli to grow and be detected in the samples. 

Water volumes of 1 ml inoculated with various concentrations of E. coli (100, 101, 102, 103, 104, 

105, 106, 107, and 108 CFU/ml) were added to pre-warmed media (@37°C) and tested using the 

MicroSnap E. coli system. The relative light units (RLU) in each sample were measured every 

30 minutes until positive, or up to 6 hours of incubation. 

 

The “hot start” improved the detection limit by ~1-log10. In other words, the tests consistently 

detected E. coli at concentrations of ≥1x101 CFU/ml after six hours. With the use of saline 

instead of dechlorinated tap water (and no “hot start”), the detection ability of the tests improved 

to a detection limit of 1x100 CFU/ml in six hours. This suggest that the water matrix can greatly 

affect the effectiveness of the tests. This could prove to be undesirable with irrigation water of 

varying qualities. An initial concentration of 1x102 CFU/ml could be detected within 90 minutes 

of incubation following a “hot start”; two-thirds of samples inoculated with 1x103 CFU/ml could 

be detected within 60 minutes following a “hot start”. 

 

Approach C - To determine if the first incubation step can be performed using a larger volume 

of the sample to reduce the amount of time required for detection, samples of 10 ml were 

assessed in separate tests using the MicroSnap E. coli system. However, 10 ml water volumes 

could not be added to the MicroSnap tubes directly. The culture media therefore was removed 

and placed into larger test tubes. These test tubes were placed in standard dry heat blocks, but 

could not be used with the portable dry heat block unit that is used with the Microsnap E. coli 

system. It was therefore determined that the use of larger volumes (without concentration) was 

not feasible for field testing. 

 

Objective 2 - To compare the results of the modified MicroSnap E. coli with currently used 

standard methods. 

 

Site locations - Sampling sites were selected following discussions with scientists from the 

University of Arizona (Tucson, AZ), Maricopa Agriculture Center (Maricopa, AZ), Yuma 

Agricultural Center (Yuma, AZ), and cooperating grower partners. A total of 45 different 

locations were sampled. These included 25 cement-lined and 20 unlined canals in urban and 
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rural areas. Sampling sites included a mixture of main canals (n = 20) and lateral/sub-lateral 

canals (n = 20) with varying flow dynamics. In addition, several drainage canals (n = 5) that 

receive return flows from irrigated fields were included as “ worst case” examples in order to test 

the effectiveness of three different E. coli detection methods (MI membrane filtration, Colilert® 

MPN, Hygiena MicroSnap E. coli) under higher than normal contamination levels. 

 

Sample Collection – A total of 145 one-liter grab samples were collected from irrigation canals 

in agricultural areas of Yuma and Maricopa (AZ), and Imperial Valley (CA) to evaluate the 

modified MicroSnap E. coli system under field conditions. Samples were collected between June 

and December 2016 to account for seasonal variations (growing season versus non-growing 

season) in microbial concentrations, climate variation, crop production, and water use practices 

using sterilized 1L wide-mouth HDPE bottles (Nalgene Co., Rochester, New York). These three 

locations represent a significant portion of the winter leafy green production in the United States. 

The sampling sites were chosen to include a variety of different characteristics (e.g., main vs. 

lateral canal, urban vs. rural, cement lined vs. unlined) and water qualities (based on historical 

data) in collaboration with faculty at the Yuma Agricultural Center and the Maricopa 

Agricultural Center and cooperating grower partners. Global positioning system (GPS) 

coordinates were recorded at each sampling site to enable subsequent return visits. Canal 

characteristics were recorded (e.g. main vs. lateral canal, cement lined vs. unlined, location, 

water depth and flow). 

 

Conductivity, pH, air and water temperature, relative humidity, salinity, and total dissolved 

solids were measured in the field using handheld field probes. Samples were placed on ice in a 

cooler and transported to the University of Arizona for microbial processing and additional 

physical characterization (e.g., measurement of turbidity). The time of day that each samples was 

collected was recorded in addition to other relevant information such as the presence of 

birds/wildlife or the presence of garbage/debris in the canals at the time of sampling. Rainfall 

was quantified using online data from the Arizona Meteorological Network (AZMET) for each 

location.  

 

Laboratory Analyses – A 100-ml volume of each sample was evaluated for the presence of E. 

coli and total coliforms using Colilert® tests with Quanti-Trays (IDEXX Laboratories, Inc., 

Westbrook, Maine). The most probable number (MPN) of E. coli per 100 ml was obtained 

following the manufacturer’s instructions. Following incubation at 37°C for 24±2 hours, yellow 

wells were recorded as positive for total coliforms and wells fluorescing “blue” under UV light 

were recorded as positive for E. coli.  

 

The MI agar method is widely accepted and approved as a procedure for monitoring microbial 

water quality in many countries. In this test, a volume of 100 ml was filtered through a 

membrane filter (0.45 µm pore size diameter). The bacteria were retained on the filter which was 

then placed onto MI Agar with cefsulodin (5 mg/l to inhibit the growth of non-coliform bacteria). 

The plates were then incubated at 37°C for 24‐36 hours before counting dark blue colonies 

(presumptive E. coli positives).  
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The results of the MicroSnap E. coli tests were measured using a handheld fluorometer to 

determine the relative light units (RLU), which were converted to E. coli numbers using tables 

provided by Hygiena.  

 

Statistical Analyses - All bacterial and chemical/physical data were log transformed to minimize 

the effects of skewed data. Pearson Correlation analysis was used to identify relationships 

between microbial concentrations and independent variables (e.g., physical, chemical, weather). 

A significance level cutoff of α = 0.05 was used for all correlative statistical tests. Stata 

Statistical Software (StataCorp, College Station, TX) was used for traditional statistical analyses, 

including Two-sample t-tests and Analysis of Variance (ANOVA). 

 

Results – Weak positive correlations were observed between the air temperature and water 

temperature and the numbers of E. coli measured using both the Colilert® MPN (r = 0.45 and 

0.49, respectively) and MI agar methods (r = 0.60 and 0.62, respectively). In other words, as air 

and water temperatures increased, the numbers of measured E. coli also increased. A positive 

correlation was also observed between the measured air and water temperatures (r = 0.74). In 

sharp contrast, weak negative correlations were observed between the air and water temperatures 

and the numbers of E. coli measured using the MicroSnap E. coli method (r = -0.27 and -0.44, 

respectively). This signifies that with increasing air and water temperatures, lower E. coli 

numbers were detected. 

 

The Hygiena MicroSnap E. coli system yields results much more rapidly than either the 

Colilert® MPN or the MI agar methods. In addition, the MicroSnap E. coli assays can be 

conducted in the field using a portable dry heat block and a handheld fluorometer, whereas the 

two standard methods require laboratory facilities and specialized equipment (e.g., a QuantiTray 

sealer, a vacuum manifold for filtration). Nevertheless, the results indicate that the MicroSnap E. 

coli system yields quite different results from the traditional methods. For instance, for the 145 

irrigation water samples assayed, 100.0% of the samples were positive for E. coli for all three 

methods; however, the estimated number of E. coli per 100 ml was much greater using the 

Hygiena MicroSnap E. coli system than it was for either the MI Agar or Colilert® tests (see the 

table below).  

 

  
MI Agar          

(24 hours) 

Colilert®          

(24 hours) 

Hygiena 

MicroSnap     

(6 hours) 

        

Average E. coli       

per 100 ml 
65.5 76.8 

1,841 to 

4,159 

    

Samples with 

>126 E. coli per 

100 ml 

19 of 145 

(13.1%) 

14 of 145 

(9.7%) 

128 of 145 

(88.3%) 
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There was no statistical difference between the results for E. coli using the Colilert® MPN or the 

MI Agar membrane filtration methods (P = 0.40). In addition, a strong positive correlation (r = 

0.90) was observed between the results of the two methods. In contrast, there was a highly 

statistically significant difference between the Colilert® and MI methods and the Hygiena 

MicroSnap E. coli method (P = 2.7x10-32 and P = 1.2 x 10-29, respectively). The MicroSnap E. 

coli appears to overestimate E. coli numbers in these irrigation waters. In addition, the tables for 

the conversion of relative light units (RLU) to E. coli provide a range of E. coli numbers rather 

than a specific value estimate. This would be problematic for growers trying to meet the FSMA 

standards that allow for specific thresholds of E. coli in water (e.g., ≤126 per 100 ml for a 

geometric mean of 20 samples, or a single-sample statistical threshold value [STV] of ≤410 E. 

coli per 100 ml), particularly since the E. coli ranges can be quite wide (e.g., <100 to 1,000 per 

100 ml). 

 

Although this research can be utilized by non-specialty crops, the regions in Southern Arizona 

and California where the study was conducted are heavily dominated by leafy green crops. As 

this type of data will likely vary from region to region because of differences in water sources 

and quality, the data obtained in this study will be most relevant to this region of the country and 

therefore to these specialty crops. 

 

Goals and Outcomes Achieved 

Weekly meetings were held throughout the course of the project with all project personnel to 

ensure that research targets were being met and to discuss troubleshooting efforts 

[PERFORMANCE MEASURE]. Quarterly reports were submitted following the schedule 

prescribed by the Arizona Department of Agriculture SCBGP [PERFORMANCE MEASURE]. 

A manuscript is currently under preparation for submission to a peer-reviewed scientific journal 

[PERFORMANCE MEASURE].  

 

The Hygiena MicroSnap E. coli system was assessed for its ability to detect E. coli in irrigation 

waters. The system was found to be easily performed in the field using a portable dry heat block 

and a handheld fluorimeter with results ready within 6 hours of incubation or less [GOAL]. This 

is much more rapid than currently approved methods (≥24 hours) [BENCHMARK]. We were 

able to successfully modify the system by using a “hot start” with pre-heated reagents to reduce 

the incubation times necessary to produce a positive result (as few as three hours)[GOAL]. In 

addition, the concentration of larger volumes of water samples (e.g., 10 ml or 100 ml) also 

successfully lowered the detection limit of the method and resulted in E. coli detection in waters 

with lower contamination levels. 

 

Despite these successes, the MicroSnap E. coli system did not produce comparable results to 

those provided by current standard/approved methods used for the detection of E. coli in 

irrigation waters (i.e., Colilert® MPN, MI agar MF). Additionally, the output of the Microsnap 

method provides a range of E. coli numbers rather than a specific value, which renders the 

system difficult to use as a method to meet FSMA irrigation water monitoring requirements. 

Therefore, we currently would not recommend the MicroSnap E. coli system as an alternative 

method for the detection and quantification of E. coli in irrigation waters. 
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Beneficiaries 

California ranks first in the nation for numerous specialty crops; Arizona ranks third in the 

production of fresh vegetables and second in the production of lettuce, broccoli, spinach, and 

melons. Approximately 55% of cash receipts from Arizona commodities are from crops. This 

work will benefit growers of various leafy greens, carrots, melons, and broccoli in the Southwest 

agricultural regions. We estimate that this project will benefit approximately 500 specialty crop 

growers/producers/other stakeholders in Arizona and the Southwest. It also has generated data 

and recommendations that can be used nationally by growers utilizing surface water for 

irrigation purposes. 

 

Lessons Learned 
It is important to have regular meetings with project collaborators to ensure that the project is 

completed on time and to discuss any problems or difficulties that have arisen during the field 

collection of samples. Such meetings help with problem solving / resolution and making sure 

that everyone is on the same page. 

 

Contact Person 
Kelly R. Bright 

520-626-8094 

bright@email.arizona.edu 

 

Nickel Nutrition of Arizona Pecans 

This project was completed on April 30, 2018 

Project Summary 

For Arizona growers to produce pecans at their optimum to achieve maximum yields, nutrient 

management is vital. If deficient concentrations of critical nutrients are present, Arizona pecan 

market can be negatively impacted or considered undesirable. Arizona pecan growers are 

consistently and progressively achieving the optimal and most desirable pecan kernel and in-

shell nuts going to market. Critical concentration thresholds in the leaf of limiting nutrients are 

thus most important to the growers. However, southwest soils are often the cause of limiting 

nutrients availability.  

 

Southwestern U.S. pecan orchard soils are typically alkaline (>7.5 pH) and calcareous; thus, 

most micronutrients are poorly available for root uptake. Nickel (Ni) is one of the micronutrients 

that is essential to the healthy growth of higher plants. Symptoms of Ni deficiency (mouse-ear) 

are commonly seen in Arizona pecan orchards. The known function of Ni within the plant is to 

activate the enzyme urease that converts nitrogen into a usable form for leaf and shoot expansion 

in the spring. However, improved understanding is needed about nickel’s relationship to mouse-

ear symptom and photosynthesis of pecan in the southwest. There is currently no recommended 

level of Ni in pecan leaf tissue in Arizona. Researchers in Oklahoma and New Mexico have 

recommended >2-3 ppm in leaf tissue of pecan. In southeast Arizona, pecan orchards are 

frequently below that level. Our approach is to characterize the relationship between leaf Ni 

concentration and photosynthesis, thus establishing an adequate recommendation for adequate 
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nickel concentration that is suitable in the leaf tissue for the optimal production of pecan in 

Arizona. 

 

Project Approach 

This project began in late 2015 by first establishing an experimental research plot and 

collaboration with a pecan grower. A 16-acre plot was designated as the experimental block in 

San Simon, Arizona through collaboration with Farmer’s Investment Company (FICO). A 16-

acre plot was divided into 6 plots of 5 acres each to receive one of two treatments, nickel applied, 

or no-nickel applied, thus creating 3 plots of nickel applied and 3 plots of no-nickel applied. Two 

rows of cultivars, ‘Western’ and ‘Wichita’ were chosen in each plot to be sampled. Figure 1. 

The trees randomly sampled from included measurements such as mouse-ear symptoms (present 

or not present), nickel leaf concentrations, gas exchange (e.g., photosynthesis), and moisture 

stress.  

 

In consideration of the work plan, soil samples were taken, and a composite soil sample 

established from these plots to analyze soil characteristics, texture, and extractable nutrients from 

the soil profile in January & February 2016 in order to determine any soil influence and potential 

impact on the experimental findings. Figure 2. Soil analysis results from Motzz Laboratory 

indicated no significant differences in soil texture or extractable nutrients that would have an 

influence on the experimental research and horticultural measurements. 

 

Nickel fertilizer in the form of nickel sulfate (10% nickel) product was negotiated to be donated 

for this project by HumaGro Bio Huma Netics, Inc. (Gilbert, Arizona). Foliar nickel treatment 

applications commenced in April 2016 to the plots designated for nickel treatments at a rate of 1 

quart per acre. The second and final nickel treatment application for the season was completed 

by July 2016.  

 

Gas exchange measurements were taken following the nickel treatment applications. Three trees 

per sampled ‘Western’ and ‘Wichita’ rows in each treatment plot were randomly chosen for gas 

exchange measurements. Three total full-sun exposed leaflets were randomly chosen in the tree 

canopy for measuring. In 2016, non-fruiting shoots were chosen and in 2017 fruiting shoots were 

chosen as a standard since previous research indicates a significant influence on photosynthesis 

when comparing fruiting and non-fruiting shoots in pecan. This is due to the ‘source’ and ‘sink’ 

relationship on shoots and carbohydrate assimilation and demand by the leaves.  

 

Leaf samples were acquired by 1 August in 2016 and 21 July in 2017. They were acid wash 

bathed and dried at the University of Arizona and shipped for leaf analysis to Motzz Laboratory 

as agreed for contractual services in the work plan. Leaf analysis results showed a significant 

increase of nickel of the treated trees when compared to the non-treated trees. In 2017, the 

treated and non-treated leaf nickel concentrations both tripled in value thus indicating possible 

drift, or sprayer operation error, during foliar treatments in the treated plots and therefore causing 

nickel exposure to non-treated plots. Table 1. The HumaGro Bio Huma Netics, Inc. nickel 

sulfate product is a highly pure product and contains the highest concentration of nickel sulfate 

than most products available on the market. As nickel is a trace element, micronutrient, it does 

not take much to apply to the leaf for uptake thus can easily contaminate plots designated for 
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non-treatment. Mouse-ear symptoms of the leaves in non-treated plots were also significant in 

2016. Figure 3. 

 

Due to a delay in acquiring the Licor portable gas exchange unit, photosynthesis was not 

measured until 11 July and 16 August 2016. It was observed in the nickel treated pecan trees a 

significant increase in photosynthesis when compared to the non-treated pecan trees. A 5.8% 

increase in photosynthesis of the treated versus non-treated. Gas exchange measurements were 

taken on 5 July and 9 August 2017. However, the significant difference in gas exchange was no 

longer evident (per nickel exposure explained above). Table 2. 

 

From these data and results, it is agreed by the principal investigator and co-investigator that a 

minimal nickel concentration in pecan leaves can be determined and recommended. Thus, a 

minimal sufficiency level of nickel in pecan can be reported as in the range of 3 – 5 ppm for 

Arizona pecan growers. Further investigation is required and currently being planned to 

determine the nickel concentration level in pecan leaves where photosynthesis is optimal.  

 

During the last of the project in 2017, after gas exchange measurements and leaf tissue sampling, 

washing, and drying, it was brought to the principal investigators attention that the leaf analysis, 

statistical analysis, and results would not be completed, nor presented to pecan stakeholders by 

the end of the original planned termination date of October 1, 2017. An extension was applied 

for in August 2017 and approved for a new termination date of April 2018 to allow for time to 

analyze results, report to growers, and evaluate growers change in knowledge or behavior. All of 

this was made possible due to the extension being granted. On 5 March 2018 results of this 

project were presented at the regional Western Pecan Grower’s Association annual conference 

and well received by the pecan growers. 

 

The farm collaborator, specifically Brian Driscoll (Farm Ops Manager), with Farmers 

Investment Company (FICO) in San Simon, Arizona were the main contributor in terms of 

supplying a block of trees in an established pecan orchard and supplying the labor and equipment 

for spraying the fertilizer to the trees. Doug Greer with HumaGro Bio Huma Netics, Inc. in 

Gilbert, Arizona was a contributor in terms of approving nickel sulfate fertilizer to be donated to 

this project. Motzz Laboratory in Phoenix, Arizona was another contributor in being the certified 

laboratory for leaf and soil analysis in the project. University of Arizona specialist and co-

investigator, James Walworth, with the Department of Soil, Water, & Environmental Sciences 

was a major contributor in offering his expertise in the project. Richard Heerema with the New 

Mexico State University, Pecan Specialist, also contributed by offering expertise and insight in 

the project analysis and results. The University of Arizona College of Agriculture and Life 

Sciences Cooperative Extension in Cochise County was also a major contributor in the 

development and implementation of this project. This project would also not have been possible 

if it weren’t for the Arizona Department of Agriculture and the Specialty Crop Block Grant 

Program. 

 

Goals and Outcomes Achieved 

The goals and expected measurable outcomes were promising from the efforts put into this 

project. Firstly, the nickel sulfate product foliar applied to the trees did alleviate the “mouse-ear” 
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symptoms of pecan trees that were well deficient (< 1 ppm) and the photosynthesis rate of trees 

treated with foliar applied nickel sulfate during the first year of the project did have a significant 

increase (5.8% increase) when compared to trees that received no nickel treatment.  

 

In the second year this photosynthesis significance was no longer observed and was agreed by 

peers that it was probably due to an over-spray, or drift of foliar product due to winds when 

treated, or sprayer operator error. With the results from 2016 data, it is also agreed by peers that 

we are closer to a minimal sufficiency recommendation for nickel concentrations in Arizona 

grown pecan orchards.  

 

Although the economic analysis was not included in this project, this recommendation will be 

profitable in the long run for Arizona pecan growers in that they now have a range of nickel in 

leaf tissue to strive for when previously the only recommendation came from out of state 

resources that recommended simply greater than 2-3 ppm. Whether a pecan grower is applying 

nickel to increase carbohydrate production in the leaves, therefore, increasing the marketability 

of the pecan kernel or withholding nickel applications due to leaves being sufficient in range, 

these would prove profitable for the producer. On another note, baseline data has also been 

achieved by this project and leaf nickel concentrations where photosynthesis is increased that can 

be compared in future research projects. For instance, yield data was measured in both years of 

this project. Even though there was no significant difference in yield between nickel treated and 

nickel un-treated, it takes many years of yield data in order to really determine if nutrition 

management is making any sort of impact on quantity or quality of the pecan fruit.   

 

In line with the expected measurable outcomes of the original accepted proposal, the results of 

this project were presented on 5 March 2018 to pecan growers at the regional Western Pecan 

Grower’s Association annual conference. After the presentation, the pecan grower participants 

were evaluated for any change in knowledge or adoption of new farm management practice. 

Table 3. Of the 85 respondents in the audience, over 70% agreed or strongly agreed that the 

results from this project were beneficial in increasing their knowledge about the nickel in pecan 

or affects their nutrition management decision on their farm operation. Because of the results of 

his project, 61% of the respondents said they would now begin adding nickel in their pecan tree 

nutrition program. Also, 41% of the respondents gained knowledge by indicating they would aim 

for 3-5 ppm of nickel in their pecan leaves for higher photosynthetic performance.  

 

Due to these results, it has been agreed by the principal investigator, co-principal investigator, 

and the farm operation and collaborator, to continue the nickel research. Future plots have 

already been established that allow for even greater buffer and separation between the treated 

plots and non-treated plots in order to eliminate the possibility of contamination or drift of the 

nickel sulfate product being applied by high pressure foliar air-blast sprayers. After some 

continued research in this area, a University of Arizona publication and a peer-reviewed journal 

publication will be published. A follow-up survey will also be given to Arizona pecan growers to 

determine implementation of the nickel concentration recommendation and change of farm 

operations due to this initial work.  

 

 

Page 114 of 288



Arizona Department of Agriculture 

Specialty Crop Block Grant Program  

Agreement No. 15SCBGPAZ0018 

 

 

 

Beneficiaries 

The primary project beneficiaries of this project are the members of the Arizona Pecan Grower’s 

Association, the Western Pecan Grower’s Association, the University of Arizona College of 

Agriculture and Life Sciences, Arizona Department of Agriculture, analytical laboratories, and 

the small to large acreage southwest pecan farmer with potential reach to national pecan 

grower’s and national/international plant nutrition scientists.  

 

Within the Southwest pecan growing region approximately 113 pecan producers and 

stakeholders benefitted from this project. Locally within the state of Arizona, approximately 123 

farms and 62 pecan producers and stakeholders benefitted from this project.  

 

The Southwest and Arizona pecan producers and stakeholders have benefitted from this project 

in that they are now aware of the critical need of nickel nutrition in their pecan operation. These 

same producers have gained knowledge in the function of nickel in the leaves of pecan, the 

symptoms of nickel deficiency expressed in the leaves of pecan, and the minimal sufficiency 

range for adequate nickel concentration in the pecan leaf is 3-5 ppm. 

 

Lessons Learned 

When it comes to large farm operations and collaborations it is best when designing the 

experiment and randomization that the treatment of applications is incorporated with relative 

ease to the regular farm operation and management plan. However, when allowing the regular 

farm operators to perform the treatment applications it was learned that the principal investigator 

or co-investigator be there in person to ensure proper treatment areas are being treated according 

to the experimental design or to check for over-spray, drift, or higher than normal wind speeds, 

even if these treatments are being applied at 3 to 5 in the morning.  

 

One other lesson learned in the grant proposal and timeline process, when there is some leased 

equipment and contract necessary for the project to be measured, be sure to begin the contractual 

agreement process as soon as the grant period begins in the first quarter of the year. Contractual 

agreements can take a long time, especially working its way through University approvals, so 

doing this as soon as possible will ensure good timing in retrieving the equipment so 

measurements can be planned according to treatment applications thus timely recordings of the 

plant physiological response.  

 

Contact Person 
Joshua Sherman 
College of Agriculture & Life Sciences 

Cooperative Extension (Cochise, Graham, Pima, Santa Cruz) 

Commercial Horticulture, Area Assistant Agent 

Tel. (520) 766-3603 

Main. (520) 384-3594 

Fax. (520) 384-3681 

Email: jdsherman@email.arizona.edu 
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Additional Information 
The presentation given at the Western Pecan Grower’s Association can be found at this link: 

http://aces.nmsu.edu/ces/pecans/documents/7-

%20Sherman%20Trace%20Yet%20Substantial%20-

%20Essential%20Micronutrients%20of%20Pecan.pdf  

 

Figures: 
 

Figure 1. Experimental plot map and sample rows (GPS: 32.25278179, -109.17686527). Row 

numbers are indicated starting from east to west along with pecan cultivar associated with the 

row (WI for ‘Wichita’ and WE for ‘Western’). Treatment plots are outlined in red with 

designation of nickel applied or no nickel applied (indicated as Ni+ or Ni-). Rows circled in blue 

indicate the sampling rows of which measurements and samples will take place (includes a row 

of each cultivar within each replication of treatments). 
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Figure 2. Map of experimental plot in San Simon, Arizona illustrating the division of the plot 

into three sections (West, Center, and East) for soil analysis to be conducted by Motzz 

Laboratory Inc. Solid black circles indicate the sampling locations that were mixed together to 

create a composite sample in each section. These three sections were analyzed separately.  

 

 
 

Figure 3. Mouse-ear symptoms of pecan leaves with deficient levels of nickel (< 1ppm Ni).  
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Tables: 
 

Table 1. Mean leaf nickel concentrations in 2016 & 2017. Leaf samples taken in late July/early 

August after all nickel treatments applied.  

 

 
 

Table 2. Mean gas exchange measurements in 2016 and 2017. In 2016, statistical analysis 

indicates a 5.8% increase of photosynthesis in nickel treated trees compared to non-treated. In 

2017 there was no difference statistically.  
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Table 3. Pecan grower evaluation results gathered on 5 March 2018 at the regional Western 

Pecan Grower’s Association annual conference (n = 85).  

 

Was this project 

beneficial in increasing 

knowledge or change in 

management decisions 

of the pecan farm 

operation? 

Does this farm 

operation already 

use nickel in the 

pecan farm 

nutrient program? 

Based on the results 

from this project will 

you be adding nickel in 

the nutrition program of 

your farm operation? 

What nickel 

concentration in the 

pecan leaf is accepted 

as the minimal 

sufficient range? 

No response_____2.4% No response  2.4% No response_ 24.7% 3-5 ppm________41.2% 

Strongly Disagree 2.4% Yes ______ 44.7% Yes________ 61.2% >5 ppm________ 17.6%  

Disagree________5.9% No _______52.9% No_________14.1%  

Neutral________15.3%    

Agree_________43.5%    

Strongly Agree_ 30.6%    

 

Pesticide Use Data Improves Resistance Management 
This project was completed on September 30, 2017 

Project Summary 
Arizona pesticide use data provide many benefits to Arizona specialty crop producers. The data 

help the Arizona Pest Management Center (APMC) respond effectively to EPA pesticide 

registration reviews and other policy decisions, to defend important control tactics for specialty 

crop producers; data support research and outreach for effective pest management decisions, 

including development of chemical use maps that can help pest control advisors (PCAs) manage 

whiteflies while reducing the chance of developing resistance; data document long term pesticide 

use trends that reveal a successful and progressive Arizona specialty crops industry. Given the 

importance of the data, and based on prior work, there was a clear need to invest more into 

verifying and correcting misreported township, range and section information; streamlining 

interactions between UA and ADA partners; and developing outreach to support improved 

reporting among specialty crop professionals. Through this project, we were able to (1) provide 

continued availability of pesticide use information for the benefit of specialty crop stakeholders; 

(2) improve data quality and reduced turn-around time, enabling proactive resistance 

management in a leveraged project; and (3) improve pesticide use reporting through educational 

outreach and resources we developed.  

 

Project Purpose 
To remain competitive in an ever-changing marketplace, Arizona specialty crop producers need 

access to accurate, timely information to guide management and marketing decisions, including 

information on pesticide use [ISSUE]. Pesticide use reports (1080 forms) submitted to Arizona 

Department of Agriculture (ADA) are currently reviewed, verified, corrected as needed, and 

incorporated into the Arizona Pest Management Center (APMC) Pesticide Use Database, which 

we developed with previous SCBGP and other competitive grant support [HOW THIS BUILDS 

ON PREVIOUS PROJECTS]. These data support many highly leveraged projects and activities 

that directly benefit specialty crop producers, including the development of pesticide use maps to 

help support multi-crop whitefly resistance management in the field, and the use of these data to 
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support pesticide registration decisions that are beneficial for specialty crop producers. In order 

to empower these activities, reliable, timely and correct pesticide use reporting information is 

essential.  

The objectives of this project were to:  

(1) Ensure the continued flow of pesticide use information for the benefit of specialty crop 

stakeholders;  

2) Improve the quality of data and reduce turn-around time, improving outcomes of a leveraged 

proactive resistance management project;  

3) Conduct comprehensive and targeted outreach to PCAs, distributors and growers to improve 

location reporting on 1080s.  

 

This work was important and timely because the two-year project timeline was largely co-

incident with two competitive grants that supported the development of proactive resistance 

management, as well as a very active period of pesticide regulatory decisions on chemistries that 

are important in specialty crop pest management. The data verification and correction work, as 

well as the outreach supported through this grant greatly enhanced data quality and stakeholder 

engagement, which helped to make the activities and products associated with this work as 

robust and effective as possible.  

 

Project Activities 
1080 data access, work flow, data correction and tracking 

 We worked closely with partners at ADA Environmental Services Division throughout 

this project, including ongoing discussions about how to improve processes, reduce data 

errors and lag time on availability of pesticide use data. Robert Tolton did a complete 

internal review of 1080 procedures and was responsible for implementing the Governor’s 

“Lean” initiative to improve government services. As a result, ADA implemented quite a 

few improvements to their efficiency throughout this project. We met annually face to 

face and also provided an in-service training on the use and value of pesticide use data to 

ADA employees in January 2017.  

 Of course, ongoing data correction was one of the main activities funded by this grant, in 

terms of the time invested. Wayne Dixon, our in-house programmer and database 

manager developed very effective new tools for improving the efficiency of data 

correction and also tracking of error correction. This included a user interface for data 

correction that mirrors the 1080 form itself, and provides direct access to view PDF scans 

of 1080 forms associated with records, links to product information on EPA and other 

websites and more. This has greatly improved our efficiency.   

 Achievement of specific expected outcomes related to data correction are summarized 

under Goal and Outcomes Achieved. 

 

Outreach 

 Outreach activities in this project far exceeded our commitments.  

 

 We presented to 330 Arizona growers, PCAs and other stakeholders at 21 meetings on 

topics related to the use of pesticide use data to support Arizona growers, and efforts to 

improve the data and reduce errors (particularly, location data errors). These talks were 

always well received and provided 18 AZ CEUS (50 min talks at 18 events) for 
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participants. At several meetings, discussions ensued leading to suggestions about ways 

to improve the 1080 data or how to better target information from our project. 11 of the 

21 meetings specifically targeted PCAs.  

 Included above were 2 dedicated meetings targeting specific distributor companies, one 

at the regional level and one at the state level. About 47 PCAs were reached at these 

meetings.  

 Dr. Fournier provided 3 presentations to academic audiences at 2 professional meetings 

on topics related to the pesticide use data. This included a talk at the International 

Congress of Entomology in Orlando in September 2016, presenting results from a prior 

SCBGP analyzing pesticide risk reductions over more than two decades of lettuce 

pesticide use records. Two talks at the American Chemical Society (ACS) in August 

2017 were part of a symposium on pesticide use data. Dr. Fournier presented on the use 

of Arizona pesticide use data to support regulatory pesticide decisions, and in evaluation 

of outcomes for IPM programs (2 separate presentations). 92 scientists attended these 

presentations. The ACS presentations resulted in the invitation to develop a chapter for a 

forthcoming book on the use of pesticide use data for research and other outcomes.   

 We published a website with resources and links intended to help reduce location errors 

on 1080 reports. https://cals.arizona.edu/apmc/1080support2.html  

 We published and distributed at meetings a one page “IPM Short” Extension publication 

on the topic of 1080 data and reducing reporting errors. 

https://cals.arizona.edu/crops/cotton/files/PesticideUseData.pdf  

 

Regulatory Comments 

 As noted below, through the investments of this grant and leveraged resources, the 

Arizona Pest Management Center was very active in developing and submitting 

comments to EPA in response to pesticide registration reviews. Over the 2-year grant 

cycle, 22 EPA comments were submitted on 28 active ingredients and one educational 

issue. 19 of these were developed directly by APMC faculty and 3 by Arizona Farm 

Bureau with our support. EPA comments covered the use of 28 active ingredients used in 

more than 30 specialty crops.  

 In the second year of the grant, we developed and piloted an EPA Comments email list, 

to help keep people in the agricultural community informed about registration issues, 

comment deadlines, and how to submit effective comments. This is really in beta form at 

this stage, with only 28 users so far (PCAs, cooperative extension personnel and Arizona 

Farm Bureau personnel). We have sent out 3 communications so far to the list. We plan 

to improve and expand this effort in our next SCBG project.  

 

Goals and Outcomes Achieved 
Expected Measurable Outcome 1: Continued flow of 1080 data (GOAL) will enable timely 

responses to pesticide registration issues affecting specialty crops (TARGET); the number and 

nature of these, including potential economic impacts (PERFORMANCE MEASURES), will be 

documented annually and compared to 2014 responses (BENCHMARK). 

 

Results Summary 

 Goal of continued flow of 1080 data was met during this project.  

 Responses to pesticide registration issues affecting specialty crops: 
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o Oct 2014 – Sept 2015 (baseline): 2 EPA comments submitted by APMC 

o Oct 2015 – Sept 2016 (Year 1): 9 EPA comments on 6 active ingredients and one 

educational issue.  

o Oct 2016 – Sept 2017 (Year 2): 13 EPA comments were submitted on 22 active 

ingredients impacting specialty crops.  

o Over the 2-year grant cycle, 22 EPA comments were submitted on 28 active 

ingredients and one educational issue. 19 of these were developed directly by 

APMC faculty and 3 by Arizona Farm Bureau with our support. 

o Overall, registrations in more than 30 specialty crops were potentially impacted 

by comments over the grant term, based on documented use of 28 active 

ingredients for which we submitted EPA comments in Arizona pesticide use 

reports. (Crops listed below.) All APMC comments since 2006 are available 

online. https://cals.arizona.edu/apmc/Arid_SWPMC_Info_Requests.html 

 

Responses to registration issues, Details:  

 Annual Summary, Year 1 (Oct 2015 – Sept 2016). The Arizona Pest Management 

Center developed and submitted 9 EPA comments on 6 active ingredients and 1 

educational issue (certification and training). Two sets of comments were developed and 

submitted to EPA for both chlorpyrifos and sulfoxaflor, summary comments from the 

APMC and separately developed comments by Dr. John Palumbo on behalf of produce, 

other vegetables and melon crops in Arizona. By comparison, over the previous 1 year 

period (Oct 2014 – Sept 2015) only two sets of EPA comments were developed and 

submitted by the APMC, and one of these, dicrotophos, mainly impacted cotton. This 

represents over at least a 4-fold increase in activity.       

 Annual Summary, Year 2 (Oct 2016 – Sept 2017). APMC faculty developed and 

submitted 10 EPA comments (3 by Dr. John Palumbo) on 21 active ingredients directly 

impacting specialty crops in year 2 of this project. This included comments on Spinosyns 

(2 AIs), Chlorpyrifos, Linuron, Pyrethroids (7 AIs), neonicotinoids (4 AIs), three 

fungicides (Mefenoxam, Cymoxanil and Dimethomorph) and methoxyfenozide, all of 

which have important uses in various specialty crops. We also supported comments 

independently developed and submitted to EPA by Arizona Farm Bureau (AZFB) for 

pyrethroids, neonicotinoids, and the herbicide benfluralin (Balan). In these cases, we 

provided use data, answered questions, and reviewed draft comments. In all, 13 EPA 

comments were submitted on 22 active ingredients impacting specialty crops.  

 Registrations in more than 30 specialty crops were potentially impacted, based on 

documented use of 28 active ingredients for which we submitted EPA comments. Most 

active ingredients are used primarily in conventional production, but some are used also 

in organic crops. Crops with use patterns mentioned in our comments include: lettuces 

(all types), spinach, arugula, broccoli, cauliflower, cabbage and other cole crops, 

watermelons, cantaloupes, pecans, pistachios, citrus (lemons, limes, oranges, grapefruit), 

carrots, celery, cilantro, parsnips, sweet corn, beets, beans (several types), onions, onions 

for seed, chile peppers and sweet corn. 

 Sulfoxaflor. On November 12, 2015, based on a Ninth Circuit Court of Appeals decision, 

all registrations of the active ingredient sulfoxaflor were vacated and EPA issued a 

cancellation order for all uses without canceling existing tolerances. EPA examined data 

submitted by stakeholders and announced a proposed decision to re-register sulfoxaflor 

for a number of uses, including leafy vegetables and cole crops, inviting public comment. 
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In Mid-June 2016, two APMC comments (from Dr. Palumbo and Dr. Ellsworth) 

supported this decision, and requested EPA reconsider registrations in other crops 

(melons and cotton, for example). On October 14, 2016, EPA announced its final 

decision to register sulfoxaflor for uses in leafy vegetables, cole crops and some other 

crops (but neither cotton nor melons). While our comments on sulfoxaflor represent only 

a portion of stakeholder input which may have influenced EPA’s registrations decisions, 

this case study underscores the importance of this activity in supporting and representing 

specialty crop stakeholder needs in policy decisions that impact their industries.  

 One prominent stakeholder, referring to a specific set of comments we developed during 

this grant term, stated in an unsolicited letter to UA College of Agriculture and Life 

Sciences Dean that the APMC had “created a professional and scholarly set of 

comments that we in the industry could reference in our supporting comments to 

the federal agency. This was very helpful to our industry.”   

 

Expected Measurable Outcome 2 Improved data quality (GOAL) and reduced lag time 

(GOAL) will be documented on quarterly reports by tracking location data errors and currency 

of available 1080 data (PERFORMANCE MEASURES) compared to 2014 (BENCHMARK). 

Improvements in these areas will improve outcomes of leveraged chemical use map project 

(TARGET). We will measure online access to maps and percent intending to use maps in 

pesticide decision-making online and at meetings (PERFORMANCE MEASURES).  

 

Improved data quality 

 During the second quarter of this grant, we designed and put in place significant new data 

management tools for tracking and more efficiently correcting 1080 data errors.  

 The number of errors identified and corrected each quarter fluctuated, depending on the 

amount of new data pulled over from ADA and whether correction queries focused solely 

on new/recent data or included corrections of historical records. Overall, there was a 

significant downward trend for all error types with the exception of duplicated 1080 data 

entries (where the same 1080 form is entered or appears in the data more than once). This 

continues to be a problem, and we are working with ADA partners to identify effective 

solutions.  

 Year 1. 826 Location errors were identified and (township, range, section) were 

corrected.  

 Year 2. 683 Location errors were identified and corrected, a 17% decrease in location 

errors.  

 

Reduced lag time 

 In Dec 2015, at the end of the first quarter of the grant, we estimated data for 2015 1080 

entry by ADA Environmental Services Division to be 49% complete for the year, with all 

data entered through February 2015, representing a 10-month time lag on “completeness” 

of data. It is important to note that a steady flow of electronic data through Agrian means 

that we have some current data at all times, but at this time, ADA had a significant 

backlog of data entry to catch up on.  

 In Dec 2016, we estimated data for 2015 1080 entry by ADA Environmental Services 

Division to be nearly 99% complete for the year, with only about 450 1080s that had not 

been entered, and this was mainly due to compliance issues, where follow up with 
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applicators or growers was needed prior to data entry. A less than 1-month time lag on 

“completeness” of data.  

 Data remained essentially current, with no more than a 1-month time lag through the 7th 

quarter of the grant. Momentum was lost during the 8th quarter, after temporary personnel 

funded through this grant were let go after funds were expended. Our estimate at the 

conclusion of the project was about a 3-month time lag on the completeness of the data.  

 

Access and Intention to use Chemical Use Maps 

 Map Views: In year zero (for baseline data) and year 1 of this project, maps were 

presented at a series of dedicated workshops around the state. We provided laptop access 

to the mapping website as part of the workshops. In addition, email notices with the 

website link and log-in information were sent out to identified PCAs who did not attend 

the workshops. In Year 2 no mapping workshops were held, although the maps were 

promoted in a series of presentations at statewide extension meetings. Maps were posted 

online on a secure website and email notices were sent to PCAs identified as working 

with whitefly-affected crops. 

o Baseline data from 2014 mapping project indicated that 33 out of 92 targeted 

PCAs (36%) accessed the Chemical Use Maps website. There were 114 page 

views. 27 users (29%) viewed at least one area map and 10 (11%) viewed maps 

for more than one geographic area.  

o Year 1. 18 out of 92 targeted PCAs (20%) accessed the Chemical Use Maps 

website. There were 147 page views. 18 users (100%) viewed at least one area 

map and 8 (44%) viewed maps for more than one geographic area or chemistry.  

o Year 2. 3 out of 98 targeted PCAs (3%) accessed the Chemical Use Maps 

website. There were 26 page views. 3 users (100%) viewed at least one area map 

and 2 (67%) viewed maps for more than one geographic area.  

 Intention to use maps: 

o Baseline data from audience response surveys at 2015 Extension meetings 

(n=178): 42% respondents said they would likely use, and 32% said they would 

definitely use Chemical Use Maps for whitefly resistance management. 55% said 

the maps would likely influence their whitefly management decisions and 24% 

said maps would definitely influence their management decisions.  

o Retrospective Survey of Map Users: 

Data were collected in a series of telephone interviews with PCAs (mainly) and 

growers who accessed the 2014 Chemical Use Maps. Response rate was about 

75%. The following responses relate to our measureable outcomes for this project.  

 To what degree can the Chemical Use Maps improve your knowledge? 

 53% Large improvement 

 29% Moderate improvement 

 18% Small improvement 

 0% No improvement 

 To what degree does your knowledge about previous year’s chemical use 

influence your insecticide decisions for whitefly control?  

 41% Always considered this 

 6% Considered 76-99% of the time  

 35% Considered 51-75% of the time 
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 12% Considered 26-50% of the time 

 6% Considered 1-25% of the time 

 0% It is not something I consider 

 To what degree would you say the Chemical Use Maps improve your 

confidence in managing whiteflies? 

 27% Large improvement 

 33% Moderate improvement 

 40% Small improvement 

 

Expected Measurable Outcome 3. Improved 1080 reporting (GOAL) resulting from outreach 

will reduce time investment of ADA and UA personnel on error correction (TARGET), 

documented as labor-hours invested (PERFORMANCE MEASURE) compared to 2014 

(BENCHMARK).  

 Year 1. 1,962 hours were invested in data correction for correction of specialty crop 1080 

records (not all paid from this grant), including 489 hours invested by an unpaid summer 

intern.  

 Year 2. 1,170 hours were invested in data correction for correction of specialty crop 1080 

records (not all paid from this grant), and no summer intern was hired. A 40% reduction 

in time invested directly into data correction was documented. Part of this reduction 

results from an increase in efficiency, given some of the data verification and correction 

tools that were created in the first year of the project. But based on number of errors 

identified and corrected (presented earlier), this also represents an overall decline in the 

total number of errors.  

 

Beneficiaries 
This project benefited Arizona producers (100+) and PCAs (90+) working in lettuce, melons and 

other specialty crops, as well as Custom Applicator license holders (40), researchers (20) and 

ADA personnel (12) working with pesticide use data. Stakeholders benefit by improvement of 

data available to respond to emerging pest issues, defend useful products when labels are 

threatened, and by reducing errors and liability associated with 1080 reporting. 

 

Lessons Learned 
 In our dialog with PCAs and other stakeholders, we learned a great deal about the 

mechanics and work flow of how 1080 forms get completed and submitted in different 

ways by different companies. This information was helpful in identifying potential 

sources for errors, for example, with location information.  

 Discussions also identified other target audiences that we still could do more to reach. 

Although we reached many PCAs representing every major distributor in this project, I 

found that targeted meetings, company by company, were a bit more difficult to 

accomplish. This is new for us and for them. But the two dedicated meetings we did have 

(with Helena and Fertizona) were very effective and enjoyed by all. 

 The idea of an email list to keep stakeholders better informed about EPA regulatory 

reviews and calls for public comment arose from my realization, when I would go out 

and present, that often growers and PCAs were uninformed about EPA’s review process 

and how they could potentially help impact decisions and positive outcomes for the 

industry.  
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Contact Person  
Dr. Al Fournier 

520-374-6240 

fournier@cals.arizona.edu  

 

Additional Information 
Extension Publication: 

Fournier, A.J., P. Ellsworth, N. Pier, W. Dixon. 2016. Pesticide Use Data – Why Getting it Right 

Matters. University of Arizona Cooperative Extension, Arizona Pest Management Center.  

https://cals.arizona.edu/crops/cotton/files/PesticideUseData.pdf 

 

Website:  

Fournier A.J., W. Dixon. 2016. Pesticide Use Data – Reporting Resources. University of Arizona 

Cooperative Extension, Arizona Pest Management Center. 

https://cals.arizona.edu/apmc/1080support2.html  

 

Scientific Presentations: 

Crump A., J. Farrar, A.J. Fournier, P.C. Ellsworth. 2017. Pesticide Use Data Informs Regulatory 

Policies. American Chemical Society 254th National Meeting and Exposition, Washington, DC. 

August 21, 2017. (Presentation) 

 

Farrar J., A. Crump, A.J. Fournier, P.C. Ellsworth. 2017. Pesticide Use Data to Evaluate the 

Impact of Integrated Pest Management Programs in Arizona and California. American Chemical 

Society 254th National Meeting and Exposition, Washington, DC. August 21, 2017. 

(Presentation) 

 

Fournier A.J., P. Jepson, M. Guzy, W.A. Dixon II, J.C. Palumbo, P.C. Ellsworth. 2016. 

Documenting Reductions in Pesticide Risk: Two Decades of Change in Lettuce Pest 

Management. International Congress of Entomology, Orlando, FL. September 26, 2016. 

(Presentation) 

 

Selected EPA Comments:  

Ellsworth P.C., A.J. Fournier, W.A. Dixon II, C.M. Rock. 2016. Chlorpyrifos Use in Arizona. 

University of Arizona, Arizona Pest Management Center. 

http://ag.arizona.edu/apmc/docs/15EPA-Chlorpyrifos-Use-In-ArizonavF.pdf 

 

Fournier A.J., P.C. Ellsworth, M.R. Wierda. 2016. Certification of Pesticide Applicators Rule 

Revision 40 CFR 171 Response to EPA call for public comment on proposed changes. 

University of Arizona, Arizona Pest Management Center. 

http://ag.arizona.edu/apmc/docs/CT_ProposedChanges_APMC_vf.pdf 

 

Fournier A.J., P.C. Ellsworth, W.A. Dixon II. 2016. Imidacloprid Use in Arizona Citrus. 

University of Arizona, Arizona Pest Management Center. 

http://ag.arizona.edu/apmc/docs/Imidacloprid-Use-In-Arizona-Citrus_4-14-16.pdf 

 

Ellsworth P.C., A.J. Fournier, W.A. Dixon II. 2016. Sulfoxaflor Uses Utility and Benefits in 

Arizona Agriculture., University of Arizona, Arizona Pest Management Center. 
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http://ag.arizona.edu/apmc/docs/16EPA-Sulfoxaflor-In-ArizonavFv2.pdf 

 

Fournier A.J., P.C. Ellsworth, W.B. McCloskey, W.A. Dixon II. 2016. Glufosinate Use in 

Arizona. University of Arizona, Arizona Pest Management Center. 

https://cals.arizona.edu/apmc/docs/Glufosinate_vf.pdf  

 

Fournier A.J., P.C. Ellsworth, B.R. Tickes, W.A. Dixon II. 2016. Sulfonylurea Herbicides: 

Importance and Use in the Southwest. University of Arizona, Arizona Pest Management Center. 

https://cals.arizona.edu/apmc/docs/Sulfonylurea-Herbicides_vf.pdf 

 

Fournier A.J., J.C. Palumbo, P.C. Ellsworth. 2016. Spinosyn Use and Importance in Arizona 

Agriculture. University of Arizona, Arizona Pest Management Center. 

https://cals.arizona.edu/apmc/docs/Spinosyns-Comment_APMC_11-18-16.pdf 

 

Fournier A.J., A.M. Mostafa, J. Sherman, W.A. Dixon II, P.C. Ellsworth. 2017. Chlorpyrifos Use 
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Produce Safety Risk Assessment Data Gaps 
This project was completed on December 31, 2016 

Project Summary  
Quantitative Microbial Risk Assessment (QMRA) incorporates laboratory and field-based data 

into mathematical models to address the spread of microbial agents through environmental 

exposures and to characterize the nature of adverse outcomes (e.g., the risks of illness or death). 

Since every scenario of a QMRA cannot be wholly investigated, educated assumptions help fill 

existing data gaps. The use of assumptions during QMRA studies limits the effectiveness and 

applicability of safety procedures and policies. Therefore, this project aimed to 1) determine the 

data gaps that exist in relation to risk assessments for leafy green produce safety through the 

examination of the published scientific literature and through discussions with stakeholders in 

the leafy green industry, 2) identify existing data that may address identified gaps, and 3) classify 

each gap on the completeness of available data and the efforts required to address them. The true 

gaps identified during this study are all steps in the harvest category. There were numerous steps 

in the pre-harvest and harvest categories with limited data. Post-harvest generally had moderate 

data available for all steps. Identifying and classifying these gaps in the index of 

(in)completeness will enhance the competitiveness of leafy greens by focusing on the steps 

where research, education, or product development are truly necessary to improve food safety. 

This project did not build on previously funded Specialty Crop Block Grant Program projects. 

 

Project Purpose  
Quantitative Microbial Risk Assessment (QMRA) incorporates laboratory and field-based data 

into mathematical models to address the spread of microbial agents through environmental 

exposures and to characterize the nature of adverse outcomes (e.g., the risks of illness or death). 

In the produce industry, researchers, industry professionals, and government agencies use 

QMRA to explore contamination and risk reduction practices during food production, 

processing, and distribution. Exposure and dose-response data are required to accurately 

complete any QMRA study. When data are missing, assumptions are made using values from 

unrelated studies or fields, such as utilizing data generated from non-agricultural settings for the 

produce industry.  

 

Since every scenario of a QMRA cannot be wholly investigated, educated assumptions fill 

existing gaps. Scientific and risk assessment gaps can include 1) known gaps not currently 

addressed in the literature, 2) known gaps that are partially addressed, 3) unknown food safety 

gaps that have been addressed (partially or completely) during non-food safety research, or 4) 

unknown and unaddressed gaps.  

 

Known gaps not fully researched require rigorous scientific experiments to be wholly addressed. 

Gaps that are unknown in current food safety practices (or at least unknown to the greater 

agriculture community) may be addressed through other studies, requiring a multidisciplinary 

literature review to locate the missing information. Those gaps that are unknown and 

unaddressed have the potential to cause the largest adverse effects and will require the greatest 

effort from researchers, industry professionals, and government agencies.  

 

Fresh produce safety data gaps lead to the use of assumptions during QMRA studies, limiting the 

effectiveness of safety procedures and policies. 
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Therefore, this project had the following specific aims:  

1) Determine the data gaps that exist in relation to risk assessment for leafy green 

produce safety through the examination of the published scientific literature and leafy 

green industry stakeholder discussions. Food safety gaps will be identified for pre-

harvest, growing/production, harvest, and post-harvest processing of leafy greens. 

2) Identify existing data that may address identified gaps. This will be accomplished by 

examining existing data in the scientific literature to determine if they can be used in 

place of leafy green data. For instance, data generated from studies with other produce 

could be evaluated for their relevance to leafy green safety. 

3) Classify each gap on the completeness of available data and the efforts required to 

address them. Once all data has been compiled, they will be examined for completeness 

in filling the data gap identified under Specific Aim #1 and the relevance of the data used 

to fill the gap will be scored to determine whether additional studies are necessary. 

 

Addressing these objectives will help inform scientists, the fresh produce industry, and the 

Arizona Department of Agriculture to direct and prioritize future research efforts and identify the 

gaps, which once filled, can have the greatest impact on the public’s health. This will provide the 

greatest benefits to the overall industry by increasing consumer good will and limiting expensive 

recalls.  

 

This project will enhance the competitiveness of specialty crops through education and product 

development, but primarily through food safety; through the application of QMRA models, 

producers can take steps to improve the safety of leafy greens. This will therefore increase 

consumer goodwill and improve perceptions about the safety of leafy green specialty crops. The 

QMRA scenarios developed during this study will be specific to leafy greens; however, the 

design of the models and the information gathered could potentially be used in risk assessments 

for other non-specialty crops in the future with modification. This project has not been submitted 

to or funded by another Federal or State grant program.  

 

Project Activities  
Initial efforts included a preliminary literature review which lead to the development of a 

flowchart (Figure 1). This flowchart highlighted the ideal steps in food safety risk assessment 

and the necessary pieces of information crucial to wholly understanding each step. This 

flowchart was critical in supporting the ultimate outcome of identifying leafy green risk 

assessment gaps through the examination of the published scientific literature. It also helped 

define the data gap table which served as the framework for the index of (in)completeness and 

was divided into pre-harvest, harvest, and post-harvest up to postprocessing storage before 

transportation.  

 

The initial flow chart was developed by the investigating scientists with support from research 

collaborators. The final flowchart was broken into three main areas: pre-harvest, harvest, and 

post-harvest pre-transportation. Within the pre-harvest, sub-categories were defined as seeds, 

water, soils, and crops. In the harvest, sub-categories of produce type (iceberg lettuce, romaine 

lettuce, and spinach/baby leaf products) and harvest conditions. In the post-harvest section, we 

defined the sub-categories of wash/rinse, spin dry, processing of leafy greens, and storage of 

leafy greens. Within each sub-category, specific potential points of contamination were 
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identified. The final flowchart (Figure 1) was converted into a survey and disseminated to food 

safety specialists, growers, and researchers.   

 

Following the development of the food processing and safety concern flowchart, a survey was 

developed and sent to 57 food safety specialists, growers, and researchers. This survey 

questioned participants related to the potential food safety gaps and research needs related to pre-

harvest, harvest, and postharvest. Of the 57 originally identified and solicited experts, 28 (49%) 

completed the survey and were included in the results. The results were encouraging and resulted 

in additional points being added to the flowchart and index table. A complete report of the survey 

results is provided in Appendix N. This survey supported the outcome of identifying leafy green 

risk assessment gaps through the examination of the published scientific literature.  

 

Following the input from the survey results, the enhanced table was populated with literature 

meeting specific criteria for leafy greens research. The table was directly tied to the Measurable 

Outcome of identifying leafy green risk assessment gaps through the examination of the 

published scientific literature  

 

An in depth scientific literature search was performed on each of the identified specific potential 

points of contamination for each category and sub-category. A total of 132 articles were used to 

inform the food safety knowledge gaps index of (in)completeness. While the current study 

included an extensive literature review and was supported by food safety experts, the authors 

recognize that certainly additional studies exists which were not identified or included in the 

index of (in)completeness. We hope the index presented here will serve as a foundation for 

future researchers to add to and continue developing the effort to make the index truly and 

wholly comprehensive.   

 

The primary gaps associated with pre-harvest of leafy greens were associated with seed 

contamination; specifically contamination of seeds pre- and post-germination (Listeria and 

Salmonella) and time to germination (E. coli, Listeria, and Salmonella). The other important 

knowledge gap in pre-harvest activities included worker hand hygiene implications for food 

safety.   

 

Major gaps exist in the harvest category because the sources of microbial contamination (raw 

material, personal hygiene, harvesting and handling tools, moving equipment, etc.) are largely 

unknown. This limitation is due to the probability of detection, the number of samples that can 

be collected, low level of detection, and routinely low levels of microbes in the study 

environments. Many laboratory studies will be required to answer the many food safety data 

gaps associated with harvesting leafy greens.   

 

The analysis of food safety data knowledge gaps associated with post-harvest activities was 

complex and many different parameters influence the quality of food during each step. Studies 

were identified that examined each of the potential points of contamination. However, no 

potential contamination step was found to be extensively examined in the literature and 

therefore, the index suggests all post-harvest/pretransport are limited.   

At the conclusion of our project, a constructive assessment of additional items that should be 

addressed in future analysis and studies include: climate and extreme weather events and prior 

land use activities effects on microbial quality of food safety.   
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Goals and Outcomes Achieved  
This project identified leafy green risk assessment gaps following the examination of published 

scientific literature and through discussions with stakeholders in the leafy green industry. The 

goal was to better inform research and reduce duplicate food safety research efforts in leafy 

green industry. A stakeholder survey helped determine food safety steps and rank their 

importance and whether they felt the information available was missing, incomplete, or difficult 

to find in the current scientific literature. The compiled and comprehensive list can now be 

circulated to scientists, the fresh produce industry, and the Arizona Department of Agriculture.  

 

A comprehensive literature review was used to develop the index of (in)completeness for leafy 

green food safety gaps. This index of (in)completeness for leafy green food safety gaps was 

classified according to the completeness of existing data for leafy greens based on the number of 

identified references for each sub-category. This information is being made available to 

immediately to the Arizona Department of Agriculture in this report. Additionally, the index, 

flow chart, and survey will be disseminated and submitted to a peer-review article in 2017. 

Additionally, this final report will be distributed in its entirety to scientists and the fresh produce 

industry to determine where best to commit future research efforts and funding.  

 

Despite the author’s immense efforts, one goal was not achieved in its entirety as stated in the 

initial project proposal. While many gaps were identified, they were not all cross checked against 

existing related data in other disciplinary studies. The authors felt that many of the gaps were 

truly unique to leafy green produce and therefore research performed on completely unrelated 

food types (e.g. cantaloupes) would have little relevance to leafy green food safety.   

 

Beneficiaries  
Arizona ranks third in the production of fresh vegetables and second in the production of lettuce, 

broccoli, spinach, and melons. Approximately 55% of cash receipts from Arizona commodities 

are from crops. The project will benefit growers, processors, farmers, and distributors of various 

leafy greens in the Southwest agricultural regions. We estimate that 500 farmers/growers directly 

benefit from this research because it was performed on samples collected in the Southwest 

United States. It is difficult to estimate the true number of national beneficiaries from this project 

as all growers in the United States assess water using E. coli and the samples collected and 

analyzed in the current study were from the Southwest US. The leafy green food safety gaps 

index of (in)completeness can be used by the Arizona Department of Agriculture to focus future 

research that will have the greatest impact on food safety. Additionally, the index can be used 

regionally and nationally by policy makers as a model to develop locally specific indices or 

focus research efforts. The ultimate goal of this research was to use the index of 

(in)completeness for leafy green food safety gaps to establish the level of research needed for the 

removal of each gap from the list and to improve leafy green food safety. The index was 

completed and can now be applied for improving leafy green food safety research.  

 

Lessons Learned  
Throughout the course of this project the authors learned a great deal about the leafy green 

industry and developing a comprehensive working of food safety. There is a lot of scientific 

literature on food safety and the authors discovered that being very specific and limiting searches 

to exact produce types was essential in order to create an understandable and manageable table. 
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Future studies attempting to generate indices should establish a the beginning of the project clear 

and achievable guidelines.   

 

With respect to the goal of cross checking data against other disciplinary studies not being 

achieved during the project period, future studies would benefit from using systematic review 

programs (e.g. Covidence) to better organize existing studies and easily identify data gaps. These 

gaps could then be cross checked between disciplines using the same systematic review process 

and ultimately achieve a complete and true measure of missing data. 

 

Contact Person 
Marc Verhougstraete  

520.621.0254  

mverhougstraete@email.arizona.edu  

 

Additional Information  
Figure 1. Final flowchart (Appendix L) 

Table 1. Scientific literature review index of (in)completeness (Appendix M) 

Survey results (Appendix N) 

 

Strawberry BMP’s for Arizona Producers 
This project was completed on September 30, 2016 3 

Project Summary 
Strawberries grown in the low desert areas of Arizona have a relatively short growing season 

compared to the coastal areas of California which are the ideal environments for strawberry 

production in the US.  During fruiting, daily minimum temperatures of 55 F (13 C) and daily 

maximums of 75 F (24 C) are optimum for high yield and berry quality.  While strawberries 

are typically planted during late fall by Arizona gardeners, in Florida and California Coastal 

areas, Arizona grown berries could have greater commercial value if late summer planting dates 

were used.  This project will identifies the cultural Best Management Practices necessary for 

early season strawberry production in Arizona.  Such practices include suitable planting dates 

and densities, variety selection, and the use of row covers to promote early ripening to enhance 

the duration of the harvest season.  Due to the PI leaving the project after one year due to a 

change in employment status, this project summary outlines the first year of work. 

 

Project Purpose 
Specific Issue:  Commercial strawberry (Fragaria x annanasa D.) production is essentially 

nonexistent in the low desert areas of Arizona (ISSUE).  When planted in October, the resulting 

short 3-month harvest season (April – June) is vulnerable to the rapid late spring onset of high 

temperatures in Arizona and has made growing strawberries economically unviable in the low 

desert (PROBLEM). 

 

                                                 
3 This project was originally proposed for two years. The PI on this project is no longer working 

with the University and unfortunately there was not someone who was able take on the project 

therefore there is only one year of results for this project. 
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Project Activities 

YEAR 1 (10/2015 – 9/2016) Activities: 

 Prepared ground for planting, installed plastic mulch, drip tape and received and 

planted 3 strawberry varieties in plastic mulch covered 42 inch beds at 2 

planting densities in August, 2015 (BENCMARK). 

 Installed protective row covering to ½ of the strawberry acreage (December, 

2015). 

 Irrigated, weeded, fertilized and allowed the strawberry to become established. 

 Treatment effects include 3 short-day strawberry cultivars (Chandler, Camarosa, 

Sequoia), at early and late August planting dates, 2 planting densities (12,500 / 

8,500 per acre), and the use of row covers to moderate winter temperatures and 

potentially promote an early harvest windows. 

 Removed protective row covers on February 7, 2016, made note that covered 

plants looked larger and more robust than the uncovered plants (TARGET). 

 Began harvesting row covered plants on February 29, 2016, approximately 10 

days before the uncovered strawberry plants (TARGET). 

 Conducted yield determinations of all research plots (GOAL) through April and 

into May (3rd quarter). 

 

Goals and Outcomes Achieved 
After one year of results, the following determine to be the 6 Best Management Practices 

(GOAL) for Arizona strawberry producers (TARGET): 

1. We recommend either the Sequoia or Camarosa strawberry cultivar over Chandler.  

Moreover, the late season harvest window (April/May) suggests that the Camarosa 

variety could be the preferred variety since greater heat tolerance, disease resistance and 

larger fruit sizes are observed in this cultivar (Figures 2 and 3). 

 

 
 Figure 1.  Strawberry variety and cultural practice evaluation trial at the 

University of Arizona, Yuma Agricultural Center. 
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 Figure 2.  Strawberry cultivars, Sequoia (A), Camarosa (B) and Chandler (C) 

at the beginning of the harvest window (March 10, 2016).  Note the initiating 

of leaf mottling and chlorosis within Chandler (ie. middle plant in C), which 

appears to impact growth and yield potential of the strawberry cultivar. 

 

 

 

 

 

. 

A 

B 

C 
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 Figure 3.  Total strawberry yields (as of March 30, 2016), showing 

significantly greater yield potential with Sequoia and Camarosa relative to the 

Chandler cultivar 

 

2. Row covers, when applied during the last week of November, appear to promote early 

fruiting and enhanced the growth of plants during the colder, mid-winter growing period 

in Arizona. 

3. Thicker black plastic mulch (ie. 1.25 mm) would be preferred over the thinner, 1.0 mm 

thickness for greater durability during installation and seasonal use. 

4. 12 inch plant spacings appear to produce greater yields per acre than an 18 in-row 

spacing. 

5. Depending on winter temperatures, expect harvest windows to begin during the last week 

of February (row covered plants), to mid-March (uncovered plants). 

6. Mite control is paramount during the spring fruiting and harvest period. 

 

Another goal of this project was to enhance the production and expand the harvest period of 

Arizona grown strawberries by conducting workshops and surveying the attendees to see if the 

project outcomes positively impacted their operations. Although we feel confident that this goal 

could have easily been achieved, unfortunately the PI left the University with only one year of 

results so the workshop and surveys were not conducted. 

 

Beneficiaries 

While Arizona ranks third in the nation for overall production of fresh market specialty crops 

and winter vegetables, the majority of this statistic involves leafy greens, brassica crops and 

melons.  This abbreviated 2-year project equips Arizona growers with knowledge and skill 

necessary to establish a high-value alternative niche crop.  The project specifically targets a 

subset of the 33,000 small to mid-size farmers and direct retail marketers in Arizona 

(BENEFICIARIES and NUMBERS), who represent the bulk of the 28% state increase in farm 

number since 2007.   
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Lessons Learned 
The only difficulty encountered in this project is the inability to continue the project further than 

the first year, and to significantly impact local area. 

 

Quantifying Variability in Arizona Pecan Water Use 
This project was completed on May 13. 2018 

Project Summary 
Eddy covariance (EC) towers were installed in pecan orchards in Sahuarita and Bowie to 

quantify the water use and year-to-year variability in water use of AZ pecans. The EC 

measurements were initiated in October 2015 and will continue through the end of calendar year 

2018 to provide sufficient data to develop simple and accurate models to: 1) quantify pecan 

water use, 2) better understand year-to-year variation in water use caused by nut load and 

growing season weather conditions and 3) develop crop coefficients that can be deployed with 

estimates of reference evapotranspiration from AZMET to accurately estimate pecan water use 

for improved irrigation scheduling and management.  Equipment problems and changes in 

project personnel delayed some aspects of this study, leading to an extension of the data 

collection period through December 2018 after which the full results of the study will be made 

available to Arizona pecan growers through presentations at grower meetings, published 

bulletins and fact sheets and regular newsletters such as the Southeast Arizona Crop Water Use 

Report.  

 

Project Approach 
The general approach used in this project to quantify water use in AZ pecans was to collect 

atmospheric measurements from instruments located above the tree canopy in two commercial 

pecan orchards. This technique, known as the ‘eddy covariance’ method consists of measuring 

atmospheric turbulence and energy and moisture fluxes with instruments mounted on a 50’ tower 

placed within the orchard. These data are recorded, compiled, and processed to derive 

evaporative and respirational water losses. Challenges with this approach include insuring 

quality of data collected via remotely located instruments and ‘gap-filling’ missing or 

questionable data. Data gaps result from unfavorable weather conditions (rainfall or insufficient 

levels of atmospheric turbulence), equipment failures, and maintenance and calibration issues. 

Therefore, to obtain reliable results, considerable data redundancy is required, necessitating 

multi-year replication. 

 

Work Plan: 

Collect evapotranspiration, phenology and weather data; maintain sites. 

 Data were collected for the 2015, 2016, and 2017 growing seasons. Data are currently 

being collected for the 2018 growing season. Problems with sensor calibration and 

upkeep and suboptimal weather conditions resulted in an unacceptable amount of data 

gaps in the 2015-2017 data, so we are collecting an additional year of data (from the 2018 

growing season) to increase reliability.  

 

Analyze data, present findings at local symposia. 

 A presentation titled Water Use of Pecans in Arizona. By Paul Brown, James Walworth, 

and Shirley Papuga was delivered at the Arizona Pecan Growers Association annual 

conference, August 2017, Tucson AZ summarizing pecan orchard water consumption 
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data to date. Data collected and processed to date indicate that, on average, pecan trees in 

the monitored orchard located in Bowie, AZ consumed approximately 54 inches of water 

per year, whereas those in Sahuarita, AZ consumed approximately 49 inches of water per 

year. (Note that the units of water consumption are presented as inches of depth, which is 

an abbreviated representation of acre-inches/acre.) 

 

Develop empirical models 

 Although knowledge of annual water consumption is valuable, for irrigation planning 

growers need to be able to relate orchard water consumption to ambient weather 

conditions. This is accomplished via a crop coefficient (Kc) that relates crop water use to 

local weather measurements, and changes as tree phenology progresses during the 

growing season. Modeling relating crop Kc to tree phenology or heat indices has not been 

completed pending collection of data from the remainder of 2018. Following the 2018 

growing season, Kc curves will be finalized and distributed to growers. 

 

Design and develop online tool 

 Research methods and results are summarized online at https://water4ag.arizona.edu. A 

presentation about this website, Pecan Water Use Web Tool Progress, was delivered to 

growers by Susan Malusa at the Arizona Pecan Growers Association annual conference, 

August 2016, Tucson AZ. 

 

Install new equipment in orchards 

 Field based sensors were repaired, re-calibrated, and upgraded or replaced, as necessary. 

 

Consult with growers on online tool at APGA Annual Meeting  

 As indicated above, Pecan Water Use Web Tool Progress was presented at the Arizona 

Pecan Growers Association annual conference, August 2016, Tucson AZ by Susan 

Malusa. Following this presentation and discussions with growers, the PIs of the current 

study have decided that the most appropriate format for conveying water consumption 

data is the Arizona Meteorological Network (AZMET, https://ag.arizona.edu/azmet/). 

AZMET provides current and historical weather data from weather stations located in 

major pecan growing areas within AZ, and issues weekly crop reports for Southeast AZ 

which are relevant for much of our pecan acreage. The crop reports include weekly 

calculated pecan orchard water consumption that is currently based on crop coefficients 

developed in New Mexico. After our project is completed, weekly pecan orchard water 

estimates will be based on the crop coefficients developed through this project. We 

believe that AZMET, already familiar to the agricultural community, will be a more 

effective method of transferring water use information to growers than a standalone 

website.    

 

Goals and Outcomes Achieved 
The first GOAL of this project is to quantify inter-annual variability in AZ pecan water use. 

Estimates of water use are generally given as averages or are based on only l or 2 years of data 

(BENCHMARK); our previous research suggests that the water use may vary greatly from year-

to-year. We will quantify the difference in water use over 4 years (2013-2015 previous funding 

cycle; 20 l5-2017 new funding cycle) from our 2 existing AZ pecan orchard sites (TARGET and 
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PERFORMANCE MEASURE). Results will enable AZ new and established growers to plan for 

likely increased uncertainty in irrigation conditions. 

 

 The alternate bearing nature of pecan trees (nut production tends to fluctuate, with nut 

yield alternating between high and low yields in adjacent years) complicates developing 

an understanding of water consumption which is likely to be affected by crop load. This 

increases inter-annual variability and necessitates two-year data cycles to account of 

alternate bearing, making estimates of inter-annual variability very challenging. 

 Owing to difficulties with field sensors, crop variability, and data quality, more data ‘gap 

filling’ was required than we anticipated. Therefore we cannot yet confidently quantify 

yearly water consumption variability.  

 

The second GOAL of this project is to develop improved empirical models for planning AZ 

pecan irrigation. The current BENCHMARK for this consists of singleseason Kc curves from 

our previous work in two AZ pecan orchards, and Kc curves from NM and TX. Incorporating 

multiple growing seasons (2013-2015 previous funding cycle; 2015-2017 new funding cycle) 

from our existing sites at two AZ pecan orchards, we will create improved empirical models that 

can reliably project irrigation needs for AZ growers that can be adjusted for elevation, 

meteorological conditions (TARGET and PERFORMANCE MEASURE). 

 

 The empirical model is still in development. We are not yet sufficiently confident in the 

current version to release it for grower use. Inclusion of data from the 2018 growing 

season will increase the reliability of the model, and then Kc curves will be finalized and 

distributed to growers. Although this goa1 remains incomplete at this time, it will be 

accomplished at the end of 2018. 

 Although the two sites selected (Sahuarita, 2700 and Bowie, 3750 feet above sea level) 

vary by more than 1000 ft in elevation, the differences between the two sites are not as 

great as expected, and may not provide enough differentiation to accurately relate pecan 

water use to orchard elevation.  However, we anticipate our model with incorporate 

phenology and/or seasonal heat unit accumulation and thus will be flexible across 

locations and elevations.  

 

The third GOAL of this project is to develop an online tool to make our findings more accessible 

to growers. The tool will be developed to make it transferable to other crops. No such tool 

currently exists (BENCHMARK). The online tool will be shared with - 75 growers and other 

stake holders at the 2016 and 20l7 Annual AZ Pecan Growers meetings (TARGET). Grower 

input will be specifically sought in the design of the tool at the 2016 meeting. We will track 

visits to the tool to evaluate usage to highlight in 2017 (PERFORMANCE MEASURE; see 

fourth GOAL). 

 

 An online tool was developed (https://water4ag.arizona.edu) as a repository for this 

project and the information developed from it.  This tool was presented to pecan 

producers (Pecan Water Use Web Tool Progress by Susan Malusa) at the 2016 Arizona 

Pecan Growers Association annual conference in Tucson AZ.  

 Although this goal was achieved, we have determined that using the existing AZMET 

internet platform to transmit pecan water use data to growers is more effective than a 

standalone website tool. This platform currently provides information for crops other than 
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pecans, and can expanded to include additional crops as warranted by grower interest. 

 

The fourth GOAL of this project is to disseminate the findings of our studies including the 

success of the online tool to growers and other relevant stakeholders. The current 

BENCHMARK for this consists of a presentation of our findings at the Annual AZ Pecan 

Growers Meetings. In addition to a presentation, we will disseminate a one page fact 

sheet/bulletin to the 75 growers and other stakeholders at the 2017 Annual AZ Pecan Growers 

meeting highlighting metrics for pecan water use and for use of the online tool (TARGET and 

PERFORMANCE MEASURE). 

 Two presentations have been made to the AZ pecan industry at annual Arizona Pecan 

Growers Association conferences: 

 2016: Pecan Water Use Web Tool Progress by Susan Malusa. 

 2017: Water Use of Pecans in Arizona. Paul Brown, James Walworth, and Shirley 

Papuga.  

 An AZ Cooperative Extension Bulletin has not yet been produced. At the conclusion of 

the 2018 growing season and after 2018 data processing is complete, a fact sheet will be 

published online and also distributed to the membership of the Arizona Pecan Growers 

Association.  

 

Beneficiaries 
The direct beneficiaries of this project will be pecan growers in AZ and adjacent pecan-

producing areas. All pecans grown in the desert southwest are irrigated, so all pecan producers 

must manage irrigation. When complete, growers will be able to use the crop coefficient model 

we produce to schedule irrigation, based on either local weather conditions which can be 

provided directly by individual growers, or on weather data and crop reports provided by 

AZMET.  The annual pecan water use estimates resulting from this work will also assist growers 

interested in new orchard development by quantifying the water resources required to properly 

irrigate the orchard when mature. 

 

Because of the delayed release of the empirical model, growers are not yet fully benefitting from 

our research. It is hoped and expected that once the crop coefficient model is released, growers 

will base irrigation schedules on the updated model. Presentations made directly to over 100 

growers and others in the AZ pecan industry have provided good estimates of annual pecan 

water consumption by which growers can gauge the efficacy of their irrigation practices.   

 

Personal observation indicates that many growers are irrigating more than necessary, particularly 

in the latter part of the growing season. Provided with actual crop water demand, growers will 

adjust irrigation accordingly due, in part, to economic benefits of decreased water use. 

 

Lessons Learned 
It has taken longer to collect enough reliable data to achieve all of our goals within the projected 

timeline than anticipated. Each year presents unique weather and crop conditions. This, 

combined with the challenges of validating data and mathematically filling data gaps, has 

required additional data collection.  

 

The goals will be achieved, but some will be delayed pending complete collection of 2018 data.  
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Maintaining remotely located field instrumentation is challenging. Our maintenance of field 

sensors was not sufficiently rigorous in early stages of this project. This resulted in diminution of 

data collected in selected years, and contributed to the need for additional seasons’ of research. 

Frequent equipment calibration and servicing is of paramount importance and must be accorded 

a high priority. 

 

Contact Person 
Dr. James Walworth 

University of Arizona 

walworth@ag.arizona.edu  
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Arizona GHP/GAP Cost-Share Program
Rev. 7/2017

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(s) must have received Good Handling Practices (GHP) and Good

Agricultural Practices (GAP) audit certification on or between October 1, 2016  and September 30, 2017 . The amount 

of reimbursement is 75% of certification costs.

Email Address

                 Arizona GHP/GAP Certification Cost Share Application

Reimbursable Costs From InvoiceApplication Number

/
Month Year

Contact Name

Did the Applicant(s) 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 certificate, 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(s) stated above received GHP/GAP certification 

on or between October 1, 2016 and September 30, 2017.

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% = $ □ Group GAP
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APPENDIX 1 

OPERATION/FARM:_____________________________ DATE: _______________ 

CONTACT:_____________________   ACT REPRESENTATIVE: Stewart Jacobson 

CONTACT: ____________________   PHONE NUMBER:                      . 

 

Did the auditee participate in a GHP/GAP training?   YES    NO  
 
Did the auditee participate in a GHP/GAP consultation?   YES  NO  
 
Is there a map that accurately represents the farm operations?  
YES    NO  
 
Legal description/GPS/Lat-Long of location:__________________________ 

Are all crop production area located on this audit site?   
YES  NO   N/A  
 
Total acres farmed (owned, contracted, consigned):____________________ 

Does the company have more than one packing facility?   YES   NO  

Is there a floor plan of the packing house facility(s) indicating flow 
of product, storage areas, cull areas, employee break rooms, restrooms, 
offices? YES     NO     N/A  

Is there any product commingled prior to packing   YES  NO  

 

Audit Scope: All scopes audited:  Sections 1, 2, 3, 4, 6, 7. 

  Part 1 FARM REVIEW 

  Part 2 Field Harvest and Field Packing Activities 

  Part 3 House Packing Facility 

  Part 4 Storage and Transportation 

  Part 5 (Not Used) 

  Part 6 Wholesale Distribution Center/Terminal Warehouse 

  Part 7 Preventive Food Defense Procedures 
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2 
 

 

GENERAL QUESTIONS 

IMPLEMENTATION OF A FOOD SAFETY PROGRAM 
P-1:  
 
P-2: 
 

TRACEABILITY 
G-1:  
 
G-2:  

WORKER HEALTH AND HYGIENE 
G-3:   
 
G-4:  
 
G-5:  
 
G-6:  
 
G-7:  
 
G-8:  
 
G-9:  
 
G-10:  
 
G-11:  
 
G-12:  
 
G-13: 
 
G-14:  
 
G-15:  
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PART 1 FARM REVIEW 

WATER USAGE 
1-1:  
 
1-2:  
 
1-3:  
 
1-4: 
  
1-5:  

 
SEWAGE TREATMENT 
1-6:  
 
1-7:   

ANIMALS/WILDLIFE/LIVESTOCK 

1-8:  
 
1-9:  

1-10:  

1-11:  

1-12:  

1-13:  

MANURE AND MUNICIPAL BIOSOLIDS 
Option A Raw 
manure 
1-14: 

1-15: 

1-16: 

1-17: 

Option B 
composted manure 
1-18: 
 
1-19: 
 

1-20:  
 
1-21: 
Option C no 
manure 
1-22: 

1
SOILS 

1-23:  

1-24:  

1-25:  

TRACIBILITY 

1-26:  
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PART 2 FIELD HARVESTING 

FIELD SANITATION AND HYGIENE 

2-1:  

2-2:  

2-3:  

2-4:  

2-5:  
 

 

FIELD HARVESTING AND TRANSPORTATION 

2-6:  
 
2-7:  
 
2-8:  
 
2-9:  
 
2-10:  
 
2-11:  
2-12:  
 
2-13:  

2-14:  

2-15:  

2-16:  

2-17:  

2-18:  

2-19: 

2-20:  

2-21: 
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PART 3 HOUSE PACKING FACILITY 
 
RECEIVING 
3-1:  
 
3-2:  
 
 
WASHING/PACKING LINE 
3-3: 
  
3-4:  
 
3-5:  
 
3-6: 
 
3-7: 
 
3-8:  
 
3-9:  
 
3-10:  
 
3-11:  
 
 
PACKING HOUSE WORKER HEALTH AND HYGIENE 
3-12:  
 
3-13:  
 
3-14:  
 
 
PACKING HOUSE GENERAL HOUSEKEEPING 
3-15:  
 
3-16:  
 
3-17: 
 
3-18:  
 
3-19:  
 
3-20:  
 
3-21:  
 
3-22:  
 
3-23:  
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3-24:  
 
3-25:  
 
3-26:  
 
3-27:  
 
3-28:  
 
3-29:  
 
 
PEST CONTROL 
3-30:  
 
3-31:  
 
3-32:  
 
3-33:  
 
 
TRACEABILITY 
3-34:  
 
 
 
 
 
 
 
 
 
PART 4 STORAGE AND TRANSPORTATION 
 
 
PRODUCTS, CONTAINERS, AND PALLETS 
4-1:  
 
4-2:  
 
4-3:  
 
4-4:  
 
4-5:  
 
4-6:  
 
4-7:  
 
4-8:  
 
4-9:  
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4-10:  
 
4-11:  
 
4-12:  
 
 
PEST CONTROL 
4-13:  
 
4-14:  
 
4-15:  
 
4-16:  
 
 
ICE AND REFRIGERATION 
4-17:  
 
4-18:  
 
4-19:  
 
4-20:  
 
4-21:  
 
4-22:  
 
4-23:  
 
 
TRANSPORTATION 
 
4-24:  
 
4-25:  
 
4-26:  
 
4-27:  
 
 
WORKER HEALTH AND PERSONAL HYGIENE 
4-28:  
 
4-29:  
 
4-30:  
 
TRACEABILITY 
4-31: 
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PART 6 WHOLESALE DISTRIBUTION CENTER/TERMINAL WAREHOUSE 
 
 
RECEIVING 
6-1: 
 
6-2: 
 
6-3: 
 
6-4: 
 
6-5: 
 
 
STORAGE FACILITY / TEMPERATURE CONTROL 
6-6: 
 
6-7: 
 
6-8: 
 
6-9: 
 
6-10: 
 
6-11: 
 
6-12: 
 
6-13: 
 
6-14: 
 
6-15: 
 
6-16: 
 
6-17: 
 
6-18: 
 
6-19: 
 
6-20: 
 
6-21: 
 
6-22: 
 
6-23: 
 
6-24: 
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PEST CONTROL  
6-25: 
 
6-26: 
 
6-27: 
 
6-28: 
 
 
 
 
REPACKING / RECONDITIONING 
6-29:  YES   NO  
 
6-30: 
 
6-31: 
 
3-32: 
 
6-33: 
 
6-34: 
 
6-35: 
 
6-36: 
 
6-37: 
 
6-38: 
 
6-39: 
 
6-40: 
 
6-41: 
 
 
 
WORKER HEALTH AND PERSONAL HYGIENE 
6-42: 
 
6-43: 
 
6-44: 
 
 
 
 
 
SHIPPING / TRANSPORTATION 
6-45: 
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6-46: 
 
6-47: 
 
 
 
TRACEABILITY 
6-48: 
 
 
PART 7  PREVENTIVE FOOD DEFENSE PROCEDURES 
 
SECURE EMPLOYEE / VISITOR PROCEDURES 
 
7-1:  
 
7-2:  
 
7-3:  
 
7-4:  
 
7-5:  
 
7-6:  
 
7-7:  
 
7-8:  
 
7-9:   
 
7-10:  
 
7-11:  
 
7-12:  
 
7-13:  
 
7-14:  
 
7-15:  
 
7-16:  
 
7-17:  
 
7-18:  
 

7-19:  
 
7-20:  
 
7-21 
 
7-22:  
 
7-23:  
 
7-24:  
 
7-25:  
 
7-26:  
 
7-27:  
 
7-28:  
 
7-29:  
 
7-30:  
 
7-31:  
 
7-32:  
 
7-33:  
 
7-34:  
 
7-35:  
 
7-36:  
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APPENDIX 2 

OPERATION/FARM:_Sunizona Family Farms DATE: __August 17, 2016_____ 

CONTACT:_Janice Smith_______   ACT REPRESENTATIVE: Stewart Jacobson 

CONTACT: _          ________   PHONE NUMBER:  520-405-7957 

 

Did the auditee participate in a GHP/GAP training?   YES    NO  
 
Did the auditee participate in a GHP/GAP consultation?   YES  NO  
 
Is there a map that accurately represents the farm operations?  
YES   NO  
 
Legal description/GPS/Lat-Long of location:__________________________ 

Are all crop production area located on this audit site?   
YES  NO   N/A  
 
Total acres farmed (owned, contracted, consigned):_____.75 acres______ 

Does the company have more than one packing facility?   YES   NO  

Is there a floor plan of the packing house facility(s) indicating flow 
of product, storage areas, cull areas, employee break rooms, restrooms, 
offices? YES    NO     N/A  

Is there any product commingled prior to packing   YES  NO  

 

Audit Scope: All scopes audited:  Sections 1, 2, 3, 4, 6, 7. 

  Part 1 FARM REVIEW 

  Part 2 Field Harvest and Field Packing Activities 

  Part 3 House Packing Facility 

  Part 4 Storage and Transportation 

  Part 5 (Not Used) 

  Part 6 Wholesale Distribution Center/Terminal Warehouse 

  Part 7 Preventive Food Defense Procedures 
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GENERAL QUESTIONS 

IMPLEMENTATION OF A FOOD SAFETY PROGRAM 
P-1: A written program but not yet implemented. 
 
P-2: Yes, Janice Smith 
 

TRACEABILITY 
G-1: Yes 
 
G-2: Not at this time 

WORKER HEALTH AND HYGIENE 
G-3: Yes, Well water on property 
 
G-4: Yes GAP Food Safety Policies  
 
G-5: Yes SFF GAP Employees 041916yes 
 
G-6: observation 
 
G-7: observation 
 
G-8: observation yes 
 
G-9: observation  
 
G-10: yes Bathroom Cleaning log check list 
 
G-11: yes  SFF GAP Signature form 041916 
 
G-12: yes  SFF GAP Signature form 041916 
 
G-13: Yes  SFF GAP Signature form 041916, Employee sanitation protocols 
 
G-14: Yes  SFF GAP Signature form 041916 
 
G-15: Yes spraying Sanidate on post-harvest lettuce, Janice Smith 
supervises 
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PART 1 FARM REVIEW 

WATER USAGE 
1-1: Private well 
 
1-2: hydroponics lettuce growing in rafts in large ponds/containers 
 
1-3: not yet received 
 
1-4: not yet received 
  
1-5: Yes greenhouse, and hard plumbed 

SEWAGE TREATMENT 
1-6: observation 
 
1-7: observation  no treatment plant nearby 

ANIMALS/WILDLIFE/LIVESTOCK 

1-8: observation no livestock production near by 
 
1-9: observation no manure lagoons 

1-10: observation no manure is used 

1-11: observation no livestock 

1-12:   

1-13: Yes, totally enclosed  

MANURE AND MUNICIPAL BIOSOLIDS 
Option A Raw manure 
1-14: 

1-15: 

1-16: 

1-17: 

 

Option B composted 
manure 
1-18: commercially 
produced certified 
worm castings 
 
1-19: same 
 
1-20: stored in 
original bag 

  
1-21: 

 
 
 
Option C no manure 
1-22: 

1

SOILS 

1-23: no soil is used, hydroponic 

1-24: N/A  

1-25: no flooding 

TRACIBILITY 

1-26: Yes Product Recall and Traceability 
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PART 2 FIELD HARVESTING 

FIELD SANITATION AND HYGIENE 

2-1: Not yet written on Harvest Cleaning Log 

2-2: observation indoor plumbing 

2-3: Yes, indoor plumbing 

2-4: N/A indoor plumbing 

2-5: Not yet written 
 

 

FIELD HARVESTING AND TRANSPORTATION 

2-6: Yes all new trays are used for each lot  Harvest Cleaning log 
 
2-7: yes Harvest Cleaning log 
 
2-8: observation 
 
2-9: observation 
 
2-10: observation no lights on harvest equipment all by hand 
 
2-11: Yes SFF GAP 041916 
 
2-12: Yes SFF GAP 041916 
 
2-13: N/A not mechanically harvested, all by hand 

2-14: Yes  SFF GAP 041916 

2-15: Sanidate sprayed post-harvest using well water 

2-16: N/A  hydroponic 

2-17: observation 

2-18: Yes all indoors 

2-19: Yes, Harvest Packing SOP 8-10-16 

2-20: observation yes indoors in warehouse on pallets 

2-21: Yes, Product Recall and Traceability 

 
 
 

Page 155 of 288



5 
 

 
 
 
PART 3 HOUSE PACKING FACILITY 
 
RECEIVING 
3-1:  
 
3-2:  
 
 
WASHING/PACKING LINE 
3-3:  
  
3-4:  
 
3-5:  
 
3-6:  
 
3-7:  
 
3-8:  
 
3-9:  
 
3-10:  
 
3-11:  
 
 
PACKING HOUSE WORKER HEALTH AND HYGIENE 
3-12:  
 
3-13:  
 
3-14:  
 
 
PACKING HOUSE GENERAL HOUSEKEEPING 
3-15:  
 
3-16:  
 
3-17:  
 
3-18:  
 
3-19:  
 
3-20:  
 
3-21:  
 
3-22:  
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3-23: 
  
3-24:  
 
3-25:  
 
3-26:  
 
3-27:  
 
3-28:  
 
3-29:  
 
 
PEST CONTROL 
3-30:  
 
3-31:  
 
3-32:  
 
3-33:  
 
 
TRACEABILITY 
3-34: Yes 
 
 
 
 
 
 
 
 
 
PART 4 STORAGE AND TRANSPORTATION 
 
 
PRODUCTS, CONTAINERS, AND PALLETS 
4-1:  
 
4-2:  
 
4-3:  
 
4-4:  
 
4-5:  
 
4-6:  
 
4-7:  
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4-8:  
 
4-9:  
 
4-10:  
 
4-11:  
 
4-12:  
 
 
PEST CONTROL 
4-13:  
 
4-14:  
 
4-15:  
 
4-16:  
 
 
ICE AND REFRIGERATION 
4-17:  
 
4-18:  
 
4-19:  
 
4-20:  
 
4-21:  
 
4-22:  
 
4-23:  
 
 
TRANSPORTATION 
 
4-24:  
 
4-25:  
 
4-26:  
 
4-27:  
 
 
WORKER HEALTH AND PERSONAL HYGIENE 
4-28:  
 
4-29:  
 
4-30:  
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TRACEABILITY 
4-31: 
 
PART 6 WHOLESALE DISTRIBUTION CENTER/TERMINAL WAREHOUSE 
 
 
RECEIVING 
6-1: 
 
6-2: 
 
6-3: 
 
6-4: 
 
6-5: 
 
 
STORAGE FACILITY / TEMPERATURE CONTROL 
6-6: 
 
6-7: 
 
6-8: 
 
6-9: 
 
6-10: 
 
6-11: 
 
6-12: 
 
6-13: 
 
6-14: 
 
6-15: 
 
6-16: 
 
6-17: 
 
6-18: 
 
6-19: 
 
6-20: 
 
6-21: 
 
6-22: 
 
6-23: 
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6-24: 
 
 
PEST CONTROL  
6-25: 
 
6-26: 
 
6-27: 
 
6-28: 
 
 
 
 
REPACKING / RECONDITIONING 
6-29:  YES   NO  
 
6-30: 
 
6-31: 
 
3-32: 
 
6-33: 
 
6-34: 
 
6-35: 
 
6-36: 
 
6-37: 
 
6-38: 
 
6-39: 
 
6-40: 
 
6-41: 
 
 
 
WORKER HEALTH AND PERSONAL HYGIENE 
6-42: 
 
6-43: 
 
6-44: 
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SHIPPING / TRANSPORTATION 
6-45: 
 
6-46: 
 
6-47: 
 
 
 
TRACEABILITY 
6-48: 
 
 
PART 7  PREVENTIVE FOOD DEFENSE PROCEDURES 
 
SECURE EMPLOYEE / VISITOR PROCEDURES 
 
7-1:  
 
7-2:  
 
7-3:  
 
7-4:  
 
7-5:  
 
7-6:  
 
7-7:  
 
7-8:  
 
7-9:   
 
7-10:  
 
7-11:  
 
7-12:  
 
7-13:  
 
7-14:  
 
7-15:  
 
7-16:  
 
7-17:  
 
7-18:  
 

7-19:  
 
7-20:  
 
7-21 
 
7-22:  
 
7-23:  
 
7-24:  
 
7-25:  
 
7-26:  
 
7-27:  
 
7-28:  
 
7-29:  
 
7-30:  
 
7-31:  
 
7-32:  
 
7-33:  
 
7-34:  
 
7-35:  
 
7-36:  
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Item Description Uom Ship Qty Total Sell Avg Sell

From 08/01/2017  To  11/28/2017Ordered By Descending Quantity, All Sites, Both Local and Non Local

Grand Summary Usage
Stern Produce Company

Arizona Schools (BILL TO) |Selected:

Order Qty

12020 L* Melon, Cantaloupe CSE $54,571.773,503.00 $15.573,688.00

37950 L*, Melon, Watermelon Seedless ECH $18,092.262,932.00 $6.173,037.00

12040 L* Melon, Honeydew CSE $18,438.351,635.00 $11.271,684.00

12030 L* Melon, Gold Dewlicous 5-6ct CSE $9,013.95704.00 $12.80758.00

09305 LO*, Tomato on the Vine CSE $8,628.76555.00 $15.54648.00

9,329.00Ship Qty:

$108,745.09Dollars:

Report Totals 9,815.00Order Qty:

Page 111/28/2017 01:46:35 PM Printed By: DNEGRETE
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Local Mix for DoD Fresh Program SY18 

Farm  Item 
Pack 
size 

AFT Item 
number 

DOD 
Item 
Codes 

Estimated 2017‐
2018 usage (Aug‐

May)  Available 

Martori Farms  Cantaloupe   12ct  12020  14J94  3,350  May ‐ Nov 

Martori Farms  Watermelon (seedless)  1 each  37950  18D91  7,000  May ‐ Sept 

Martori Farms 
 

Honey Dew  6ct 
12040 

14P04  New Item  May ‐ Oct 

Rousseau Family Farms  Carrots   72/3oz  19155  16234  3,300  Jan ‐ July 

Rousseau Family Farms  Carrots   30/1lb  19100  15014  2,650  Jan ‐ July 

Rousseau Family Farms  Cabbage  24 ct  18415  15N56  220  MidOct‐March 

Blue Sky  Spring mix  3lb  03330  16205  1,040  Oct ‐ June 

Abby Lee Farms  Cherry Tomatoes  12/8 oz  08976  16W49  495  MidOct‐thru Fall 18 

Abby Lee Farms  Cucumbers  16ct  20115  need #  New Item  Year round 

Wholesum Harvest  TOV  11lb  08505  17D48  1,500  Year round 

Arizona Microgreens  Pea Shoots  3oz        need #   N/A 
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Appendix 
 

Figure 1—Grant Application Scoring Checklist  

Grant Application Scoring Checklist 

 

Points 
Earned  

Possible 
Points 

Criteria Quest. 
# 

Comments 

 2 Completed application/answered all questions   

 2 Provided Garden Budget   

 2 Provided W-9   

 1 
Existing school garden  
(0 points for Yes, 1 for No) 

1  

 1 
Previously received WG grant  
(0 points for Yes, 1 for No) 

2  

 1 
Previously applied for WG grant                     
(1 point for Yes, 0 for No) 

3  

 1 
Nutrition Network funding  
(1 point for Yes, 0 for No) 

4  

 1 Free or Reduced Lunch (1 point if over 50%) 5  

Garden Description (includes the following) 

 1 Location 6/7  

 1 Size 6/7  

 1 Access to sunlight 6/7  

 1 Access to water 6/7  

 1 School garden projects 8  

 1 Photo of current garden or land 9  

 1 Planting guide 10  

School Garden  

 13 
School Garden Infrastructure/Participation      
(1 point for each group involved) 

11  

 2 School Garden Coordinator 12  

 7 
Multi-subject curriculum (1 point for each 
subject included) 

13  

 

Score:  ____/_40_ Finalist    Doesn’t Meet Criteria/Incomplete 
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APPENDIX 
On-Farm Employment in Arizona Vegetable and Melon Production:  

An Annotated Bibliography of Data Sources and Labor Market Studies  
 
This bibliography has two parts.  The first describes data sources that include information on agricultural 
employment in Arizona with special reference to vegetable and melon production. Most data sources do 
not report specific numbers for workers employed in vegetable and melon production.  Rather, most 
sources report data for agricultural production or agricultural support services in aggregate at the 
county, state or regional level.  Data sources also vary in frequency of data collection, ranging from 
monthly or quarterly estimates to data reported every five years.  The second part of this bibliography 
discusses studies agricultural labor markets with special reference to vegetable and melon productions.  
Some of the studies listed are specific to California and do not include Arizona.  They are included, 
however, because they provide useful insights into use of labor in vegetable and melon production in a 
neighboring state with often similar production conditions.   
 
Data Sources 
 
U.S. Department of Agriculture (USDA) A Farm Labor Survey 
The USDA National Agricultural Statistical Service (NASS) conducts the Farm Labor Survey twice a year, 
except for California, where it is conducted quarterly.  Data for January and April are collected in April.  
Data for July and October are collected in October.  Data for California is collected four times per year as 
part of the California Employment Development Department monthly labor program.  The reference 
week for each quarter includes the 12th of each month.  Data represent snapshots of labor conditions for 
that reference week of the quarter.  The U.S. sample size is about 14,000.  The survey targets operations 
with $1,000 or more in annual agricultural sales.   
 
Data are not reported separately by state, except for California.  Data for Arizona are included in the 
Mountain III region, which includes both Arizona and New Mexico.  The following data are collected at 
this regional level: 

 Hourly wage rates paid to directly-hired field and livestock workers 

 Hours worked per week by directly-hired workers 

 Total number of workers and number of workers expected to work 150 days or more per year and 
to work 149 days or less per year.   

 
The survey does not collect data on:  

 Contract labor or custom work labor.  Contract labor includes those paid by a crew leader, 
contractor, buyer, processor, or cooperative. Custom work includes work performed by labor and 
machines as a unit. 

 The type of farm where labor works. No data are collected specifically about workers employed in 
vegetable and melon production.   

 
Data available online at: 
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Farm_Labor/ 
 
USDA Census of Agriculture (COA) 
This survey is conducted by NASS every five years, with the most recent conducted for 2012. Labor data 
is reported at the state level by North American Industrial Classification System (NAICS) code.  Farms 
coded by the type of operation that accounts for 50% or more of their gross farm income.  Arizona 
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classified under NAICS code Vegetable and melon farming (1112) are listed in Table 68 of 2012 Census 
Volume 1, Chapter 1: State Level Data: Arizona.  
 
In the most recent 2012 Census: 

 1,625 farms were listed as NAICS Vegetable and Melon farms 

 These farms accounted for $739,312,000 of $764,062,000 (96.8%) of total vegetable and melon 
sales in the state. 

 
The following data are reported for NAICs Vegetable and Melon farms: 

 Farms with hired labor expenses: 348 

 Hired labor expenses: $127,954,000 

 Farms with contract labor expenses 78  

 Contract labor expenses: $52,344,000 

 Farms with hired labor: 348 

 Number of hired farm workers: 6,315 

 Hired workers, working 150 days per year or more: 2,867 

 Hired workers, working less than 150 days per year: 3,448 

 Number of unpaid workers: 2,934 

 Farms hiring migrant labor: 17 

 Farms where operator is a hired manager: 58 
 
The Census of Agriculture does not report data on: 

 Number of contract labor workers hired 

 Wage rates paid to hired farm labor or contract labor 
 
Data available online at: 
https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_State_Level/ 
 
U.S. Department of Commerce Bureau of Economic Analysis (BEA), Regional Economic Accounts 
The BEA data are the basic components of the U.S. National Income Accounts.  Local and state data 
aggregate up to match national accounting identities.  The BEA reports data for individual states, 
counties, and Metropolitan Statistical Area (MSAs). Employment and employee compensation data are 
available for agriculture in aggregate (all crops and livestock combined) and for support activities for 
agriculture and forestry.  BEA estimates are derived from BLS survey data.  Data are available for the 
total number of farm proprietors (and non-corporate partners).  The BEA does not report any 
employment, wage, or employee compensation data specific to vegetable and melon production. The 
BEA does, however, provide estimates of total hired farm labor expenses for all agriculture in Arizona.  
These consist of hired workers' cash pay and perquisites, employers' contributions for social security and 
Medicare, and payments for contract labor, machine hire, and custom work.  For 2012, the estimate of 
these expenses were within 1% of expenses estimated by the COA and Bureau of Labor Statistic’s 
Quarterly Census of Employment and Wages (see below).   
 
Data available online at: 
https://www.bea.gov/regional/ 
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U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wages (QCEW)  
The QCEW is a quarterly survey involving the U.S. Department of Labor’s Bureau of Labor Statistics (BLS) 
and State Employment Security Agencies.  It reports data from employers covered by state unemployment 
insurance (UI) laws. Most employers are required by law to file quarterly reports on the employment and 
wages of those workers covered by UI laws and to pay quarterly UI taxes. Publicly available files include 
data on the number of establishments, monthly employment, and quarterly wage payments by NAICS 
industry and by county.   
 
Data are reported for the following NAICS codes:  

 NAICS 1112 Vegetable and melon farming 

 NAICS 115 Agriculture and forestry support activities 
o NAICS 1151 Support activities for crop production  

 NAICS 115111 Cotton ginning 
 NAICS 115112 Soil preparation, planting, and cultivating 
 NAICS 115113 Crop harvesting, primarily by machine 
 NAICS 115114 Other postharvest crop activities 
 NAICS 115115 Farm labor contractors and crew leaders 
 NAICS 115116 Farm management services 

o NAICS 1152 Support activities for animal production. 
 
Data at the 4-digit level is a subset of data at the 3-digit level while data at the 6-digit level is a subset of 
data at the 4-digit level.  Data for NAICS 1112 Vegetable and melon farming represent data for workers 
directly hired for vegetable and melon production.  The data counts only include employees covered by 
unemployment insurance, about 98% of people employed at establishments.  Support activities for crop 
production (1151) accounted for 98% of jobs and total annual wages paid for agricultural and forestry 
support activities (115).  In 2014, workers hired by farm labor contractors and crew leaders (115115) 
accounted for about 66% of jobs in support activities for crops but only 56% of wage payments.  This is a 
reflection of the part-time and seasonal nature of much contract labor work.   
 
The QCEW reports data (by NAICS, county, and state) on:  

 Total quarterly wage payments 

 Jobs by month 

 Number of establishments hiring workers by month. 
 
According to the QCEW, average annual employment vegetable and melon farming was 3,435 in 2014.  
This ranged from a low of 1,814 jobs in August to a high of 4,314 in January.  While it is known that 
vegetable and melon producers hire a significant number of contract laborers indirectly via farm labor 
contractors, the QCEW does not report the type of farm where contract labor or other agricultural 
support service workers work.  As an upper bound, one can subtract workers employed in cotton 
ginning (115111) (162 annual average jobs) from support activities for crop production (1151) (11,832 
annual average jobs).  This yields 11,670 on-farm crop jobs in support activities.  One would still not 
know, however, how many of the remaining agricultural service workers are employed in vegetable and 
melon production.  According to the USDA Census of Agriculture (COA) vegetable and melon production 
accounts for 54% of expenses for contract labor, with fruit and nut farming accounting for 15%, animal 
production 12%, hay, and cotton and other crops 14%.  To avoid disclosing operation-level information, 
data are not reported for greenhouse and nursery operations or feedlots, which would account for the 
remaining 6% of expenses.  The QCEW and the COA do not appear to report agricultural hired labor in 
the same way.  Total labor-related expenses for the same year 2012 are quite close.  The total of 
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expenses for hired labor, contract labor, and custom work are $643 million in the COA, while wages paid 
to farm-level labor in the QCEW was $637 million (within 1%).  Yet, contract and custom work expenses 
are only 29% of total labor-related expenses in the COA, while they are nearly 42% of wages in the 
QCEW.  Directly hired labor in the COA is 79% of total labor expenses, while it is only 58% in the QCEW.  
In sum, total labor-related payments reported in the QCEW and COA are quite consistent, but there 
seems to be larger differences in reporting of the labor arrangements that workers are hired under.    
 
Data available online at: 
https://www.bls.gov/cew/data.htm 
 
U.S. Department of Labor, Employment and Training Administration, Office of Foreign Labor Certification  
The H-2A nonimmigrant program certifies the use of foreign short-term agricultural labor when the 
number of available domestic workers is insufficient. H-2A labor certification is usually granted for 
activities lasting ten or fewer months.  The Office of Foreign Labor Certification provides data on the H-
2A program in Arizona and other states in its Annual Reports.  Some data are provided by location within 
a state and by industries that account for the most positions.   
 
In 2014 there were 3,854 positions requested under the H-2A visa program.  Of these, 3,751 were certified.   
The three locations with the largest number of certified positions were Yuma, 1,682, Casa Grande 728, and 
Somerton, 651.  The top four positions by commodity were lettuce 2,042, livestock 678, melons, 562 
and celery, 169.  Lettuce, melons, and celery alone accounted for 74% of total certified positions, while 
livestock accounted for 18%.  The remainder were excluded or listed as “general farm workers.”   
 
In 2015, the number of positions requested fell to 3,788, but slightly more positions, 3,763, were 
actually certified compared to 2014.  The three locations with the most certified positions in 2015 were 
Yuma, 2,255, Tonapah 512, and Casa Grande 504.   The top five positions by commodity were lettuce 
2,066, melons, 552 livestock 491, spinach, 200, and celery, 140.  Lettuce, melons, spinach and celery 
alone account for nearly 79% of total certified positions, while livestock accounted for 13%.  The 
industries of the remaining 8% of positions were not listed.  With 2,255 certified positions, Yuma had the 
fourth most positions of any U.S. city.  Foothills Packing, Inc. had the most positions in Yuma, 853.  In 
2014, Yuma ranked fifth among cities for positions.  Foothills Packing, Inc. had 613 positions in 2014.  
 
Data are available online at:  
https://www.foreignlaborcert.doleta.gov/performancedata.cfm 
 
U.S. Department of Labor, National Agricultural Workers Survey (NAWS)  
The NAWS is an annual, random-sample survey of U.S. crop workers based on face-to-face interviews of 
workers. In this respect it differs from the foregoing data sources that are based on surveys of 
employers.  The NAWS does not report data separately for Arizona.  Rather, Arizona data are combined 
in a larger, Southwest Region, which includes responses from New Mexico, Oklahoma, and Texas.  
NAWS does not survey workers with H-2A visas.   
 
The survey asks questions on the following topics:   

 Demographic characteristics (age, gender, relationship to respondent, place of birth, education 
level, when foreign-born first entered the United States (if foreign-born), race and ethnicity, primary 
language, and ability to read and speak English. 

 Employment and Migration (12-month retrospective employment and migration profile that covers 
the primary crop and farm task, periods of unemployment, and time spent outside of the United 
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States.  Interviewers determine where the respondent was during every week of the previous year).  
Retrospective data are not included in publically available data files.  

 Earnings, Benefits, and Worksite Characteristics (hourly earnings, payment method (piece or hourly), 
health insurance coverage, workers' compensation benefits, and unemployment insurance, and 
availability of water and toilets at the worksite). 

 Health, Safety, and Housing (medical history, use of health services, safety training, and the location 
and type of housing, including whether the respondent rents from the employer or a non-employer, 
owns the home, etc. 

 Supplemental questions (occupational injuries, musculoskeletal problems, respiratory health, 
worker exposure to pesticides, childcare service access, mental health, and other topics).   

 
Among employment questions the NAWS asks about the crop grown at the respondent’s current job.  
Vegetables is one of the reporting categories.  The NAWS is not constructed for the purpose of 
developing aggregate estimates of the number of workers employed in regions.  Rather, it is intended to 
be representative of characteristics of the labor force.  One could therefore use the data to examine 
characteristics, wages, hours worked and other employment conditions of workers in the four-state 
Southwest Region who are currently (at the time of the survey) working on a vegetable crop.   
 
Publically available NAWS data does not indicate whether survey responses are specifically for workers 
in Arizona.  It is possible to access data at the Mountain III regional aggregation  (which combines 
Arizona and New Mexico) but that data is restricted and has to be analyzed either at the offices of JBS 
International (the survey contractor) or at the Department of Labor in Washington, DC 
 
U.S. Department of Transportation (DOT), Research and Innovative Technology Administration, 
Bureau of Transportation Statistics 
The DOT reports on border crossings based on data from the Department of Homeland Security, U.S. 
Customs and Border Protection, Office of Field Operations.  Crossing data are available by port of entry, 
month, year, and mode of crossing. Monthly data are available for border crossings at San Luis by month 
and mode of crossing (number of pedestrian crossings and number of vehicle passengers. Agricultural 
workers entering through the San Luis port of entry on the way to work in Yuma would be among the 
entrants recorded in this data.   In 2014, vehicle passengers crossing at San Luis ranged between 436,000 and 
482,000 per month, while pedestrian crossings ranged from 131,000 to 272,000 per month.  These monthly 
figures convert to a daily average of 14,493- 15,673 vehicle passengers per day and 4,226-8,779 
pedestrian crossings per day.  The low figures represent average daily crossings in the lowest volume month 
(July), while the higher number represents daily volume in the busiest month (December).    
 
Data available online at: 
https://transborder.bts.gov/programs/international/transborder/TBDR_BC/TBDR_BCQ.html 
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Labor Market and Occupational Studies  
 
Calvin, Linda, and Philip Martin. The U.S. Produce Industry and Labor: Facing the Future in a Global 
Economy, ERR-106, U.S. Department of Agriculture, Economic Research Service, November 2010. 
The report presents case studies of different fruit and vegetable industries across the United States.  
Lettuce production is one of the industries examined.  From the study, “Yuma, Arizona, lettuce 
production ...  has a shorter growing season, just 4 months. Traditionally, most Yuma farmworkers were 
“green-card commuters”—Mexican citizens with U.S. immigrant visas who lived in Mexico and 
commuted daily to the Yuma fields. Green-card commuters are aging, however, and some of the 
younger workers joining the harvest crews are unauthorized, relying on false documents to get hired … 
Some growers have turned to the H-2A program in Yuma to obtain authorized farmworkers (page 41).”   
 
Hooker, B., Martin, P., Wong, A. 2015. California Farm Labor. Jobs and Workers. ARE Update. 18(6): 
http://giannini.ucop.edu/are-update/18/6/california-farm-labor-job/ 
Analyzing data from the state of California’s Employment Development Department (EDD) the study 
found that during the 1990s, there were an average three unique farm workers or Social Security 
numbers reported by California farm employers for each year-round equivalent farm job.   For the years 
2007 and 2012, this had dropped to a two-to-one ratio.   In the entire state, 47,000 workers had 
vegetable and melon jobs as their single highest source of annual earnings.  A vegetable and melon job 
was the only source of earnings for 68% of these workers, while another 9% had one vegetable and 
melon job and one non-agricultural job.   
 
Martin, P. (2008) Evaluation of the H-2A Alien Labor Certification Process and the U.S. Farm Labor Market. 
Report to the U.S. Department of Labor Employment and Training Administration, Washington, DC.  
This report provides state labor profiles including one for Arizona.  The profile includes data on labor 
expenses from the 2002 Census of Agriculture (COA).  In 2002, vegetable and melon farms accounted for 
33% of direct-hire labor expenses and 71% of contract labor expenses.  Of directly-hired laborers, 54% 
were hired for less than 150 days. Martin compared COA data for Arizona and New Mexico because the 
USDA Farm Labor combines data for the two states.  Based on differences in expenditures and other 
data, Martin stated, “at least 2/3 of the employment reported in the NASS Farm Labor survey is likely in 
Arizona.”  The study reports data from the Arizona state government on UI-covered employment and 
wages. Total agricultural employment ranged from 28,000 to 31,000 between 1995 and 2006.  The study 
also divided total 2012 labor expenditures (direct hire plus contract) by the average annual agricultural 
wages for hired agricultural labor to derive an estimated 54 million hours worked in all of agriculture in 
Arizona.  If one applies this same procedure to vegetable and melon farms, total hours worked on these 
farms would range from 22,000 and 23,000 hours.   The study also reports on trends in total use of 
workers with H-2A visas.  Only total employment under the H-2A program is reported.   
 
Martin, P., Hooker, B., Akhtar, M., Stockton, M. 2016. How many workers are employed in California 
agriculture? California Agriculture. DOI: 10.3733/ca.2016a0011. 
California regularly reports the number of jobs on farms, but it does not report the number of individual 
workers who fill them.  The study analyzed data from California’s Employment Development 
Department (EDD) that is reported by California agricultural employers. Employers included are those 
listed under North American Industry Classification System code NAICS 11.   
 
The authors argue that while average employment can be considered to be an estimate of full-time 
equivalent jobs, it is not the total number of farmworkers.  Based on the EDD data, the study found that 
the number of unique Social Security Numbers of agricultural workers was about double the average 
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annual average employment in agriculture.  Previous analyses also found this two-to-one worker-to-job 
ratio in 2012 and 2007.  The study assigned the total number of workers to the county in which they had 
their primary (highest-earning) job.  Based on this assignment, it was estimated that Imperial County 
had 24,600 unique agricultural workers in 2014.  The study also reported that in all of California, 44,878 
unique workers had jobs in vegetable and melon production as their primary job (i.e. the job where they 
had the highest annual earnings.  Among these workers, 30,760 (69%) had vegetable and melon work as 
their only recorded job.  
 
Pavlakovich-Kochi, V., Charney, A.H., and Vest, M.J. (2008). Mexican Visitors to Arizona: Visitor 
Characteristics and Economic Impacts, 2007-08. Prepared for the: Arizona Office of Tourism 
Phoenix, Arizona. Economic and Business Research Center, University of Arizona: Tucson, AZ.  
The study reports on a survey of visitors from Mexico to Arizona, providing information on place of entry 
into Arizona (including airports), mode of entry, purpose of visit, primary destination, occupation of 
visitors, and spending patterns of visitors while in Arizona.  Survey interviews were conducted from July 
2007 to June 2008. For respondents traveling into Arizona to work, their reason for visiting was listed as 
“business other.”  Other business reasons were business shopping or to attend conventions or trainings. 
Statewide, most respondents (64%) listed leisure activities (primarily shopping and visiting friends and 
relatives) as the reason for visiting, while 35% listed business other (i.e. work) as their reason.  These 
percentages varied by mode of entry: 45% of pedestrian entries were for work, while 27% of visitors in 
motor vehicles entered for work.  Reason for visit also varied by port of entry.  Business other (work) 
was the reason for a visit among 44% of entrants through San Luis (Yuma County) and among 40% of 
those entering through Nogales (Santa Cruz County).  Work was a reason for visiting at less the 15% of 
the remaining ports of entry. The report does not break down responses by reason for visit, mode of 
entry, and port of entry.  Statewide, 11.6% of total vehicle passengers listed their occupations as 
agricultural workers, while 21.1% of pedestrians were agricultural workers.   
 
Wishon, C., Villalobos, J. R., Mason, N., Flores, H., & Lujan, G. (2015). Use of MIP for planning 
temporary immigrant farm labor force. International Journal of Production Economics, 170, 25-33. 
The study develops and presents results from a mixed integer programming model that develops 
planting, harvesting, and labor acquisition schedules for use by growers to determine the number of H-
2A workers needed. The model is applied to an “average” Yuma, Arizona farm as a case study. The 
model reports labor requirements (hours per acre) needed to produce vegetable and other crops in the 
Yuma area. The study also illustrates how the model could be used to determine the economic impact of 
modifying H-2A visa application policy.  
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6 The Contribution of Arizona’s Vegetable and Melon Industry Cluster to the State Economy

Executive Summary
What Is the Issue?
•  Vegetables and melons are an important part of the Arizona agricultural 

economy. While a common way of assessing the size of an industry is 
the value of its cash receipts, receipts do not fully capture the economic 
contributions of vegetables and melons to the state economy. There is a 
cluster of other industries that perform post-harvest activities, ensuring 
high-quality produce reaches consumers. The perishable nature of these 
products requires coordination between industries and logistical effi-
ciency. Estimating vegetable and melon’s contribution to the Arizona 
economy warrants an examination of the whole value chain—the 
vegetable and melon industry cluster. This cluster includes farming, 
packing, cooling, storing, processing, trucking, and wholesaling opera-
tions. 

•  In addition to the industry cluster’s direct effects on the Arizona econ-
omy, a “ripple” of economic activity is stimulated in other Arizona 
industries to meet the demand for inputs by producers and the demand 
for consumer goods and services by households. Economists call these 
the indirect and induced multiplier effects.
•  Indirect effects measure the economic activity generated by the veg-

etable and melon industry cluster’s demand for inputs. These effects 
occur in industries such as the agricultural support, fertilizer, electric-
ity, banking, and farm machinery industries.

•  Induced effects measure the economic activity generated by house-
holds employed by the vegetable and melon industry cluster spending 
their earnings at Arizona businesses. These effects occur in industries 
that provide goods and services to households, such as the real estate, 
healthcare, retail, and restaurant industries.

•  This study conducts an economic contribution analysis for the 2014 pro-
duction year that estimates the direct, indirect, and induced effects of this 
larger vegetable and melon industry cluster on the Arizona economy.

•  The study also estimates the cluster’s labor requirements. Labor costs 
and availability are of great concern to vegetable and melon producers. 
Labor costs as a share of total production expenses are nearly double 
those in the rest of Arizona agriculture. Operators must recruit a labor 
force that is largely immigrant, mobile, and seasonal, with sharp peaks in 
labor demand. The number of workers employed on vegetable and melon 
operations is of interest because of fears that farm labor shortages could 
reduce the state’s production of these high-value crops.

•  Several challenges arise in attempting to measure the Arizona vegetable 
and melon work force.
•  There is no one single source of data on U.S. hired farm labor and 

there are no sources that report comprehensive data on labor em-
ployed in vegetable and melon production.

•  While agencies report the number of farm jobs, they do not report 
the number of individual workers filling those jobs. This presents a 
problem of defining what constitutes “a job.” For example, if one per-
son works at three jobs lasting three months each and is unemployed 
for three months, is this three jobs or ¾ of a job? Some previous labor 
studies have estimated the number of full-time equivalent jobs (FTEs) 
based on hours worked.

•  This FTE approach has its own problems, though. Studies from Cal-
ifornia have found that there were an average of two unique workers 
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employed for every full-time equivalent job. Measuring labor in FTEs 
also obscures sharp monthly fluctuations in labor demands. To better 
account for these fluctuations, this study estimated the number of 
hours of work employed on-farm per month in Arizona vegetable and 
melon production.

What Did the Study Find?

Economic Contribution
•  In 2014, the vegetable and melon industry cluster contributed to nearly 

$1.9 billion in sales to the Arizona economy. This is considerably 
larger than the $727 million in direct revenues from on-farm production 
activities. The industry cluster’s total contribution to Arizona’s gross 
state product (GSP) was $946 million. This included approximately 
$745 million in wages, salaries, and proprietor income. The total state/
local tax contribution attributable to the vegetable and melon industry 
cluster (including multiplier effects) was $59.2 million in 2014.

•  In 2015, the vegetable and melon industry cluster contributed to more 
than $2.5 billion in sales to the Arizona economy and contributed 
$1.4 billion to state GSP. This included nearly $1.2 billion in wages, 
salaries, and proprietor income.

Employment
•  In 2014, Arizona vegetable and melon production required more than 

26.7 million hours of hired on-farm labor. This included directly hired, 
contract, and other agricultural support service workers employed on-
farm. Monthly labor demand fluctuated from lows of less than 1.5 mil-
lion hours in slack months to highs above 3.5 million hours per month in 
peak winter months.

•  There were more than 17,700 full- and part-time jobs directly and 
indirectly supported by the vegetable and melon industry cluster in 
Arizona on an annualized basis. Nearly 70% of these jobs were direct, 
on-farm jobs, which included farm proprietor jobs, directly hired farm 
labor, and agricultural support service workers (usually hired through 
farm labor contractors). Other jobs supported were in post-harvest in-
dustries, in industries that provide inputs to the cluster, and in industries 
that provide consumer goods and services to workers and proprietors in 
the cluster.

•  The number of unique farm workers employed in vegetable and melon 
production is far greater than the number of full-time equivalent jobs. 
There are more than 2,900 unpaid (family) workers on vegetable and 
melon farms. Recent research from California found an average of two 
unique farm workers reported for each year-round equivalent farm job. 
Assuming this relationship holds for Arizona—with similar production 
systems—and including unpaid family workers, this suggests there are 
more than 31,400 individuals working in jobs directly or indirectly 
supported by the Arizona vegetable and melon industry cluster.

Industry Structure
•  The vegetable and melon industry cluster is a highly integrated system 

comprised of industries working in tandem to get fresh and processed 
products to consumers—vegetable and melon farming, refrigerated 
warehousing, processing, wholesaling, and trucking. Businesses involved 
in this process can operate independently, conducting only one activity 
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in the value chain, or they can be vertically integrated, serving many 
roles along the value chain.

•  Vegetables and melons consistently rank in the top three agricultural 
commodities produced in the state. Arizona ranked second in the 
nation among states in vegetable and melon production by weight, 
third by value of production, and third by area harvested in 2014. Ar-
izona ranked second in the nation for production of broccoli, cantaloupe, 
honeydew, spinach, and head, leaf, and Romaine lettuce in 2014.

•  Arizona vegetable and melon production has a dual structure, with many 
small-scale and hobby producers and a small number of large producers. 
In Arizona, 96% of vegetable and melon sales come from 4% of farms.

•  A majority of the state’s production of vegetables and melons occurs 
in Yuma and Maricopa Counties, accounting for 76% and 13% of state 
vegetable and melon sales, respectively, While most production occurs in 
western and central Arizona, most of Arizona’s farms with sales of vege-
tables and melons are located in northeast Arizona. These are primarily 
small-scale producers.

•  Also, according to the Census, Yuma County was in the top 0.1% of 
vegetable and melon sales among all counties growing these crops, while 
Maricopa County was in the top 1%.

•  The dominant forms of organization of Arizona vegetable and melon 
farms are family-based operations and partnerships. Family/individ-
ual operations and partnerships accounted for 55% of sales, while family 
held corporations accounted for another 34% of sales. Non-family held 
corporations accounted for just 10% of Arizona vegetable and melons 
sales.

How Was the Study Conducted?

•  The economic contribution analysis was conducted using input-output 
modeling and the premiere software for this types of analysis, IMPLAN 
Version 3.1. IMPLAN is a modeling system of a regional economy that 
is based on national averages of production conditions. This model is 
a snapshot of economic activity in 2014. It was refined based on best 
available, recent data to more accurately reflect economic conditions and 
agricultural practices in Arizona.

•  Additional model customizations were conducted to parse out the 
estimated economic activity in cluster industries that is attributable to 
Arizona-produced vegetables and melons.

•  The contributions of the vegetable and melon industry cluster to the Ari-
zona economy in 2014 were modeled in IMPLAN and measured through 
the following metrics: sales, value added (also known as gross state 
product—GSP), labor income, and state and local taxes. Finally, the study 
also presents improved estimates of the industry’s demand for labor and 
its overall contribution to state employment.

•  Estimates of directly hired farm labor employed in vegetable and melon 
production were obtained from the U.S. Labor Department’s Quar-
terly Census of Employment and Wages (QCEW). Most on-farm labor 
employed on Arizona vegetable and melon operations, however, are 
hired through farm labor contractors. Estimates of contract (and other 
agricultural support service) jobs do not provide separate estimates for 
jobs in vegetable and melon production. Research findings on per acre 
labor requirements and data on acreage by crop were used to estimate 
the percentage of total agricultural service jobs in vegetable and melon 
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production. Data on wages paid to agricultural workers from the QCEW 
and average wage rates paid from the Department of Agriculture were 
combined to develop estimates of hours of work in vegetable production 
by month.

•  Year-to-year changes in vegetable and melon prices and production can 
be quite large. This can lead to estimates of economic contributions that 
vary significantly from one year to the next. When this project was initi-
ated, 2014 was the most recent year of data available for Arizona econ-
omy-wide modeling. Vegetable and melon revenues in 2014, however, 
were at their lowest level in 20 years in 2014. Vegetable and melon sales 
in 2015 more closely matched the long-term trend line for sales. Price 
increases between the two years was by far the biggest contributor to the 
increase in sales revenue. Applying newly available 2015 vegetable and 
melon sales data to the 2014 IMPLAN model, simulations were con-
ducted to measure the direct, indirect, and induced effect contributions 
of these higher prices (see Addendum).
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Introduction
Vegetables and melons are an important part of Arizona’s agricultural econ-
omy. In terms of cash receipts, vegetables and melons have ranked within 
the top three agricultural commodities produced in Arizona since 2010. 
Vegetables and melons, on average, account for approximately 23% of annual 
agricultural sales in Arizona, though market fluctuations affect the share of 
total agricultural cash receipts from year to year (Figure 1). In 2014, the year 
for this economic contribution analysis, vegetables and melons accounted for 
16% of Arizona’s total agricultural cash receipts.

Vegetable and melon commodities produced in Arizona include lettuce, 
spinach, broccoli, cantaloupes, and honeydew, among others. The produc-
tion of leafy greens—in particular head, leaf, and Romaine lettuce—is very 
important to state vegetable and melon production. On average, lettuce 
accounts for more than 60% of vegetable and melon cash receipts (Figure 2). 
Figure 2 suggests that when cash receipts for lettuce are high, vegetable and 
melon sales as a whole are typically higher for the state.

Arizona vegetables and melons are not only an important part of the state’s 
agricultural economy; they are also important in terms of national produc-
tion. Arizona plays a leading role in the production of fresh market vegetables 
and melons for the United States. In 2014, Arizona ranked second in the na-
tion for vegetable and melon production by hundredweight (cwt), third in the 
nation for the value of production, and third in the nation for area harvested 
(USDA Vegetables 2014 Annual Summary, 2015).
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Figure 1. Arizona Cash Receipts by Agricultural Commodity, 2010–2014

Source: USDA, ERS Farm Income and Wealth Statistics, 2014.
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At the county level, two of Arizona’s 15 counties were ranked in the top 
30 U.S. counties for the value of vegetable and melon sales. In 2012, Yuma 
County ranked 4th nationally in terms of the value of production of vegeta-
ble and melons (Table 1). The only counties with higher values of produc-
tion were Monterey, Fresno, and Imperial Counties in California. Arizona’s 
Maricopa County also ranked in the top 30 vegetable and melon producing 
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Figure 2. Arizona Cash Receipts for Vegetable and Melons by Commodity, 2010–2014

Source: USDA, ERS, Farm Income and Wealth Statistics, 2014.

Table 1. Arizona’s Rankings in the Top 30 Vegetable and 
Melon Producing Counties, 2012

Source: USDA, 2012 Census of Agriculture.

National 
Rank County State Value of 

Sales
1 Monterey California $1,677,054,000

2 Fresno California $726,887,000

3 Imperial California $702,358,000

4 Yuma Arizona $579,124,000

…
25 Power Idaho $107,579,000

26 Collier Florida $104,500,000

27 Maricopa Arizona $101,259,000
28 Adams Washington $101,230,000

29 Santa Clara California $98,004,000

30 Morrow Oregon $96,295,000

counties. With sales of approximately $100 million in 
2012, Maricopa County ranked 27th nationally. Accord-
ing to these statistics, Yuma County was in the top 0.1% 
of all counties growing vegetables and melons and Mar-
icopa County was in the top 1.0% of all counties growing 
vegetables and melons.

When analyzing production by commodity, in 2014 
Arizona ranked second (only to California) in the 
production of broccoli, cantaloupe, cauliflower, hon-
eydew, spinach, and lettuce (head, leaf, and Romaine). 
As demonstrated in Table 2, Arizona also ranked in the 
top 10 for states producing cabbage and chili peppers 
(fourth) and watermelon (seventh). In fact, the only veg-
etable and melon commodity produced in Arizona that 
was not ranked in the top ten was potatoes.
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Playing such a central role in Arizona 
agriculture and a leading role in national 
production, vegetables and melons provide 
important contributions to the state econ-
omy. These contributions, however, are 
not limited to the production of vegetables 
and melons on Arizona farms. There is 
a cluster of industries that performs the 
necessary post-harvest activities that en-
able and ensure that high-quality vegetable 
and melon produce reach consumers. 
Because collaboration amongst these 
industries is essential in delivering vegeta-
ble and melon produce to consumers, we 
examine the vegetable and melon value 
chain and estimate the contribution of the 
vegetable and melon industry cluster to 
the Arizona economy. The vegetable and 
melon industry cluster includes on-farm 
production of vegetables and melons, as 
well as other Arizona industries that pro-
vide essential post-harvest activities such 
as packing, cooling, storing, processing, 
trucking, and wholesaling.

Furthermore, in addition to estimat-
ing the direct effects of the vegetable and 
melon industry cluster on the Arizona 

Commodity Arizona Leading State National

Rank Production 
(1,000 cwt) State Production 

(1,000 cwt)
Production 
(1,000 cwt)

Broccoli 2 800 California 19,110 19,910

Cabbage 
(fresh market)

4 1,906 California 5,670 21,141

Cantaloupe 
(fresh market)

2 3,840 California 8,060 13,612

Cauliflower 
(fresh market)

2 720 California 5,505 6,286

Honeydew 2 805 California 2,835 3,739

Lettuce, head 2 12,248 California 33,670 45,918

Lettuce, leaf 2 1,944 California 11,040 12,984

Lettuce, 
Romaine

2 6,899 California 17,780 24,679

Peppers, chili 4 80 California 3,186 4,625

Potatoes 23 1,085 Idaho 132,880 442,170

Spinach 2 1,240 California 4,160 5,919

Watermelon 7 1,334 California 6,384 33,263

Table 2. Arizona’s National Rank in Vegetable and Melon Production by 
Commodity, 2014

Source: USDA, NASS Quick Stats Annual Survey, 2014.

economy, we also estimate the “ripple” of economic activity that is gener-
ated when businesses within the cluster and households employed by the 
industry cluster purchase goods and services from other Arizona businesses. 
Economists call these the indirect and induced multiplier effects. Together, 
the direct, indirect, and induced effects measure the total contributions of the 
vegetable and melon industry cluster to the Arizona economy.

The first section of this report provides a basic description of the vegetable 
and melon industry cluster and value chain. Next, the results of the economic 
contribution analysis are presented. The contributions of the vegetable and 
melon industry cluster are discussed in terms of total sales, value added (also 
known as Gross State Product–GSP), labor income (employee compensa-
tion and proprietor income), and state and local taxes. Finally, the study also 
presents improved estimates of the industry cluster’s demand for labor and its 
overall contribution to state employment.
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Arizona’s Vegetable and Melon Industry Cluster
The vegetable and melon industry cluster is a highly integrated system that 
is comprised of a variety of industries that work in tandem with one another 
to get fresh, as well as processed, vegetable and melon produce and products 
to consumers (Kaufmann et al., 2000). A cluster is a group of interconnected 
firms, suppliers, and related industries that mutually support each other to 
gain competitive advantage (Porter, 1990).

On-Farm 
Production

Trucking

Post-Harvest Activities

Growing
 and Harvesting

Packing, 
Cooling, 

and Storing

Processing Distributing 
and Marketing
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Irrigating
Weeding
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Packing
Cutting

Washing
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Cooling Drying

Freezing
Preserving

Canning

Shipping
Marketing
Wholesale

Produce
Dealing

Fresh Market

Processed Market

Figure 3 presents a simplified illustration of the vegetable and melon value 
chain. The value chain is comprised of two primary components: on-farm pro-
duction and post-harvest activities. On-farm production involves growing veg-
etables and melons on Arizona farms and harvesting the crops either for the 
fresh market or for the processed market. The second component, post-harvest 
activities, includes: (1) transforming the raw product into a saleable product 
by cutting, washing, packing, and labeling the product, (2) ensuring the quality 
and shelf-life of fresh produce by maintaining climate-controlled environ-
ments, (3) processing the product if it is not going to the fresh market, and (4) 
distributing and marketing the product for final consumption. Transportation, 
particularly trucking, is critical throughout the entire production process.

The perishable nature of vegetables and melons requires that the industries 
have an incredible amount of coordination and logistical efficiency. Busi-
nesses involved in this process can operate independently, conducting only 
one activity in the value chain, or they can be vertically integrated, serving 
many roles along the value chain.

Figure 3. Vegetable and Melon Value Chain

Source: Authors’ interpretation adapted from Fernandez-Stark et al., 2011.
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On-Farm Production

Growing
Using data from the 2012 Census of Agriculture, the most recent and compre-
hensive data on agriculture available, we provide a profile of Arizona vegeta-
ble and melon farming, taking into consideration the geographic distribution 
across the state. The following section includes the number of vegetable and 
melon farming operations, the size of those operations (in terms of both sales 
and acreage), and the total value of production (if disclosed1) for each county. 
To illustrate these points geographically, we have  developed a map as shown 
in Figure 4. The map is color coded by the county’s rank in the state’s sale of 
vegetables and melons. Counties with darker colors indicate a higher ranking.

Number of Farms
According to the 2012 Census of Agriculture, there were a total of 1,750 
farms in Arizona that had sales of vegetables and melons. Approximately 
93% of these farms (1,625) would be considered specialized2 in vegetable and 
melon production, meaning that the farm received greater than 50% of their 
total agricultural sales from vegetables and melons.

Most vegetable and melon operations in 2012 were located in northeast 
Arizona in Navajo and Apache counties (Figure 4). These two counties ac-
counted for nearly 70% of all vegetable and melon farms in the state, with 628 
farms in Navajo County and 550 farms in Apache County. This is likely due 
to a large number of small farms located on tribal lands. Although available 
data are not disaggregated in a way to determine the number of vegetable 
and melon farms on tribal lands, there is some data to suggest this phenome-
non. In 2012, the Navajo Nation, spanning the Four Corners area with a large 
swath of land in Navajo and Apache counties, had 1,905 farms with land in 
vegetable production. While some of these operations could be located in 
other parts of the Navajo Nation (in southern Utah or western New Mex-
ico), based on the fact that a large amount of the Navajo Nation is located in 
northeastern Arizona, it is safe to assume that a large majority of vegetable 
and melon farms in this region are located on tribal lands. Furthermore, 
approximately 95% and 90% of all farms in Apache and Navajo counties, re-
spectively, have an American Indian or Alaska Native principal operator.

It may be surprising to note that Yuma and Maricopa counties, known for their 
high value of production of vegetable and melons, have only 53 and 84 farms with 
sales of vegetables and melons, respectively. Counties with the fewest number of 
vegetable and melon farms include Greenlee County with no farms, Gila County 
with 2 farms, La Paz County with 3 farms, and Graham County with only 4 farms.

Acreage
In 2012, more than 130,000 acres of vegetable and melons crops were harvested 
in Arizona. Most farms have very small acreage—in fact, of the 1,750 farms 
with vegetable and melon sales, approximately 60% have acreage of less than 10 
acres. Figure 5 demonstrates the distribution of Arizona vegetable and melon 
farms by farm size in terms of acreage. The second most common size (in terms 
of acreage) is farms with acreage of 10 to 49 acres. Approximately one-fourth 
of Arizona farms fall into this category. On the far side of the spectrum, only 
about 2% of Arizona farms have acreage of 2,000 acres or more.

1 Government statistics are not reported when such reporting will identify individual operations.
2 Specialization is defined by the North American Industry Classification Systems (NAICS), 
where a farm is categorized as specialized in a particular commodity when that commodity con-
stitutes the majority (greater than 50%) of the total sales of the operation.
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Figure 4. Map of Arizona Vegetable and Melon Farms, Acreage, and Sales, 2012

Source: Source: USDA, 2012 Census of Agriculture: Arizona State and County Data: Table 2.
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Figure 5. Arizona Vegetable and Melon Farms by Farm Size (Acreage), 2012

Source: USDA, 2012 Census of Agriculture: Arizona State Data: Table 64.
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Again referring to Figure 4, when considering 
where most vegetables and melons are har-
vested, Yuma County dominates, representing 
78% of all vegetable and melon acreage harvested 
in the state. Of the state’s 130,000 acres har-
vested, Yuma County accounts for slightly more 
than 100,000 acres. The counties with the second 
and third highest number of harvested acres 
were Maricopa County with just over 12,600 
acres and Pinal County with nearly 8,600 acres.

Sales
Not only are most Arizona vegetable and melon 
farms small-scale based on their acreage, more 
than 80% of vegetable and melon farms have sales 
of less than $25,000. In fact, approximately 37% of 
Arizona farms with vegetable and melon sales have 

Sales Category Number 
of Farms

Market Value 
of Sales

Percentage 
of Total Sales

Less than $25,000 1,448 $9,128,000 1.2%

$25,000 to $49,999 124 $3,646,000 0.5%

$50,000 to $99,999 60 $3,204,000 0.4%

$100,000 to $249,999 27 $2,698,000 0.4%

$250,000 to $499,999 16 $4,250,000 0.6%

$500,000 to $999,999 11 $5,189,000 0.7%

$1,000,000 or more 64 $735,946,000 96%

Total 1,750 $764,062,000 100%
Source: USDA, 2012 Census of Agriculture: Arizona State Data: Table 65.

Table 3. Total Vegetable and Melon Sales by Farm Size (Annual 
Sales), 2012

annual sales of less than $5,000. On the other end of the spectrum, approximately 
4% of farms have annual sales of $1 million or more. Figure 6 demonstrates the 
distribution of Arizona vegetable and melon farms by farm size in terms of sales.

While a majority of vegetable and melon farms are considered small-scale, 
there are a few farms in Arizona that are very large and account for the bulk 
of vegetable and melon sales. The distribution of total Arizona vegetable 
and melon sales by annual farm sales is presented in Table 3. The same 4% of 
operations that have sales of $1 million or more, account for 96% of the state’s 
vegetable and melon sales. Even more astounding, fewer than 100 farms ac-
count for 98% of Arizona sales of vegetables and melons. The remaining 1,659 
farms account for only 2% of Arizona vegetable and melon sales.

A majority of vegetable and melon sales occurred in Yuma County (Figure 
7). In 2012, Yuma County accounted for more than three-fourths of all vege-
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Figure 8. Arizona Vegetable and Melon Sales by Farm Business Type, 2012

table and melon sales in the state. Maricopa County accounted for 13% of the 
state’s sales of vegetables and melons, Apache County accounted for 1%, and 
the remaining 12 counties accounted for a total of 10% of sales.

Not surprisingly, Yuma County ranked first in the state for vegetable and 
melon sales. The map in Figure 4 ranks Arizona counties by the county’s total 
value of production (sales) of vegetables and melons, with darker colors indi-
cating a higher rank. Similar to harvested acreage, Yuma County is followed 
by Maricopa, Pinal, and La Paz counties in terms of sales. Interestingly, even 
though La Paz County has very few vegetable and melon farms, it ranked 
third in the state for the value of production of vegetables and melons. The 
exact level of sales, however, is not disclosed to prevent the identification of 
individual operations.

Farm Business Type
The most dominant forms of organization of Arizona vegetable and melon 
farms are partnerships and family-based operations (Figure 8). In 2012, 
partnerships and family/individual operations accounted for more than 55% 
of vegetable and melon sales. Partnership forms led the way with 38% of sales 
and family/individual operations accounted for 18% of sales. Family held cor-
porations also contributed significantly, accounting for more than 34% of total 
vegetable and melon sales. Of all family held corporations nearly one-hun-
dred percent have 10 stockholders or fewer. Non-family held corporations 
accounted for just 10% of Arizona vegetable and melon sales.

Economic Specialization
Arizona has economic specialization in vegetable and melon production. One 
of the most common methods to determine economic specialization is to 
conduct an economic base analysis. An economic base analysis determines 
the relative importance of an industry to the local economy by analyzing 
the industry’s share of local employment or earnings relative to the national 
average (Siegel, et al., 1995). This analysis uses an analytical tool known as 
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Location Quotients (LQs). When an industry has an LQ >1.00, it means that 
the region employs more people (or produces more output) than is needed 
to meet the demands of their local residents. These industries are referred 
to as basic industries and demonstrate that the region is more specialized in 
production than the same industry at the national level. An LQ >1.25 indi-
cates that the industry is part of the economic base—exporting goods and 
services outside the region and bringing money into the region from outside. 
Industries with LQs ≤ 1.00 indicate that the industry is equally specialized 
or less specialized than the nation. Using employment data from the Bureau 
of Labor Statistics, we estimated the location quotients for the vegetable and 
melon farming industry in Arizona.

At the state level in 2014, vegetable and melon farming had a LQ of 1.85 
(Table 4), suggesting that Arizona is more specialized than the nation in 
vegetable and melon production. According to this calculation, the vegetable 
and melon industry in Arizona employed nearly twice as many people as the 
nation. This demonstrates the importance of this agricultural industry as part 
of Arizona’s economic base.

When examining LQs at a smaller geographic scale, there were two coun-
ties in Arizona that exhibit specialization in vegetable and melon farming. 
These two counties were Yuma County and Pinal County. In 2014, Yuma 
County had a remarkable LQ of 51.47. This means that the vegetable and 
melon industry in Yuma County employs nearly 52 times the national average 
share of employment. As to be expected, the vegetable and melon farming 
industry is certainly a part of Yuma County’s economic base. Pinal County 
was also specialized in vegetable and melon farming, with a LQ of 2.33. Mar-
icopa County fell just short of breaking the 1.00 threshold, with a LQ of 0.81. 
However, this isn’t to say that vegetable and melon farming is not important 
in Maricopa County. Recall that Maricopa County accounts for the second 
highest value of sales of vegetables and melons in the state. One reason that 
Maricopa County doesn’t have a high LQ for vegetable and melon farming is 
that the Phoenix metropolitan area has high levels of employment in other 
non-agricultural industries.

Harvesting
Harvesting is the second component of on-farm production and is considered 
an input for vegetable and melon farming. Lettuce, Arizona’s leading vegeta-
ble and melon commodity, is primarily harvested during the winter months 
from November or December through March or April (Kerns et al., 1999, 
personal communication with YFVA members). Lettuce is typically “har-
vested, packaged in the field, and shipped to market with no further process-
ing” (Kerns et al., 1999). This is called field packing. A typical setup for har-
vesting lettuce includes a field packing harvest aid and a crew of eight groups 
of three individuals—two people to cut and trim the outer lettuce leaves and 
one packer to bag the lettuce or wrap it with cellophane. Lettuce can also be 
bulk harvested meaning that it is simply placed it in a cardboard carton. Let-
tuce that is packed this way is typically sent to be fresh-cut or fresh-processed 
to create prepackaged or ready-made salads.

Melons are primarily harvested in the summer and fall, providing an 
extended harvest period for the industry. In Yuma, melons can be harvested 
in mid-May all the way through November (Riggs, 2010). The typical har-
vest crew for melons ranges “from nine to 12 people, including two to three 
cutters, four to six loaders, two stackers, and one truck driver” (University of 
Georgia Cooperative Extension Service, 2000).

Geography Location 
Quotient

Arizona 1.85

  

Yuma County 51.47

Pinal County 2.33

Maricopa County 0.81

Table 4. Arizona Vegetable and 
Melon Farming Jobs-based Location 
Quotients, 2014

Source: Department of Labor, Bureau of 
Labor Statistics: QCEW Data, 2014.
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Harvesting vegetables and melons can be carried out by the growers 
themselves, farm labor contracting services, or by shippers that have already 
purchased the fresh vegetables (Kaufman et al., 2000; Fernandez-Stark et 
al., 2011). As harvesting vegetables is labor-intensive and there is very high 
demand for labor during the harvest season, many farms use farm labor con-
tracting services.

Once vegetables and melons have been harvested, they can follow one of 
two production tracks: the fresh market or the processed market. The follow-
ing sections describes the activities that take place in each production track.

Fresh Market Post-Harvest Activities

Packing, Cooling, and Storing
Post-harvest activities for vegetables and melons entering the fresh mar-
ket include packing, cooling, storing, distributing, and marketing. Packers 
“transform the loose product into a saleable product by packing it into 
cartons, boxes or bags as appropriate” (Gunderson, et al., 2009). Packers also 
may wash, cut, and label the produce. As mentioned previously, packing can 
take place in the field with farm labor contractors (such as the case with leafy 
greens) or it can take place in a packing warehouse with the packing done by 
packers and shippers. According to the Arizona Department of Agriculture’s 
Citrus, Fruit and Vegetable Standardization Annual Report, there were 48 
Arizona packers licensed in FY2015.3

An unbroken cold chain is essential to maintaining the quality and shelf life 
of vegetable and melon produce. This includes harvesting while it is cool in 
the field, keeping the produce in a cold environment during storing and pack-
ing, and transporting the produce in refrigerated vehicles (Ezeike and Hung, 
2009). All of this must be done very quickly. In fact, Ezeike and Hung suggest 
that the general rule of thumb is that “a one-hour delay in cooling reduces a 
product’s shelf life by one day” (p. 526). Depending on the type of produce, 
there are different cooling requirements. For crops with very high respiration 
rates, like broccoli, leaf lettuce, and spinach, cooling should occur within 90 
minutes of harvest. Other vegetables, like cauliflower, snap beans, and head 
lettuce, should be cooled within three hours of harvest. Finally, vegetables and 
melons such as cabbage, cantaloupe, peppers, and squash can be cooled up to 
4–5 hours after harvest (Ezeike and Hung, 2009).

Cooling and storage takes place in refrigerated warehouses that can be 
owned by a grower and/or shipper or an independent business. In Yuma, 
coolers are concentrated in one area of town known as Cooler Row.

Distributing and Marketing
The final stage of production for fresh vegetables and melons is distributing 
and marketing the produce. Shippers connect the buyers (wholesalers, gro-
cery store retail chains, and food service distributors) to the sellers (growers). 
Shippers can serve a variety of roles and “can be very large, vertically-inte-
grated growers, a cooperative of growers, or an independent business” (Gun-
derson, et al., 2009). As one industry expert so aptly described them, shippers 
are the “name on the box.” They are responsible for consolidating produce and 
marketing it in quantities large enough for distribution to large wholesale, 
retail, and food service companies. A shipper may have their own farming 
operation (a grower-shipper) or they may source from multiple, independent 

3 A packer is considered an Arizona packer when it reports a mailing address within the state of 
Arizona.
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growers. Shippers may also have their own refrigerated trucks to transport 
produce or they may contract with other specialized refrigerated trucking 
companies. According to the Arizona Department of Agriculture’s Citrus, 
Fruit and Vegetable Standardization Annual Report, there were 81 Arizona 
shippers licensed in FY2015.4

Wholesale produce dealing is the second component of distributing and 
marketing the produce. Produce wholesalers buy vegetables and melons 
directly from the grower or through a grower-shipper. Most wholesalers are 
“merchant wholesalers who take title to the product, which they handle” 
(Kaufman et al., 2000). According to the Arizona Department of Agriculture’s 
Citrus, Fruit & Vegetable Standardization Annual Report, there were 190 
Arizona produce dealers licensed in FY2015.5

Processed Market Post-Harvest Activities

Processing
Vegetables and melons that are harvested for processing typically go straight 
from the farm to the processing establishment. According to the 2012 Census 
of Agriculture, only 7% of Arizona vegetable and melon acreage was har-
vested for processing. In 2012, 43 farms harvested 8,886 acres of vegetables 
and melons for processing. A majority of the acreage in Arizona that was 
harvested for processing (55%) occurs in Yuma County. Vegetables produced 
in Yuma County for processing include broccoli, Chinese cabbage, head 
cabbage, cauliflower, mustard greens, green onions, parsley, radishes, spinach, 
and turnip greens. Only three other counties have information disclosed6 
on acreage harvested for processing. These counties are Pinal, Apache, and 
Navajo. Pinal County accounted for 27% of the vegetable and melon acreage 
harvested for processing. Vegetables produced in Pinal County for processing 
include chili peppers, potatoes, and other vegetables. Together, Apache and 
Navajo counties accounted for slightly less than 2% of vegetables harvested 
for processing. Vegetables and melons produced in Apache County for pro-
cessing include snap peas (both bush and pole), cantaloupes, muskmelons, 
and summer squash. The only vegetable produced in Navajo County for 
processing is summer squash. Together, these four counties accounted for 
approximately 84% of all vegetable acreage that is harvested in Arizona for 
processing.

Processing establishments, while once located near the farm, have moved 
away from on-farm production areas and are now located closer to metro-
politan areas (Gunderson, et al., 2009). The reason for this is primarily due to 
the cost of shipping the produce. It is typically less expensive to ship the raw 
product than the processed product. This can also be true for value added 
activities in the fresh market for vegetables and melons. One example of this 
is the movement of large fresh-cut lettuce processors out of Yuma County. 
Large companies that once had salad processing plants and machinery in 
Yuma shifted their management so that processing establishments are located 
in a single, concentrated area. This is due to the fact that these processors 
were only in business in Yuma a fraction of the year and, ultimately, it was 
cheaper to transport bulk lettuce than it was to ship bags of chopped salad 
(personal communication with YFVA members and Kurt Nolte). Processed 

4 A shipper is considered an Arizona shipper when it reports a mailing address within the state 
of Arizona.
5 A produce dealer is considered an Arizona produce dealer when it reports a mailing address 
within the state of Arizona.
6 Government statistics are not reported when such reporting will identify individual operations.
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goods are then distributed and marketed to wholesalers or sent directly to 
grocery store retail chains and food service distributors.

Trucking
Transportation, in particular trucking, is critical throughout the entire pro-
duction process. During harvest there can be a shortage of trucks because 
there is such high demand for transportation services to haul machinery 
used to harvest the vegetables and melons as well as transport the produce to 
consumer markets. Specialized trucks transport vegetables and melons from 
the field to the cooler and from the cooler to the end user. Due to the per-
ishable nature of vegetables and melons, swift action and climate-controlled 
environments are required (Gunderson, et al., 2009). Furthermore, because 
“consumers now demand access to their favorite fruits and vegetables year-
round,” efficient transportation has become even more important (AREC, 
2007). In winter months, vegetables are shipped from the Southwest to all 
over the nation.
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Economic Contributions of the Vegetable and 
Melon Industry Cluster
This study presents the results of an economic contribution analysis of the 
vegetable and melon industry cluster to the Arizona economy in 2014. As 
described previously, these contributions were not limited to the production 
of vegetables and melons in Arizona farms, but also include economic activity 
in industries that perform essential vegetable and melon post-harvest activi-
ties. These post-harvest activities include packing, cooling, storing, process-
ing, distributing and marketing Arizona produced vegetables and melons.7 
Because collaboration amongst these industries is essential in delivering 
vegetable and melon produce to consumers, we estimate the contribution of 
the vegetable and melon industry cluster to the Arizona economy. These 
are called the direct effects.

In addition to estimating the direct effects of the vegetable and melon 
industry cluster on the Arizona economy, we also estimate the “ripple” of 
economic activity that is generated when businesses within the vegetable and 
melon supply chain and households employed by the vegetable and melon 
industry cluster purchase inputs and consumer goods and services from other 
Arizona businesses. Economists call these the indirect and induced multiplier 
effects.

Indirect effects measure the economic activity resulting from busi-
ness-to-business transactions, or when businesses are purchasing inputs to 
production. For example, vegetable and melon farms, the primary industry 
in the industry cluster, require inputs (water, irrigation supplies, fertilizer, 
tractors, contract labor, etc.) to grow and harvest vegetables and melons. 
When farms purchase these inputs from other Arizona businesses, economic 
activity is generated in industries that produce those inputs (water distribu-
tors, irrigation suppliers, and fertilizer and farm machinery manufacturers, 
and farm labor contractors). Similarly, industries involved in vegetable and 
melon post-harvest activities, such as refrigerated warehousing, also require 
inputs (land, electricity, industrial machinery, etc.) and these demands gener-
ate economic activity in industries selling those goods and services.

Induced effects are generated when employees in the vegetable and melon 
industry cluster spend their earnings (profits and wages) on consumer goods 
and services within the state. Households employed by the vegetable and 
melon industry cluster take the paychecks they earn and spend them at the 
grocery store, optometrist, car dealership, or the movie theater, generating 
economic activity in industries completely unrelated to agriculture.

Combined, the direct, indirect, and induced effects measure the total contri-
butions of the vegetable and melon industry cluster to the Arizona economy. 
The total contributions in 2014 8 were estimated using the input-output mod-
eling software IMPLAN Version 3.1.9 The economic contribution is estimated 
by “removing” the vegetable and melon industry cluster from the Arizona 
economy and assessing how the removal affects economic activity in other 
Arizona industries.10

7 Retailing is not included in this analysis because economic activity in this industry cannot be 
easily attributed solely to vegetables and melons produced in Arizona.
8 This analysis is a snapshot in time. We select 2014 as the year for analysis because it accords 
with the base year of the most recent IMPLAN model. Estimating the contribution for a different 
year may provide significantly different results (as shown in the Addendum).
9 IMPLAN is a widely used input-output data and modelling system that provides and detailed 
account of the Arizona economy and is used to demonstrate how each industry in the economy 
is linked to one another and estimate how changes in one industry can affect other industries 
through backward linkages with suppliers of inputs to production.
10 A more detailed description of the research methods is presented in the Appendix.
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The economic metrics used to describe the industry cluster’s contribution to the 
Arizona economy include sales, value added (GSP or Gross State Product), labor 
income (employee compensation and proprietor income), state and local taxes, 
and overall employment. It’s important to note that many of these economic met-
rics are interconnected and, therefore, cannot be added together. Figure 9 demon-
strates the relationship between sales, value added, and labor income.

Sales, also known as output, measures the total final value of goods and 
services produced by an industry. Sales is a gross measure of economic activity 
as it includes the value of economic activity generated in the industry (value 
added) as well as the costs of inputs. While sales is the easiest metric to un-
derstand, the most precise metric to measure an industry’s contribution to the 
Arizona economy is value added. Value added is the net incremental change 
in value from the last stage of production. It measures the additional gain in 
economic activity that can be attributed a particular industry. This metric is 
synonymous to the official measure of gross state product (GSP), the measure 
that is most often used to measure the size of a state economy. Value added is 
comprised of the incomes paid to workers, the profits of the industry, and the 
taxes paid to the government (IMPLAN Group, LLC). Finally, labor income 
measures the total personal income generated by the industry. It includes the 
wages, salaries, and benefits of employees as well as the income of proprietors.

The following section of the report summarizes the results of the economic 
contribution analysis. Estimates of the direct, indirect, and induced contributions 
of the vegetable and melon industry cluster in 2014 are reported in terms of sales, 
value added (GSP), labor income, state and local taxes, and employment.

Sales Contributions
In 2014, the vegetable and melon industry cluster directly and indirectly con-
tributed approximately $1.9 billion in sales to the Arizona economy. This sales 
contribution included $841 million in direct sales from the vegetable and melon 
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Figure 9. Illustration of Relationship between Economic Metrics
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industry cluster and more than $1.0 billion in sales generated through indirect 
and induced multiplier effects. Figure 10 demonstrates the sales values attribut-
able to the various vegetable and melon cluster industries and economic effects.

The vegetable and melon industry cluster’s direct contribution to Arizona 
sales in 2014 was approximately $841 million. Of this, vegetable and melon 
production in Arizona farms accounted for the majority of sales. In 2014, 
Arizona farms produced an estimated $727 million in sales of vegetables and 
melons.11 Arizona-produced vegetables and melons supported an estimated 
$15 million in sales for the refrigerated warehousing industry (packing, cool-
ing, and storing activities), $12 million in sales for the vegetable and melon 
processing industry (processing activities), $61 million in sales for the truck-
ing industry, and $26 million in sales for the vegetable and melon wholesaling 
industry (distributing and marketing activities) in Arizona.12 Therefore, the 
estimated total direct sales contribution of the vegetable and melon industry 
cluster was approximately $841 million.

By purchasing inputs to production, another $561 million of sales is generated 
through indirect effects. Of the $561 million in sales contributed through indirect 
effects, more than $350 million or 60% of the sales were generated in the agricul-
tural support industry. The agricultural support industry is the industry that pro-
vides farm labor contracting services (labor for harvest). Because this is by far the 
highest input cost for vegetable and melon producers, the agricultural support 
industry generates a significant amount of the indirect sales effects.

An additional $487 million in sales is supported through induced effects, or 
when employees take their earnings and spend them at other Arizona busi-
nesses. The industries most affected by induced effects tend to be industries 
that provide essential goods and services to meet basic needs. For example, 
model results suggest that industries supported by the vegetable and melon 
industry cluster through induced effects include the real estate, healthcare, 
wholesale, insurance, and restaurant industries, among others.

11 This value includes both commodity cash receipts in 2014 as well as an estimate of additional 
farm income earned.
12 Sales for each of the vegetable and melon post-harvest industries were estimated and parsed 
out from their larger industry aggregation. See Appendix for estimation methods.
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Figure 10. Total Sales Contribution of the Vegetable and Melon Industry Cluster to the Arizona Economy, 2014

Source: Authors’ estimates using IMPLAN, 2014.
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Value Added Contributions
The vegetable and melon industry cluster’s total contribution to state value 
added or the gross state product (GSP) in 2014 was $946 million. This in-
cludes direct value added effects from the industry cluster of more than $260 
million, indirect value added effects of $409 million, and induced value added 
effects of $277 million. Figure 11 demonstrates the breakdown of effects.

Of the $260 million in direct value added effects supported by the vege-
table and melon industry cluster, most of the net gain in economic activity 
was attributable to the vegetable and melon farming industry. This industry 
contributed approximately $208 million to the Arizona GSP.

Through its demand for contract labor, the vegetable and melon industry 
cluster also helped to generate significant value added contributions to the 
Arizona economy through indirect effects. Of the $409 million in indirect 
effects supported by the vegetable and melon industry cluster, approximately 
75% or $306 million occurred in the agricultural support industry.

Finally, an estimated $277 million in additional value added is supported 
through induced effects. As mentioned previously, the industries most 
affected by induced effects tend to be industries that provide essential goods 
and services to meet basic needs.

Labor Income Contributions
Including multiplier effects, the vegetable and melon industry cluster contrib-
uted an estimated $745 million in labor income (employee compensation and 
proprietor income) to Arizona’s economy (Figure 12). Of this amount, 83% of 
the income supported by the industry cluster went to employee compensation 
with remaining 17% earned by proprietors. Of the total labor income, $191 mil-
lion was supported by the vegetable and melon farming industry, $38 million 
was supported by post-harvest cluster industries, and $294 million was sup-
ported by the agricultural support services industry. Approximately $62 million 
was supported by input supply industries (indirect effects) and $160 million was 
supported by consumer goods and services industries (induced effects).
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Figure 11. Total Value Added Contribution of the Vegetable and Melon Industry Cluster to the Arizona Economy, 2014

Source: Authors’ estimates using IMPLAN, 2014.
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Tax Contributions
Including indirect and induced multiplier effects, the total estimated state 
and local tax contribution from the vegetable and melon industry cluster 
to the Arizona economy was approximately $59.2 million. This includes an 
estimated direct state and local tax contribution of $11.8 million. This direct 
contribution to state and local taxes includes approximately $7.0 million 
in taxes on production and imports, $4.0 million in personal taxes such as 
personal income and property taxes, and $0.8 million in corporate profit and 
social security taxes. Through indirect and induced effects, the vegetable and 
melon industry cluster also supported an additional $47.4 million in state 
and local taxes. These tax revenues are received through other industries in 
the Arizona economy, but are stimulated by demands from the vegetable and 
melon industry cluster.

Employment Contributions
Arizona’s vegetable and melon cluster supports a host of different jobs in the 
state, directly and indirectly. On-farm employment accounts for the largest 
number of jobs and is also the area where the number of jobs is most difficult 
to measure. Hired on-farm labor includes workers directly hired by farm op-
erations and agricultural support services. Support services include activities 
like soil preparation, cultivation, and harvesting. The bulk of these workers 
are hired through the services of farm labor contractors. In addition to hired 
workers, there are the self-employed farm operators themselves. There are 
also a substantial number of unpaid family workers that may not draw formal 
salaries but work on the farm nonetheless.

Figure 12. Total Labor Income Contribution of the Vegetable and Melon Industry Cluster to the Arizona Economy, 2014
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Next, beyond the farm gate, there are a number of jobs in post-harvest 
industries such as refrigerated warehousing, processing, trucking, and whole-
saling. Furthermore, as demonstrated above, the vegetable and melon cluster 
also creates demand for jobs in industries supplying inputs such as fertilizers, 
agricultural chemicals, farm machinery, and fuels. Finally farm laborers and 
operators spend their paychecks and farm profits on housing and a variety 
of other consumer goods and services. This increased demand for consumer 
goods and services in turns supports jobs in those industries.

On-Farm Employment
There are several challenges to measuring on-farm employment in vegetable 
and melon production. One issue is lack of data and another is the discrep-
ancies in sources of data that are available. The following sections outline the 
data and methodologies used to estimate on-farm employment in vegetable 
and melon production. On-farm employment includes farm proprietor jobs, 
directly hired farm labor, and agricultural support service workers (usually 
hired through farm labor contractors).

Proprietors
The USDA’s Census of Agriculture surveys vegetable and melon growers (de-
fined as operations where vegetable and melon sales account for the majority 
of their farm income) at the state level once every five years. The most recent 
Census was conducted in 2012. In that survey, vegetable and melon farmers 
were asked whether farming was the primary occupation of the principal op-
erator. According to the 2012 Census of Agriculture, there were 1,413 farms 
with vegetable and melon sales where farming was the primary occupation of 
the principal operator. The Bureau of Economic Analysis (BEA) Regional Eco-
nomic Accounts reports the total number of farm proprietor jobs in Arizona, 
but in this data source, farm proprietors are not identified by the crop that 
they produce. Therefore, estimates of the number of self-employed vegetable 
and melon farm proprietors were based on data from the 2012 Census of Ag-
riculture. As vegetable and melon sales and acreage were comparable between 
the 2012 Census year and the 2014 data used for our contribution analysis, it 
was assumed that there were 1,413 vegetable and melon proprietors.

Hired Labor
One potential source of data on hired labor is from the Census of Agriculture. 
Arizona vegetable and melon growers, again defined by where vegetable and 
melon sales account for the majority of their farm income, produced other 
crops, but also accounted for 97% of all vegetable and melon sales in the 
state. The Census of Agriculture asks growers about the number of workers 
directly hired and whether they were hired for more or less than 150 days. 
Another source of data is the Quarterly Census of Employment and Wages 
(QCEW) conducted by the Department of Labor’s Bureau of Labor Statistics. 
The QCEW reports data on monthly jobs and quarterly salaries paid out to 
workers on vegetable and melon farms. However, QCEW only includes data 
for operations large enough to pay into the unemployment insurance system. 
Finally, the BEA reports the number of farm jobs and the employment com-
pensation paid to salaried workers in Arizona. However, similar to farm pro-
prietors, it does not provide estimates by type of crop grown so one cannot 
directly estimate how many of these jobs are related to vegetable and melon 
production. To estimate the total number of hired labor workers in vegetable 
and melon production, we used annual average number of direct hire jobs 
from the 2014 QCEW survey for vegetable and melon operations. The annual 
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average was 3,435 but monthly averages ranged from a low of 1,814 in August 
to a high of 4,314 in January. A more in-depth discussion of the seasonality of 
on-farm employment is presented in later sections of this report.

Agricultural Support Services Labor
Estimating the employment in the agricultural support service industry related 
to vegetable and melon production is even more complicated. While the 
Census of Agriculture asks about expenses paid for contract labor and labor 
hired for custom work, it does not provide data on the number of laborers hired 
under these arrangements. Additionally, the QCEW reports data on jobs in 
agricultural support services, but it does not indicate the type of farming oper-
ation that is using these services. So, again, one cannot directly infer how many 
of these workers are employed in vegetable and melon production. QCEW data 
from Yuma County suggest that agricultural support services is the main source 
of hired on-farm vegetable and melon employment. The bulk of these workers 
in Yuma are listed as working for farm labor contractors. Seasonal agricultural 
support services employment in Yuma ranges from equal to the number of 
directly hired vegetable and melon workers to triple (or more) of directly hired 
labor. In sum, the main labor category accounting for hired on-farm vegetable 
and melon production is agricultural support services, but data for this cate-
gory are not broken out by type of crop where the work is done. The BEA also 
provides data on total number of jobs in agricultural support services, combin-
ing crop, livestock, and forestry support services. Again, these data alone are 
not disaggregated in a way to infer the number of agricultural support services 
jobs in vegetable and melon production. However, based on QCEW data, 
support services related to crop production make up the bulk of these jobs. 
Data on total agricultural support services from BEA and QCEW are largely in 
agreement.

To construct employment estimates of agricultural support services we 
proceeded as follows. First, we used annual average number of direct hire jobs 
from the 2014 QCEW survey for vegetable and melon operations. The annual 
average of direct hire jobs was 3,435. Second, to estimate the total number 
of agricultural support service jobs, data on labor requirements per acre of 
different crops grown in Yuma County were first obtained from Wishon et al. 
(2015). Next, these data were combined with detailed acreage data from the 
2012 Census of Agriculture. Vegetable and melon crops required significantly 
more labor per acre than other crops and also accounted for more than half 
of all harvested cropland in the county. Combining acreage and labor require-
ment data, we estimate that vegetables and melons account for roughly 89% 
of agricultural hired labor requirements in Yuma County for crops grown 
in the open. Directly-hired jobs were deducted from labor requirements for 
each crop category. Then, agricultural support jobs were allocated to each 
crop category so that a crop’s share of total agricultural jobs (direct-hire and 
agricultural support services) matched their total labor requirement share. 
Details of this procedure are provided in the Appendix. A similar procedure 
was then used to allocate agricultural support service jobs to vegetable and 
melon production in the rest of Arizona, outside Yuma County. Following this 
procedure there were an average annual number of 7,338 agricultural support 
service jobs on Arizona vegetable and melon farms.

Another challenge of measuring on-farm employment is defining what 
constitutes “a job.” If one worker holds four two-month-long jobs and is un-
employed for four months, does this count as four jobs or 8/12 (or 2/3) of a 
job? Data from the various government sources do not make clear distinctions 
between part-time and full-time jobs. For this study, we attempted to convert 
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reported jobs based on government statistics into year-round full-time job 
equivalents. The estimates of agricultural support service jobs were converted 
to year-round equivalent jobs as follows. First, it was assumed that total salary 
payments to agricultural support service workers in vegetable and melon pro-
duction were proportional to their total share of such jobs in Arizona. Second, 
quarterly salary payments were calculated for agricultural support service 
workers in vegetable and melon production based on QCEW salary data. Third, 
quarterly salary payments were divided by quarterly reported hourly wage rates 
to obtain the total number of hours worked. Hired agricultural field worker 
wage rates were obtained from the USDA Farm Labor Survey. This survey com-
bines data from Arizona and New Mexico, but Arizona accounts for the bulk 
of the labor. It was assumed that agricultural support service workers received 
comparable wages to hired agricultural labor. Fourth, total work hours were di-
vided by 2,000 hours to estimate the number of year-round full-time equivalent 
jobs. The 2,000 hours assumes 50 weeks of work at 40 hours per week.

The number of full-time equivalent jobs in agricultural support services 
actually increases to 8,262 jobs following this procedure. Why does the 
number of full-time equivalent jobs increase? This occurs because although 
agricultural jobs are highly seasonal, when laborers are working, they usually 
work more than 40 hours per week. So, perhaps the best way to think of this 
estimate is as follows. Payments for agricultural support labor in Arizona 
vegetables and melons is sufficient to support the equivalent of 8,262 peo-
ple working 40-hour weeks for 50 weeks out of the year, and being paid the 
average regional wage rate paid to hired agricultural field labor. This does 
not mean that this is the actual number of individuals employed in vegetable 
and melon agricultural support services. As discussed below, the number of 
unique workers can be considerably greater than this figure.

Seasonality of Labor Demand
Another challenge of employment estimation is the seasonal nature of agricul-
tural employment. Annualized job estimates do not accurately capture peak 
labor demands for vegetable and melon production. Estimates of hours of la-
bor employed on-farm for vegetable and melon production were developed as 
follows. Total quarterly salary payments to directly-hired workers on vegetable 
and melon farms from the QCEW were divided by the quarterly field worker 
wage rate for the Mountain III region from the USDA Farm Labor Survey. 
This yielded an estimate of quarterly hours worked. Quarterly hour estimates 
were allocated to each month based on that month’s reported share of total 
direct-hire vegetable and melon jobs.

A similar procedure was followed for agricultural support service jobs. 
The share of support service salaries paid to workers in vegetable and melon 
production from the QCEW was scaled to match those workers’ share of total 
agricultural support service jobs. Again, dollar payments were divided by av-
erage wage rates to obtain quarterly hour estimates. Quarterly hour estimates 
were allocated to months based on each month’s share of quarterly jobs in 
agricultural support services on vegetable and melon farms.

Results of this exercise are shown in Figure 13. In total, in 2014, more than 
26.7 million hours of on-farm labor were devoted to vegetable and melon 
production in Arizona. This represents an average of 2.2 million hours per 
month, but this average masks large seasonal fluctuations in labor demand. 
Between April and September, monthly labor demand ranged between 1.0 
and 1.6 million hours. From October through March, however, labor de-
mands ramp up considerably. In November through January, labor demands 
ranged from about 3.0 to 3.7 million hours per month. As Figure 13 shows, 
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the demand for agricultural support service labor fluctuates more dramati-
cally than demand for directly hired labor. The figure also suggests the chal-
lenges for labor recruitment as peak season labor requirements can be more 
than double slack season demands

Post-Harvest and Other Employment
In addition to on-farm employment, there are a number of jobs supported in 
other industries in the vegetable and melon industry cluster. Jobs supported 
in post-harvest industries include an estimated 387 jobs in the transportation 
industry, 157 jobs in the refrigerated warehousing industry, 110 jobs in the 
vegetable and melon wholesaling industry, and 24 jobs in the vegetable and 
melon processing industry. The cluster also supported an additional 1,193 jobs 
in industries supplying inputs to the cluster (the indirect effects) and 3,651 
jobs in other industries providing consumer goods and services paid for by 
wages and profits from people working within the cluster (the induced effects).
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Figure 13. On-farm Labor Hours Worked on Vegetable and Melon Farms by Month, 2014
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Total Vegetable and Melon Cluster Employment
Figure 14 provides a lower and higher estimate of the total number of jobs 
supported by the vegetable and melon cluster, including indirect and induced 
effects. The lower estimate is based on unadjusted estimates of agricultural 
support service jobs based on QCEW and BEA data. The higher estimate 
converts agricultural support service jobs to 40 hour per week, 50 weeks 
per year job equivalents. In total, the cluster supported between 17,708 and 
18,632 jobs.

Figure 14. Jobs Supported by the Arizona Vegetable and Melon Industry Cluster by Job Type, 
Lower and Higher Range Estimates, 2014
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Unique Workers
The number of unique farm workers employed in vegetable and melon 
production is significantly greater than the number of jobs. This is for two 
reasons. First, according to the 2012 Census of Agriculture, Arizona vegeta-
ble and melon operations employed 2,934 unpaid (family) workers. Family 
members drawing salaries are classified as part of hired labor. Although 
contributing to vegetable and melon farming operations, unpaid workers are 
not counted in other labor statistics. Because production levels in 2014 were 
comparable to those in 2012, we assume that the number of unpaid workers 
were the same as in 2012. We do not convert their contributions to full-time 
equivalents because wage and hour data are not available. Second, recent 
research on California agricultural labor markets found there were an average 
of two unique farm workers or Social Security Numbers reported by farm 
employers for each year-round equivalent farm job (Hooker, et al., 2015). 
Their analysis included both directly hired workers and those providing 
agricultural support services. This two-to-one relationship was stable across 
2007 and 2012 Census of Agriculture editions. If one assumes this two-to-one 
relationship also holds for Arizona—which has similar crops and production 
systems as California—then the number of unique hired workers (both direct 
hire and agricultural support service workers) would be in the range of 21,500 
to 23,400 workers.

A more accurate measure of the number of unique workers in the vegetable 
and melon cluster as a whole would account both for unpaid family workers and 
adjust for the number of workers per year-round equivalent job. Combining 
these effects, the number of unique workers in the whole Arizona vegetable and 
melon cluster would be the in range of 31,400 to 33,300 workers (Figure 15).

Source: Authors’ estimates using Bureau of Labor Statistics QCEW and BEA Employment Data, 2014; Census of 
Agriculture, 2012; Hooker, et al., 2015.
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Summary and Discussion
The vegetable and melon industry cluster is a highly integrated system 
comprised of a variety of industries that work in tandem with one another 
to get fresh, as well as processed, vegetable and melon produce and prod-
ucts to consumers. This cluster includes industries involved in all aspects of 
the vegetable and melon value chain, including those that perform activities 
on-farm as well as those that perform essential post-harvest activities. The 
industry cluster includes the vegetable and melon farming industry (growing 
and harvesting activities), the refrigerated warehousing industry (packing, 
cooling, and storing activities), the vegetable and melon processing industry 
(processing activities), the transportation industry (trucking activities), and 
the vegetable and melon wholesaling industry (distributing and marketing 
activities).

Recall that indirect effects measure the economic activity associated with 
the industry’s demand for inputs and induced effects measure the economic 
activity associated with industry employees’ demand for consumer goods. A 
majority of these multiplier effects are supported in the agricultural support 
industry, an industry that provides a critical component in the vegetable and 
melon industry cluster value chain. The agricultural support industry pro-
vides one of the most important (and costly) inputs to vegetable and melon 
production: contract farm labor. Of total indirect and induced multiplier 
effects, the agricultural support industry accounts for approximately 35% of 
sales, 45% of value added, 57% of income, and 45% of jobs.

In conclusion, when accounting for economic activity supported in indus-
tries providing goods and services as inputs to producers and as consumer 
goods for households, the total economic contribution of the vegetable and 
melon industry cluster in 2014 was nearly $1.9 billion in sales, $946 million 
in value added, $745 million in incomes (wages and salaries of employees and 
business-owner income), and $59.2 million in state and local taxes.

There were between 17,700 and 18,600 jobs directly and indirectly sup-
ported by the vegetable and melon industry cluster in Arizona on an annual-
ized basis. Between 12,100 and 13,100 of these jobs were on-farm jobs, which 
included farm proprietor jobs, directly hired farm labor, and agricultural sup-
port service workers (primarily hired through farm labor contractors). Other 
jobs supported were those in industries providing inputs to the cluster, those 
providing post-harvest transportation and processing services, and consumer 
goods and services to workers and proprietors in the industry cluster.

The number of unique farm workers employed in vegetable and melon 
production is significantly greater than the number of jobs. First, there are 
more than 2,900 unpaid (family) workers working on vegetable and melon 
farms. Second, recent research on California agricultural labor markets found 
there were an average of two unique farm workers or Social Security Num-
bers reported by farm employers for each year-round equivalent farm job. 
If one assumes this relationship also holds for Arizona and if one includes 
unpaid family workers, there would be closer to 31,400 to 33,300 individuals 
supported directly or indirectly (through multiplier effects) by the Arizona 
vegetable and melon cluster.

In 2014, Arizona vegetable and melon production required more than 26.7 
million hours of hired on-farm labor. This included directly hired, contract, 
and other agricultural support service workers employed on-farm. Monthly 
on-farm labor demand fluctuated from lows of less than 1.5 million hours per 
month in slack months to highs above 3.5 million hours per month in peak 
winter months.
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Appendix
Defining Arizona’s Vegetable and Melon Industry Cluster
This analysis examines the contribution of the vegetable and melon industry 
from the whole-supply chain perspective. This includes estimating the economic 
contribution not only of the production of vegetable and melons on Arizona 
farms, but also the economic contribution of the cluster of industries involved 
in post-harvest activities that ensure that high-quality vegetables and melons 
reach consumers. The vegetable and melon industry cluster, therefore, includes 
the vegetable and melon farming industry as well as the refrigerated warehous-
ing industry (packing, cooling, and storing activities), the vegetable and melon 
processing industry (processing activities), specialized trucking, and vegetable 
and melon wholesaling (distributing and marketing activities). The industries 
included in this analysis (and their respective NAICS and IMPLAN codes) are 
listed in Table 5. Sales for each industry within the cluster were estimated based 
on Arizona vegetable and melon production and parsed out from their larger 
industry aggregation. Research methods are presented in the next two sections.

IMPLAN Modifications
The economic contribution of the vegetable and melon industry cluster was 
estimated using the 2014 IMPLAN Version 3.1 input-output model. While 
IMPLAN has data built into the model, modifications were made to the 
IMPLAN data to more accurately capture the economic contribution of the 
vegetable and melon industry cluster.

First, modifications were made to the baseline IMPLAN data for the veg-
etable and melon farming industry in an effort to more accurately represent 
the economic conditions and agricultural practices in Arizona. Modifications 
were made to the baseline IMPLAN data to better reflect state-level output, 
and value added: employee compensation of hired farm labor,13 farm propri-
etor income,14 and agricultural taxes on production and imports.15 This 2014 
state-level data were distributed among agricultural industries based upon 
their shares reported by the 2012 Census of Agriculture. Additional modifi-
cations to the IMPLAN data include revising the production function (also 
known as industry spending pattern) for the vegetable and melon farming 
industry. These modifications are necessary because the default IMPLAN in-
dustry production functions are based on a national average spending pattern 
which may not represent vegetable and melon farming spending patterns in 
Arizona. Farm expense data were obtained from the 2012 Census of Agri-
culture and the vegetable and melon farming industry spending pattern was 
modified to reflect the reported shares of input expenditures for Arizona.

As harvest expenses (typically garnered in the agricultural support industry 
through farm labor contracting services) are such a large portion of vege-
table and melon farm input expenses, a more thorough examination of the 
agricultural support industry was required. The value of agricultural support 
services necessary for harvesting Arizona-produced vegetables and melons 
industry was estimated based on data from a mathematical programming 
model exercise carried out by Wishon et al. (2015). That study provided esti-
mates of per acre labor requirements for major crops grown in Yuma County. 

13 Data from Department of Commerce, Bureau of Economic Analysis (BEA), Annual State 
Personal Income and Employment: Farm Income and Expenses.
14 Data from Department of Commerce, Bureau of Economic Analysis (BEA), Annual State 
Personal Income and Employment: Farm Income and Expenses.
15 Data from U.S. Department of Agriculture (USDA), Economic Research Service, U.S. and 
State-Level Farm Income and Wealth Statistics: Value Added to the U.S. Economy by the Agricul-
tural Sector.

NAICS 
Codes

IMPLAN 
Code Industry

11211; 
112119

3 Vegetable and 
melon farming

311421 81 Canned fruits 
and vegetables 
manufacturing

424480 395 Fruit and vege-
table merchant 
wholesaler

484220 411 Local special-
ized trucking

493120 416 Refrigerated 
warehousing

Table 5. Vegetable and Melon 
Industry Cluster IMPLAN and NAICS 
Codes
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These labor requirements were used to estimate statewide sales of agricultural 
support services for vegetable and melon production, as well as employment 
in that industry. A more thorough explanation of employment estimates is 
provided in subsequent sections.

The vegetable and melon farming spending pattern was then updated to re-
flect the expenses necessary to harvest all vegetables and melons in the state. 
As farm labor contracting is most notably a local service, we kept IMPLAN’s 
regional purchase coefficient as 98% in-state purchases. However, when mod-
eling the contribution of the vegetable and melon industry cluster, we account 
for the fact that many farm labor contractors in Yuma (where most vegetable 
and melons are harvested) are migrant farm labor, either crossing the border 
from Mexico or coming from California. See the section below for additional 
details on the economic contribution analysis.

Additionally, as one of the primary objectives of this project is to include 
critical downstream support industries of vegetable and melon production 
and distribution, we use a variety of data sources to estimate the economic 
activity in these industries that is attributable to vegetables and melons 
produced in the state. Estimation is required because IMPLAN reports their 
data at an aggregated level. For example, IMPLAN has data available that 
estimates the sales and employment in the warehousing and storage industry 
(IMPLAN sector 416; NAICS 493). We are only interested in a subset of that, 
the segment of the refrigerated warehousing and storage industry (NAICS 
493120) that can be attributed to Arizona vegetable and melon production. 
We, therefore, use fixed share and scaling estimation techniques to estimate 
the economic activity in post-harvest vegetable and melon industries.

These methods produce reasonable estimates, thanks in large part, to the 
concentration of vegetable and melon production in Yuma County. For sev-
eral post-harvest industries, we use employment data16 in Yuma to estimate 
the share of employment in the subsector of interest. We use this data to then 
estimate the output of the subsector of interest in Yuma basing our calcula-
tion off of the reported 2014 IMPLAN output data for Yuma. These results 
are then scaled up by a factor of 1.3217 to estimate the state-level output of 
the sector of interest. Additionally, in some cases, vegetables and melons 
needed to be parsed out from fruits. We parsed out vegetables and melons by 
applying the ratio of vegetable and melon sales to total fruit, vegetable, and 
melon sales in Arizona. Data are also used from the Arizona Department of 
Agriculture’s Citrus, Fruit, and Vegetable Standardization Annual Report 
and the U.S. Census Bureau Economic Census to estimate economic activity 
related to vegetable and melon transportation.

Selecting Yuma County as a basis for our estimations was a critical deci-
sion point in our research methods, allowing us to conservatively estimate 
the economic contribution of industries involved in post-harvest activities 
of Arizona vegetables and melons. It was important not to include economic 
activity of post-harvest industries (refrigerated warehousing, trucking, and 
distribution) in Santa Cruz County (primarily in Nogales) because previous 
research has demonstrated that most of the fresh produce-related economic 
activity that occurs in Santa Cruz County derives from the import of fresh 
produce from Mexico in to Arizona, and does not occur as a result of the 
production of vegetables and melons within Arizona.17

16 Data from Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment 
and Wages.
17 This is the ratio of state-level vegetable and melon sales to Yuma vegetable and melon sales 
from the 2012 Census of Agriculture..
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Economic Contribution Analysis
When conducting the economic contribution analysis, the model was cus-
tomized to ensure that state-level economic output was not overstated and 
that there was no double counting. We utilized IMPLAN’s multi-contribution 
analysis method and created new sectors in IMPLAN (using industries that 
do not exist in the study area) that refer only to vegetable and melon produc-
tion.

As mentioned in the previous section, when modeling, we also accounted 
for the fact that many farm labor contract employees in Yuma County are 
cross-border commuters from Mexico and/or California. We account for this 
by reducing employee compensation in the agricultural support industry by 
25%. According to QCEW data from Yuma and our calculated labor require-
ments for Yuma, there were an annual average of 8,904 of on-farm jobs. Yet, 
according to 2014 American Community Survey data, there were only 4,752 
permanent Yuma residents employed in farming occupations. If the differ-
ence is assumed to be made up by agricultural service workers supplied by 
farm labor contractors and commuting from Mexico, this brings the annual 
average to 4,152 jobs. This is half of the 8,262 year-round equivalent support 
service jobs in vegetable and melon production in the state. So, we assume 
that cross-border commuters account for half of the total full-time equivalent 
agricultural service jobs in vegetables and melons in the state. We also ex-
amined the spending pattern of a typical household making $10,000-$15,000 
a year. According to IMPLAN, approximately half of all annual household 
expenses are related to housing and healthcare, both of which a cross-border 
commuter farm worker would not spend in Arizona. Therefore, we estimate 
that 25% of agricultural support industry employee compensation is leaked 
out of the state to neighboring regions (50% leakage from 50% of the agricul-
tural support service workers).

Agricultural Support Services Employment
As mentioned previously, we used hour per acre labor requirements re-
ported by Wishon et al. (2015) to derive employment estimates of agricultural 
support service workers employed in vegetable and melon production. First, 
for major crop categories in Yuma, hours per acre were multiplied by acre-
age estimates from the 2012 Census of Agriculture to obtain the total labor 
required for each crop grown in the county. Labor requirements for each crop 
category i were divided by the sum of county labor requirements to derive 
the share Si of the county’s total crop labor required by crop i. For each crop, 
this Si was assumed to be the sum of directly hired labor’s contribution di and 
agricultural support service labor si such that Si = di + si. Data to calculate di 
were obtained from Yuma County estimates of direct-hire jobs in vegetable 
and melon production from the Quarterly Census of Employment and Wages 
(QCEW). The QCEW reports total crop service sector jobs by county, but 
does not identify what crops these jobs are applied to. The total number of 
support service jobs were allocated to each crop si so that crop shares of total 
on-farm employment matched Si, the shares implied by estimated per acre 
labor requirements and acreage estimates. This procedure was then repeated 
for acreage outside Yuma County across the rest of Arizona to allocate sup-
port service workers to vegetable and melon production outside of Yuma.  

17 Pavlakovich-Kochi and Thompson, 2013.
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Addendum

The Contribution of Arizona’s Vegetable and Melon Industry Cluster to the State Economy 41

Addendum: 2015 Price Effects
This study utilizes data on Arizona vegetable and melon production from 
2014 as it accords with the base year of the most recent IMPLAN model and, 
therefore, provides the most accurate estimate possible of the vegetable and 
melon industry cluster’s economic contribution statewide. The inter-annual 
fluctuations in price and production of agricultural commodities, however, 
can lead to estimates of economic contributions that vary significantly from 
one year to the next. In the case of vegetable and melon production, changes 
in both price and production led to an overall higher value of production in 
2015 compared to 2014. In this addendum, we examine the changes from 
2014 to 2015 and estimate the economic contribution of 2015 production as if 
it had occurred in Arizona in 2014.

To illustrate the production and market trends for Arizona vegetables and 
melons, Table 6 provides a comparison of acres harvested, production by 
hundredweight, and production by value of sales for the 34 major fresh-mar-
ket vegetables produced between 2014 and 2015. While the value of pro-
duction increased significantly from 2014 to 2015, the volume of vegetables 
and melons produced (measured in cwt) actually decreased over the same 
timeframe.

*Value of production is presented in current dollars and refers to ERS cash receipts. There was 
less than 1% inflation between 2014 and 2015.

Table 6. Acres Harvested, Production (in Cwt), and Production (in $) for 
Arizona’s 34 Major Fresh Market Vegetable and Melon Commodities, 2014–2015

Source: USDA, NASS Quick Stats Annual Survey, 2014–2015; USDA, ERS Farm Income and Wealth 
Statistics.

2014 2015 Percentage Change
Acres Harvested 110,000 110,200 0.18%

Production, In Cwt 31,816,000 28,848,000 -9.33%

Production, In $* $685,608,000 $1,011,551,000 47.54%

While this trend may not hold true for individual vegetable and melon 
commodities (for example, leaf lettuce increased in acres harvested, volume 
produced, and total value of production), the aggregate effects for the vege-
table and melon industry suggest that the change in the total value of pro-
duction from 2014 to 2015 is primarily attributable to an increase in prices 
received. Using these data as an indicator of production and market trends, 
we are able to estimate the economic contribution of 2015 production as if it 
had occurred in Arizona in 2014, accounting for the increase in value of pro-
duction by modeling price effects through a farm proprietor income change.
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Addendum

42 The Contribution of Arizona’s Vegetable and Melon Industry Cluster to the State Economy

In 2015, the reported total value of production for all Arizona-produced 
vegetables and melons (fresh-market and harvested for processing) in Ari-
zona was $1.02 billion (USDA Economic Research Service, 2015). Including 
a small margin to account for other farm-related income, the total economic 
output (sales) for the vegetable and melon farming industry was an estimated 
$1.05 billion. If that level of sales were to occur in the 2014 Arizona economy, 
the economic contribution would be as follows (Table 7).

Impact Type Labor Income Value Added Sales
Total Direct Effects $556,000,000 $587,000,000 $1,168,000,000

Vegetable and Melon  
Farming Industry

$518,000,000 $535,000,000 $1,054,000,000

Vegetable and Melon 
Post-Harvest Industries

$38,000,000 $52,000,000 $114,000,000

Indirect and Induced Effects $617,000,000 $861,000,000 $1,356,000,000

Total Effects $1,173,000,000 $1,448,000,000 $2,524,000,000

Table 7. Estimated Economic Contribution of 2015 Vegetable and Melon 
Production in 2014 Arizona Economy

Source: Authors’ calculations using IMPLAN 2014.

Direct sales from the vegetable and melon farming industry ($1.05 bil-
lion) and the supporting vegetable and melon post-harvest industries ($114 
million) results in a total economic contribution of more than $2.5 billion 
in sales, $1.4 billion in value added, and approximately $1.2 billion in labor 
income for the Arizona economy. Note that the total economic output (sales) 
for vegetable and melon post-harvest industries remained unchanged from 
the previous analysis. This is due to the proposition that the overall produc-
tion of vegetables and melons (in cwt) did not increase from 2014 to 2015 and 
therefore the post-harvest industries did not experience an increase in overall 
economic activity.
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The Contribution of Arizona’s Vegetable and Melon Industry 

Cluster to the State Economy  
Ashley Kerna, Dari Duval, George Frisvold, Azhar Uddin 

Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension 

What Is the Issue? 

Vegetable and melon production is an important part of Arizona’s agricultural economy. In addition to on-farm 

production, there is a cluster of other industries that perform post-harvest activities, ensuring high-quality 

produce reaches consumers. The perishable nature of these products requires coordination between industries 

and logistical efficiency. Estimating vegetable and melon production’s contribution to the Arizona economy 

warrants an examination of the whole value chain: 

Farming Packing Cooling Storing Processing Trucking Wholesaling 

Key Findings 

This study estimates the contribution of Arizona’s vegetable and melon industry cluster to the state economy in 

2014, including direct sales, as well as economic activity supported through indirect and induced multiplier 

effects. 

October 2016 

Estimates of Economic Contribution 

 The vegetable and melon industry cluster 

contributed a total of nearly $1.9 billion in 

sales to the Arizona economy  in 2014. 

 Direct sales from on-farm production activities 

totaled $727 million in 2014.   

 In 2014, the industry cluster’s total 

contribution to Arizona’s gross state product 

(GSP) was $946 million, including 

approximately $745 million in wages, salaries 

and proprietor income. 

 The total state/local tax contribution 

attributable to the vegetable and melon 

industry cluster (including multiplier effects) 

was $59.2 million in 2014.  

 Prices and production can change considerably 

from year to year. In 2015, the vegetable and 

melon industry cluster contributed to more 

than $2.5 billion in sales to the Arizona 

economy and contributed $1.45 billion to state 

GSP, including nearly $1.2 billion in wages, 

salaries, and proprietor income.  

Vegetable & Melon Industry Cluster Contribution to State  

Output (Sales) by Component, 2014 

Induced 

Effects 

$487 million 

Direct Effects - 

Vegetable & 

Melon Farming 

$727 million 

Indirect Effects - 

Agricultural Support 

Industry 

$356 million 
Indirect  
Effects—  

Other 
Industries 

$205 million 

Direct Effects - 

Post-Harvest 

Industries 

$114 million 
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How was the study conducted? 

This economic contribution analysis was conducted using input-output modeling and the premiere software for this type of 

analysis, IMPLAN Version 3.1. The model was refined using best available, recent data to accurately reflect economic 

conditions and agricultural practices in Arizona. Additional model customizations were made to parse out estimated 

economic activity in cluster industries attributable to Arizona-produced vegetables and melons. Economic contributions were 

measured through sales, value added (gross state product), labor income, and state and local taxes. Labor and employment 

estimates were obtained using the U.S. Labor Department’s Quarterly Census of Employment and Wages, research findings 

on per acre labor requirements, data on acreage by crop, and data on average wage rates paid from the Department of 

Agriculture.  

Industry Structure 

Employment 

 In 2014, Arizona vegetable and 

melon production required 

more than 26.7 million hours of 

hired on-farm labor.  This 

included d i rect ly  h i red , 

contract, and other agricultural 

support service workers 

employed on-farm. 

 M o n th l y  l a bo r  dem a nd 

fluctuated from lows of less 

than 1.5 million hours in slack 

months to highs above 3.5 

million hours per month in peak 

winter months.   

2nd  

3rd  
Top 0.1% 
Top 1% 

….Arizona’s rank in the nation among states in vegetable and melon  

production by weight in 2014 

….Arizona’s rank among states in vegetable and melon production by  

value of production and by area harvested in 2014  

….Yuma County’s rank in the nation among counties with vegetable and 

melon sales in 2012  

….Maricopa County’s rank in the nation among counties with vegetable and 

melon sales in 2012  

2nd  ….Arizona’s rank among states for production of broccoli, cantaloupe, honeydew, 

spinach, and head, leaf, and Romaine lettuce in 2014  

To access the full report, please visit: 

https://cals.arizona.edu/arec/publication/contribution-arizona’s-vegetable-and-melon-industry-cluster-state-economy 

On-Farm Labor Hours Worked on Arizona Vegetable and Melon Farms  

by Month, 2014  

Agricultural Support Services Direct Hire 
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Table 1. Fundamentals of Small-Scale Mushroom Production Cumulative Assessment data 

Question 1 (Disagree/ 
Unlikely) 

2 3 4 5 (Strongly 
Agree/Very 
Likely) 

Yes No 

I was satisfied with the quality of the 
information conveyed. 

   31 (10.9%) 250 (88.3%)   

The presenters were knowledgeable about 
the subject matter. 

   14 (4.9%) 269 (95%)   

There was subject matter that was not 
covered that I wished had been covered. 

105 (37.1%) 41 (14.4%) 34 (12%) 42 (14.8%) 45 (15.9%) 
 

  

How likely is it that you will grow 
mushrooms (on any scale) after having 
attended this workshop? 

23 (8.1%) 
 

22 (7.7%) 
 

31 (10.9%) 71 (25%) 144 (50.8%)   

How likely is it that you will grow 
mushrooms commercially (for sale at 
farmers’ markets, restaurant, wholesale)? 

82 (28.9%) 40 (14.1%) 44 (15.5%) 
 

52 (28.4%) 
 

54 (19%) 
 

  

Are you currently engaged in specialty 
crop production? 

     70 (24.7%) 208 (73.4%) 

If yes, how likely are you to incorporate 
mushroom production into your diversified 
specialty crop system? 

4 4 12 24 30   

Total Surveys: 283        

 
Representative Comments: 
“Would love a part 2 of this - maybe another 4 hours to discuss other ways to pasteurize and other species of mushrooms to grow.” 
“Very good basic beginning awareness. The class left me wanting to learn more.” 
“2-day class would help.” 
“Wow, what an awesome presentation. Opened up a new avenue of thoughts and ideas. Plan to join association and be on the ground floor of a 
 great food/flavor source.” 
“Excellent quality in the program presenters. Please make this program a full day class…It could easily fill a whole day.” 
“Very inspiring and informative.” 
“Fantastic workshop, really enjoyed the materials presented and the enthusiasm/knowledge of the facilitators! Thank you so much!” 
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2015 Symposium Proceedings 
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2015 Brainstorming Session Results  

 

Resources & Funding Summary 
 

1. Developing collaborative efforts, both nationally and internationally, is critical  
 Key to formalizing such efforts is to create an international consortium 
 Within the consortium, subgroups should be developed that can function 

nationally or internationally 
 A focus on developing countries is productive for international cooperation 

 
2. The scope of the consortium should be carefully crafted   

 Within the consortium, subgroups should be developed that can focus broadly 
(such as leafy green management) or more specifically (such as all lettuce types 
or all soilborne diseases of leafy greens) 

 
3. For sustained funding, multiple questions should be addressed sequentially 

 A strategic, hierarchical plan is required, built upon challenges outlined in other 
Fusarium wilt of lettuce brainstorming modules 

 
 For US funding:  USDA programs 

o Multi-state programs are favored 
o NSF programs need to address basic questions in pathogenesis 

 
 For EU funding:  COST programs 

                             Horizona 20/20 programs 
 

 Grant writing needs to be aggressive - generally, less than 10% of grants get 
funded 

 
 Actively pursue funding from industry - enlist stakeholders & trade groups  

 
4. Visibility of consortium efforts needs to be targeted and international 

 Funding of prominent Centers of Excellence 
 Speakers & special sessions at national and international meetings  

o Session on Fusarium wilt of lettuce at the ISPP 2018 in Boston, MA 
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2015 Brainstorming Session Results 
 
 

Containment and Regulation Summary 
 
1. Marketplace will regulate    

 Self-regulation favored with consortium information/direction 
 
2.  Seed health improvement is supported as a critical need 

 Develop seed testing protocols and economic thresholds 
 Develop GAPs for seed production and BMPs for seed processing 
 Develop seed treatment methods 

 
3.  Soil health may play a key role in mitigation 

 Containment is best achieved through sanitation  
 Soil health is a recurrent theme - interest in biologicals for FW mitigation 
 Rotation in off-season may play critical role in managing soil populations 
 There is industry resistance to soil diagnostics to identify infested fields 

 
4.  GAPs and BMPs are continuously evolving and need to be emphasized with information 
distribution 

 Seed health 
 Soil health     
 Sanitation practices    

 
5. Area-wide management plans are important because they have local support. 

 Level of exclusion: seed indexing and out-of-area equipment are items of concern 
 Methods of monitoring within each area management plan 
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2015 Brainstorming Session Results 
 
 
Breeding/Resistance Summary 

 
1. Highest priority - speed up development of resistant varieties  

 Screening germplasm, both native and commercial, is critical 
 

2. Funding must be engaged in both public and private sectors 
 Sharing information is problematic for private effort 
 Training of breeders needs to be promoted at all levels 

 
4. MAS (Marker Assisted Selection) is supported to focus efforts 

 Quantification of performance standardized 
 Evaluations must embrace diverse cultural environments as well as geographic 

and temporal environments 
  
5. New breeding programs need to be established for each production area 

 Tropical vs temperate programs need to be invigorated 
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2015 Brainstorming Session Results 
 
 
Cultural Practices Summary 

 
1.  Multi-Disciplinary Approach Needed 

 Need to understand biology of pathogen and all components of pathosystem 
 Biologicals, fungicides, soil health, crop management all need to be considered 

together 
 

2.  Need to understand differences between different production environments (e.g. desert vs 
tropical vs temperate).  

 Need to understand differences among microbial communities: supportive vs. 
antagonistic. 

 How do cover crops impact the suppressiveness of soil microbial communities? 
 

3.  Impact of environment on specific cultivars 
 
4. How farming practices influence soil health 

 Soil health is a recurrent theme - chemical and biological properties; fertility 
 What constitutes “good” soil in regard to Fusarium wilt of lettuce? 
 Soil factors contribute to crop stress or lack thereof 
 Rotation is a key component to overall crop health including impact of 

fallowing 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

Page 226 of 288



2015 Brainstorming Session Results 
 
 

Product Development Summary 
 

1.  Information on biology and pathosystem is critical  
 Pathogen interactions in soil relative to other microbes 
 Impacts of farming practices, site-specific soils/climate 

 
2. Things to pursue: 

 Fungicide – limited but… PROCHLOREZ (OctaveTM) 
 Biologicals – MOA understood, impractical in field 
 Fumigants – expensive; can they be made cost-effective? 

                              Chloropicrin, vapam need evaluation 
 SAR – e.g. Actigard 

                   PROBENAZOLE – promising in Japan experiments 
 Seed treatments – what do we treat with? 

                                                 ILEVO used against other pathogens 
 Application timing – at plant, sidedress, etc.? 

 
3.  Next steps: 

 Generate more information on biological interactions between promising 
product - cultivars 

 Start thinking about multi-disciplinary approaches to Fusarium wilt of lettuce -  
Pathosystem, soil health, crop management, varietal selections … 

                                     Pursue varied funding opportunities 
 Product development based on above products/biological info – 

                          Industry/academic/grower collaboration is essential 
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2015 Trial Results
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2015 Trial Results
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2015 Survey Results 
 
 

 

 

 

Page 230 of 288



2015 Survey Results 
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2015 Survey Results 
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2015 Survey Results 
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2015 Survey Results 
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2015 Survey Results 
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2015 Survey Results 
 

 

  

 

 

Page 236 of 288



2015 Survey Results 
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2015 Survey Results 
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2015 Survey Results 
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Website Links 
 

http://DesertAgSolutions.org/events/fusarium-wilt-lettuce 

https://DesertAgSolutions.org/fusarium-wilt-conferences-video-recordings 

http://DesertAgSolutions.org/sites/yceda.cals.arizona.edu/files/files/matheron_lettuce_revised.pdf 

http://DesertAgSolutions.org/sites/yceda.cals.arizona.edu/files/files/pryor_lettuce%203.pdf 
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2016 Brainstorming Session Results 
 

Research Projects Summary 

1.  Establish short and long term goals for research 

a. Short term 

 Continue with more field trials (current SCBG) 

 Develop rapid diagnostic assay for tissue (current SCBG) 

o Also need improved assays for seed and soil 

 Build programs for outreach to industry (current AILRC) 

 Host genetic diversity (2-stage process, review existing germplasm)  

 Pathogen virulence diversity (2-stage process, review existing collections) 

 CSI agronomy: trials on cultural management  

o Impacts of soil properties, rotation, irrigation, etc. 

b. Long term 

 Host genetics of resistance (2-stage process, establishing advanced markers for 

breeding) 

 Pathogen virulence diversity (2-stage process, establish new collections in 

targeted areas) 

 Soil health 

o need agroecologist on team 

o establish correlations using field histories 

o establish resilience in soil suppressiveness 

o soil microbiome study needed (but expensive) 

 

2.  Continue to secure robust funds for both short and long-term research programs 

a. Revise SCMP application – by Dec 1 or when RFA is released 

 Update diagnostic preliminary data (Frank Martin) 

 Improved stakeholder monetary support (Paul Brierley) 

 Laying foundation for long-term project (Barry Pryor, Tom Gordon) 

 Improve collaborative effort for CSI agronomy (Paul Brierley) 

 Better discuss state of knowledge (Barry Pryor, Tom Gordon) 
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2016 Brainstorming Session Results 
 

Resistant Varieties & Product Evaluation Summary 

Critical needs to be targeted for improved disease management 

1. Close the gap between the initial variety trials in 2002 and now.   

o Increase variety trial frequency and locations, and integrate past FW trial data 

with continued trial data 

2. Make space available every year where trials can be conducted for germplasm and 

product evaluations especially for new material. 

o Tom Gordon trial ground for disease testing; understand opportunities and 

limitations 

3. Continue to establish the genetics of resistance. 

o DNA test with markers - is Fusarium resistance present or not in promising 

germplasm? 

o Further investigate known resistance in varieties by seed companies 

4. Better understand the spread of the pathogen 

o Improved soil testing for the pathogen and sampling strategies 

o Improved seed testing (fast & easy) – proven protocols 

5. Investigate new products and tools to manage the disease 

o Improve soil properties and soil suppressiveness 

o Biological (microbial) control of the disease and biological (microbial) 

amendments to improve soil health 

o Biological and chemical suppressants (non-microbial) to FW, for plant and soil 

applications 

o Rotation crops that suppress the pathogen in rotation 

o Rotation crops that function as hosts or non-hosts 

o Effects of solarization and fumigation 
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Category General 
Steps/Process 
Component 

Potential 
Source(s) of 
Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Pre-
Harvest 

Planting Seeds Contamination pre-
germination 

  E. coli L, S, watercress, 
celery, coriander 

(1,2) 2 

Pre-
Harvest 

Planting Seeds Contamination pre-
germination 

  Listeria     1 

Pre-
Harvest 

Planting Seeds Contamination pre-
germination 

  Salmonella Alfalfa sprouts (3) 1 

Pre-
Harvest 

Planting Seeds Contamination post-
germination 

 E. coli  (2,4) 2 

Pre-
Harvest 

Planting Seeds Contamination post-
germination 

  Listeria     1 

Pre-
Harvest 

Planting Seeds Contamination post-
germination 

  Salmonella     1 

Pre-
Harvest 

Planting Seeds Time to germination   E. coli     1 

Pre-
Harvest 

Planting Seeds Time to germination   Listeria     1 

Pre-
Harvest 

Planting Seeds Time to germination   Salmonella     1 

Pre-
Harvest 

Planting Seeds Persistence/Survival of 
pathogen (seed type) 

 E. coli S, Butterhead lettuce (1,5–7) 3 

Pre-
Harvest 

Planting Seeds Persistance/Survival of 
pathogen (seed type) 

 Listeria S, L (5) 2 

Pre-
Harvest 

Planting Seeds Persistance/Survival of 
pathogen (seed type) 

 Salmonella S, Butterhead lettuce (5–7) 2 

Pre-
Harvest 

Fertilization/W
atering 

Water Quality of water for 
cleaning  

  E. coli General (8–10) 2 
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Category General 
Steps/Process 
Component 

Potential 
Source(s) of 
Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Pre-
Harvest 

Fertilization/W
atering 

Water Quality of water for 
cleaning  

  Listeria General (11,12) 2 

Pre-
Harvest 

Fertilization/W
atering 

Water Quality of water for 
cleaning  

  Salmonella General (8,9,13) 3 

Pre-
Harvest 

Fertilization/pe
sticides 

Water Quality of water for 
chemical application 

 E. coli General (8,9,13,14) 3 

Pre-
Harvest 

Fertilization/pe
sticides 

Water Quality of water for 
chemical application 

 Listeria General (8,9,14) 2 

Pre-
Harvest 

Fertilization/pe
sticides 

Water Quality of water for 
chemical application 

 Salmonella General (8–10,13–15) 3 

Pre-
Harvest 

Irrigation Groundwater Persistence and natural 
decay 

Irrigation 
water 

E. coli   (16,17) 2 

Pre-
Harvest 

Irrigation Groundwater Persistence and natural 
decay 

Irrigation 
water 

Listeria   (18,19) 2 

Pre-
Harvest 

Irrigation Groundwater Persistence and natural 
decay 

Irrigation 
water 

Salmonella   (16,20–22) 3 

Pre-
Harvest 

Irrigation Groundwater Persistence and natural 
decay 

Sprayers E. coli 
Salmonella  

R, L (23–27) 3 

Pre-
Harvest 

Irrigation Reclaimed 
water 

Persistence and natural 
decay 

Rainfall run 
off 

Salmonella  (28) 2 

Pre-
Harvest 

  Surface water Persistence and natural 
decay 

Surface water 
run off 

E. coli 
Salmonella 
Listeria 

General (29–32) 3 
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Category General 
Steps/Process 
Component 

Potential 
Source(s) of 
Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Pre-
Harvest 

  Soil Soil type effects on 
persistence and 
adherence 

  E. coli 
Salmonella 
Listeria 

 L (33,34) 2 

Pre-
Harvest 

  Animal contamination 
(wildlife) 

Mammals and 
birds 

E. coli 
Salmonella 
Listeria 

General (35,35–40) 4 

Pre-
Harvest 

  Animal contamination 
(domestic) 

Dogs E. coli 
Salmonella 
Listeria 

General (41) 2 

Pre-
Harvest 

  Proximity to livestock Cattle and 
Poultry 

E. coli 
Salmonella 
Listeria 

General (42–46) 3 

Pre-
Harvest 

  Soil Use of biosolids: 
persistence, transport, 
and natural decay 

  E. coli General (47–58) 4 

Pre-
Harvest 

  Soil Use of biosolids: 
persistence, transport, 
and natural decay 

  Listeria General (48,49,59) 2 

Pre-
Harvest 

  Soil Use of biosolids: 
persistence, transport, 
and natural decay 

  Salmonella General (47–51,58–
62) 

3 

Pre-
Harvest 

 Soil Use of manure: 
persistence, transport, 
and natural decay 

 E. coli General (54,58,63–
68) 

4 

Pre-
Harvest 

 Soil Use of manure: 
persistence, transport, 
and natural decay 

 Listeria General (63,64,69) 2 

Pre-
Harvest 

 Soil Use of manure: 
persistence, transport, 
and natural decay 

 Salmonella General (58,63–
66,68,70–73) 

4 
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Category General 
Steps/Process 
Component 

Potential 
Source(s) of 
Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Pre-
Harvest 

  Air Effects of dust: 
persistence, transport 
and natural decal 

  E. coli   (42,43,45,46,
74–76) 

4 

Pre-
Harvest 

  Air Effects of dust: 
persistence, transport 
and natural decal 

  Listeria   (42–46,74) 3 

Pre-
Harvest 

  Air Effects of dust: 
persistence, transport 
and natural decal 

  Salmonella   (42–46,74) 3 

Pre-
Harvest 

Growth Crops Crop specific uptake 
(internalization) 

 E. coli S, L, parsley (51,77–84) 4 

Pre-
Harvest 

Growth Crops Crop specific uptake 
(internalization) 

 Listeria L, cultivated rocket, 
wild rocket and corn 
salad 

(77,81,84) 2 

Pre-
Harvest 

Growth Crops Crop specific uptake 
(internalization) 

 Salmonella  (78,81,84–
87) 

3 

Pre-
Harvest 

  Crops Crop specific 
attachment 

  E. coli 
Listeria 
Salmonella 

R, L (88–91) 3 

Pre-
Harvest 

    Location of inoculum   E. coli 
Salmonella 

L, S (50,90,92–
95) 

3 

Pre-
Harvest 

Worker 
Health/Hygiene 

  Worker hand 
contamination 

  E. coli 
Salmonella 

L, S  (96,97) 2 

                  
Harvest Cutting Remove using 

knife 
Cross-contamination 
from knife 

Soil E. coli IL Matthews 
2009 
(98) 

2 
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Steps/Process 
Component 

Potential 
Source(s) of 
Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Harvest Cutting Remove using 
knife 

Cross-contamination 
and persistence 

Cutting Knife E. coli IL (98–101) 4 

Harvest Coring Core lettuce 
head with tool 

Cross-contamination 
and persistence 

Coring Tool E. coli IL (98,100–102) 4 

Harvest Coring Core lettuce 
head with tool 

Wash core region with 
chlorine 

Coring Tool E. coli IL (100) 2 

Harvest Coring Core lettuce 
head with tool 

Wash coring tool with 
chlorine 

Coring Tool E. coli IL (100,102) 2 

Harvest Cutting Worker's 
hands 

Transfer from Bare 
hands 

Bare hands   (103) 2 

Harvest Cutting Worker's 
hands 

Transfer from 
bare/gloved hands 

Bare/gloved 
hands 

Salmonella IL (104) 1 

Harvest Coring Worker's 
hands 

Transfer from 
bare/gloved hands 

Bare/gloved 
hands 

 IL Matthews 
2009 

1 

Harvest  Worker's 
hands 

Transfer from 
bare/gloved hands 

Bare/gloved 
hands 

  (105) 1 

Harvest Cutting Remove outer 
leaves 

Cross-contamination Bare/gloved 
hands 

 IL  0 

Harvest Cutting Cut head from 
stalk 

Transfer from 
bare/gloved hands 

Bare/gloved 
hands 

  (106,107) 2 

Harvest Cutting Manual/Mech
anized cutting 

Internalization Cut edges of 
lettuce 

E. coli 
Listeria 
Salmonella 

IL, R (85,89,93,10
8,109) 

5 

Harvest Transport  Conveyor belt to 
container 

 E. coli Il, R, S  (110,111) 2 

Harvest Cutting Mechanized 
cutting 

Inadequate disinfecting Equipment 
surfaces 

Salmonella L (112) 
 

1 

Harvest Transport Cross-
contamination 
from produce 

Inadequate disinfecting Conveyor 
surfaces 

 Leafy greens Matthews 
2009 

1 
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Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Harvest Cutting Remove outer 
leaves 

Cross-contamination Bare/gloved 
hands 

 R  0 

Harvest Processing Bag Inadequate disinfecting Bagging tray  R  0 
Harvest Washing Rinse with 

wash water 
Quality of wash water   R   

Harvest Transport Contact with 
equipment 

Cross-contamination 
from produce 

Equipment 
surfaces 

Salmonella R (113) 1 

   Cross-contamination Equipment 
surfaces 

E. coli IL, R, S (114) 1 

Harvest Cutting Mechanized 
cutting 

Cross-contamination Contact 
Surfaces 

 Baby Leaf Products (80,115) 2 

Harvest Cutting Mechanized 
cutting 

Inadequate disinfecting Machines  Baby Leaf Products  0 

Harvest Transport Conveyor Contamination from 
produce 

Equipment 
surfaces 

E. coli Baby Leaf Products (110,114) 1 

Harvest Transport Conveyor/Bin
s 

Contamination from 
produce 

Equipment 
/Container 
surfaces 

Listeria Cabbage (116) 1 

Harvest Transport Conveyor Inadequate disinfecting   Baby Leaf Products  1 
Harvest Transport Conveyor Persistence   Baby Leaf Products  0 
Harvest Storage Containers/Bi

ns 
Cross-contamination  E. coli Baby Leaf Products (117) 1 

Harvest Storage Containers/Bi
ns 

Cross-contamination Container 
surfaces 

 Baby Leaf Products  1 

Harvest Storage Containers Surfaces  Salmonella L (113) 1 
Harvest Storage Containers Inadequate disinfecting Container 

surfaces 
   1 

Harvest Storage Containers Persistence     1 
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Contamination 

Factors of Pathogenic 
Incidence 

Specific risk 
factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Harvest   Proximity to livestock, 
poultry and other 
animal droppings AND 
dust 

What is a safe 
distance to 
harvest? 

E. coli 
Listeria 
Salmonella 

General (42–46,74–
76) 

8 

Harvest Worker 
Health/Hygiene 

 Worker hand 
contamination 

 Salmonella L (96,118) 2 

                  
Post-
Harvest 

Wash/Rinse Wash water 
cross-
contamination
/transfer 

Tap water No sanitizer E. coli L, IL, R, BS (114,119–
121) 

3 

Post-
Harvest 

Wash/Rinse  Added Chlorine 
solution 

 treatment 
time & dose 

E. coli L, R (120,122) 2 

Post-
Harvest 

Wash/Rinse   Added PAA Produce:water 
ratio 

E. coli   (119) 2 

Post-
Harvest 

Wash/Rinse  organic load  E. coli L, IL (119,122) 2 

Post-
Harvest 

Wash/Rinse   Other 
solutions/additives 

pH     (120) 2 

Post-
Harvest 

Wash/Rinse  number of wash steps cross-
contamination 

E. coli L (121) 2 

Post-
Harvest 

Wash/Rinse   water/wash solution 
temp 

  E. coli 
Salmonella 

Alfalfa seeds (123–126) 2 

Post-
Harvest 

Wash/Rinse Specific 
equipment 
used 

 1st Wash Bath E. coli L (127) 2 

Post-
Harvest 

Wash/Rinse   2nd Wash 
Bath 

E. coli L (127) 2 
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factors 

Microorganism Type of Leafy 
Green* 

References Rank of Gap** 
 

Post-
Harvest 

Drying Spinning Equipment 
contamination and 
persistence 

dewatering 
centrifuge; 
cross-
contamination
/transfer 

E. coli IL, R, BS (110) 2 

Post-
Harvest 

Drying shaker table Equipment 
contamination and 
persistence 

cross-
contamination
/transfer 

E. coli IL, R, BS (110) 2 

Post-
Harvest 

Processing  Cross-
contamination 

Machinery  Shredding 
equipment 

E. coli IL, R, BS (110,114) 2 

Post-
Harvest 

Processing    Bore Hole E. coli L (127) 2 

Post-
Harvest 

Processing    cutting knife E. coli 
Listeria 

L (128) 2 

Post-
Harvest 

Processing    Conveyor belt E. coli L (127) 2 

Post-
Harvest 

Processing      stainless steel 
surfaces 

Salmonella   (129) 2 

Post-
Harvest 

Processing   Surfaces shredding E. coli IL, R, BS (110,114) 2 

Post-
Harvest 

Processing   Leftovers from 
previous batches 

shredding E. coli IL, R, BS (114) 2 

Post-
Harvest 

Processing    Worker hand transfer   Salmonella L (113) 2 

Post-
Harvest 

Processing   Worker hands  E. coli L (127) 2 

Post-
Harvest 

Processing   Condensation or 
moisture 

vacuum 
cooling-
induced 
infiltration 

E. coli L (130) 2 
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Post-
Harvest 

Storage   Storage Temp: 
persistence 

  E. coli IL (131) 2 

Post-
Harvest 

Storage  Modified atmospheric 
packaging 

Vacuum 
cooling, 
infiltration 

E. coli L (130,132) 2 

Post-
Harvest 

Storage  PLA Active 
packaging 

E. coli IL (131) 2 

*Type of leafy green: L=lettuce; IL=iceberg lettuce; BS=baby spinach; R=romaine; S=spinach  
 
**1=information completely missing from literature; 2=limited data available in literature (1-3 references); 3=moderate data available in 
literature (4-7 references); 4=well studied (8+ references) 
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Food Safety Gaps Online Survey Report 

Food Safety Data Needs Grant Funded by the Arizona Department of Agriculture 
Survey and Data Generated by University of Arizona researchers Marc Verhougstraete PhD, 
Kristen Pogreba-Brown PhD, MPH and Kelly Bright, PhD  
 
This online survey was originally distributed on August 8, 2016 to a list of 57 food safety specialists, 
growers and researchers.  Following two reminder emails, a total of 28 responses were completed 
(however each person did not answer all questions).  The full survey as it was seen by participants in 
provided in Appendix 1, including the flow charts to which participants were given to determine the 
researchers’ designations for each step.  The following is a summary of the data provided within the 
survey.   Survey questions are shown in blue throughout the report for reference. 

Participants were asked to describe the stage at which they were involved in the production of leafy 
greens.  All of the respondents stated they were involved in the pre-harvest production.  The other stages, 
harvest and post-harvest were about a 50/50 split.  Depending on their selection on this question, they 
were asked a series of questions related to the potential food safety gaps and research needs related to 
each of these areas. 

 
Specifically related to the production of leafy greens, what part of the process are you involved in (check 
all that apply)?   

Answer % Count 

Pre-Harvest 100.00% 23 

Harvest 56.52% 13 

Post-Harvest 43.48% 10 

Total 100% 23 

 

Participants were asked to describe the stage at which they were involved in the production of leafy 
greens.  All of the respondents stated they were involved in the pre-harvest production.  The other stages, 
harvest and post-harvest were about a 50/50 split. 
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Do you feel there are additional research needs or information gaps related to any of the following - you 
will have the opportunity to provide additional details on the next page (check all that apply)? 

 

Answer % Count 

Seeds 20.00% 4 

Water 65.00% 13 

Soil 60.00% 12 

Crops 65.00% 13 

Total 100% 20 

 

 

PRE-HARVESTING 

 

Table 1. Gaps by Production Stage 

* Note – All choices were check all that apply Specifically related to the production of leafy greens, what 
part of the process are you involved? 

Pre-Harvest: 
Growing or field 
production 

Harvest: 
Harvesting and 
packing 

Post-Harvest: 
Processing, 
storage and 
shipping 

For PRE-HARVEST 
do you feel there 
are additional 
research needs or 
information gaps 
related to any of 
the following... 

Seeds 4 2 0 
Water 13 7 4 

Soil 12 8 6 
Crops 13 9 6 
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For the following set of questions, a list of possible gaps was provided and respondents were asked to rank 
each one from most to least important.  The goal of these questions is to identify research needs that are 
deemed the most important by the growers and food safety specialists in the field.   

To interpret ranking tables, the ranking are along the top with 1 being the most important and 9 the least 
important.  For example for the response below ‘Contamination of seeds pre or post germination’, 50% 
(n=2) people ranked it 1, 25% (n=1) ranked it second and 25% (n=1) ranked it fifth.  Responses in bold are 
those that were ranked highest overall. 

Please rank the top 5 concerns as they relate to SEED contamination. Drag and drop each response in the 
order you feel is most (#1) to least important.  You can also fill in any additional concerns you have and 
include them in the ranking as well. 

Question 1 2 3 4 5 6 7 8 9 Total 

Effect of environmental conditions of 
persistence of pathogens (wind, solar radiation, 
temperature, rainfall, relative humidity, etc) 

25% 0% 25% 50% 0% 0% 0% 0% 0% 4 

Effect of seed type on persistence of pathogens 0% 25% 0% 50% 0% 25% 0% 0% 0% 4 

Contamination of seeds pre or post germination 50% 25% 0% 0% 25% 0% 0% 0% 0% 4 

Time required for seed germination 0% 0% 0% 0% 0% 25% 50% 25% 0% 4 

Quality of water used for seed propagation 25% 25% 0% 0% 50% 0% 0% 0% 0% 4 

Seed storage conditions/storage time 0% 0% 0% 0% 25% 50% 25% 0% 0% 4 

Effectiveness of seed treatments 0% 25% 75% 0% 0% 0% 0% 0% 0% 4 

Seed harvesting approach (human vs. machine) 0% 0% 0% 0% 0% 0% 25% 50% 25% 4 

Other (optional) 0% 0% 0% 0% 0% 0% 0% 25% 75% 4 

 

Other (text response) 

Effect of geographical location of seed propagation 
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Please rank the top 5 concerns as they relate to WATER contamination. Drag and drop each response in 
the order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 8 9 Total 

Effect of water type on 
persistence of pathogens 
(groundwater, surface water, 
reclaimed water, etc) 

30.8% 15.4% 30.8% 23.1% 0.0% 0.0% 0.0% 0.0% 0.0% 13 

Effect of environmental 
conditions of persistence of 
pathogens (solar radiation, 
temperature, rainfall, turbidity, 
etc) 

23.1% 30.8% 15.4% 23.1% 7.7% 0.0% 0.0% 0.0% 0.0% 13 

Water storage methods 0.0% 0.0% 7.7% 0.0% 30.8% 38.5% 23.1% 0.0% 0.0% 13 

Effectiveness of water 
treatments (chlorine, UV, ozone, 
etc) 

15.4% 7.7% 7.7% 23.1% 7.7% 30.8% 7.7% 0.0% 0.0% 13 

Irrigation water distribution 
method (sprinkler, furrow, drip, 
etc) 

0.0% 23.1% 7.7% 30.8% 0.0% 7.7% 23.1% 7.7% 0.0% 13 

Contamination source (animals, 
adjacent land use, rainfall run-
off, etc) 

30.8% 15.4% 23.1% 0.0% 23.1% 0.0% 0.0% 7.7% 0.0% 13 

Sample collection, holding times, 
and processing methods 0.0% 7.7% 7.7% 0.0% 15.4% 7.7% 38.5% 23.1% 0.0% 13 

Frequency of irrigation 0.0% 0.0% 0.0% 0.0% 16.7% 16.7% 8.3% 58.3% 0.0% 12 
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Please rank the top 5 concerns as they relate to SOIL contamination. Drag and drop each response in the 
order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 8 9 Total 

Effect of soil type on persistence 
and adherence of pathogens 8.3% 16.7% 33.3% 16.7% 8.3% 16.7% 0.0% 0.0% 0.0% 12 

Effect of environmental 
conditions of persistence of 
pathogens (wind, solar 
radiation, temperature, rainfall, 
relative humidity, etc) 

33.3% 25.0% 16.7% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 12 

Contamination source (animal 
intrusion, insects, contaminated 
water, compost I manures, 
carried by wind/dust, etc.) 

25.0% 33.3% 16.7% 16.7% 0.0% 0.0% 8.3% 0.0% 0.0% 12 

Compost/manure application: 
transport and persistence of 
pathogens 

16.7% 8.3% 25.0% 0.0% 25.0% 8.3% 16.7% 0.0% 0.0% 12 

Non-manure soil amendments 0.0% 0.0% 0.0% 8.3% 25.0% 16.7% 0.0% 50.0% 0.0% 12 

Soil amendment distribution 
method (surface 
spreading/incorporation, side 
dress, etc.) 

8.3% 8.3% 0.0% 16.7% 16.7% 25.0% 25.0% 0.0% 0.0% 12 

Contamination from splashing or 
flow of irrigation/chemical 
application 

0.0% 8.3% 0.0% 8.3% 16.7% 25.0% 25.0% 16.7% 0.0% 12 

Land use and land use 
characteristics in the watershed 8.3% 0.0% 8.3% 8.3% 8.3% 8.3% 25.0% 33.3% 0.0% 12 
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Please rank the top 5 concerns as they relate to CROP contamination. Drag and drop each response in the 
order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 Total 

Effect of environmental conditions on persistence 
of pathogens (wind, solar radiation, rain, relative 
humidity, etc.) 

38.5% 30.8% 15.4% 0.0% 15.4% 0.0% 0.0% 13 

Effect of crop type on uptake, attachment, and 
persistence of pathogens 7.7% 30.8% 38.5% 7.7% 0.0% 15.4% 0.0% 13 

Effect of location of contamination on uptake, 
attachment, and persistence of pathogens (leaves, 
roots, stalk, etc.) 

7.7% 15.4% 23.1% 23.1% 30.8% 0.0% 0.0% 13 

Contamination source (animal intrusion, insects, 
contaminated water, amendments, 
compost/manures, carried by wind/dust, etc.) 

46.2% 15.4% 0.0% 23.1% 7.7% 7.7% 0.0% 13 

Contamination from splashing or flow of irrigation 
/ chemical or pesticide application 0.0% 0.0% 15.4% 7.7% 30.8% 46.2% 0.0% 13 

Contamination by workers (transfer from 
hands/gloves, clothing/smock, etc.) 0.0% 7.7% 7.7% 38.5% 15.4% 30.8% 0.0% 13 
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Of the problems you ranked the most important, what specific information do you think it would be 
important to learn to improve pre-harvest practices or reduce the chances of contamination? 

Below are comments from respondents in open text boxes. 

Of the problems you ranked the most important, what specific information do... 

I was impressed with how complete the list is. 

How varying practices related to irrigation source and timing as well as amendments contribute to pathogen 
intrusion and persistence. 
It would be great now how much of a contamination really occurs when we have an animal intrusion in the field per 
commodity (ie. cilantro vs whole head romaine).  It would also be beneficial to know if a larger buffer is needed 
based on the animal that intruded (i.e deer vs dog).  Also are there environmental factors that enhances or inhibits 
the propagation of pathogens in the soil and or product caused by an animal intrusion. 

Source of contamination, factors affecting persistence, mitigation 

Water quality 

Possible crop contamination by insects under a variety of circumstances.  Right now we're looking at the LGMA 400' 
buffer as being too limited but considering the lack of outbreaks attributed to insect contamination of human 
pathogens, are we getting information on mid-west experiments conducted under different climatic and different 
(?) insect species that are not typical for AZ and CA conditions.  Also, AZ has really hot summer conditions so is the 
ground significantly "solarized" to eliminate or reduce pathogens to a significant level? 

relative risk of water source and relative risk of soil amendments of animal origin 

Why certain crops on the same land and the same water source have different pathogen testing results?  As 
recycled/reclaimed/reconditioned (all currently used terms) water becomes more prevalent, what are the 
associated risks and preventative measures? 
Water Storage methods - collection and reuse of irrigation water in tailwater systems specifically and the likelihood 
or presence of contamination in these systems.  Possible ways to treat these systems effectively.  Soil environmental 
conditions on persistence of pathogens, how long these pathogens can survive in the soils in the desert.   How far 
these pathogens can travel in the wind, their persistence in the desert environment, and the uptake of pathogens in 
different crops. 
Understanding the contamination source in order to be able to take measures to prevent the contamination in the 
first place 
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HARVESTING 

Related to the HARVESTING of leafy greens, which products do you specifically work with? (check all that 
apply) 

 

 

Answer % 

Iceberg 41.67% 

Romaine 58.33% 

Baby Leaf 83.33% 

Other Leafy Green 58.33% 

Total 100% 

 
Other Leafy Greens 
 
Bunched greens 

Cabbage 

Leaf lettuce 

generally all types 

Cabbage, Kale, Chards, Kohlrabi 

all leafy greens 
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* Note – All choices were check all that apply Specifically related to the production of leafy greens, what 
part of the process are you involved? 

Pre-Harvest: 
Growing or field 
production 

Harvest: 
Harvesting and 
packing 

Post-Harvest: 
Processing, 
storage and 
shipping 

Related to the 
HARVESTING of 
leafy greens, which 
products do you 
specifically work 
with?  

Iceberg lettuce 5 5 4 
Romaine lettuce 7 7 5 

Spinach/Baby Leaf 
products 

10 10 7 

Other (please specify) 7 7 5 

 

While there are differences between the PROCESSES for each crop, the points of possible contamination 
are fairly similar (we will link the crops you selected above to the responses below). Please rank your top 5 
concerns by dragging and dropping your responses in order (#1 is of most concern). You can also fill in any 
additional concerns you have and include them in the ranking as well. 

Question 1 2 3 4 5 6 7 8 9 Total 

Concentration and persistence 
of pathogens on bins/conveyor 
belt surfaces 

20.0% 30.0% 40.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 10 

Contamination by workers 
(transfer from hands/gloves, 
clothing/smock, etc.) 

20.0% 20.0% 20.0% 20.0% 0.0% 10.0% 0.0% 10.0% 0.0% 10 

Cross-contamination (between 
any of the following - soil / 
lettuce or product to cutting 
tool/coring tool/conveyor 
belt/bins/other lettuce/outer 
leaves) 

40.0% 20.0% 10.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10 

Effectiveness of raw product 
wash/rinse waters (disinfectant 
residual) 

0.0% 20.0% 0.0% 30.0% 40.0% 10.0% 0.0% 0.0% 0.0% 10 

Disinfection of cutting/coring 
tools 0.0% 0.0% 20.0% 10.0% 30.0% 20.0% 10.0% 10.0% 0.0% 10 

Disinfection of conveyor 
belt/plastic bins/equipment 
surfaces 

10.0% 10.0% 0.0% 10.0% 10.0% 30.0% 20.0% 10.0% 0.0% 10 

Cross-contamination from outer 
leaves to inner leaves during 
harvest 

0.0% 0.0% 10.0% 0.0% 0.0% 20.0% 60.0% 10.0% 0.0% 10 

Internalization of pathogens 
through cut leaf edges 10.0% 0.0% 0.0% 0.0% 20.0% 0.0% 10.0% 60.0% 0.0% 10 
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What HARVEST CONDITIONS are of most concern?  Drag and drop each response in the order you feel is 
most to least important (#1 is of most concern). 

Question 1 2 3 4 5 6 7 8 9 10 11 12 Total 

Contamination 
by dust 33.3% 25.0% 8.3% 8.3% 0.0% 0.0% 0.0% 16.7% 0.0% 0.0% 8.3% 0.0% 12 

Proximity to 
livestock, 
poultry, or 
animal 
droppings 

25.0% 25.0% 25.0% 0.0% 8.3% 0.0% 8.3% 0.0% 8.3% 0.0% 0.0% 0.0% 12 

Effect of 
planting density 
(level of impact 
from one 
contamination 
source) 

0.0% 0.0% 16.7% 16.7% 8.3% 8.3% 0.0% 8.3% 16.7% 16.7% 8.3% 0.0% 12 

Effect of bed 
row size 
(narrow or 
wide) 

0.0% 0.0% 0.0% 8.3% 8.3% 0.0% 16.7% 16.7% 16.7% 16.7% 16.7% 0.0% 12 

Effect of 
method of 
harvesting 
(manual or 
mechanized, 
cut leaves or 
whole 
head/heart, 
cored, etc.) 

25.0% 0.0% 8.3% 0.0% 25.0% 8.3% 16.7% 0.0% 16.7% 0.0% 0.0% 0.0% 12 

Effect of plant 
surface 
characteristics 
(smooth/rough, 
open/closed 
head) 

0.0% 0.0% 0.0% 25.0% 16.7% 25.0% 8.3% 8.3% 0.0% 16.7% 0.0% 0.0% 12 

Time of 
contamination 
in relation to 
harvest 

16.7% 8.3% 16.7% 25.0% 0.0% 8.3% 8.3% 8.3% 0.0% 8.3% 0.0% 0.0% 12 

Adhesion of 
pathogens to 
soil 

0.0% 25.0% 8.3% 0.0% 0.0% 16.7% 16.7% 8.3% 8.3% 8.3% 8.3% 0.0% 12 

Packaged in the 
field or 
transported to 
packaging 
facility 

0.0% 0.0% 0.0% 0.0% 8.3% 16.7% 16.7% 8.3% 8.3% 16.7% 25.0% 0.0% 12 

Frequency of 
testing for 
wash/rinse 
water 
disinfectant 

0.0% 8.3% 8.3% 8.3% 8.3% 8.3% 0.0% 8.3% 16.7% 8.3% 25.0% 0.0% 12 
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residual (ppm) 

Plastic 
bin/cutting 
tool/coring 
tool/equipment 
disinfection 
frequency 

0.0% 8.3% 8.3% 8.3% 16.7% 8.3% 8.3% 16.7% 8.3% 8.3% 8.3% 0.0% 12 

 
 

 

 

Of the problems you ranked the most important, what specific information do you think it would be 
important to learn to improve harvest practices or reduce the chances of contamination? 

 

I still see people packing leafy greens on the ground and I would like to find out, finally, whether it should be allowed 
or not. 
Determine if short term exposure of fecal material prior to harvest is a real concern.  That is, a flock of birds land on 
a field of lettuce ahead of the harvesting crews and if we need to take more actions like sanitize glove and knives 
more frequently. 

Mechanical harvesting versus traditional hand harvesting. 

Sanitation of equipment - effectiveness of sanitizers, frequency of disinfection.  Effect of Method of harvesting. 
Harvesting seems to be the most likely point of contamination - I would think this is the valuable area we need more 
resources put into. 

How frequently the wash water should be tested. 
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POST-HARVEST 

Finally, for POST HARVEST, what steps of the process do you feel there are chances for contamination 
(check all that apply)? 

 

Answer % 

Water 88.89% 

Drying 33.33% 

Processing 66.67% 

Packaging 33.33% 

Transport 33.33% 

Total 100% 

 

* Note – All choices were check all that apply Specifically related to the production of leafy greens, what 
part of the process are you involved? 
Pre-Harvest: 
Growing or field 
production 

Harvest: 
Harvesting and 
packing 

Post-Harvest: 
Processing, 
storage and 
shipping 

For POST HARVEST, 
what steps of the 
process do you feel 
there are chances 
for contamination? 

Wash/Rinse 8 8 7 
Spin Dry 3 3 3 

Processing of Leafy 
Greens 

6 6 5 

Packaging/Storage of 
Leafy Greens 

3 3 2 

Transport 3 3 3 
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What WASH WATER/RINSE conditions are the top 5 concerns during post-harvest?  Drag and drop each response in 
the order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 8 9 Total 

Frequency of water 
replenishment 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 37.5% 37.5% 0.0% 8 

Effect of biofilm formation on 
equipment/processing surfaces 0.0% 25.0% 12.5% 12.5% 12.5% 0.0% 12.5% 25.0% 0.0% 8 

Reuse of wash/rinse water 0.0% 0.0% 25.0% 25.0% 0.0% 12.5% 0.0% 25.0% 12.5% 8 

Other (optional) 0.0% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 12.5% 75.0% 8 

Effectiveness of wash/rinse 
waters (disinfectant residual) 50.0% 25.0% 12.5% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 8 

Frequency of testing for 
wash/rinse water disinfectant 
residual (ppm) 

0.0% 0.0% 37.5% 25.0% 12.5% 25.0% 0.0% 0.0% 0.0% 8 

Effect of type of wash/rinse 
water (chlorine, hydrogen 
peroxide, peroxyacetic acid, 
QACs, etc.) 

25.0% 0.0% 0.0% 25.0% 25.0% 12.5% 12.5% 0.0% 0.0% 8 

Effect of type of 
washing/rinsing (flume, spray, 
etc.) 

12.5% 0.0% 12.5% 0.0% 12.5% 25.0% 25.0% 0.0% 12.5% 8 

Effect of process parameters 
(treatment time, sanitizer 
concentration, organic load, pH, 
temperature, number of wash 
steps, produce to water ratio, 
etc.) 

12.5% 37.5% 0.0% 0.0% 12.5% 25.0% 12.5% 0.0% 0.0% 8 

 

Optional Text 

We don't process but supply to processors. 

Industry needs a "safe harbor" level for sanitizer concentrations due to lack of research and solid validation 
methods. 

Effect of type of produce on wash / rinse effectiveness 
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What SPIN DRY conditions are of most concern during post-harvest?  Drag and drop each response in the 
order you feel is most (#1) to least important. 

Question 1 2 3 4 5 Total 

Cross-contamination between equipment 
surfaces and leafy greens 50.0% 0.0% 50.0% 0.0% 0.0% 2 

Frequency of equipment 
cleaning/disinfection 0.0% 100.0% 0.0% 0.0% 0.0% 2 

Effect of leafy green type on drying 
effectiveness 0.0% 0.0% 0.0% 50.0% 50.0% 2 

Disposal of waste stream from drying 0.0% 0.0% 50.0% 50.0% 0.0% 2 

Other (optional) 50.0% 0.0% 0.0% 0.0% 50.0% 2 
 
Optional Text 

Sanitary Design aspects of construction to make the dryer easily cleanable and reduce harborage areas 
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What PROCESSING conditions are of most concern during post-harvest?  Drag and drop each response in 
the order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 8 Total 

Concentration and persistence of 
pathogens on equipment surfaces 16.7% 50.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 6 

Contamination by workers (transfer 
from hands/gloves, clothing/smock, 
etc.) 

0.0% 16.7% 16.7% 16.7% 33.3% 16.7% 0.0% 0.0% 6 

Effect of produce type on sanitizer 
effectiveness (whole head or fresh cut, 
rough or smooth surfaces, 
internalization of microbes into cut 
edges) 

0.0% 0.0% 16.7% 33.3% 16.7% 33.3% 0.0% 0.0% 6 

Cross-contamination (between any of 
the following - leafy greens/equipment 
surfaces/plastic bins/other leafy 
greens) 

16.7% 16.7% 16.7% 16.7% 16.7% 0.0% 16.7% 0.0% 6 

Effect of leftover leafy greens from 
previous batches (leading to 
contamination of water, surfaces or 
bins) 

16.7% 16.7% 0.0% 0.0% 0.0% 16.7% 33.3% 16.7% 6 

Frequency of equipment 
cleaning/disinfection 16.7% 0.0% 16.7% 16.7% 16.7% 16.7% 16.7% 0.0% 6 

Effect of biofilm formation on 
equipment/processing surfaces 16.7% 0.0% 0.0% 16.7% 16.7% 16.7% 33.3% 0.0% 6 

Other  (optional) 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 83.3% 6 

 

Other (text) 

Effectiveness of overall plant sanitation especially in high hygiene areas 
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What PACKAGING/STORAGE conditions are of most concern during post-harvest?  Drag and drop each 
response in the order you feel is most (#1) to least important. 

Question 1 2 3 4 5 6 7 8 9 10 Total 

Effect of product end 
use (mixed cut salad or 
whole lettuce, grocery 
store or restaurant, 
etc.) 

0.0% 33.3% 33.3% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3 

Effect of packaging 
material 0.0% 0.0% 0.0% 0.0% 0.0% 66.7% 0.0% 33.3% 0.0% 0.0% 3 

Effect of produce type 
on packaging 
effectiveness 

0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 66.7% 0.0% 0.0% 0.0% 3 

Effectiveness of 
modified atmospheric 
packaging (active 
packaging, silver 
infused polylactide 
films, etc.) 

0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 66.7% 0.0% 0.0% 3 

Effectiveness of other 
package additives 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 66.7% 0.0% 3 

Package 
transport/storage 
conditions (rodent/ 
insect intrusion, 
storage temperature, 
storage time, etc.) 

0.0% 33.3% 66.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3 

Quality of water used 
for hydro cooling 33.3% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 3 

Cross-contamination 
between equipment 
surfaces and leafy 
greens 

33.3% 0.0% 0.0% 0.0% 66.7% 0.0% 0.0% 0.0% 0.0% 0.0% 3 

Frequency of 
equipment 
cleaning/disinfection 

33.3% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 3 
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What TRANSPORT activities are of most concern? 

Question 1 2 3 Total 

Transport from field to processing facility 0.00% 100.00% 0.00% 1 

Transport from facility to retailer/consumer 100.00% 0.00% 0.00% 1 

Other (optional) 0.00% 0.00% 100.00% 1 

 
Of the problems you ranked the most important, what specific information do you think it would be 
important to learn to improve post-harvest practices or reduce the chances of contamination? 

Participant Comments 

I believe growers and harvesters need to be educated to the fact that wash lines are not a kill step and that your 
food safety program should not be designed to "get by" the food safety inspectors of your buyers. 
Determine what is the optimal chemicals and conditions to eliminate pathogens on the surface of the leaf as well as 
in the wash water. 

The difference in potential pathogen levels between straight pass using fresh water versus using recycled water. 

Understanding the level of cross-contamination in the processing of fresh produce. 
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What state(s) do you work in (check all that apply)? 

 

 

Answer % 

AZ 68.00% 

CA 56.00% 

CO 4.00% 

Other 44.00% 

Total 100% 

 

Other (please include) 

New York 

Northeast/Southeast USA 

Indiana 

Maryland 

Ciudad Morelos, Baja California Mexico 

South 

Mexico 

New Mexico, Mexico, Nevada, Florida 

Florida 

Florida 
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Do you work at all in Mexico? 

 

Answer % Count 

Yes, often 20.00% 5 

Yes, not often 20.00% 5 

No 60.00% 15 

Total 100% 25 

 

How would you describe your PRIMARY job description? 

 

Answer % Count 

Grower 15.38% 4 

Processor 3.85% 1 

Food Safety Specialist 57.69% 15 

Regulator 11.54% 3 

Researcher 11.54% 3 

Packer 0.00% 0 

Shipper 0.00% 0 

Harvester 0.00% 0 

Total 100% 26 

 

What size of farm do you work with most (as defined by FSMA guidelines)? 

Answer % Count 

Small (less than $25,000 generated revenue) 4.35% 1 

Medium (generated revenue greater than $25k, but less than $500k) 13.04% 3 

Large (greater than $500k generated revenue) 82.61% 19 

Total 100% 23 
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How many years have you been in the food production industry? 

 

Answer % Count 

Less than 1 year 0.00% 0 

1-2yrs 3.85% 1 

3-5yrs 15.38% 4 

6-10yrs 15.38% 4 

More than 10yrs 65.38% 17 

Total 100% 26 

 

Please indicate your level of Fresh Produce Safety knowledge or skill? (check all that apply) 

 

Answer % Count 

I am aware of some fresh produce safety programs 56.00% 14 

I have participated in a food safety training program 80.00% 20 

I know what a food safety plan is and how to write and implement one 76.00% 19 

I keep records and documents of key areas in my food safety program 56.00% 14 

I have participated and passed a food safety audit 56.00% 14 

I am compliant in a food safety program (such as USDA GHP/GAP, Group GAP, 
Harmonized GAP, AZLGMA, commodity specific GAPs or a buyer driven compliance 

program) 
68.00% 17 

Total 100% 25 
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Job Description by Farm Type and Experience 

 

 

 

Grower Processor 
Food 

Safety 
Specialist 

Regulator Researcher 

What size of farm do you work 
with most (as defined by FSMA 

guidelines)? 

Small Farm  0 0 1 0 0 

Medium Farm  1 0 0 1 1 
Large Farm  3 0 13 1 2 

How many years have you 
been in the food production 

industry? 

Less than 1 0 0 0 0 0 
1-2 0 0 1 0 0 
5-6 0 0 1 1 2 

7-10 1 0 3 0 0 
More than 10 years 3 1 10 2 1 

Please indicate your level of 
Fresh Produce Safety 

knowledge or skill? (check all 
that apply) 

Aware of fresh produce 
safety programs 0 1 10 3 0 

Participated in a food 
safety training program 1 1 13 3 2 
Knows what a food 
safety plan is and how to 
write and implement one 1 1 13 2 2 

Keeps records and 
documents of key areas 

in my food safety 
program 1 1 11 0 1 

Participated and passed 
a food safety audit 2 1 11 0 0 

I am compliant in a food 
safety program (such as 

the USDA GHP/GAP, 
Group GAP, Harmonized 

GAP, AZLGMA, 
commodity specific GAPs 

or a buyer driven 
compliance program). 3 1 12 0 1 

Primary Job Description 
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