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Florida Specialty Crop Block Grant Program 
Project Final Performance Report  

 
Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
project goals which could not be achieved must be addressed in this section. 

 Offer insights into the lessons learned by the project staff as a result of completing this 
project.  This section is meant to illustrate the positive and negative results and 
conclusions for the project. 

 Describe unexpected outcomes or results that occurred as a result of implementing this 
project. 

 If goals or outcome measures were not achieved, identify and share the lessons learned 
to help others expedite problem-solving. 

 Lessons learned should draw upon positive experiences (i.e. good ideas that improve 
project efficiency or save money) and negative experiences (i.e. lessons learned about 
what did not go well and what needs to be changed). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Contact Person 

 Name the Contact Person for the Project, including telephone number and email 
address. 

 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Additional Information 

 Provide additional information available (i.e. publications, websites, photographs) that 
is not applicable to any of the prior sections. Charts, graphs, photos, etc. should be 
attached as separate file(s) and referenced in the text of the report. 
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Project Title 

Citrus Undercover Production Systems (CUPS): Keeping High-Value FL Varieties Competitive 

in an Era of Endemic Diseases 

 

Project Partners 

University of Florida, IFAS 

The two geographically replicated parts of the project are located at the Indian River Research 

and Education Center (Ft. Pierce), and the Citrus Research and Education Center (Lake Alfred) 

 

Project Summary 

Huanglongbing disease (HLB, or “greening”) has been called the worst citrus disease in the 

world and has a reputation for destroying citrus industries globally. The disease is associated 

with a bacterium (Candidatus Liberibacter asiaticus, CLas) and is vectored by the Asian Citrus 

Psyllid (ACP), Diaphorina citri. HLB was first discovered in Florida in 2005 and subsequently 

has been detected in all citrus – producing counties. Affected trees are stunted and produce fruit 

yields and quality that can fall below commercial standards. All known commercial varieties are 

susceptible to HLB, and insecticide – resistance within populations of the ACP has been detected 

in Florida. After more than seven years of accelerated, coordinated and well-funded research 

(>$100 million), there is still no viable, sustainable solution for managing HLB. Florida’s 

signature crop is running out of time and could become the next statistic for destruction by HLB.  

 

In the past eleven years the Florida all orange  production changed from 242 million boxes in the 

pre-hurricane, pre-HLB,  2003-04 season to 96.8 million boxes in 2014-15. This dramatic 60% 

reduction in yield is attributable to multiple causes, including loss of citrus acreage in the state, 

citrus canker and other diseases, but HLB is now recognized as the primary reason for declining 

citrus yields. As of December 2015, the USDA all orange forecast for Florida’s 2015-16 season 

was only 69 million boxes, representing a 72% reduction in production from 2003-04, and the 

risk of losing the entire citrus industry is now very real. 

 

 Citrus Canker disease (caused by the bacterium Xanthomonas citri) spread throughout the state 

in the 1990s and 2000s. This pathogen moves by wind-driven rain and is capable of infecting 

leaves and fruit. Diseased fruits may drop prematurely from the trees, and have raised corky 

lesions that are cosmetically unsightly and negatively affect consumers’ perception of quality. 

Canker is of particular concern to the state’s fresh citrus industry because some foreign markets 

have policies of refusing blemished fruit. 

 

This project proposed the implementation of Citrus Undercover Production Systems (CUPS) for 

Florida’s fresh citrus industry because it has a high probability of success when properly 

implemented with off-the-shelf components, and can be used immediately. CUPS screen houses 

will prevent physical contact between the ACP vector and citrus trees, thus preventing 

transmission of HLB, and provide a windbreak effect to significantly reduce the spread of canker 

disease. Advantages of CUPS include virtually no pesticide resistance development (compared to 
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constantly using insecticides) and a more timely solution than developing disease resistant trees 

(which need many years of field testing after development). This non-GMO, non-antibiotic 

solution should also have excellent consumer acceptance and could possibly achieve organic 

certification.  

 

The overall goal of this protected agriculture  project is to assemble commercially sized CUPS 

facilities at two locations as proof-of-concept demonstrations for grower-stakeholders to learn 

from, and at the same time to serve as well-equipped research test beds for identifying problems 

with growing bearing citrus trees under cover, and to develop their rapid solutions. To our best 

knowledge, no similar protected citrus research projects or commercial ventures existed in 

Florida or other citrus-producing states in the USA before this SCBG project was initiated. The 

longer-term goal of this project is to demonstrate the economic feasibility of CUPS as a 

profitable alternative interim production system for fresh fruit production, to keep Florida citrus 

alive until a long-term solution for managing HLB outdoors can be developed. 

 

 

Project Approach 

Protective screen houses suitable for growing fresh-fruit citrus to full bearing maturity were 

constructed at each of the UF-IFAS REC properties in Fort Pierce and Lake Alfred. The 

construction method used was pole-and-cable frame, with anti-insect screen covering material of 

50-mesh size that is capable of excluding the psyllid vector insects. Materials and construction 

methods were designed to withstand tropical storm winds that occasionally plague Florida citrus 

groves. The 14-foot roof height was designed to assist with passive convective cooling above the 

trees, which will be managed to grow up to a 10-foot height. The Lake Alfred screen house is 

1.3-acres, with 1.0 acre of high density planted citrus, and an adjacent 1.0-acre outdoor block 

acting as a control. The Fort Pierce project consists of four 0.22-acre screen houses and 

accompanying outdoor control blocks, allowing 4x statistical replication. 

 

Project setup details for the Lake Alfred and Ft. Pierce sites were described in the biannual 

reports, and include installing separate drip irrigation and freeze protection sprinkler systems, 

computerized fertigation controllers, trellis construction, and planting citrus varieties and 

rootstocks. The high planting densities used were 5x10’ (871 trees/acre) at Ft. Pierce, and both 

5x10’ and 4x8’ (1361 trees/acre) at Lake Alfred. ‘Ray Ruby’ grapefruit was the chosen 

commercial variety at Ft. Pierce, while grapefruit, murcott varieties and 610 experimental 

scion/rootstock trees from the CREC citrus breeding facilities were planted at Lake Alfred. In 

this project, we tested a new method of growing citrus trees in containers with artificial media, 

for long term fruit production. The main motivation for this approach was to provide an effective 

physical method for limiting tree canopy growth (dwarfing), regardless of the rootstock and 

scion vigor. Dwarfing of citrus trees is essential when growing them at very high densities, and 

particularly when under protective structures with a limited roof height (14 feet in our case). 

 

At the Lake Alfred site we built a customized hydroponics fertigation system for the 2-acre citrus 

experiments that allowed computerized blending of plant nutrients from seven different 

concentrated stock tanks into a 200-gal dilute mixing tank. The seven stock tanks contain 1) 

ammonium nitrate, 2) calcium nitrate, 3) potassium chloride, 4) magnesium sulphate, 5) 
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phosphoric acid, 6) sulfuric acid, and 7) a mixture of Fe+Mn+Zn+Cu chelates + sodium borate + 

sodium molybdate. The mixing tank is automatically filled with well water while concentrated 

nutrients are dispensed into it with peristaltic pumps and mixed with a recirculating pump and 

monitored with an electrical conductivity (EC) sensor. Once all the nutrients have been added 

according to the recipe on the computer and the EC is correct, the dilute fertilizer mixture is then 

automatically pumped out to the three fertigation zones, where it is deposited to the tree roots via 

pressure-regulated drip emitters. This procedure is repeated multiple times every day according 

to the tree’s water and nutrient demands, which are estimated from a customized simulation 

model on the computer that is based on historical potential evapotranspiration data of citrus in 

central Florida and the tree canopy size. Using this technique, we were able to accommodate the 

growth and seasonal changes in citrus water and nutrient requirements, and further refinement 

was achieved by monthly leaf tissue sampling and analysis of the plant nutrient concentrations. 

Any measured imbalances in plant nutrients were quickly corrected by adjusting the nutrient 

ratios dispensed through the computer recipe that controls the seven peristaltic pumps in the 

fertigation system.  

 

The tree growth and fruit yields achieved in the first year in response to using these very 

intensive fertigation techniques has been phenomenal, beyond our expectations. In October 2015 

we estimated the standing yield of grapefruit and murcott fruit in the Lake Alfred experiment, in 

preparation for the grower field day on the 29
th

 October. Using fruit counts and sizes, we 

estimated the grapefruit yield after one year of growth at 208 boxes/acre, and the murcott yield at 

85 boxes/acre. Accurate yields will be measured in January 2016 during the regular harvest 

season. In October the internal quality of the grapefruits was already passing the Florida 

packinghouse requirements for both fresh and processed fruit. Please see details of all the 

assessments in the ACPS Field Day Handout at 

http://128.227.177.113/ACPS/CUPS/ACPS2015Handout.pdf 

 

At the Ft. Pierce site, the canopy volumes of the trees grown in containers and in the screen 

houses consistently outstripped the canopy volumes of trees grown outdoors, adjacent to the 

houses. By order of decreasing performance, the ranking was: container-trees in houses, trees in 

ground in houses, trees in containers outdoors, and trees in the ground outdoors. Also at the Ft. 

Pierce location, individual adult ACP were caught on sticky card traps from the months of May 

to August in the open-air tree plantings. No adult ACP individuals were caught within the screen 

houses. In addition, 11 months after tree establishment, 17% to 25% of surveyed trees tested 

positive for CLas in the open-air plantings, while no trees within the screen houses tested 

positive during this same period. The screen houses also completely prevented damage 

associated with feeding by citrus leafminer (CLM, Phyllocnistis citrella) larvae. In contrast, 13 

months after tree establishment, 15% to 28% of all surveyed leaves in the open-air plantings 

displayed visible CLM feeding damage. Solar radiation, wind gust speed, and reference 

evapotranspiration measurements were significantly reduced within the screen houses structures, 

relative to the open-air plots. However, maximum air temperatures were significantly larger 

within the screen houses, compared to the control plantings. Combined, these results indicate that 

totally enclosed screen houses may provide a comprehensive and integrated growing platform for 

fresh citrus cultivation where the ACP and HLB can be eliminated.       

 

http://128.227.177.113/ACPS/CUPS/ACPS2015Handout.pdf
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A most important primary outcome of the project was that the screen houses used for protected 

citriculture proved highly effective at eliminating the psyllid vector and HLB disease for two 

years. The high and early, first year yield achieved is another significant accomplishment of this 

project. Conventional citrus production techniques in Florida typically reach yield goals of 200 

boxes/acre after at least three years. The slow growth and yield accumulation obtained with 

conventional methods would never fit the requirements for protected citriculture because the 

high initial investment of the screen house must be quickly recovered. With 208 boxes/acre in 

the first year, we are on track to achieve a profitable protected citrus enterprise over a 10-year 

cycle. A new research proposal for continuing this CUPS research was approved for funding in 

the 2016-17 cycle of the SCBG. 

 

Goals and Outcomes Achieved 

 

From the proposal’s original goals and expectations, we feel that excellent progress was made in 

the first two years of this long-term project, and will justify its long-term continuation. A 

discussion of proposal goals and actual achievements follows below: 

Goal 1: Increase stakeholder awareness of CUPS cultivation and related research. 

Measure 1: Specific performance measures include number of citrus-industry stakeholders 

attending field days and demonstrations, and number of downloads of UF-EDIS documents. 

Benchmark 1: The benchmark is to present CUPS-related research results at at least one field 

day and one educational seminar at industry trade shows. 

Target 1: The target audiences of this project are fresh citrus-industry related stakeholders. It is 

anticipated that at least 1,000 commercial growers / industry members will participate in the field 

days in Ft. Pierce and Lake Alfred, and the trade shows per year.  

Progress 1: We made excellent progress towards this goal. We hosted two field days (November 

2014 at Ft. Pierce, and October 2015 at Lake Alfred), attended by 45 and 116 visitors, 

respectively. We also presented two invited presentations on the CUPS project at industry trade 

shows (Florida Citrus Expo and Florida Citrus Show), with combined stakeholder attendance 

exceeding 1,000. We hosted a technical tour stop (with about 25 scientists from all over the 

world) of the American Society of Horticultural Science (ASHS) at the CREC CUPS screen 

house in July 2014. A bus tour of 30 citrus growers from the Peace River Citrus Association 

visited the CREC CUPS for a guided tour on November 21, 2014. 

 

Goal 2: 0% incidence of Asian Citrus Psyllid (ACP) on citrus grown in CUPS 

Measure 2: Periodic assessments with sticky traps for insects and manual scouting for ACP 

incidence. 

Benchmark 2: 10-100% average incidence over each year (in unprotected citrus grown 

conventionally, using pesticides only). 
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Target 2: 0.0-0.1% cumulative incidence over each year (in CUPS). 

Progress 2: The ACP exclusion from the screen houses was nearly perfect. We only recorded one 

dead psyllid on a sticky trap in the Lake Alfred CUPS during two years. At the Ft. Pierce 

location, no psyllids were found in the four screen houses during the same period (0%). We used 

sticky traps and scouts to inspect new canopy flush for psyllids, at a weekly to monthly 

frequency. During the months of May to August, the counts of psyllids per trap in the unprotected 

outdoor blocks averaged 3 to 5, and many emerging leaf flushes were covered with adult, nymph 

and egg stages of the ACP. 

 

Goal 3: 0% incidence of Huanglongbing disease (HLB) on citrus grown in CUPS 

Measure 3: Periodic assessments for visible symptoms of HLB by scouting, and by sampling 

and PCR measurement for pathogen DNA. 

Benchmark 3: 1-20% average incidence over each year (in unprotected citrus grown 

conventionally, using pesticides only). 

Target 3: 0.0-0.01% cumulative incidence over each year (in CUPS). 

Progress 3: Like the excellent control of ACP vector achieved by the screen houses, the 

incidence of HLB as detected by visible leaf symptoms, and measured by the test for CLas 

pathogen DNA showed 0% incidence of HLB in citrus grown in the CUPS. In stark contrast, the 

outdoor sections of the experiments recorded significant HLB incidences, ranging from a 

relatively low 1.4% after one year at Lake Alfred, to 15-25% after one year at Ft. Pierce. 

 

Goal 4: Economically viable early yields in year 2, for citrus grown in CUPS 

Measure 4: Comparative fruit yield assessment of optimally grown citrus in CUPS versus 

conventionally grown citrus. 

Benchmark 4: 10 boxes/acre average yield in year 2 (in unprotected citrus grown 

conventionally, using pesticides only). 

Target 4: 200 boxes/acre average yield in year 2 (in CUPS). 

Progress 4: The original expected outcome #4 [200 boxes/acre after 2 years] was exceeded 

because we achieved a 208 boxes/acre grapefruit yield and a 85 boxes/acre murcott yield after 

only one year at Lake Alfred. However due to low incidence of HLB [1.4%, year 1] resulting 

from rigorous ACP control at the Lake Alfred site, we also recorded similar high year 1 yields in 

the outdoor section of the trial. 
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Beneficiaries 

This project is anticipated to have the greatest impact on Florida’s fresh citrus fruit industry, 

rather than the processed fruit industry. The Indian River Production District (IRPD) produces 

most of the fresh citrus in the state. However, HLB and canker diseases combined have reduced 

citrus acreage within the IRPD from approximately 225,000 acres to 80,000 acres in the past 

decade. This reduction in acreage has resulted in the closing of approximately 25 fresh fruit 

packinghouses and an estimated loss of nearly 800 growers within the IRPD. Today there are an 

estimated 300 commercial growers that farm exclusively within the IRPD. These groups of 

commercial fresh citrus growers have shown a strong interest in the project and have benefited 

directly from it. As expected, a smaller group of 5 commercial growers are serious enough about 

the CUPS technology after having seen us providing the proof of concept for protected 

citriculture, that they are now embarking on their own individual commercial CUPS projects 

ranging in size from 10 to 40 acres each. These projects are either in advanced planning or 

construction phases, with the first trees destined to be planted in early 2016 at the five projects 

located in Hardee, Polk and Indian River counties. Many, many more growers contact us on a 

weekly basis and either consult with us over the phone or visited our CUPS projects to learn 

more about them. There is a noticeable increase in the urgency of Florida citrus growers to find 

at least an interim solution to HLB disease, which the CUPS protected citriculture technology 

can provide. The most significant quantifiable benefits that impress visitors to the CUPS project 

is the proof that after two years, the trees inside remained 100% HLB-free, and that the fruit 

yields achieved with our intensive hydroponics fertigation already reached economically viable 

levels after only one year, instead of the normal three years required in conventional groves. 

 

Lessons Learned 

An important lesson we learned from the project is that similar commercial projects must expect 

significant delays in the construction of such a major covered production system, and in the 

delivery of the disease-free citrus trees ordered from certified nurseries. These delays were due 

entirely due to the subcontractors / builders / suppliers and were beyond our control. 

New systems research inevitably results in some trial and error, and this research has been no 

exception. We encountered severe loss of growth on certain rootstocks from iron chlorosis 

during the winter months. The problem arises from iron chlorosis-sensitive rootstocks (especially 

Swingle and other trifoliates), elevated media pH (>7.0), alkaline irrigation water, cold weather, 

short days and wet soil conditions. We could only effectively manipulate the irrigation pH 

through acid injection, and therefore the problem persisted for several months until the weather 

warmed. Various ferrous iron injections and foliar sprays did not help (including iron EDTA), 

until we tried the more expensive iron EDDHA (Sequestrene®), which has the unique property 

of effectively alleviating iron deficiencies even at alkaline pH. We learned from this experience 
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which rootstocks to avoid, and which iron fertilizer to use in future, and are confident that the 

following winters will not create similar problems. 

Fruit set on the Murcott variety was significantly lower in the screen house than outside, while 

the grapefruit varieties were unaffected. Flowering was abundant on both varieties, and the 

symptoms of flower abortion on Murcott suggests a lack of pollination & fertilization. We hope 

to solve the problem in the next spring (2016) by adding bumblebee pollinator insects to the 

screen house during bloom, and by testing various canopy shaking treatments, including air 

shaking from electric leaf blowers and mechanical trellis shaking. 

Although the screen houses very effectively exclude the ACP vector insect and other pests, there 

are two economically important citrus pests, the citrus mites (rust mites, red spider, etc) and the 

thrip insects, which freely move through the 50-mesh screen because they are tiny creatures. The 

mites cause significant damage to foliage and especially fruits, and the thrips can devastate 

leaves, flowers and also scar fruit. We suspect that the poor murcott pollination in the screen 

house described above could at least in part also be due to the damage of flowers by the insects. 

Learning from these experiences, we are purchasing an ultralow volume greenhouse sprayer with 

electrostatic droplet charging to effectively manage these typical greenhouse pests from January 

2016. 

Summary of Problems, Solutions and Observations: 

1.  Iron chlorosis in container-grown trees on some rootstocks 

 - Solved with irrigation acidification and Sequestrene 138® 

2.  Spider mites and thrips in screen house; pesticide limits 

 - Solved with weekly oil, insecticidal soap sprays 

 - best with ULV electrostatic sprayer – starting in the Spring of  2016 

3. Low pollination and fruit set of Murcott in screen house 

 - bumblebee pollinators – Spring 2016 

 - mechanical shaking of canopies – Spring 2016 

4.  Sunburn of fruit in screen house and open trellis 

 - grow more vigorous leafy canopy to shield developing fruit from sunburn 

5.  There was one night of freezing weather on 19-20 February 2015 during which the 

microsprinkler irrigation system was run to protect the trees from freeze damage. Air 

temperatures dropped to 30F and ice formed on the trees both inside the screen house and 

outside, but they were not damaged. 
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Contact Person 

Arnold Schumann, Citrus Research and Education Center, 700 Experiment Station Rd, Lake 

Alfred, FL 33850, Tel: 863-9561151, Email: schumaw@ufl.edu 

 

Additional Information 

Other technologies developed for the CUPS project: 

• At Lake Alfred, a narrow 4-foot wide electric golf car and 4-wheel 100-gallon trailer 

sprayer were adapted for frequent semi-autonomous spraying of the outdoor citrus block. See a 

video demonstrating the sprayer at  https://www.youtube.com/watch?v=yvVyzeqqIek  

The CUPS screen house can be sprayed as-needed with pesticide using the same sprayer on a 

less frequent schedule. Both indoor and outdoor blocks are sprayed routinely with supplementary 

foliar nutrients, both as preventive measure, and to correct any nutrient deficiencies identified as 

visible symptoms or by foliar tissue analysis. 

• Comparative micrometeorological measurements inside and outside the screen house 

were started by installing comprehensive Davis Advantage Pro 2+ weather stations with 

automated data logging to a computer at 15-minute intervals.  

 

Field days and large tour groups: 

• We hosted a technical tour stop (with about 25 scientists from all over the world) of the 

American Society of Horticultural Science (ASHS) at the CREC CUPS screen house in July 

2014. 

• The first CUPS field day was held on November 5, 2014 at the UF, IFAS IRREC campus 

near Fort Pierce. About 45 growers attended the morning indoor sessions, followed by a field 

trial visit and lunch. 

• A bus tour of 30 citrus growers from the Peace River Citrus Association visited the 

CREC CUPS for a guided tour on November 21, 2014. Our phytosanitary policy for the CUPS 

does not allow large groups of visitors to enter the screen house, but we showed them the outside 

facilities, the outdoor trellised citrus block, and discussed the field day handout of November 5 

• The second CUPS field day was held on October 29, 2015: “Advanced Citrus Production 

Systems (ACPS) Field Day”  held at Lake Alfred, FL. 116 growers attended.  See attached 

handout, also available at: http://128.227.177.113/ACPS/CUPS/ACPS2015Handout.pdf 

 

Extension presentations and trade journal articles: 

mailto:schumaw@ufl.edu
https://www.youtube.com/watch?v=yvVyzeqqIek
http://128.227.177.113/ACPS/CUPS/ACPS2015Handout.pdf
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• An extension presentation related to this project was given in January 2014: Schumann, 

A.W. 2014. “High Density Plantings in the HLB Era”. Florida Citrus Show, Ft. Pierce, 

FL. 

 

• Gruber, B.R., B. Boman, A.W. Schumann, F. Gmitter,  J. Grosser, and R. Brlansky. 2014. 

New production systems to grow HLB-free fresh citrus. By Barrett Gruber, Brian Boman, 

Arnold Schumann, Fred Gmitter, Jude Grosser and Ron Brlansky. Citrus Industry 

Magazine 95(12): 10-15. 

• Gruber, B.R., B. Boman, A.W. Schumann, H.K. Hostler, and L. Waldo. 2015. Methods 

for profitable citrus production. Citrus Industry Magazine 96(10): 10-12. 

• “Growers, Scientists Seeking Shelter From Citrus Greening”, By: Frank Giles, Florida 

Grower. | December 17, 2015: http://www.growingproduce.com/citrus/insect-disease-

update/growers-scientists-seeking-shelter-from-citrus-greening/ 

• Schumann, A.W. and A. Singerman. 2016. The Economics of Citrus Undercover 

Production Systems and Whole Tree Thermotherapy. Citrus Industry Magazine 97(1). 

  

Draft publications (see attached PDF file copies): 

Gruber, B.R., B.J. Boman, A.W. Schumann, F.G. Gmitter, and J.W. Grosser. Protected Fresh 

Citrus Cultivation Systems, Part I: Screen house effects on pest damage, Huanglongbing 

disease (HLB) development, and meteorological conditions of young grapefruit trees.  

 

Gruber, B.R., B.J. Boman, A.W. Schumann, F.G. Gmitter, and J.W. Grosser. Protected Fresh 

Citrus Cultivation Systems, Part II: Screen house effects on growth and leaf transpiration, 

vapor pressure deficit and nutrition of young grapefruit trees. 

 

http://www.growingproduce.com/citrus/insect-disease-update/growers-scientists-seeking-shelter-from-citrus-greening/
http://www.growingproduce.com/citrus/insect-disease-update/growers-scientists-seeking-shelter-from-citrus-greening/
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Additional Information  
• Information generated from this project has been regularly updated in University of 

Florida, UF/IFAS Citrus Extension website at: 
http://www.crec.ifas.ufl.edu/extension/pomegranates/ 
 

• Two disease notes were published in Plant Disease Journal: 
KC, A. N., and Vallad, G. E. 2016a. First report of Neofusicoccum parvum causing shoot 

blight and stem on pomegranate in Florida. Plant Dis. 
http://dx.doi.org/10.1094/PDIS-01-16-0067-PDN 

KC, A. N.,  and Vallad, G. E. 2016b. First report of Pilidiella granati causing fruit rot 
and leaf spots on pomegranate in Florida. Plant Dis. 100:1238 

 
• Several presentations were made on Florida Pomegranate Association growers meetings 

University of Florida, Pomegranate Grant:  Update (October 10, 2014) 
Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center 

Exciting Results from the UF/CREC Pomegranate Project (October 10, 2014) 
Bill Castle, Horticulturist, UF/Citrus Research & Education Center 

Pomegranate Economics – Pomegranate taste test (February 28, 2015) 
Armand Kapllani, and Zhengfei Guan, Economist, UF/Gulf Coast Research & Education 

Center 
Pomegranate Entomology (February 28, 2015) 
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center 
Pomegranate Pathology (February 28, 2015) 
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education 

Center 
Pomegranate Breeding (February 28, 2015) 
Zhanao Deng, Plant Breeder, UF/Gulf Coast Research & Education Center 
Pomegranate Fertility and Irrigation (February 28, 2015) 
Shinsuke Agehara, Horticulturist, UF/Gulf Coast Research & Education Center 
Future Pomegranate Research Efforts and GCREC Pomegranate Orchard 

(February 28, 2015) 
Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center 
Pomegranate Research Update: Diseases (August 28, 2015) 
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education 

Center 
Insect Pests of Pomegranate (August 28, 2015) 
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center 
Consumer Survey (August 28, 2015) 
Armand Kapllani, and Zhengfei Guan, Economist, UF/Gulf Coast Research & Education 

Center 
Future Direction for Pomegranate Research (August 28, 2015) 
Gary Vallad, and Zhanao Deng, Plant Pathologist, and Plant Breeder, UF/Gulf Coast 

Research & Education Center 
Update on the UF Pomegranate Grant (October 23, 2015) 
Gary Vallad, and Achala N KC, Plant Pathologist, UF/Gulf Coast Research & Education 

Center 

http://www.crec.ifas.ufl.edu/extension/pomegranates/
http://dx.doi.org/10.1094/PDIS-01-16-0067-PDN
http://www.crec.ifas.ufl.edu/extension/pomegranates/pdfs/Vallad_2014.pdf
http://www.crec.ifas.ufl.edu/extension/pomegranates/pdfs/Castle_2014.pdf


Pomegranate Breeding and Variety Trials (March 4, 2016) 
Zhanao Deng, Plant Breeder, UF/Gulf Coast Research & Education Center 
Pomegranate Diseases: What Do We Know and Where Are We Heading? (March 4, 

2016) 
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education 

Center 
Survey of Arthropods Associated With Pomegranate in Florida (March 4, 2016) 
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center 
Pomegranate Fertilization Overview and Future Projects (March 4, 2016) 
Shinsuke Agehara, Horticulturist, UF/Gulf Coast Research & Education Center 



Reversing The Decline In Caladium Production Caused By Grassy Tuber Disease 
 
PROJECT SUMMARY 
 
Project Purpose.  The purpose of this project was to prevent the loss of the Florida caladium industry 
due to the effects of grassy tuber disease. This was accomplished through the creation of disease–free 
stock plants for distribution to growers and private tissue culture facilities,  and the development of a 
set of recommendations to prevent the infection of these disease-free caladiums during production 
from those that are infected.   
 
Specific Problem. While the demand for caladium tubers outpaces the supply, yields have dropped 
significantly over the last decade due to yields losses caused by grassy tuber disease.  This disease 
reduces both size and vigor of caladium tubers, causing entire cultivars to disappear from production.  
Growers’ yields have dropped by approximately 50% over the last 10 years due to a disease called grassy 
tuber that significantly reduces the size and yield of caladium tubers, and causes entire cultivars to 
disappear from production.  Due to this disease, growers are not only unable to increase their supply to 
meet demand, but are unable to produce enough to stay in business.  This disease is responsible for a 
60% decline in the number of Florida caladium producers over the last decade.  The spread of the 
disease is very fast. The time from the first visible symptoms to 100% infection is about 3 - 4 years.  
There is no known resistance in any of the 50 plus cultivars that are produced commercially. If effective 
measures to address this problem are not found, the caladium industry will be gone in a few years.  
Growers need a set of practices to follow to prevent the spread of the disease into disease-free plants 
and they need a supply of disease-free seed stock to replace the diseased plants over time.  
 
Importance and Timeliness: Florida produces 95% of the world’s caladiums, with a farm gate value of 
approximately $30 million annually making it one of the most valuable ornamental crops in Florida.  The 
caladium industry provides hundreds of jobs to agricultural workers and support local communities in 
Central Florida.  The caladium industry plays a significant role in Florida’s $15 billion environmental 
horticulture industry by supplying caladium tubers to homeowners, greenhouse growers, nurseries, and 
landscapers.  Caladium tubers are purchased by clients in every continental state in the U.S. and more 
than 40 countries.  The demand for caladiums far outpaces the supply.  Without immediate intervention 
the caladium industry will be gone within a few years.  
 
Objectives Completed: This project addressed the Florida caladium industry’s most urgent needs by 
focusing on the following four objectives: 
 
1) Developed and distributed a set of recommended production practices designed to prevent the 
transfer of the causal agent(s) of grassy tuber disease from diseased plants to healthy plants. 
2) Used newly developed laboratory assays to screen plants (tubers) are free of viruses.  and verify that  
tissue culture production  resulted in greenhosue acclimatized plants that were free of detectable virus  
3) Used appropriate fungicide pre-treatments to tubers to produce  cleaner donor plants from which 
disease-free shoot cultures could be sucessfully established using meristem-tip culture.  Cultures were 
screened for the presence of virus before rapidly cloning disease-free plants through shoot culture. 
4) Produced new nuclear seed stock shoot cultures of 15 caladium cultivars to produce disease-
eradicated tubers for growers to begin replacing their existing diseased seed stock, and for commercial 
tissue culture facilities to use as propagation stock for sustained production more disease-free plants for 
caladium growers. 



PROJECT APPROACH 

Objective 1. Develop and distribute a set of recommended production practices that will prevent 
transmission of grassy tuber viroids from diseased to healthy plants. 
 
Development of new recommended practices:  Polston collected information on current production 
practices that lead to spread of grassy tuber disease at site visits in April (planting), June (field 
maintenance) and November  (harvesting, storage) in 2014 and 2015.   At the same time, equivalent 
recommendations from better studied tuber crops, such as potato, cassava, and yam, were collected 
and evaluated for application to caladiums.  The closest model system to caladium production is potato, 
which uses practices similar to those of caladium production.  A set of recommendations for changes in 
caladium production practices were constructed, reviewed by growers, and modified as needed.  
  
Delivery to growers: The finalized recommendations were distributed to growers as a pdf and 
presented orally at a grower meeting in Lake Placid, Fl in October 2015.  
 
Compliance measurements:  In mid 2015, a survey composed of questions regarding compliance with 
the new production practices was taken; the effect of these changes on incidence of grassy tuber in 
growers’ fields were determined.  The results indicated that those growers who implemented the 
changes to fungicide applications saw yield increases and improvement in tuber quality.  
 
Objective 2. Create a collection of tested disease-free stock plants.   
     Fifteen major commercial caladium cultivars were selected based on feedback from the major 
caladium growers (Table 1).  Approximately 21 tubers of each of these cultivars were collected from two 
growers and from the University of Florida Caladium Breeding Program run by Z. Deng (Co-PI). Normal-
looking tubers were individually potted up and forced in the greenhouse by Z. Deng.  Beginning in 
August, plants were treated monthly with fungicides to help reduce the incidence of fungi.  Plants were 
grown in the greenhouse for approximately 6 months.  Three months after planting, Deng evaluated 
plants for height, width, and vigor of the plant; leaf number, length and width were also measured.  The 
315 plants were rated for symptoms of grassy tuber in July 2014 using a 0-4 scale by J. Polston.  The 
incidence of grassy tuber ranged from 0 to 76% among cultivars with a mean incidence of 26.8%.   On 
the same day that plants were rated, leaf samples were collected and later assayed by RT-PCR for 
Dasheen mosaic virus (DsMV) and Konjac mosaic virus (KoMV) by J. Polston.   DsMV infected most of the 
plants with incidences ranging from 42.9 to 90.5% among cultivars. KoMV was less commonly detected, 
and incidences among cultivars ranged from 0 to 47.6%. The number of plants with neither virus ranged 
from 2 to 11 among the cultivars.  Plants from each cultivar were selected for use in tissue culture in 
Objective 3. 
     Reports in the literature indicate that caladium tends to mutate during tissue culture, which can lead 
to unacceptable  genetic variations in newly produced pathogen-free plants.  To assess the likely extent 
of genetic variation in tissue culture-derived caladium plants, the leaf segments of ‘Red Flash’ caladium 
were cultured at GCREC by Z. Deng, and the regenerated plants were examined for morphological 
changes as well as cytological changes.   Approximately 8% of the tissue culture-derived plants showed 
changes in leaf color or coloration pattern, and approximately 75% of these morphological variants 
showed one or two fewer or more chromosomes. 
     The results of the evaluation of the 315 caladium plants were used to select virus-free plants for 
tissue culture.  Tubers of the caladium varieties selected for tissue culture were sent to M. Kane by Z. 
Deng for establishment of cultures from isolated shoot meristems. propagation (See Appendix 1). 
Tubers were presoaked in fungicide (Subdue Maxx) for 12 hours and then allowed to produce shoots in 



a greenhouse for 3 weeks. Shoots were then surface sterilized in sodium hypochlorite (Clorox) . Shoot 
meristem-tips (0.5 mm in length) were then excised from surface sterilized shoots from these plants, 
and then transferred onto  sterile tissue culture medium to initate growth. Cultures established from 
each excised meristem-tip were assigned a specific line number. Multiple shoot cultures lines were 
established for all 15 caladium cultivars by December 2015 (Table 1). Cultures of each line were indexed 
for the presence of cultivable bacteria and fungi on microbial indexing medium, and only those indexing 
negative were selected for subsequent virus testing.  Leaves produced on plants of each line in culture 
were tested by RT-PCR for DsMV and KoMV by J. Polston. Five plants of each line were acclimatized to  
greenhouse conditions and then underwent final virus indexing in the J. Polston lab (Apendix 1). Final 
verification of the disease-free status of the 15 caladium cultivars was completed in June 2016.   
 
Objective 3. Increase disease-free plants through tissue culture. 
 
    Shoot cultures of all 15 cultivars established from excised shoot meristem-tips and testing negative for 
both cultivable bacterial and fungal contaminants and DsMV and KoMV were clonally propagated. To 
favor production of true-to-type plants (minimal genetic variation), the shoot multiplication rates of 
cultures of each caladium cultivarwere gradually increased following gradual step-wise increases in 
culture medium plant hormone concentration for increased production. 
 
Seed tubers from four of the 15 disease-free caladium cultivars have been generated for release to 
growers to growers. Cultures of the remaining 11 cultivars are being increased to produce plants from 
which seed tubers will be generated. At the same time, true-to-type production of the remaining 11 
caladium cultivars will also be evaluated under  greenhouse conditions.  
 
Final selection of the commercial  tissue culture company that will produce disease-free nuclear stock as 
well as cultured plants to sell to growers has not been finalized.  Oglesby Plants International, Altha, 
Florida is currently considering becoming the commercial laboratory to maintain the nuclear stock 
cultures and provide plants.  To that end, our objective has been modified slightly to produce nuclear 
stock plant cultures of the 15 cultivars, rather than just disease-free plants.  Increasing plant numbers of 
each line to create caladium nuclear stock cultures has taken more time than estimated due to variablity 
in shoot  multpication rates.  
 
Objective 4. Produce seed stock (tubers) from young tissue culture plants. 
 
Young tissue culture plants of four caladium cultivars were transferred from Kane lab to Deng lab in July 
2014. The young plants were grown in 32-cell trays from July 2015 to February 2016, and then 
individually transferred into plastic containers filled with soilless potting mix in March 2016. The plants 
have been grown on metal benches in greenhouses at the GCREC to produce seed tubers. This is a major 
modification to the original proposal. This was considered necessary in order to avoid re-infection of the 
plants by viruses and fungal pathogens. The plants were shown to caladium growers during the 2015 
Caladium Field Day. It was planned to distribute the seed tubers to growers by spring 2016, but growers 
have asked us to produce larger and more seed tubers in our greenhouses before distribution. Thus, we 
will grow these plants in the greenhouse until fall 2016, and new seed tubers will be provided to 
caladium growers in winter 2016. Seed tubers of the remaining 11 cultivars will be available in late 
spring 2017.  
 While grown in the greenhouses, the caladium tissue cultured plants were inspected multiple 
times to identify off-types. At least six off-type plants were observed, including changes in plant size and 



vigor, leaf color, coloration pattern, and shape, and ploidy level. The frequencies of these off-types 
varied among cultivars and among mericlones of cultivars, ranging from 4.8% to 67.7%. Cultivar ‘White 
Christmas’ was particularly prone to mutate and produce off-types. On the other hand, cultivar ‘Aaron’ 
was very stable, producing 6.5% off-types. The frequencies of off-types among mericlones of ‘Carolyn 
Whorton’ and ‘Freida Hemple’ varied from 0% to 14.6%. Thus, it is very important to have multiple 
mericlones of nuclear stock for certain caladium cultivars so that more stable mericlones can be 
available for producing seed tubers. The high frequencies of off-types in certain cultivars such as ‘White 
Christmas’ will make it really difficult to produce true-to-type seed stock. For this type of cultivars, much 
larger numbers of tissue culture plants will be required to produce desired numbers of true-to-type seed 
stock. 

 Leaf tissues of off-type plants were sampled for nuclear DNA contents. Approximately 63.3% of 
the off-type plants contained at least 2% more, or 2% less, nuclear DNA. Most of off-type plants with 
leaf color changes do not show obvious changes in nuclear DNA content. A total of 105 apparent normal 
plants also were sampled for nuclear DNA content analysis. Some apparent normal plants also contained 
2% more, or less, nuclear DNA. These plants may represent cryptic off-types that cannot be easily 
identified. 

 Overall, the combined morphological examination and nuclear DNA content analysis have 
allowed for rogueing of the majority of the off-type plants before new seed tubers are distributed to 
caladium growers.   

Significant Contributions and Role of Project Partners. 
The roles and contributions of each PI are included in the project approach above.  In addition, Jane E. 
Polston (PI) was responsible for grant management.   
 
GOALS AND OUTCOMES ACHIEVED 
 
Goal 1: Develop and distribute a set of recommended production practices that once adopted by the 
caladium growers will prevent infection of healthy plants from diseased plants during production 
practices. 
Measure 1: Percentage of growers complying with the newly developed practices.  A set of 
recommended production practices will be developed and distributed to growers by December 2014.  At 
the end of 2015 growers will be surveyed to determine compliance with the new practices.  
Benchmark 1: About 10% of the caladium growers use practices that maintain disease-free plants from 
year to year and that prevent contamination of newly introduced plants.  
Target 1:  Target 1: We hope to have a compliance with all the recommendations by 70% of the growers 
by December 2016. 

Outcome.  By June 2015 at least 50% of growers were using recommended practices to reduce the 
incidence of grassy tuber disease.  All growers have been instructed to keep clean tubers separate from 
diseased tubers. We hope that they will do this once they receive the disease-free tubers at the end of 
this year.  
 



Goal 2: Create a collection of tested and proven grassy tuber disease-free stock caladium plants from 
15 major cultivars. 
Measure 2: Up to 100 plants each from 15 cultivars will be tested and we will select all those that are 
free of the two viruses based on the assay results. 
Benchmark 2: There are no caladium plants that have been proven to be free of grassy tuber disease.  
The proposed approach is similar to successful approaches used in other crops, such as potatoes. 
Target 2: Up to 100 plants per cultivar for 15 cultivars will be tested and grassy tuber-free plants will be 
identified in 2014.  The number will vary from cultivar to cultivar depending upon how what frequency 
of infection is present in each cultivar population.  We will collect as many viroid-free tubers as we can.  
 
Outcome 2.  Employing meristem-tip culture, and tissue culture procedures nuclear seed stock shoot 
cultures of 15 caladium cultivars were generated that were free of grassy tuber disease, fungal and 
bacteria contaminants and two viruses (DsMV and KoMV). These cultures will provide a reliable source 
of disease-free plants.  
 
Goal 3: Increase disease-free plants rapidly through tissue culture. 
Measure 3: Contracted tissue culture companies will provide progress reports on a quarterly basis to 
indicate the number of caladium shoot tips cultured, cultures multiplied, and number of plants 
produced. 
Benchmark 3: In the field caladium tubers increase 2-10 fold/year. Tissue culture techniques can 
increase that 100 fold. A few growers occasionally use tissue culture; none can culture from proven 
disease-free plants. 
Target 3: At least 3,000 young plants will be produced through tissue culture from tested grassy tuber-
free plants of as many as 15 major caladium cultivars by June 2016. 
 
Outcome 3. In June 2016 establishment of nuclear seed stock shoot cultures of all 15 caladium disease-
free varieties was achieved. Stock shoot cultures are being multiplied and will serve as the source of 
young plants to produce seed tubers. 
 
Goal 4: Produce seed stock (tubers) from young tissue culture plants and distribute to growers so that 
they can begin to replace diseased plants with disease-free plants. 
Measure 4: Tissue culture-increased plants will be planted in the field July 2015; a field day for growers 
will occur in Sept. 2015; new seed stock will be distributed to growers in Dec. 2015. 
Benchmark 4: Growers do not have the technical means to replace diseased plants with plants free of 
the disease. Only 10% to 20% of the growers use tissue culture to produce new seed stock from tissue 
cultured plants. 
Target 4: At least 2,400 tissue culture plants will be established in 2015 to produce new seed stock.  New 
seed stock of 15 major caladium cultivars will be available by the end of 2016 to all caladium growers. 
 
Outcome 4.  
Approximately 550 tissue cultured plants of four varieties were planted in soilless potting mix in plastic 
containers and grown in the greenhouses. The plants were shown to caladium growers at a field day in 
October 2015. In response to growers need for larger seed tubers, the plants were re-grown in larger 
containers in the greenhouses in 2016. Off-types plants were identified and rogued. Combined 
morphological evaluation and DNA content analysis were performed on subsets of the plants that are 
producing seed tubers. Larger seed tubers will be distributed to growers by winter 2016.   
 
 



Beneficiaries 
 
Three presentations were made at the 2014 UF Caladium Research Forum held in Lake Placid, FL where 
the majority of caladium growers are located, including two by Polston, titled “Progress in unraveling 
the cause of grassy tubers’ and “Management practices to minimize the incidence of grassy tubers” and 
one by Kane, titled “Strategies for establishing and propagating caladium shoot cultures from field 
grown plants.” 16 caladium growers, representing 85% of the total caladium acreage, one extension 
agent, one allied industry representative, attended the Forum. 
 
Two presentations were made at the 2015 UF Caladium Research Forum held in Sebring, FL. Including 
one presentation by Polston on “Research update on grassy tuber disease” and one presentation by 
Kane on “Caladium disease eradication and micropropagation: An update.” Attendees included 13 
caladium growers who represent about 80% of the total acreage for caladiums, one extension agent, 
three allied industry representatives, and nine researchers. 
 
The tissue culture-derived caladium plants were shown to 13 caladium growers who participated in the 
2015 Caladium Field Day at the GCREC. 
 
One oral presentation, titled “Rejuvenating caladium cultivars through tissue culture, pathogen 
elimination, and genetic testing”, was made by Deng, Kane and Polston at the 2016 Florida State 
Horticultural Society Annual Conference held in Stuart, FL. Approximately 40 Florida extension agents, 
industry representatives were present at the presentation. 
 
Two posters were presented at the International Conference on Plant & Animal Genomes held in San 
Diego in Jan. 2015 and Jan. 2016. The posters were titled “Genome size and chromosome number 
variation among caladium species and somaclonal variants” and “Karyotypic variation among 
somaclonal variants of caladium (Caladium x hortulanum). More than 3,000 researchers from Florida, 
other states of the U.S., and other countries attended this conference each year. 
 
Lessons Learned: 
We exceeded all our objectives.  We discovered that the causal agents of grassy tuber disease were 
primarily fungi rather than viroids which made the elimination of grassy tuber disease much easier than 
we had expected.  This also allowed us to make recommendations for grassy tuber disease management 
that were easy to apply and less expensive than those required to manage a viroid.  While we were 
producing nuclear stock of the 15 caladium cultivars, we were able to demonstrate that some caladium 
cultivars are particularly prone to produce off-types in the tissue culture process or when shoot-tips and 
meristems are established as nuclear stock. Off-types had different or undesirable ornamental 
characteristics, potentially with reduced tuber yield potential and tuber quality.  We determined that 
these off-types result from changes at the DNA and chromosome levels and are more common when the 
tissue culture media contains cytokinins and the tissue culture process is advanced rapidly. We need to 
use very low cytokinin concentrations, slow the shoot multiplication process, examine young plants 
frequently, and perform necessary genetic tests to minimize the incidences of off-types. 
 
 
 

   
   



  Table 1. Establishment of disease-free caladium lines from excised  
  meristem-tips of 15 cultivars. Each line is clonally multiplied in culture to  
  develop nuclear stock cultures. 
 

 
Caladium Cultivar 

 
Disease-free Lines Produced 

Aaron 2 
Brandywine 2 
Candidum 6 
Carolyn Whorton 4 
Cherry Tart 3 
Fairytale Prince 5 
Frieda Hemple 8 
Pink Beauty 2 
Postman Joyner 7 
Red Flash 3 
Rosebud 4 
Tapestry 4 
White Christmas 1 
White Queen 1 
White Wing 3 
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PROJECT TITLE: Promoting Florida-grown Ornamental Plant Sales through Smart 
Labels and Targeted Advertising Strategies. 

PROJECT PARTNERS:   
NA 

PROJECT SUMMARY: 
The U.S. green industry has experienced considerable growth and modernization over the last 
several decades. With recent economic downturns, however, significant declines in consumer 
demand for highly discretional goods (i.e., ornamental plants) affected the industry’s financial 
performance. As the green industry struggles to cope with declining demand and tight profit 
margins, increased attention on consumer preferences and factors that influence individual 
choice behavior is needed to operate profitably in the increasingly competitive landscape. The 
purpose of this research project is to enhance marketability of Florida commercially grown 
ornamental plants by developing targeted promotion strategies for retailers and wholesalers. 

Researchers conducted computer-based plant purchase scenario experiments to investigate 
consumers’ incentive mechanisms underlying preferences for ornamental plants.  These 
experiments were conducted by utilizing eye tracking technology that allows recording 
consumers’ eye movements/gaze pattern in purchase decision-making experiments. The 
experiments were conducted at the Mid-Florida Research and Education Center in Apopka, FL, 
and at the University of Florida, Gainesville, FL.  A total of 301 people participated in June-July, 
2014.  Each participant evaluated one type of plant (i.e., fruit-producing, landscape, or indoor 
foliage plant) with varying attributes (i.e., origin, production method, price, volatile organic 
compound removal [indoor foliage plant only], and pollinator friendly [landscape plant only]).  
Researchers used ordered logit models to analyze the data and assess the relationship between 
consumers’ purchase likelihood, the plant attributes, and their visual attention to those attributes. 

Results show that for the landscape plants, consumers were more likely to purchase in-state 
(Fresh from Florida) or domestic plants than imported plants. They were also more likely to 
purchase organically grown plants than conventionally grown plants. Plants designated as being 
‘pollinator friendly’ were preferred over those not rated. Eye fixations (when the eye stops and 
focuses on the stimuli) increased purchase likelihood for production method, origin, and 
pollinator promotions. However, visual attention to the price decreased purchase likelihood.  
Similar to the landscape plants, consumers were more likely to purchase fruit-producing plants 
that were grown in-state or domestically and/or were produced using organic production 
methods. Visual attention to the in-state, domestic, and organic production increased consumers 
purchase likelihood while visual attention to price had a negative impact. Lastly, regarding the 
indoor foliage plants, in-state, domestic, organic production, and high (>50%) volatile organic 
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compound removal had a positive impact on purchase likelihood.  Interestingly, fixations on 
price and in-state positively influenced purchase likelihood while fixations on domestic had a 
negative impact. 

The results from this research project advance existing studies in two ways. First, it incorporates 
eye tracking technology into consumer purchase behavior studies.  Secondly, the study helps 
enhance the marketability of Florida commercially-grown ornamental plants by providing in-
depth information about consumer preferences and visual attention to ornamental plant attributes. 
The ornamental plant industry can use these results as they consider production and marketing 
strategies. 

PROJECT APPROACH: 

Task 1:  Collect and analyze information about existing marketing and promotion practices at 
five independent garden centers in Central Florida.   
COMPLETED: May 2014 

During the initial stages of the experiment, (in spring 2014) Drs. Khachatryan and Rihn visited 
industry partners Lukas Nursery (Oviedo, Florida), Rockledge Gardens (Rockledge, Florida), 
Palmer’s Garden & Goods (Orlando, Florida), and Apenberry’s (Orlando, Florida) to learn about 
existing marketing and promotion practices.  Along with marketing and promotional practices, 
types of plants, plant attributes, and price points were noted for use in the choice experiment.  
Simultaneously, a literature review was conducted to assess past successes and failures in green 
industry promotional strategies.  

Task 2:  Develop computer-based survey instrument for ornamental plant purchase/choice 
experiments.   
COMPLETED: June 2014 

From retail observations, researchers decided to focus on three plant categories:  landscape 
plants, indoor foliage plants, and fruit-producing plants.  We hypothesized that consumer 
preferences vary by type of plant.  For instance, production practices may be more important for 
edible plants (i.e. fruit-producing) than for plants grown for aesthetic purposes (i.e. landscape 
plants or indoor foliage plants).  In our research design, each participant evaluated one type of 
plant; however, each type of plant consisted of three different species.  For example, under fruit-
producing plants participants evaluated kiwi vines, pineapple plants, and blueberry bushes.  By 
investigating several plant types and species, we hoped to gain plant-specific insights that will 
allow retailers to tailor their marketing/promotional strategies to target specific subsets of 
consumers.   

Research team members identified the attributes of plant type/species (indoor foliage plant, 
landscape plant, fruit producing plant), price (high, medium, low), production method (certified 
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organic, organic production, not organic), and origin (Fresh from Florida, grown in U.S., grown 
outside U.S.) as potentially important attributes to consumers for all plant types.  Researchers 
obtained permission from FDACS Marketing and Development Division to use the ‘Fresh from 
Florida’ logo to symbolize in-state production.  Additionally, a “pollinator friendly” attribute 
(present/absent) was included for landscape plants and a “volatile organic compound” (VOC) 
removal attribute (high, low, absent) was included for the indoor foliage plants.  See table 1 for a 
complete list of product attributes and attribute levels. 

Dr. Alicia Rihn generated a subset of scenarios (9 for fruit-producing plants, 16 for indoor 
foliage plants, and 16 for landscape plants) to assess consumer preferences for different plant 
attributes (Appendix A).  Using a smaller set of scenarios reduces the likelihood of choice 
experiment participant fatigue and improves the overall quality of the data.  Drs.  Khachatryan 
and Rihn designed computer images to represent the plant scenarios.  For the landscape plants 
and indoor foliage plants the attributes were presented as bench signs above the plants (Figure 1) 
while the fruit-producing plant attributes were presented as an enlarged plant tag (Figure 2).  
These presentation styles were used to simulate a real plant purchasing environment.  The 
experimental design consisted of participants viewing the plant scenario images on a computer 
monitor while their eye movements were recorded by a Tobii X1 Light Eye Tracker (Figure 3).  
After each image, participants rated their ‘purchase likelihood’ for the plant on a 7 point scale 
(1=very unlikely, 7=very likely).  We hypothesized there was a correlation between visual 
attention and the impact of attributes on consumer behavior. 

After completion of the ornamental plant choice experiment, participants completed a 
questionnaire constructed using Qualtrics Online Survey Software.  Questionnaire questions 
included product familiarity, preferences, frequency of purchase, attitudes/opinions, and socio-
demographic questions (Appendix B).  Participation lasted approximately 30 minutes and 
participants were compensated $30 for their time.  Our research protocols and instruments were 
approved by the University of Florida’s IRB under category 7 (#2014-U-0539). 

Task 3:  Develop statistical/economic models measuring the effects of information on 
consumers’ purchasing behaviors.   
COMPLETED: June 2014 

Task 4:  Conduct consumer plant choice experiments using eye tracking equipment.   
COMPLETED: June-July 2014 

Task 5:  Analyze eye gaze data and prepare dataset for analysis in the econometric model of 
consumer choice behavior.  Estimate the effects of plant attributes on choice behavior.   
COMPLETED: July - September 2014 

After data collection, Drs. Khachatryan and Rihn developed ordered logit models incorporating 
consumers’ purchase likelihood, product attributes and visual data to measure the impact of 
product attributes and visual data on consumers’ plant purchasing likelihood.  Results indicated 
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which attributes are more important to consumers as they make their purchasing choices.  
Further, the estimates of the econometric model coefficients inform about consumer demand for 
ornamental plants (e.g., demand for Florida-grown vs. imported plants) and the impact of in-
store promotions/signage.   

Participants were recruited from Orlando, Florida and Gainesville, Florida.  Printed fliers (at 
local garden centers and public gardens), newspaper ads and Craigslist ads were used to recruit 
participants.  Co-investigators Drs. Hayk Khachatryan, Alicia Rihn, and Ben Campbell 
conducted the experiment from June 23 – 29, 2014, at the Mid-Florida Research and Education 
Center in Apopka, FL.  Drs. Khachatryan and Rihn conducted a subsequent round of data 
collection in Gainesville, FL, on July 17 and 18, 2014.   

A total of 267 people signed up to participate in the Orlando study and a total of 253 people 
participated for a response rate of 95%.  In Gainesville, a total of 34 people participated for a 
total sample size of 301.  Of the total sample, approximately 10 people were not able to have 
their eye movements recorded for a variety of reasons (prescription glasses/contact lenses, eye 
abnormalities, etc.)  Consequently, a total of 291 people were included in the eye-tracking 
portion of the analysis. 

During the experiment, participants were greeted and asked to review and sign a consent form 
(Appendix C).  The eye tracker was then calibrated to each participant’s eyes.  Participants then 
viewed instruction slides and an example non-related product (i.e. tomato plant) to familiarize 
participants with the experimental procedure and eye-tracking technology before evaluating the 
target products.  Participants were instructed to imagine they were shopping for plants at a retail 
garden center and to determine their willingness to purchase the plants.  Participants went 
through the plant images at their own pace since time pressure has been shown to impact 
consumer behavior.   

Dr. Rihn extracted the gaze data by outlining areas of interest (AOIs) on the choice experiment 
slides.  AOIs are geometric shapes that correspond to the attributes being used in the analysis.  
For each AOI, researchers can extract visual attention data for that attribute.  In this instance, 
AOIs were constructed around the production method, origin, VOC removal, pollinator friendly, 
plant name sign, and plant image (Figure 4).  The visual attention metrics were fixation counts 
(FCs) and total visit duration (TVD).  FCs can be defined as the total number of fixations (when 
the eye stops and is relatively still) per AOI.  TVD is the total amount of time (in seconds) that 
participants spend looking within the AOI during the choice experiment.  FCs and TVD are 
widely used in gaze analysis to investigate correlations between visual attention and decisions.   

Drs. Rihn and Khachatryan downloaded the questionnaire responses from Qualtrics, cleaned the 
data for analysis, and analyzed the data.   
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Task 6:  Develop and implement targeted promotion strategies at five independent garden 
centers in Central Florida.  Conduct garden center surveys to assess changes in plant sales.   
COMPLETED: March 2015 

Garden centers were provided summary results with recommendations based on the experimental 
results.  A summary of recommendations can be found in Appendix E.  For the complete report 
please contact Hayk Khachatryan at hayk@ufl.edu.  Researchers developed an online 
questionnaire to assess changes in plant sales in Florida garden centers.  However, due to low 
response rates (<5%), there was not enough data to conduct a preliminary assessment of 
marketing efforts or sales.   

Task 7: Disseminate results from statistical models and targeted marketing strategies to 
stakeholders by utilizing the University of Florida Extension network.   
 
Several reports, presentations, posters, and peer-reviewed manuscripts have been prepared for 
academic audiences and industry stakeholders.  They are listed in the ‘Goals and Outcomes’ 
section of the report.  

GOALS AND OUTCOMES ACHIEVED: 

Goal 1: Develop marketing strategy that will contribute to increasing sales of commercially 
grown ornamental plants in Florida. 

Since the experiment included three broad plant categories (i.e., fruit-producing, indoor 
foliage plants, and landscape plants), several different marketing strategies were developed based 
on the experimental results (see Appendix E for a summary). The marketing strategies have been 
made available to several industry groups (including TPIE, FSHS, ASHS, FMLA, SNA) and to 
several independent garden centers in central Florida. Unfortunately, as noted under Task 6, 
measuring a change in actual sales due to implementation of the marketing strategies was not 
possible due to low industry survey response rates. 

Goal 2: Disseminate results to relevant academic and industry audiences. 
The second goal was accomplished through preparing and publishing peer-reviewed 

manuscripts, extension publications, posters and presentations (see below). 

Peer-reviewed manuscripts (accepted for publishing): 
1. Rihn, A., H. Khachatryan, B. Campbell, B. Behe, and C. Hall.  2015.  Consumer response 

to novel indoor foliage plant attributes: Evidence from a conjoint experiment and gaze 
analysis.  HortScience 50(10): 1524-1530. (Featured ASHS article.) 

2. Khachatryan, H., and A. Rihn. 2015. Using Innovative Biometric Measurements in 
Consumer Decision Making Research. Science to Business (S2B): Research and 
Innovations, ISSN: 2424-3469, 1(2), 107-125. 
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Manuscripts under review: 
1. Rihn, A., H. Khachatryan, B. Campbell, C. Hall, and B. Behe.  Consumer preferences for 

organic production methods and origin promotions on ornamental plants:  Evidence from 
eye tracking experiments.  In review:  Agricultural Economics 

2. Khachatryan, H., A. Rihn, B. Campbell, B. Behe, and C. Hall.  Consumer response to 
state marketing programs on ornamental plants in Florida.  In review:  Agribusiness: An 
International Journal 

Manuscripts (in draft): 
1. Rihn, A., H. Khachatryan, B. Campbell, C. Hall, and B. Behe.  Consumer perceptions of 

‘pollinator friendly’ plants:  A rating-based conjoint analysis and eye-tracking analysis 
experiment.  Target:  Agricultural Economics 

Extension Reports (UF/EDIS): 
1. Khachatryan, H., and A. Rihn. Florida consumer perceptions of the Fresh from Florida 

campaign on horticultural plants. Food and Resource Economics Department, UF/IFAS 
Extension.  EDIS document FE976. 

2. Khachatryan, H., and A. Rihn.  2015.  Floridian consumer perceptions of local versus 
organic ornamental plants.  Food and Resource Economics Department, UF/IFAS 
Extension.  EDIS document FE964. 

3. Khachatryan, H., and A. Rihn.  2014.  Eye-tracking methodology and applications in 
consumer research.  Food and Resource Economics Department, UF/IFAS Extension.  
EDIS document FE947. 

Summary Extension Reports: 
(Prepared and shared with the independent garden centers that assisted the researchers at the 
beginning of the experiment, FNGLA, and AmericanHort.)   

1. Khachatryan, H., A. Rihn, B. Campbell, B. Behe, and C. Hall. 2014. “Floridian 
Consumer Perceptions of the Fresh from Florida Campaign on Ornamental Plants.”   
(Shared with garden centers, FNGLA, and AmericanHort). 

2. Khachatryan, H., A. Rihn, B. Campbell, B. Behe, and C. Hall. 2014. “The Effects of 
Pollinator Friendly Plant Labels on Consumers’ Visual Attention and Purchase 
Preferences.”   
(Shared with AmericanHort). 

Extension Reports (under review): 
1. Khachatryan, H., and A. Rihn. Florida consumer preferences for fruit-producing plant 

attributes. Food and Resource Economics Department, UF/IFAS Extension, EDIS 
document. 

2. Khachatryan, H., and A. Rihn. The effects of pollinator friendly plant labels on 
consumers’ visual attention and purchase preferences. Food and Resource Economics 
Department, UF/IFAS Extension, EDIS document. 

Extension Publications in Final Draft (will be submitted before 12/31/15): 
 



 

7 
 

1. Khachatryan, H., and A. Rihn. Do ‘neonic-free’ and other insect pollinator promotions 
influence consumer preferences for plants? Food and Resource Economics Department, 
UF/IFAS Extension, EDIS document. 

2. Khachatryan, H., and A. Rihn. Consumer preferences for ornamental landscape plants. 
Food and Resource Economics Department, UF/IFAS Extension, EDIS document. 

3. Khachatryan, H., and A. Rihn. Florida consumer preferences for indoor foliage plant 
attributes. Food and Resource Economics Department, UF/IFAS Extension, EDIS 
document. 

Presentations: 
1. Khachatryan, H., A. Rihn, B. Campbell, B. Behe, C. Hall, and C.R. Boyer. “State 

Promotional Campaign Awareness and Visual Attention.” American Society of 
Horticultural Science (ASHS) Annual Conference, New Orleans, LA, August, 2015. 
<https://ashs.confex.com/ashs/2015/webprogram/Session7450.html> 

2. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Consumer Preferences for 
Production Method and Origin Extrinsic Cues on Ornamental and Food Producing 
Plants.” Agricultural and Applied Economics Association (AAEA) Annual Meeting, San 
Francisco, CA, July, 2015. 

3. Khachatryan, H. “Marketing Ornamentals: Adding Value through Promoting Novel Plant 
Attributes.” Nursery Management Virual Conference, June, 2015. 

4. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Consumer Response to 
Novel Indoor Foliage Plant Attributes: Evidence from a Rating-based Conjoint 
Experiment and Gaze Analysis.” 128th Florida State Horticultural Society (FSHS) Annual 
Meeting, St. Augustine, FL, June, 2015.   

5. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Adding Value through 
Promoting Novel Plant Attributes.” Florida Association of Native Nurseries’ (FANN) 3rd 
Annual Native Plant Show, Kissimmee, FL, April, 2015. 

6. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “The Effects of Visual 
Attention on Purchase Intentions.” 3rd Interdisciplinary Business-Economics 
Advancement Conference, Ft. Lauderdale, FL, March, 2015. 

7. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Understanding Consumer 
Preferences and Demand for Ornamental Plants.” IR-4 Ornamental Horticulture 
Pollinator Workshop, Baltimore, MD, December, 2014. 

8. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Consumer Perceptions of 
‘Polliantor-friendly’ Plants.” IR-4 Ornamental Horticulture Pollinator Workshop, 
Baltimore, MD, December, 2014. 

Posters:  (see Appendix D) 
1. Rihn, A., H. Khachatryan, B. Campbell, C. Hall, and B. Behe. “Consumer Preference and 

Visual Attention to Organic Production Methods and Origin Promotions on Plants.” 
International Association of Agricultural Economists (IAAE), Milan, Italy, August, 2015. 

2. Khachatryan, H., A. Rihn, B. Campbell, C. Hall, and B. Behe. “Visual Attention to 
Extrinsic Cues in the Horticulture Industry.” Tobii Eye Track Behavior, Washington, 
D.C., September, 2014.  2nd Place. <http://www.tobii.com/eye-tracking-
research/global/about-tobii/tobii-conference/eyetrackbehavior-2014-posters/>  
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Multimedia Articles: 
1. Rihn, A., H. Khachatryan, B. Campbell, B. Behe, and C. Hall.  2016. Ways to improve 

consumer interest in indoor foliage plants. Greenhouse Grower. In press: January 2016. 

BENEFICIARIES: 
 
Beneficiaries of this project include Florida nursery and greenhouse growers, wholesalers, and 
retailers. Understanding consumer incentives that stimulate purchase decisions will enable them 
to develop targeted marketing practices, which will lead to increased demand for ornamental 
plants, thus directly benefiting the green industry in Florida.  Increased marketability and sales 
will benefit not only growers and retailers, but also intermediary firms in Florida supplying 
production inputs to the green industry.  To date, no information is publicly available about the 
type of information which catches the consumer’s eye in a retail setting.  The main contribution 
of this research is increasing industry stakeholders’ knowledge about in-store information that 
consumers view and use when making purchasing decisions.  As a result, this research helps 
retailers make more compelling displays and more attractively arrange point-of-purchase 
information. 

Specifically, the following research results have been shared with the listed groups for their 
benefit: 

 Organization Results Shared 

1.  Florida Nursery, Growers 
and Landscape 
Association (FNGLA) 

Final summary report including results for landscape, 
fruit-producing, and indoor foliage plants. 

2.  Tropical Plant Industry 
Exhibition (TPIE) 

Main results of the study were shared with industry 
representatives, including independent garden center 
operators, growers, wholesalers, horticultural marketing 
firms and consultants. 

3.  Florida State Horticultural 
Society (FSHS) 

Presentation empasizing consumers’ interest in novel 
attributes, visual attention, and purchasing barriers 
toward indoor foliage plants. 

4.  Florida Association of 
Native Nurseries (FANN) 

Workshop focusing on landscape plant attributes that 
improve consumers’ purchase likelihood and visual 
attention. 

5.  Local independent garden 
centers 

Final summary report including results for landscape, 
fruit-producing, and indoor foliage plants.  
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6.  AmericanHort Final summary report including results for landscape, 
fruit-producing, and indoor foliage plants. 

7.  Southern Nursery 
Association (SNA) 

Main findings of the research project were shared with 
the members of the organizing committee of the SNA, 
which represents over 150 garden centers in the U.S.  

8.  Pollinator Workshop Summary of results related to the ‘pollinator friendly’ 
attribute in the ornamental plant industry. 

9.  American Society of 
Horticultural Science 
(ASHS) 

Presentation and manuscript focusing on novel attributes 
of indoor foliage plants and consumers’ purchasing 
barriers for those plants. 

10.  GIE Media (a B2B 
publisher of Greenhouse 
Grower, Nursery 
Management, Produce 
Grower, Lawn & 
Landscape, etc.) 

Article on consumers’ interest in novel indoor foliage 
plant attributes and their purchasing barriers.   
 
Presentation at their Nursery Management Virual 
Conference focusing on landscape plant attributes that 
consumers view and which influence their purchasing 
decisions. 

 
In addition to the aforementioned reports and presentations, researchers have published three 
UF|IFAS Extension EDIS reports based on the results (i.e., local versus organic terminology, 
Fresh from Florida campaign, and eye-tracking methodology) with two more (i.e. fruit-producing 
and pollinator friendly) under review and two in manuscript draft (i.e. indoor foliage plants and 
landscape plants). 

LESSONS LEARNED: 
First, researchers discovered that participants are very quick to understand and complete the eye-
tracking portion of the experiment.  Knowing this information, in future studies participants 
could easily be scheduled every 5-10 minutes instead of 15 minutes in order to speed up the data 
collection process. 

There were two negative outcomes associated with this research.  First, researchers were unable 
to fully determine the real-world effect of the study results on plant sales at industry level due to 
inadequate responses from independent Florida garden centers (as discussed in Task 6).  
However, they were able to determine probabilistically, using econometric modeling, whether 
the attributes would positively or negatively influence plant sales and how visual attention 
impacted those results.  The results are reported in the previously mentioned reports, 
manuscripts, presentations and posters. 
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Secondly, researchers are optimistic about publishing the results in peer-reviewed economic 
journals; however, they are experiencing some difficulties.  For instance, one difficulty is related 
to the commodity (i.e., ornamental plants) which is viewed more of a hobby/luxury good than 
other commodities (i.e., agricultural products, food crops). Although challenging, both 
difficulties can be overcome through demonstrating the importance of ornamental plants to the 
U.S. economy and by relying on past eye-tracking literature that demonstrates how visual 
attention influences consumer behavior. 

 

CONTACT PERSON:  

Hayk Khachatryan 

Email: hayk@ufl.edu 

Phone: (407) 410-6951 
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ADDITIONAL INFORMATION: 

Tables and Figures 
Table 1.  Choice experiment attributes and attribute levels used to create consumer preference 
scenarios in 2014.  

Attribute Definition Attribute levels 

Plant type Type of plant shown in 
each scenario 

Indoor foliage plant (Dragon tree, peace lily, 
bromeliad) 

Landscape plant (petunias, pentas, hibiscus) 

Fruit producing plant (kiwi vine, pineapple, 
blueberries) 

Price Price per plant Low  ($10.98-15.98) 

Medium  ($12.98-17.98) 

High  ($14.98-19.98) 

Production method Describes how the plants 
were produced 

Certified organic 

Organic production 

Not organic 

Origin Describes where the plants 
were produced 

Fresh from Florida (logo) 

Grown outside U.S. 

Grown in U.S. 

Volatile organic 
compound (VOC) 
removal (indoor 
foliage plant 
ONLY) 

Percent of VOCs the plants 
removes from their 
immediate surroundings 

Low VOC removal (<50% removal) 

High VOC removal (>50% removal) 

Not rated - no label 

Pollinator friendly 

(landscape plant 
ONLY) 

Plant is beneficial to 
pollinators (adult/larvae 
food, habitat, etc.) 

Pollinator friendly 

Not rated – no label 
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Figure 1.  An example of the choice experiment scenario images used to investigate 
consumer preferences for landscape and houseplants with different attributes. 

 

 
Figure 2.  An example of the choice experiment scenario images used to investigate 
consumer preferences for fruit producing plants with different attributes. 
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Figure 3.  Image showing eye tracking set-up. 

 
Figure 4.  Six areas of interest (AOIs) around the plants and plant attributes used to 
extract gaze data from the choice experiment scenarios.  (Red=price AOI, 
orange=production method AOI, green=VOC removal AOI, purple=origin AOI, 
blue=plant type sign AOI, brown=plant AOI.) 
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APPENDIX A.  Conjoint design for fruit producing plants, landscape plants, and 
houseplants 
 

Card List – Fruit-producing Plants 
 Card ID Planttype Price Production Origin 
1 1 Pineapple Low Not organic US 
2 2 Blueberry High Not organic Import 
3 3 Kiwi Low Certified organic Import 
4 4 Pineapple High Certified organic FL 
5 5 Blueberry Low Organic production FL 
6 6 Kiwi Medium Not organic FL 
7 7 Kiwi High Organic production US 
8 8 Pineapple Medium Organic production Import 
9 9 Blueberry Medium Certified organic US 

 
Card List – Landscape Plants 

 Card ID Planttype Price Pollinator Production Origin 
1 1 Hibiscus Low Friendly Not organic Import 
2 2 Penta Low Friendly Certified organic FL 
3 3 Petunia High Friendly Organic production Import 
4 4 Penta High Not rated Certified organic Import 
5 5 Petunia Medium Not rated Certified organic Import 
6 6 Penta Medium Friendly Organic production US 
7 7 Petunia High Friendly Certified organic FL 
8 8 Hibiscus High Not rated Organic production FL 
9 9 Petunia Medium Not rated Not organic FL 
10 10 Petunia Low Not rated Organic production FL 
11 11 Hibiscus High Not rated Certified organic US 
12 12 Hibiscus Medium Friendly Certified organic FL 
13 13 Petunia Low Not rated Certified organic US 
14 14 Petunia High Friendly Not organic US 
15 16 Penta High Not rated Not organic FL 
16 17 Petunia High Not rated Certified organic US 
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Card List – Indoor Foliage Plants 

 Card ID Planttype Price Production Origin VOC 
1 1 Dracaena Low Not organic Import No label 
2 2 Bromeliad High Not organic FL Low 
3 3 Bromeliad Medium Certified organic Import High 
4 4 Dracaena High Certified organic Import Low 
5 5 Spathiphyllum High Organic production Import High 
6 6 Dracaena Medium Organic production US Low 
7 7 Dracaena High Certified organic FL High 
8 8 Spathiphyllum Medium Certified organic FL No label 
9 9 Dracaena Low Organic production FL High 
10 10 Dracaena Medium Not organic FL High 
11 11 Dracaena High Certified organic US No label 
12 12 Bromeliad High Organic production FL No label 
13 13 Spathiphyllum High Not organic US High 
14 14 Bromeliad Low Certified organic US High 
15 16 Spathiphyllum Low Certified organic FL Low 
16 17 Dracaena High Not organic FL Low 
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APPENDIX B.  Consume Questionnaire for 2014 Florida-Grown Ornamental Plant Study 
 

Section 1.  Background Questions 

1. Are you a member of a garden / landscape club?   Yes   No 
2. Are you a Master Gardener?   Yes   No 
3. In terms of outdoor “green space”, which of the following do you have? (circle all that 

apply) 
a. Yard – primarily turfgrass or grass substitute species 
b. Landscape – includes shrubs, trees, perennial / annual plants 
c. Garden – includes vegetable plants, cut flower plants, herbs, etc. 
d. Raised garden – vegetable plants, cut flower plants, herbs, etc. in a raised bed 
e. Containers – annual potted flowers, foliage plants, herbs, etc. in containers 
f. Outdoor room / patio – paver stones, cooking set up (grill, kitchen), sitting area, 

entertainment area, etc. 
g. Other, please specify: ____________________________ 

4. In 2013, how much did you spend on plants (include houseplants, landscape and garden 
plants)?  $___________ 

5. What percent of your plant expenditures from question 4 did you spend on the following 
types of plants? 

a. Flowering houseplants _____% 
b. Foliage houseplants  _____% 
c. Flowering annual plants_____% 
d. Perennials  _____% 
e. Vegetable plants _____% 
f. Fruit producing plants _____% 
g. Herbs   _____% 
h. Shrubs   _____% 
i. Trees (non-fruit) _____% 
j. Other, please specify: ______________ _____% 

Section 2.  Origin Questions 

6. How would you define local ornamental plants? 
________________________________________________________________________
________________________________________________________________________
____________ 
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7. Which of the following do you consider ‘local’?  (check all that apply) 
Miles 

• 0-9 miles 
• 10-19 miles 
• 20-29 miles 
• 30-39 miles 
• 40-49 miles 
• 50-59 miles 
• 60-69 miles 
• 70-79 miles 
• 80-89 miles 
• 90-99 miles 
• 100-149 miles 
• 150-199 miles 
• 200-249 miles 
• 250-299 miles 
• More than 300 miles 

 

Geographical Areas 
• Within 10 miles of my house 
• Within my county of residence 
• My county of residence and close 

neighboring counties 
• Within my state of residence 
• My state of residence and close 

neighboring states 
• Within the U.S.A. 
• Within North American Free Trade 

Agreement countries (U.S.A., 
Mexico, Canada) 

• Countries outside North America 

8. How frequently do you purchase ‘local’ products in general? 
a. Never 
b. Rarely 
c. Sometimes 
d. Frequently 
e. Always 

9. When available, how frequently do you purchase ‘local’ ornamental plants? 
a. Never 
b. Rarely 
c. Sometimes 
d. Frequently 
e. Always 

10. Approximately, what percent of your ornamental plant budget do you spend on local 
ornamental plants? 

a. _________% 
b. None, I do not buy local ornamental plants. 

11. Prior to the study, which local Florida specific promotional programs were you aware of?  
Please list: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
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12. Do you consider ‘Fresh from Florida’ ornamental plants local?  
Yes No 

13. Prior to the study, do you recall seeing the following Florida promotions on ornamental 
plants? 

a. Fresh from Florida Yes No 

b. Flowers for Florida Yes No 

c. From Florida Yes No 

1. If yes (to a.), what percent of the product must be produced in Florida for it to be 
labeled ‘Fresh from Florida’?  _______%     Do not know. 
 

14. What is the likelihood that a plant labeled as ‘Fresh from Florida’ would change your 
purchasing preferences? (circle one) 

Not likely Slightly likely 
Moderately 

likely 
Very likely Highly likely 

15. How much do you agree with the following statements? (1=strongly disagree, 
5=strongly agree) 
 

Statement Strongly 
disagree Disagree 

Neither 
agree or 
disagree 

Agree 
Strongly 

agree 

I believe it is important to know the 
source of my ornamental plants.   

1 2 3 4 5 

Local ornamental plants are higher 
quality than other plant options. 

1 2 3 4 5 

Local ornamental plants are less 
invasive than plants produced 
elsewhere.  

1 2 3 4 5 

Local ornamental plants are 
primarily native plants. 

1 2 3 4 5 

Local ornamental plants are more 
environmentally friendly due to less 
transportation miles than plants 
produced elsewhere. 

1 2 3 4 5 

Locally produced ornamental plants 
have a lower carbon footprint than 

1 2 3 4 5 
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plants produced elsewhere. 

Locally produced plants have lower 
greenhouse gas emissions than plants 
produced elsewhere. 

1 2 3 4 5 

Local ornamental plants are safer (in 
terms of importing diseases / pests) 
than plants from elsewhere. 

1 2 3 4 5 

I trust plant inspections to minimize 
disease and pests carried over state 
lines. 

1 2 3 4 5 

I trust plant inspections to minimize 
disease and pests brought in on 
imported plant products. 

1 2 3 4 5 

Local ornamental plants are higher 
quality due to less transportation 
damage. 

1 2 3 4 5 

Local ornamental plants have a 
longer shelf-life than plants produced 
elsewhere. 

1 2 3 4 5 

Local ornamental plants are more 
expensive than plants produced 
elsewhere. 

1 2 3 4 5 

I am willing to pay more for local 
ornamental plants because it helps 
local economy. 

1 2 3 4 5 

Buying local ornamental plants is 
important to me because more of the 
money stays in my local community. 

1 2 3 4 5 

Buying local ornamental plants is 
important because it creates more 
jobs in the local community. 

1 2 3 4 5 

The origin of my ornamental plants 
does not matter to me. 

1 2 3 4 5 
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16. How interested are you in local… 

 Not at all 
interested 

 Moderately 
interested 

 Very 
interested 

Ornamental plants 1 2 3 4 5 

Flowering houseplants 1 2 3 4 5 

Foliage houseplants 1 2 3 4 5 

Flowering annual plants 1 2 3 4 5 

Perennials 1 2 3 4 5 

Vegetable plants 1 2 3 4 5 

Fruit producing plants 1 2 3 4 5 

Herbs 1 2 3 4 5 

Shrubs 1 2 3 4 5 

Trees (non-fruiting) 1 2 3 4 5 

Plant seeds 1 2 3 4 5 

Section 3.  Production Practices 

17. How frequently do you purchase ‘organic’ products in general? 
a. Never 
b. Rarely 
c. Sometimes 
d. Frequently 
e. Always 

 
18. How frequently do you purchase ‘organic’ ornamental plants? 

a. Never 
b. Rarely 
c. Sometimes 
d. Frequently 
e. Always 

19. Approximately, what percent of your ornamental plant budget do you spend on organic 
ornamental plants? 

a. _________% 
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b. None, I do not buy organic ornamental plants. 
 

20. Prior to this study, do you recall seeing the following production methods promoted on 
ornamental plants? 

a. Certified organic / USDA 
organic logo 

Yes No 

b. Organically produced but not 
certified 

Yes No 

c. Sustainably produced Yes No 

d. Grown using energy saving 
production methods 

Yes No 

e. Grown using water saving 
production methods 

Yes No 

f. Grown using integrated pest 
management strategies 

Yes No 

g. Grown in an environmentally 
friendly way 

Yes No 

h. Grown in a pollinator friendly 
way 

Yes No 

 
21. How interested are you in organic… 

 Not at all 
interested 

 Moderately 
interested 

 Very 
interested 

Ornamental plants 1 2 3 4 5 

Flowering houseplants 1 2 3 4 5 

Foliage houseplants 1 2 3 4 5 

Flowering annual plants 1 2 3 4 5 

Perennials 1 2 3 4 5 

Vegetable plants 1 2 3 4 5 

Fruit producing plants 1 2 3 4 5 

Herbs 1 2 3 4 5 

Shrubs 1 2 3 4 5 
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Trees (non-fruiting) 1 2 3 4 5 

Plant seeds 1 2 3 4 5 

 
22. What is the likelihood that an ‘organic’ label on an ornamental plant would change your 

purchasing preferences? (circle one) 

Not likely Slightly likely 
Moderately 

likely 
Very likely Highly likely 

 

Section 4.  Pollinators  (landscape plants ONLY) 

23. Do you use pesticides in your lawn, landscape or garden?  Yes No 
a. If yes, what type do you use? 

i. Do not know, I hire a company 
ii. A long-term control pesticide that is applied infrequently (1-2 times/year) 

iii. A short-term control pesticide that needs to be reapplied fairly frequently 
iv. An organic pesticide 
v. A natural pesticide 

vi. Other, ____________________________ 
vii. Do not use 

24. In the past, have you chosen and planted plants specifically to attract pollinators (i.e. 
honeybees, bumblebees, butterflies, moths, etc.)? Yes No 

25. Are you planning on installing plants in the future to attract pollinators? Yes  No 
26. What actions do you take to help pollinators?  (circle all that apply) 

a. Plant selection to attract/feed 
b. Decrease/do not use pesticides 
c. Add pollinator friendly features (water source, butterfly houses, etc.) 
d. Provide larvae food plants 
e. Other: ______________________ 
f. Do nothing. 

27. What is the likelihood that a plant labeled as ‘pollinator friendly’ would change your 
purchasing preferences? (circle one) 

Not likely Slightly likely 
Moderately 

likely 
Very likely Highly likely 

     

Section 5.  Socio-Demographic Questions 

28. What is your gender?  (circle one) 
Male 
Female 
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29. What year were you born?  _____________ 
30. What is the highest level of education you have completed?  (circle one) 

a. Some high school or less 
b. High school diploma / GED 
c. Some college  
d. Associates degree 
e. College diploma 
f. Some graduate school 
g. Graduate degree 

31. What is your marital status?   (circle one) 
a. Not married / single 
b. In a relationship 
c. Married 
d. Divorced / separated 
e. Widowed 

32. What is your ethnic heritage?  (check all that apply) 
a. Caucasian 
b. African-American 
c. Hispanic / Latino 
d. Native American 
e. Asian 
f. Prefer not to respond  

33. How many people live in your household?  Include yourself, your spouse / significant 
other, and any dependents.  Do not include your roommates.   

a. 1 
b. 2 
c. 3 
d. 4 
e. 5 
f. 6 
g. 7 
h. 8 
i. Other, please list: _________ 

34. What was your household income in 2013 (as “household” is defined in question 33)?  
(circle one) 
[Consider	all	forms	of	income,	including	salaries,	tips,	interest	and	dividend	payments,	
scholarship	support,	student	loans,	parental	support,	social	security,	alimony,	and	child	
support.]	
	
$_________________________	
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APPENDIX C.  Consent Form for 2014 Florida-Grown Ornamental Plant Study 
 

UNIVERSITY OF FLORIDA CONSENT FORM 

Promoting Florida-Grown Ornamental Plant Sales through Smart Labels and Targeted 
Advertising Strategies 

University researchers are conducting a study that investigates consumer shopping behavior and 
purchasing habits in garden centers.  The purpose of the research is to better understand how 
people evaluate, select and purchase plants.  The study will take approximately 30 minutes.  You 
will be asked to look at a variety of product images on a computer screen while your eye 
movements are recorded and answer questions related to the images. 

Your participation benefits UFL research and the retail garden industry by providing feedback on 
how people look at, select, and purchase (or not purchase) plants and garden supplies.  The risks 
to you are very low.   

Benefits:  There are no direct benefits to you for participating in the study. 

Confidentiality:   We will NOT be able to identify you in any way.  Your identity will be kept 
confidential to the extent provided by law. Only personnel directly involved with this study and 
the Institutional Review Board will have access to the information you provide.  The information 
will be held in password protected computer files and kept a minimum of three years after the 
completion of this research project.   

Voluntary Consent:   Participation is voluntary.  You may choose not to participate at all, or you 
may refuse to participate in certain procedures or answer certain questions.  You are free to 
withdraw from the study at any time.  If you agree to participate in the study, please sign below 
to indicate your voluntary consent.  

Compensation:   In return for your participation, you will receive a $30 gift card/cash or 
certificate to a garden center, for which we will ask you to sign a receipt.  You will receive the 
incentive even if you discontinue your participation before completing the study. 

Contact Information and Questions:  If you have any concerns or questions about the study 
(scientific issues, etc.), or to report an injury (i.e. physical, psychological, social, financial, or 
otherwise) please contact the researcher (Dr. Hayk Khachatryan at (407) 410-6951 or 
hayk@ufl.edu or at Mid-Florida Research & Education Center, 2725 S Binion Road, Apopka, FL 
32703).   If you have questions or concerns about your role and rights as a research participant, 
would like to obtain information or offer input, or would like to register a complaint about this 
study, you may contact, anonymously if you wish, the University of Florida Institutional Review 
Board at (352) 392-0433.  



 

25 
 

( ) I agree to voluntarily participate in this study 

____________________________________________                  Date _____________ 

Signature  

( ) I received a $30 gift card/cash or certificate to a garden center  

____________________________________________                  Date ______________ 

Signature  
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APPENDIX D.  Presented Posters 

Tobii Eye Track Behavior 2014 Conference Poster 
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International Association of Agricultural Economists 2015 Poster 
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APPENDIX E.  Industry Recommendations 
1.  Fresh from Florida Campaign 

ü Join the Fresh from Florida campaign to promote plants grown in Florida. 
ü Display clear signage in the retail setting to inform consumers about the benefits 

associated with plants labeled as Fresh from Florida. 
ü Leverage the positive perceptions of local products by providing educational 

advertising about how local plants directly benefit local communities (jobs, money, 
etc.) 

2.  Landscape Plants 

ü Source plants from in-state and domestic suppliers to insure they are acclimated to 
the local environment. 

ü Leverage consumers’ existing brand awareness of the Fresh from Florida campaign, 
by promoting plants with the Fresh from Florida logo. 

ü Use in-store promotions to indicate which plants are pollinator friendly. 
ü Use point of purchase materials (signs, tags, decals, printed materials, etc.) to 

indicate which plants are grown using sustainable/organic methods. 
ü Advertise the benefits of sustainable/organic production. 
ü Use clear, highly visible in-store promotional materials to increase consumer 

awareness. 
ü Focus in-store promotions on the plants and their benefits rather than price points. 

3.  Indoor Foliage Plants 

ü Offer and promote low maintenance plants and products. 
ü Promote compact plants that do well in limited light. 
ü Advertise hardy plants to improve consumers’ experiences with indoor foliage 

plants. 
ü Sell similar products of different sizes to provide less expensive options. 
ü Use educational advertising to promote plants that are pet friendly and/or 

hypoallergenic. 
ü Source and promote indoor foliage plants from in-state and domestic growers. 
ü Educate consumers about the air quality benefits of indoor foliage plants and which 

plants are more effective at removing air pollutants. 
ü Produce plants using organic/sustainable production methods.   
ü Use in-store promotions to educate consumers about the benefits of growing plants 

with these methods. 

4.  Fruit-Producing Plants 
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ü Grow, sell and promote fruit-producing plants grown using organic methods. 
ü Advertise the health and environmental benefits of organic production. 
ü Source plants from in-state growers. 
ü Promote in-state products using the Fresh from Florida promotional materials. 
ü Only use healthy, high quality, visually attractive plants in retail displays. 

Note: Recommendations are based on empirical results from a study conducted in Florida in 
2014.  Results may not be applicable in other U.S. states.  For a complete report, please contact 
Hayk Khachatryan at hayk@ufl.edu.   
 



Florida Specialty Crop Block Grant Program 
Project Final Performance Report  

 
Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
project goals which could not be achieved must be addressed in this section. 

 Offer insights into the lessons learned by the project staff as a result of completing this 
project.  This section is meant to illustrate the positive and negative results and 
conclusions for the project. 

 Describe unexpected outcomes or results that occurred as a result of implementing this 
project. 

 If goals or outcome measures were not achieved, identify and share the lessons learned 
to help others expedite problem-solving. 

 Lessons learned should draw upon positive experiences (i.e. good ideas that improve 
project efficiency or save money) and negative experiences (i.e. lessons learned about 
what did not go well and what needs to be changed). 
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 Name the Contact Person for the Project, including telephone number and email 
address. 

 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Additional Information 

 Provide additional information available (i.e. publications, websites, photographs) that 
is not applicable to any of the prior sections. Charts, graphs, photos, etc. should be 
attached as separate file(s) and referenced in the text of the report. 
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June 30, 2014 
 
 
Mr. Greg Vaday, AICP 
Economic Development Coordinator 
Treasure Coast Regional Planning Council 
421 SW Camden Avenue Stuart, FL 34994 
 
 
Subject: Report of Phase II Environmental Site Assessment 
  1400 Henrietta Avenue 
  West Palm Beach, Palm Beach County, Florida 
  E Sciences Project Number 2-0578-010 
 
Dear Mr. Vaday: 
 
We are pleased to submit the enclosed Phase II Environmental Site Assessment (ESA) report for 
the above referenced property.  A summary of findings is provided in the Executive Summary.  
Please read the report in its entirety for a comprehensive understanding of the items contained in 
the Executive Summary. 
 
This report is intended for the use of the City of West Palm Beach Community Redevelopment 
Agency (CRA) and Treasure Coast Regional Planning Council (TCRPC) subject to the terms and 
conditions established with the TCRPC.  If other parties wish to rely on this report, please have 
them contact E Sciences so that a mutual understanding and agreement of the terms and 
conditions for E Sciences’ services can be established via a Secondary Client Agreement prior to 
their use of this information. 
 
We appreciate the opportunity to perform these services for you.  Please contact us at 954-484-
8500 if you have questions regarding this information. 
  
Sincerely, 
E SCIENCES, INCORPORATED 
     

 
Maria Paituvi, P.E.     Nadia G. Locke, P.E. 
Project Engineer     Senior Engineer 
 
Distribution:   Addressee (3 cc, 1 ec, 1 via email) 
  Barry Lazarus, City of West Palm Beach CRA (2 cc, 1 ec, 1 via email) 
  File (1)
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EXECUTIVE SUMMARY 
 

Report of Phase II Environmental Site Assessment (ESA) 
1400 Henrietta Avenue 

West Palm Beach, Palm Beach County, Florida 
E Sciences Project Number 2-0578-010 

 
E Sciences conducted a Phase II Environmental Site Assessment (ESA) to evaluate the presence 
or absence of contamination associated with recognized environmental conditions (REC) 
identified during the Phase I ESA performed by E Sciences and documented under separate cover 
dated February 3, 2014.  These services were performed under the terms of our contract with the 
Treasure Coast Regional Planning Council. 
 
The site (Site) consists of one vacant parcel of land totaling ± 1.52- acres located at 1400 
Henrietta Avenue, West Palm Beach, Florida.  The Site, which is currently owned by the City of 
West Palm Beach, is leased to Urban Growers Community Economic Development Corporation 
to create an urban garden. 
 
E Sciences performed a Phase I ESA of the Site in conformance with the ASTM International 
Practice E 1527-13 scope and limitations.  This assessment revealed indications of potentially 
contaminated properties within the site vicinity that may, in E Sciences’ opinion, impact the 
groundwater quality of the Site.  Numerous and varied historical activities in the vicinity of the 
Site which are commonly associated with contamination have occurred historically in close 
proximity to the Site.  These facilities largely operated prior to the existence and enforcement of 
current environmental regulations and therefore the presence of contamination could be 
undetected.  Therefore, the historic industrial nature of the area was considered to be a recognized 
environmental condition (REC).  Historical facilities identified included lumber yards, dry 
cleaners, gasoline filling stations, auto repair shops, and railway maintenance facilities.  A Phase 
II ESA was recommended to evaluate the possibility of contamination having migrated on to the 
Site from an off-site source.   
 
The Phase II ESA activities at the Site documented herein were based on the suspected location 
of the off-site facilities identified during the Phase I ESA.  The sampling activities and laboratory 
analysis conducted were based on the nature of the offsite activities and the contaminants of 
concern (COCs) associated with those activities.  Groundwater and soil sampling and analysis 
were conducted as part of this Phase II ESA.  
 
Soil sampling was conducted using Incremental Sampling Methodology in order to collect a soil 
sample representative of site conditions.  Groundwater sampling was conducted using direct push 
technology.   
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Groundwater samples were collected from four locations located on the northern and southern 
boundaries of the Site based on locations of the documented offsite facilities.  Groundwater 
samples were collected from the shallow (14 to 18 feet deep), intermediate (21 to 25 feet deep) 
and deep (31 to 35) aquifer intervals and analyzed for relevant COCs including extractable and 
volatile organic pollutants and metals for the shallow interval and volatile organic halocarbons for 
the intermediate and the deep intervals.  Groundwater analytical results did not reveal the 
presence of groundwater impacts at the Site.  However, based on the low level detection of 
multiple COCs in the groundwater, we recommend that the groundwater not be used for irrigation 
at the Site as a conservative measure. 
 
Although on-site contamination sources were not identified during the Phase I ESA, the City 
elected to conduct soil sampling as a conservative measure based on the proposed use of the Site 
as an urban garden.  Incremental Sampling Methodology (ISM) was implemented to collect 
representative soil samples from the Site.  Laboratory analysis included a broad range of potential 
contaminants including solvents, metals, petroleum and pesticides.  Analytical results revealed 
the presence of Benzo(a)Pyrene compounds (BaPs) above state cleanup standards.  No indication 
of discharges, spills or environmental incidents were identified during the Phase I ESA that 
would explain the presence of BaPs in the soil at the Site.  BaPs are petroleum-derived 
contaminants commonly encountered in urban areas as a result of vehicle exhaust deposition.  
Based on the results of this assessment, we recommend that the onsite soil not be used for 
planting vegetables.  The current site plan includes the use of above ground planting beds, and it 
is our understanding that offsite soil will be used for planting activities.  Based on those 
conditions, we do not recommend further testing at this time.  If other uses or development is 
considered for the Site, additional testing may be prudent.  Additional assessment would also be 
necessary to evaluate the appropriateness of regulatory involvement.  
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1.0 INTRODUCTION 
 
The Site is located at 1400 Henrietta Avenue in Section 16, Township 43 South, Range 43 East, 
in West Palm Beach, Palm Beach County, Florida.  The Site, which is currently owned by the city 
of West Palm Beach, consists of one parcel of land totaling ± 1.52 acres.  The Site is currently 
vacant and undeveloped.  The Site was historically occupied by residential dwellings.  It is 
located in a mixed-use area, consisting primarily of residential properties with some 
commercial/industrial businesses in the area, including a Florida East Coast (FEC) rail yard east 
of the Site.  The surrounding area has several abandoned and vacant homes and properties in the 
immediate surrounding area of the Site.   
 
The Site, which is currently owned by the City of West Palm Beach, is to be leased to Urban 
Growers Community Economic Development Corporation to create an urban garden at the Site.  
Urban Growers is processing the necessary permits and applications to develop an urban farm at 
the Site. The urban farm will include aboveground potted-plants, shade houses, market areas, and 
leisure areas.  The development plan does not anticipate requiring significant soil disturbance 
(excavation).  Plants will be grown in imported soil in aboveground beds.  A water tank will be 
installed to provide water to the farm. 
 
The Site location is depicted on Figure 1.  A United States Geological Survey (USGS) 
topographic map was used to help evaluate topographic information (Figure 2) and Figure 3 
provides aerial coverage for the Site and surrounding properties. 
 
E Sciences was engaged by the Treasure Coast Regional Planning Council (TCRPC) to perform a 
Phase II Environmental Site Assessment (ESA).  The purpose of the Phase II ESA was to 
evaluate the presence of contamination associated with historical land use in nearby properties 
identified during a Phase I ESA conducted on February 2014 (see Section 2.0).  
 
Phase II ESA activities conducted consisted of groundwater sampling, soil sampling and 
laboratory analysis in order to evaluate the potential presence of contamination impacts at the 
Site.   
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2.0 BACKGROUND INFORMATION 
 
E Sciences, Incorporated (E Sciences) performed a Phase I ESA in general accordance with E 
Sciences’ Proposal Number 2-0578-P10 dated February 3, 2014 and the consensus document 
known as ASTM International Practice E 1527-13, a guide for conducting ESAs.  The Phase I ESA 
was documented in a report dated February 3, 2014.  The purpose of the Phase I ESA was to 
identify potential sources of environmental contamination that constitute recognized environmental 
conditions (RECs), as defined by the ASTM standard.  The following findings were documented 
during the Phase I ESA: 
 

• Based on a review of the historical information, the Site was developed with residential 
buildings prior to 1924.  The residences were removed from the Site and an apartment 
complex and restaurant were constructed at the Site in the mid-1950s.  The apartment 
complex and restaurant were removed from the Site in the late 1990s.  The Site has 
remained vacant and undeveloped since that time. 

• Our review of regulatory records and historical documents and our reconnaissance of the 
Site and surrounding area revealed indications of potentially contaminated properties 
within the site vicinity that may, in our opinion, impact the groundwater quality of the 
Site.  Numerous and varied historical activities, which are commonly associated with 
contamination have occurred historically in close proximity to the Site.  These facilities 
largely operated prior to the existence and enforcement of current environmental 
regulations, and therefore the presence of contamination could be undetected.  The 
historic industrial nature of the area is considered to be a REC.  Historical facilities 
identified are summarized on the table below: 
 

Summary of RECs identified during Phase I ESA 
Direction Historical Activities 

NORTH • Palm Beach Lumber Company, which was later referred to as Lindsley Lumber 
Co., was discovered to have operated at 709 15 Street from 1942 to 1965. 

• Underground storage tanks were identified at the Atlantic Refining Co. property 
in 1950 and 1952. 

• An auto repair and battery service shop was identified at 531-533 15 Street 
northeast of the Site, in 1951, 1952, 1965, and 1986. 

• The Florida East Coast Railway property previously operated one-4,000 gallon 
diesel Aboveground Storage Tank (AST) and one 12,000-gallon diesel 
Underground Storage Tank (UST).  Additionally, CenturyLink previously 
operated one 600-gallon diesel AST and one 700-gallon diesel AST.  The tanks 
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Summary of RECs identified during Phase I ESA 
have been removed from the property.   

EAST • A lumberyard was identified at 549 14 Street in 1950. 
• A dry cleaner was discovered at 522 14 Street in the 1952, 1965 and 1986. 
• Frog Mill Whiskey Lumber Yard was discovered to have operated at 562 12 

Avenue (now 14 Street) from 1924 to 1950. 
• Historic rail lines have existed adjacent east to the Site since the early 1900s. 
• According to available records, the Fifteenth Street Laundry/Lincoln Plaza 

Launderette operated from 1956 to 1974.  
• Contamination was discovered at the Southern Linen Supply and Laundry 

property in 1991.  The contamination was associated with the 20,000-gallon fuel 
oil tank.  No records of assessment activities were discovered at this property. 

WEST • An historic service station was identified to have operated at 1501 N. Sapodilla 
Avenue (west of the Site) from 1937 to 1965. 

 
Due to the numerous and varied historical activities that occurred prior to the enactment of current 
environmental regulations, E Sciences recommended that a Phase II ESA be conducted to evaluate 
the possibility of contamination having migrated onto the Site from an off-site source. 
 
E Sciences was engaged by the TCRPC to perform a Phase II ESA.  The scope of the Phase II ESA 
was based on historical knowledge of the Site documented in a Phase I ESA report prepared by E 
Sciences for the property   
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3.0 STATEMENT OF OBJECTIVES 
 
The objective of the Phase II ESA activities was to evaluate the potential presence of 
contamination based on the findings of the Phase I ESA.  The Phase II ESA activities at the Site 
were based on the suspected location of the RECs identified during the Phase I ESA (see Section 
2.0).  The sampling activities and laboratory analysis conducted were based on the nature of the 
RECs and the potential contaminants of concern (COCs) associated with the historical activities at 
the Site and adjacent properties.   
 
The following scope of services was completed: 

• Soil evaluation using Incremental Sampling Methodology (ISM). 
• Groundwater sampling and analysis at four predetermined locations. 

  



Phase II Environmental Site Assessment  June 30, 2014 
1400 Henrietta Avenue, West Palm Beach, Palm Beach County, Florida Page 5 of 12   
E Sciences Project Number 2-0578-010 
 
 

 This document is printed on recycled paper. 

4.0 SITE ASSESSMENT ACTIVITIES 
 
Soil sampling activities were conducted by E Sciences personnel on May 5, 2014.  Groundwater 
sampling activities were performed by Mr. Trent VanAllen (Staff Engineer) on May 1, 2014.  The 
drilling services were provided by our subcontractor and licensed water well driller, JAEE 
Environmental Services, Inc.  Laboratory analyses were conducted by state-certified Palm Beach 
Environmental Laboratories, Inc. (PBEL) and Acccutest Laboratories, Inc. (Accutest).  Sampling 
activities were conducted in accordance with FDEP Standard Operating Procedures (SOPs) and 
Site Specific Quality Assurance Project Plan (SSQAPP) No.11A.  The following sections 
document the activities conducted and findings associated with the Phase II ESA activities. 
 

4.1 Incremental Soil Sampling  
 
Soil samples were collected based on the concept of Incremental Sampling Methodology (ISM).  
The Interstate Technology and Regulatory Council has published an ISM documented dated 
February 2012.  This methodology has been used on other sites within the State with regulatory 
concurrence and Florida Department of Environmental Protection (FDEP) is drafting a guidance 
document for this process.  This soil sampling methodology was implemented in order to collect a 
representative sample of the Site based on the absence of evidence of potential onsite 
contamination sources.  Soil sampling was conducted as a conservative measure based on the 
proposed use of the Site as an urban garden.  Based on the lack of information regarding 
historical property use and potential sources of contamination, analysis of the priority pollutants 
was selected in order to evaluate a wide range of potential common compounds. 
 
The Site was defined as the “Decision Unit” (DU) (see Figure 4).  The DU was subdivided into 
uniform grid cells.  Based on guidance documents for ISM, a minimum of 30 cells are required 
within each DU in order to obtain a representative sample of the soil quality within the DU.  A 
total of 32 cells were established in the DU.  A pre-determined soil mass of five grams for 
analysis of volatile compounds (EPA Method 8260B) and approximately 40 grams for analysis of 
semi-volatile and non-volatile compounds (EPA Methods 8270C, 8081,  6010, 6020, 7470A, 
9012) were collected within each grid cell.  These individual samples are referred to as 
increments.  Each increment was collected at a random location and random depth from zero to 
12 inches below land surface (bls) within the cell.  The increments were collected directly from a 
hand auger, which was extended to the random depth, using pre-measured sampling tools 
provided by the laboratory.  Individual increments collected were placed into bulk sample 
containers.  One bulk sample container was designated for analysis of volatile compounds and a 
second bulk sample container for semi and non-volatile compounds.  An aerial photograph of the 
Site depicting the DU, grid and increment sampling locations is included in Figure 4.   
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The soil samples were collected in laboratory provided containers and shipped to Accutest, a 
State-certified laboratory, under chain of custody protocol for ISM processing and analysis.  
Upon receipt of the samples, Accutest processed the samples and initiated sub-sampling 
activities, which included air drying and sieving the bulk sample to remove particles larger than 
two millimeters.  The sieved bulk sample was then spread to a thin layer and a grid was 
established.  A total of 30 increments of equal mass were collected in random locations across the 
spread-out sample to generate the final multi-increment sample for analysis.  The bulk sample 
collected for volatile analysis was not processed as specified above based on the nature of the 
analysis for volatile compounds, however a representative sample aliquot was processed for 
analysis.  This process is referred to as sub-sampling.  The mass collected from each sub-
sampling location depended on the analytical test.  The final multi-increment sample for the DU 
(DU1) was analyzed for the following contaminants: 
 

TABLE 4-1 
SUMMARY OF ANALYTICAL METHODS 

Priority Pollutant Group EPA Method 

Semi-volatiles 
Semi-volatile organic compounds 8270C 

Organochlorine Pesticides 8081 

Non-volatiles 

Metals 6010 and 6020 

Mercury 7470A 

Cyanides 9012 
Volatiles Volatile Organic Compounds (VOCs) 8260B 

 
A duplicate sample (DU2) was collected in the field using the same sampling methodology 
described above.  The increments for the duplicate samples were collected at a location different 
from the original sample within the same cell.  The duplicate sample was analyzed per the 
analytical scope provided in Table 4-1 above. 
 

4.2 Soil Sampling Analytical Results 
 
Laboratory analytical results were compared to the FDEP Soil Cleanup Target Levels (SCTLs) 
defined under Chapter 62-777, Florida Administrative Code (F.A.C).  Analytical results revealed 
the presence of Benzo(a)Pyrene compounds (BaPs) were detected above the Direct Exposure 
Residential and Industrial/Commercial SCTLs.  Laboratory analytical results revealed the 
presence of various semi-volatile organic compounds below the corresponding FDEP SCTLs for 
DU1 and DU2 samples.  Additionally, pesticides compounds (Methoxychlor, 4,4’-DDT and 4,4’-
DDE) were also detected below SCTLs for DU1 and DU2 samples.  Arsenic, Barium, Cadmium, 
Chromium, Lead, Mercury and Cyanide were detected for DU1 and DU2 at concentrations below 
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SCTLs.  Benzo(a)Anthracene was detected above Leachability based SCTLs.  Table 1 presents a 
summary of the soil analytical results for the detected analytes.  Laboratory analytical reports and 
chain of custody documentation are included in Appendix A. 
 

4.3 Groundwater Sampling Activities 
 
Groundwater sampling activities were conducted at the Site in order to evaluate the potential 
presence of groundwater impacts associated with potential migration of groundwater 
contamination based on the RECs identified during the Phase I ESA.  Groundwater sampling was 
conducted using Direct Push Technology (DPT).  The groundwater sampling locations are 
depicted on Figure 5.   
 
Groundwater sampling activities were conducted in accordance with FDEP Standard Operating 
Procedures (SOPs) and SSQAPPA-11A approved April 24, 2014.  Field parameters (pH, 
conductivity, temperature, dissolved oxygen and turbidity) were measured during purging using a 
multi-sensor probe and turbidity meter.  Groundwater samples were collected in laboratory 
supplied containers, packaged in ice-filled coolers and shipped to PBEL under chain of custody 
protocol for analysis.  Groundwater sampling logs are included in Appendix B.  Table 4-2 
presents a summary of the COCs and analytical methods conducted.   
 
 

TABLE 4-2 
SUMMARY OF LABORATORY ANALYSIS 
COC Analytical Method 

Phenols  EPA Method 420.2 
Priority Pollutant Volatile Organics  EPA Method 8260C 
Priority Pollutant Extractable Organics  EPA Method 8270C 
13 RCRA Metals EPA Methods 6020 
Polychlorinated Biphenyls (PCB) EPA Method 3510C/8082 
Volatile Organic Halocarbons (VOH) EPA Method 8010 

 
Table 4-3 below presents the groundwater sampling plan implemented as part of the Phase II 
ESA based on the nature and location of the historical offsite facilities identified during the Phase 
I ESA. 
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TABLE 4-3 
GROUNDWATER SAMPLING PLAN 

Sample 
Location Identified REC 

Screened 
Interval  
(ft bls) 

COC 

DP-1 

• Potential groundwater 
contamination migration 
from historical off site 
facilities including lumber 
yards and gasoline service 
station. 

14-18 

• Phenols  
• Priority Pollutant Volatile Organics  
• Priority Pollutant Extractable Organics 
• 13 RCRA Metals  
• PCB 

DP-2 

• Potential migration of 
groundwater contamination 
from historical off site 
facilities including lumber 
yards and drycleaners 
. 

14-18 

• Phenols  
• Priority Pollutant Volatile Organics  
• Priority Pollutant Extractable Organics 
• 13 RCRA Metals  
• PCB 

20-24 
• VOH 

31-35 

DP-3 

• Potential groundwater 
contamination migration 
from historical off site 
facilities including lumber 
yards, historic USTs and 
ASTs storing diesel fuel and 
an auto repair facility. 

 

14-18 

• Phenols  
• Priority Pollutant Volatile Organics  
• Priority Pollutant Extractable Organics 
• 13 RCRA Metals  
• PCB 

20-24 
• VOH 

31-35 

DP-4 

• Potential groundwater 
contamination migration 
from historical off site 
facilities including lumber 
yards and drycleaner 
facilities, and documented 
fuel oil contamination east 
of the Site 
. 

14-18 

• Phenols  
• Priority Pollutant Volatile Organics  
• Priority Pollutant Extractable Organics 
• 13 RCRA Metals  
• PCB 

20-24 

• VOH 31-35 

 
 

4.4 Groundwater Sampling Analytical Results 
 
Laboratory analytical results were compared to the FDEP Groundwater Cleanup Target Levels 
(GCTLs) defined under Chapter 62-777, Florida Administrative Code (F.A.C).  Analytical results 
revealed the presence of chromium, cooper, nickel and zinc at concentrations well below the 
corresponding GCTL or below the laboratory method quantitation limit for the samples collected 
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from DP-1 thru DP-4 from the 14 to 18 feet bls interval.  Phenols were detected below the 
laboratory method quantification limit and below the GCTL for the samples collected from the 14 
to 18 ft bls interval from DP-1 through DP-4.  Chloroform was detected below the GCTL for the 
groundwater sample collected from the 14 to 18 feet bls from DP-2.  No other COCs were 
detected above the laboratory method detection limit.   
 
Groundwater analytical results for those parameters detected during laboratory analysis are 
provided in Table 2.  Laboratory analytical reports and chain of custody documentation are 
included in Appendix A. 
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5.0 PHASE II ESA LIMITATIONS 
 
Although this assessment has attempted to identify the potential for environmental impacts to the 
Site, potential sources of contamination may have escaped detection due to: 
 

• the limited scope of this assessment 
• the inaccuracy of public records 
• the presence of undetected or unreported environmental incidents 
• inaccessible areas or 
• deliberate concealment of detrimental information by others 

 
It was not the purpose of this study to determine the actual degree or extent of contamination, if 
any, at the Site.  The sampling conducted as part of the Phase II ESA was intended to confirm the 
presence of contamination at the localized areas of the Site in relative proximity to the identified 
RECs.  No sampling or analysis was conducted outside the locations identified within this 
document. 
 
Due to the limited nature of this Phase II ESA, there is a possibility that conditions may exist 
which were not apparent at the time of report preparation and completion of the previous Phase I 
ESA.  It is also possible that the testing methods employed at the time of the report may later be 
superseded by other methods.  The description, type, and composition of what are commonly 
referred to as “hazardous materials or conditions” can also change over time.  E Sciences does not 
accept responsibility for changes in the state of the art, nor for changes in the scope of various 
lists of hazardous materials or conditions. E Sciences believes that the findings and conclusions 
provided in this report are reasonable. However, no other warranties are implied or expressed. 
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6.0 FINDINGS AND CONCLUSIONS 
 
The Phase II ESA was designed to evaluate the potential presence of contamination at the Site 
associated with potential offsite contamination sources identified during the previous Phase I 
ESA.  
 
Groundwater samples were collected at select locations on the Site.  The sample locations, depths 
and analytical scope were selected based on the nature of the potential contamination and location 
of the potential contamination sources identified during the previous Phase I ESA.  Groundwater 
contaminants of concern evaluated during this assessment included priority pollutant extractable 
organics, priority pollutant volatile organics, metals and PCBs.  Laboratory results indicated that 
there were no contaminants of concern detected above the corresponding FDEP GCTLs.  
Therefore, we conclude that no groundwater contamination was identified at the Site during this 
assessment. 
 
Soil sampling and analysis was conducted using ISM protocol.  This soil sampling methodology 
was implemented in order to collect a representative sample of the Site based on the absence of 
identified onsite contamination sources.  Soil sampling was conducted as a conservative measure 
based on the proposed use of the Site as an urban garden.  Using this methodology, the Site was 
subdivided into 32 grid cells.  A pre-determined soil mass was collected within each grid cell 
from zero to 12 inches bls and combined into a bulk sample.  One replicate sample was collected 
for analysis in a similar manner.  Laboratory analysis included volatiles and semi-volatile organic 
compounds, organochlorine pesticides, metals, and PCBs.  Analytical results revealed the 
presence of BaP compounds above SCTLs.  While this sampling methodology is not a typical 
“site assessment” methodology set forth by FDEP under Chapter 62-780, F.A.C. Contaminated 
Site Cleanup Criteria rule, FDEP has initiated development of a draft guidance document for the 
implementation of ISM in the state and it has been used on sites with regulatory involvement in 
the State. 
 
No records of incidents, releases, or surface discharges were identified at the Site during the 
Phase I ESA that would have been associated with BaP impacts.  Based on their chemical 
composition BaPs are polynuclear aromatic hydrocarbons (PAH).  A general industry 
understanding and according to the Agency for Toxic Substances and Disease Registry (ATSDR), 
PAH compounds are ubiquitous in the environment as a result of man-made processes, especially 
in urban areas.  PAHs are often associated with the deposition of motor vehicle exhaust.  Based 
on the proposed planting plan to use above ground beds, and with the condition that no soil from 
the site be used for planting, no further assessment is deemed necessary to provide 
recommendations for the current intended use of the property.  However, we note that this was 
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not a full assessment of the Site and it was based on the current proposed use of the property.  
Additional testing and evaluation of regulatory implications may be appropriate if other uses or 
development plans for the Site are considered. 
   
While no groundwater impacts were identified during this assessment, based on the detection of 
multiple contaminants at concentrations below regulatory criteria in the groundwater and the 
concentration of Benzo(a)anthracene above Leachability based SCTLs, we recommend that the 
groundwater not be used for irrigation proposes at the Site for planting activities. 



FIGURES 
 



¹

Legend
Approximate Site Boundary

Background Source: ESRI Streetmap

P
:\P

ro
je

ct
s\

2-
50

0-
59

9\
2-

05
78

-0
10

\4
_f

ig
ur

es
 a

nd
 d

ra
w

in
gs

\G
IS

\1
. L

oc
at

io
n 

M
ap

.m
xd

PROJECT NUMBER:
2-0578-010

Section 16, Township 43S, Range 43E
West Palm Beach, Palm Beach County, FL

Location Map 1
1 "=1,000 '

E Sciences, Incorporated
FL Engineering Lic. #8691
224 SE 9th Street
Ft. Lauderdale, Florida 33316
www.esciencesinc.com
Phone: 954-484-8500
Fax:      954-484-5146

DATE:                         
5/12/2014

SCALE:DRAWN
BY: TV

CHECKED
BY:  MP

FIGURE1400 Henrietta Avenue
0 500 1,000250

Feet

Approximate Site Location

Key Map

Phase II ESA



¹

Legend
Approximate Site Boundary

Background Source: USA Topo 

P
:\P

ro
je

ct
s\

2-
50

0-
59

9\
2-

05
78

-0
10

\4
_f

ig
ur

es
 a

nd
 d

ra
w

in
gs

\G
IS

\2
. T

op
o 

M
ap

.m
xd

PROJECT NUMBER:
2-0578-009

Section 16, Township 43S, Range 43E
West Palm Beach, Palm Beach County, FL

USGS Topographic Map 2
1 "=1,000 '

E Sciences, Incorporated
FL Engineering Lic. #8691
224 SE 9th Street
Ft. Lauderdale, Florida 33316
www.esciencesinc.com
Phone: 954-484-8500
Fax:      954-484-5146

DATE:                         
5/12/2014

SCALE:DRAWN
BY: TV

CHECKED
BY:  MP

FIGURE1400 Henrietta Avenue
0 500 1,000250

Feet

Phase II ESA



¹

Legend
Approximate Site Boundary

Background Source: Bing Maps

P
:\P

ro
je

ct
s\

2-
50

0-
59

9\
2-

05
78

-0
10

\4
_f

ig
ur

es
 a

nd
 d

ra
w

in
gs

\G
IS

\3
. A

er
ia

l P
ho

to
gr

ap
h.

m
xd

PROJECT NUMBER:
2-0578-010

Section 16, Township 43S, Range 43E
West Palm Beach, Palm Beach County, FL

2011 Aerial Photograph 3
1 "=100 '

E Sciences, Incorporated
FL Engineering Lic. #8691
224 SE 9th Street
Ft. Lauderdale, Florida 33316
www.esciencesinc.com
Phone: 954-484-8500
Fax:      954-484-5146

DATE:                         
5/12/2014

SCALE:DRAWN
BY: TV

CHECKED
BY:  MP

FIGURE1400 Henrietta Avenue
0 50 10025

Feet

Phase II ESA



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!( !(

!(!(!(

!(
!(

!(

!(!(
!(

!(

!(

!(

!(
!(

!(
!(

!(
!(

!( !(

!(

!( !(

!(!(

!(
!(

!(

!(

¹

Legend
Approximate Site Boundary

Incremental Sampling Locations
!( Decision Unit 1
!( Decision Unit 2

Background Source: Bing Maps

C
:\U

se
rs

\tv
an

al
le

n\
D

es
kt

op
\4

. S
oi

l S
am

pl
in

g 
Lo

ca
tio

n 
M

ap
.m

xd

PROJECT NUMBER:
2-0578-010

Section 16, Township 43S, Range 43E
West Palm Beach, Palm Beach County, FL

Soil Sampling
Location Map 4
1 "=75 '

E Sciences, Incorporated
FL Engineering Lic. #8691
224 SE 9th Street
Ft. Lauderdale, Florida 33316
www.esciencesinc.com
Phone: 954-484-8500
Fax:      954-484-5146

DATE:                         
5/12/2014

SCALE:DRAWN
BY: TV

CHECKED
BY:  MP

FIGURE1400 Henrietta Avenue

0 75 15037.5
Feet

Phase II ESA



!.

!. !.

!.
DP-4

DP-3DP-1

DP-2

¹

Legend
Approximate Site Boundary

!. Groundwater Sampling Locations

Background Source: Bing Maps

P
:\P

ro
je

ct
s\

2-
50

0-
59

9\
2-

05
78

-0
10

\4
_f

ig
ur

es
 a

nd
 d

ra
w

in
gs

\G
IS

\5
. G

ro
un

dw
at

er
 S

am
pl

in
g 

Lo
ca

tio
ns

.m
xd

PROJECT NUMBER:
2-0578-010

Section 16, Township 43S, Range 43E
West Palm Beach, Palm Beach County, FL

Groundwater Sampling
Location Map 5
1 "=150 '

E Sciences, Incorporated
FL Engineering Lic. #8691
224 SE 9th Street
Ft. Lauderdale, Florida 33316
www.esciencesinc.com
Phone: 954-484-8500
Fax:      954-484-5146

DATE:                         
5/12/2014

SCALE:DRAWN
BY: TV

CHECKED
BY:  MP

FIGURE1400 Henrietta Avenue

0 100 20050
Feet

Phase II ESA



TABLES 
 



2,400 20,000 2.1 0.261i 0.156i
21,000 300,000 *** 0.492i 0.313i
2,200 36,000 250 2.430 1.530
3,200 59,000 1,200 3.910 2.780
2,600 33,000 160 0.200i 0.113i
2,400 45,000 880 3.180 2.070

(-) (-) 0.8 1.830 1.260
(-) (-) 77 1.970 1.360
(-) (-) 2.4 1.970 1.230
(-) (-) 24 1.340 1.050

0.1 0.7 8 1.650 1.090
(-) (-) 0.7 0.329i 0.227i
(-) (-) 6.6 1.320 0.924

2,500 52,000 32,000 1.190 0.797
0.1 0.7 8 1.650 1.09
2.1 12 *** 1.4i 1.2i

120** 130,000 1,600 33.9i 30.2i
82 1,700 7.5 0.19i 0.17i

210 470 38 5.3 3.5
400 1,400 *** 52.8 55.5
3 17 2.1 0.12 0.1

34** 11,000 0.8 0.088i 0.13
420 8,800 160 0.008i 0.0065i
2.9 15 18 0.0191i 0.0126i
2.9 15 11 0.0095i 0.0067i

Notes:

Analytical results presented in mg/Kg unless specified
mg/Kg Milligrams per Kilogram
FDEP Florida Department of Environmental Protection
SCTL Soil Cleanup Target Levels

i Reported value is between the laboratory method detection limit and the practical quantitation limit.
0.3 Bold indicates concentration above SCTL.
(-) Concentration must be converted to Benzo(a)pyrene equivalent.
** Direct exposure value based on acute toxicity considerations.

***

Table 1:  Summary of Soil Analytical Results
1400 Henrietta Avenue

West Palm Beach, Palm Beach County, Florida 

Acenaphthene
Anthracene
Phenanthrene
Fluoranthene

FDEP  SCTLs 
Residential 

FDEP SCTLs 
Industrial 

FDEP SCTLs 
Leachability 

Sample ID

DU-1 DU-2

Methoxychlor
4,4'- DDE

(mg/Kg)

Indeno(1,2,3-cd)pyrene
Benzo(g,h,i)-perylene
Benzo(a)pyrene Equivalents

Fluorene
Pyrene

This table presents only the concentrations of analytes detected.  Other analytes were not detected above 
laboratory method detection limits and are not included in this summary table.

Leachability values may be derived using the SPLP Test to calculate site-specific SCTLs or may be determined 
using TCLP in the event oily wastes  are present.

4, 4'- DDT

Chrysene
Benzo(a)-anthracene

Arsenic
Barium
Cadmium
Chromium

Benzo(b)-fluoranthene
Benzo(k)-fluoranthene
Benzo(a)-pyrene
Dibenz(a,h)-anthracene

Lead
Mercury
Cyanide



Chromium Cooper Nickel Zinc Phenols Chloroform
100 1,000 100 5,000 10 70

1,000 10,000 1,000 50,000 100 700

Sampling Location ID
Depth Sampling 
Interval (ft bls)

DP-1 14-18 4 JEE 1 JEE 2.0 JEE 12.0 JEE 10i, JEE 0.530U
14-18 1i, JEE 0.2U, JEE 1.0 JEE 8.00 JEE 10i, JEE 3.660
20-24 NA NA NA NA NA 0.53U
31-35 NA NA NA NA NA 0.53U
14-18 1i, JEE 4 JEE 1.0 JEE 22.0 JEE 10i, JEE 0.530U
20-24 NA NA NA NA NA 0.53U
31-35 NA NA NA NA NA 0.53U
14-18 4 JEE 0.2i, JEE 3.0 JEE 19.0 JEE 10i, JEE 0.530U
20-24 NA NA NA NA NA 0.53U
31-35 NA NA NA NA NA 0.53U

Notes:
This table presents only the concentrations of analytes detected.  

Analytical results presented in ug/L unless specified
ug/L micrograms per Liter

FDEP Florida Department of Environmental Protection
GCTL Groundwater Cleanup Target Level
NADC Natural Attenuation Default Concentration
ft bls feet below land surface
NA Not analyzed
NC Not calculated
0.3 Bold indicates concentration above GCTL.

i Reported value is between the laboratory method detection limit and the practical quantitation limit.
U The compound was analyzed but not detected above the laboratory method detection limit.

JEE Analysis performed by Florida Environmental Certificate #E86006

 Table 2:  Summary of Groundwater Analytical Results
1400 Henrietta Avenue

West Palm Beach, Palm Beach County, Florida 
E Sciences Project No. 2-0578-010

Other analytes were not detected above laboratory method detection limits and are not included in this summary 
table.

FDEP GCTL (ug/L)
FDEP NADC (ug/L)

DP-2

DP-3

DP-4

Page 1 of 1
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Accutest Laboratories

Sample Summary

E Sciences, Inc
Job No: FA14765R

Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL
Project No:   2-0578-010

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

FA14765-1R 05/05/14 12:30 TV 05/07/14 SO Soil DU1

FA14765-1RA05/05/14 12:30 TV 05/07/14 SO Soil DU1

FA14765-2R 05/05/14 15:30 TV 05/07/14 SO Soil DU2

FA14765-2RA05/05/14 15:30 TV 05/07/14 SO Soil DU2

Soil samples reported on a dry weight basis unless otherwise indicated on result page.
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Summary of Hits Page 1 of 2     
Job Number: FA14765R
Account: E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL
Collected: 05/05/14

Lab Sample ID   Client Sample ID Result/
Analyte Qual PQL MDL Units Method

FA14765-1R DU1

Acenaphthene a 261 I 660 84 ug/kg SW846 8270D
Anthracene a 492 I 660 66 ug/kg SW846 8270D
Benzo(a)anthracene a 1830 660 66 ug/kg SW846 8270D
Benzo(a)pyrene a 1650 660 66 ug/kg SW846 8270D
Benzo(b)fluoranthene a 1970 660 66 ug/kg SW846 8270D
Benzo(g,h,i)perylene a 1190 660 66 ug/kg SW846 8270D
Benzo(k)fluoranthene a 1340 660 72 ug/kg SW846 8270D
Chrysene a 1970 660 66 ug/kg SW846 8270D
Dibenzo(a,h)anthracene a 329 I 660 66 ug/kg SW846 8270D
Fluoranthene a 3910 660 66 ug/kg SW846 8270D
Fluorene a 200 I 660 66 ug/kg SW846 8270D
Indeno(1,2,3-cd)pyrene a 1320 660 66 ug/kg SW846 8270D
Phenanthrene a 2430 660 66 ug/kg SW846 8270D
Pyrene a 3180 660 66 ug/kg SW846 8270D
4,4'-DDE b 19.1 I 33 4.1 ug/kg SW846 8081B
4,4'-DDT b 9.5 I 33 3.3 ug/kg SW846 8081B
Methoxychlor c 8.0 I 33 3.9 ug/kg SW846 8081B
Arsenic d 1.4 I 2.2 0.43 mg/kg SW846 6010C
Barium d 33.9 I 43 0.22 mg/kg SW846 6010C
Cadmium d 0.19 I 0.86 0.11 mg/kg SW846 6010C
Chromium d 5.3 2.2 0.22 mg/kg SW846 6010C
Lead d 52.8 4.3 0.34 mg/kg SW846 6010C
Mercury 0.12 0.040 0.0040 mg/kg SW846 7471B
Cyanide, Total 0.088 I 0.12 0.059 mg/kg SW846 9012B

FA14765-1RA DU1

No hits reported in this sample.

FA14765-2R DU2

Acenaphthene a 156 I 660 83 ug/kg SW846 8270D
Anthracene a 313 I 660 66 ug/kg SW846 8270D
Benzo(a)anthracene a 1260 660 66 ug/kg SW846 8270D
Benzo(a)pyrene a 1090 660 66 ug/kg SW846 8270D
Benzo(b)fluoranthene a 1230 660 66 ug/kg SW846 8270D
Benzo(g,h,i)perylene a 797 660 66 ug/kg SW846 8270D
Benzo(k)fluoranthene a 1050 660 72 ug/kg SW846 8270D
Chrysene a 1360 660 66 ug/kg SW846 8270D
Dibenzo(a,h)anthracene a 227 I 660 66 ug/kg SW846 8270D
Fluoranthene a 2780 660 66 ug/kg SW846 8270D
Fluorene a 113 I 660 66 ug/kg SW846 8270D
Indeno(1,2,3-cd)pyrene a 924 660 66 ug/kg SW846 8270D
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Summary of Hits Page 2 of 2     
Job Number: FA14765R
Account: E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL
Collected: 05/05/14

Lab Sample ID   Client Sample ID Result/
Analyte Qual PQL MDL Units Method

Phenanthrene a 1530 660 66 ug/kg SW846 8270D
Pyrene a 2070 660 66 ug/kg SW846 8270D
4,4'-DDE b 12.6 I 34 4.2 ug/kg SW846 8081B
4,4'-DDT b 6.7 I 34 3.4 ug/kg SW846 8081B
Methoxychlor c 6.5 I 34 4.1 ug/kg SW846 8081B
Arsenic d 1.2 I 1.8 0.35 mg/kg SW846 6010C
Barium d 30.2 I 35 0.18 mg/kg SW846 6010C
Cadmium d 0.17 I 0.71 0.089 mg/kg SW846 6010C
Chromium d 3.5 1.8 0.18 mg/kg SW846 6010C
Lead d 55.5 3.5 0.28 mg/kg SW846 6010C
Mercury 0.10 0.038 0.0038 mg/kg SW846 7471B
Cyanide, Total 0.13 0.12 0.058 mg/kg SW846 9012B

FA14765-2RA DU2

No hits reported in this sample.

(a) Dilution required due to matrix interference.
(b) All hits confirmed by dual column analysis. Dilution required due to matrix interference.
(c) All hits confirmed by dual column analysis. Dilution required due to matrix interference.  Primary and

confirmation results differ by more than 40%.  Lower value reported due to possible coelution.
(d) Sample dilution required due to sample matrix.
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Accutest Laboratories

Report of Analysis Page 1 of 2     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8270D   SW846 3550C Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 a X034917.D 4 05/20/14 MV 05/19/14 OP51657 SX1634
Run #2

Initial Weight Final Volume
Run #1 30.1 g 1.0 ml
Run #2

ABN PPL List + 1&2 Methyl Naphthalene

CAS No. Compound Result PQL MDL Units Q

95-57-8 2-Chlorophenol 66 U 660 66 ug/kg
59-50-7 4-Chloro-3-methyl phenol 66 U 660 66 ug/kg
120-83-2 2,4-Dichlorophenol 69 U 660 69 ug/kg
105-67-9 2,4-Dimethylphenol 73 U 660 73 ug/kg
51-28-5 2,4-Dinitrophenol 660 U 3300 660 ug/kg
534-52-1 4,6-Dinitro-o-cresol 270 U 1300 270 ug/kg
88-75-5 2-Nitrophenol 66 U 660 66 ug/kg
100-02-7 4-Nitrophenol 530 U 3300 530 ug/kg
87-86-5 Pentachlorophenol 530 U 3300 530 ug/kg
108-95-2 Phenol 66 U 660 66 ug/kg
88-06-2 2,4,6-Trichlorophenol 66 U 660 66 ug/kg
83-32-9 Acenaphthene 261 660 84 ug/kg I
208-96-8 Acenaphthylene 66 U 660 66 ug/kg
120-12-7 Anthracene 492 660 66 ug/kg I
92-87-5 Benzidine 1300 U 6600 1300 ug/kg
56-55-3 Benzo(a)anthracene 1830 660 66 ug/kg
50-32-8 Benzo(a)pyrene 1650 660 66 ug/kg
205-99-2 Benzo(b)fluoranthene 1970 660 66 ug/kg
191-24-2 Benzo(g,h,i)perylene 1190 660 66 ug/kg
207-08-9 Benzo(k)fluoranthene 1340 660 72 ug/kg
101-55-3 4-Bromophenyl phenyl ether 66 U 660 66 ug/kg
85-68-7 Butyl benzyl phthalate 130 U 660 130 ug/kg
91-58-7 2-Chloronaphthalene 79 U 660 79 ug/kg
106-47-8 4-Chloroaniline 66 U 660 66 ug/kg
218-01-9 Chrysene 1970 660 66 ug/kg
111-91-1 bis(2-Chloroethoxy)methane 66 U 660 66 ug/kg
111-44-4 bis(2-Chloroethyl)ether 66 U 660 66 ug/kg
108-60-1 bis(2-Chloroisopropyl)ether 69 U 660 69 ug/kg
7005-72-3 4-Chlorophenyl phenyl ether 99 U 660 99 ug/kg
95-50-1 1,2-Dichlorobenzene 66 U 660 66 ug/kg
122-66-7 1,2-Diphenylhydrazine 76 U 660 76 ug/kg
541-73-1 1,3-Dichlorobenzene 66 U 660 66 ug/kg

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 2 of 2     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8270D   SW846 3550C Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

ABN PPL List + 1&2 Methyl Naphthalene

CAS No. Compound Result PQL MDL Units Q

106-46-7 1,4-Dichlorobenzene 66 U 660 66 ug/kg
121-14-2 2,4-Dinitrotoluene 75 U 660 75 ug/kg
606-20-2 2,6-Dinitrotoluene 73 U 660 73 ug/kg
91-94-1 3,3'-Dichlorobenzidine 66 U 660 66 ug/kg
53-70-3 Dibenzo(a,h)anthracene 329 660 66 ug/kg I
84-74-2 Di-n-butyl phthalate 130 U 1300 130 ug/kg
117-84-0 Di-n-octyl phthalate 130 U 660 130 ug/kg
84-66-2 Diethyl phthalate 130 U 1300 130 ug/kg
131-11-3 Dimethyl phthalate 130 U 660 130 ug/kg
117-81-7 bis(2-Ethylhexyl)phthalate 130 U 1300 130 ug/kg
206-44-0 Fluoranthene 3910 660 66 ug/kg
86-73-7 Fluorene 200 660 66 ug/kg I
118-74-1 Hexachlorobenzene 66 U 660 66 ug/kg
87-68-3 Hexachlorobutadiene 66 U 660 66 ug/kg
77-47-4 Hexachlorocyclopentadiene 66 U 660 66 ug/kg
67-72-1 Hexachloroethane 66 U 660 66 ug/kg
193-39-5 Indeno(1,2,3-cd)pyrene 1320 660 66 ug/kg
78-59-1 Isophorone 66 U 660 66 ug/kg
90-12-0 1-Methylnaphthalene 66 U 660 66 ug/kg
91-57-6 2-Methylnaphthalene 66 U 660 66 ug/kg
91-20-3 Naphthalene 66 U 660 66 ug/kg
98-95-3 Nitrobenzene 66 U 660 66 ug/kg
62-75-9 N-Nitrosodimethylamine 77 U 660 77 ug/kg
621-64-7 N-Nitroso-di-n-propylamine 66 U 660 66 ug/kg
86-30-6 N-Nitrosodiphenylamine 66 U 660 66 ug/kg
85-01-8 Phenanthrene 2430 660 66 ug/kg
129-00-0 Pyrene 3180 660 66 ug/kg
120-82-1 1,2,4-Trichlorobenzene 66 U 660 66 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

367-12-4 2-Fluorophenol 55% 40-102%
4165-62-2 Phenol-d5 60% 41-100%
118-79-6 2,4,6-Tribromophenol 53% 42-108%
4165-60-0 Nitrobenzene-d5 55% 40-105%
321-60-8 2-Fluorobiphenyl 59% 43-107%
1718-51-0 Terphenyl-d14 79% 45-119%

(a) Dilution required due to matrix interference.

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8081B   SW846 3546 Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 a TT366206.D 10 05/21/14 FS 05/19/14 OP51666 GTT1470
Run #2

Initial Weight Final Volume
Run #1 15.2 g 5.0 ml
Run #2

Pesticide PPL List

CAS No. Compound Result PQL MDL Units Q

309-00-2 Aldrin 3.4 U 16 3.4 ug/kg
319-84-6 alpha-BHC 3.3 U 16 3.3 ug/kg
319-85-7 beta-BHC 3.3 U 16 3.3 ug/kg
319-86-8 delta-BHC 3.7 U 16 3.7 ug/kg
58-89-9 gamma-BHC (Lindane) 3.3 U 16 3.3 ug/kg
12789-03-6 Chlordane 66 U 160 66 ug/kg
60-57-1 Dieldrin 3.8 U 16 3.8 ug/kg
72-54-8 4,4'-DDD 3.9 U 33 3.9 ug/kg
72-55-9 4,4'-DDE 19.1 33 4.1 ug/kg I
50-29-3 4,4'-DDT 9.5 33 3.3 ug/kg I
72-20-8 Endrin 3.3 U 33 3.3 ug/kg
1031-07-8 Endosulfan sulfate 3.4 U 33 3.4 ug/kg
7421-93-4 Endrin aldehyde 3.3 U 33 3.3 ug/kg
959-98-8 Endosulfan-I 3.6 U 16 3.6 ug/kg
33213-65-9 Endosulfan-II 3.3 U 16 3.3 ug/kg
76-44-8 Heptachlor 3.9 U 16 3.9 ug/kg
1024-57-3 Heptachlor epoxide 3.6 U 16 3.6 ug/kg
72-43-5 Methoxychlor b 8.0 33 3.9 ug/kg I
8001-35-2 Toxaphene 330 U 820 330 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

877-09-8 Tetrachloro-m-xylene 86% 50-122%
2051-24-3 Decachlorobiphenyl 120% 50-133%

(a) All hits confirmed by dual column analysis. Dilution required due to matrix interference.
(b) Primary and confirmation results differ by more than 40%.  Lower value reported due to possible coelution.

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 

Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Metals Analysis

Analyte Result PQL MDL Units DF Prep Analyzed By Method Prep Method

Arsenic a 1.4 I 2.2 0.43 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Barium a 33.9 I 43 0.22 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Cadmium a 0.19 I 0.86 0.11 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Chromium a 5.3 2.2 0.22 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Lead a 52.8 4.3 0.34 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Mercury 0.12 0.040 0.0040 mg/kg 1 05/15/14 05/20/14 JL SW846 7471B 1 SW846 7471B 3

Selenium a 0.65 U 4.3 0.65 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Silver a 0.14 U 2.2 0.14 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

(1) Instrument QC Batch: MA11609
(2) Instrument QC Batch: MA11610
(3) Prep QC Batch: MP27276
(4) Prep QC Batch: MP27278

(a) Sample dilution required due to sample matrix.

PQL = Practical Quantitation Limit U = Indicates a result < MDL
MDL = Method Detection Limit I = Indicates a result >= MDL but < PQL
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 

Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

General Chemistry

Analyte Result PQL MDL Units DF Analyzed By Method

Cyanide, Total 0.088 I 0.12 0.059 mg/kg 1 05/19/14 13:50 AR SW846 9012B

PQL = Practical Quantitation Limit U = Indicates a result < MDL
MDL = Method Detection Limit I = Indicates a result >= MDL but < PQL
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Accutest Laboratories

Report of Analysis Page 1 of 2     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1RA Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8260B Percent Solids: 98.4 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 H0085473.D 1 05/14/14 EP n/a n/a VH3251
Run #2

Initial Weight Final Volume Methanol Aliquot
Run #1 190 g 160 ml 100 ul
Run #2

VOA PPL List + MTBE

CAS No. Compound Result PQL MDL Units Q

107-02-8 Acrolein 470 U 1100 470 ug/kg
107-13-1 Acrylonitrile 340 U 1100 340 ug/kg
71-43-2 Benzene 44 U 220 44 ug/kg
75-27-4 Bromodichloromethane 44 U 220 44 ug/kg
75-25-2 Bromoform 47 U 220 47 ug/kg
108-90-7 Chlorobenzene 44 U 220 44 ug/kg
75-00-3 Chloroethane 99 U 220 99 ug/kg
67-66-3 Chloroform 49 U 220 49 ug/kg
110-75-8 2-Chloroethyl vinyl ether 440 U 1100 440 ug/kg
56-23-5 Carbon tetrachloride 61 U 220 61 ug/kg
75-34-3 1,1-Dichloroethane 44 U 220 44 ug/kg
75-35-4 1,1-Dichloroethylene 44 U 220 44 ug/kg
107-06-2 1,2-Dichloroethane 44 U 220 44 ug/kg
78-87-5 1,2-Dichloropropane 44 U 220 44 ug/kg
124-48-1 Dibromochloromethane 44 U 220 44 ug/kg
75-71-8 Dichlorodifluoromethane 55 U 220 55 ug/kg
156-59-2 cis-1,2-Dichloroethylene 44 U 220 44 ug/kg
10061-01-5 cis-1,3-Dichloropropene 44 U 220 44 ug/kg
541-73-1 m-Dichlorobenzene 44 U 220 44 ug/kg
95-50-1 o-Dichlorobenzene 44 U 220 44 ug/kg
106-46-7 p-Dichlorobenzene 49 U 220 49 ug/kg
156-60-5 trans-1,2-Dichloroethylene 59 U 220 59 ug/kg
10061-02-6 trans-1,3-Dichloropropene 44 U 220 44 ug/kg
100-41-4 Ethylbenzene 44 U 220 44 ug/kg
74-83-9 Methyl bromide 82 U 220 82 ug/kg
74-87-3 Methyl chloride 87 U 220 87 ug/kg
75-09-2 Methylene chloride 170 U 440 170 ug/kg
1634-04-4 Methyl Tert Butyl Ether 44 U 220 44 ug/kg
71-55-6 1,1,1-Trichloroethane 44 U 220 44 ug/kg
79-34-5 1,1,2,2-Tetrachloroethane 62 U 220 62 ug/kg
79-00-5 1,1,2-Trichloroethane 70 U 220 70 ug/kg
127-18-4 Tetrachloroethylene 55 U 220 55 ug/kg

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 2 of 2     

Client Sample ID: DU1 
Lab Sample ID: FA14765-1RA Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8260B Percent Solids: 98.4 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

VOA PPL List + MTBE

CAS No. Compound Result PQL MDL Units Q

108-88-3 Toluene 44 U 220 44 ug/kg
79-01-6 Trichloroethylene 45 U 220 45 ug/kg
75-69-4 Trichlorofluoromethane 44 U 220 44 ug/kg
75-01-4 Vinyl chloride 45 U 220 45 ug/kg
1330-20-7 Xylene (total) 120 U 660 120 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

1868-53-7 Dibromofluoromethane 76% 75-124%
2037-26-5 Toluene-D8 95% 75-126%
460-00-4 4-Bromofluorobenzene 94% 71-133%
17060-07-0 1,2-Dichloroethane-D4 94% 72-135%

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 1 of 2     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8270D   SW846 3550C Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 a X034959.D 4 05/22/14 MV 05/19/14 OP51657 SX1636
Run #2

Initial Weight Final Volume
Run #1 30.4 g 1.0 ml
Run #2

ABN PPL List + 1&2 Methyl Naphthalene

CAS No. Compound Result PQL MDL Units Q

95-57-8 2-Chlorophenol 66 U 660 66 ug/kg
59-50-7 4-Chloro-3-methyl phenol 66 U 660 66 ug/kg
120-83-2 2,4-Dichlorophenol 68 U 660 68 ug/kg
105-67-9 2,4-Dimethylphenol 73 U 660 73 ug/kg
51-28-5 2,4-Dinitrophenol 660 U 3300 660 ug/kg
534-52-1 4,6-Dinitro-o-cresol 260 U 1300 260 ug/kg
88-75-5 2-Nitrophenol 66 U 660 66 ug/kg
100-02-7 4-Nitrophenol 530 U 3300 530 ug/kg
87-86-5 Pentachlorophenol 530 U 3300 530 ug/kg
108-95-2 Phenol 66 U 660 66 ug/kg
88-06-2 2,4,6-Trichlorophenol 66 U 660 66 ug/kg
83-32-9 Acenaphthene 156 660 83 ug/kg I
208-96-8 Acenaphthylene 66 U 660 66 ug/kg
120-12-7 Anthracene 313 660 66 ug/kg I
92-87-5 Benzidine 1300 U 6600 1300 ug/kg
56-55-3 Benzo(a)anthracene 1260 660 66 ug/kg
50-32-8 Benzo(a)pyrene 1090 660 66 ug/kg
205-99-2 Benzo(b)fluoranthene 1230 660 66 ug/kg
191-24-2 Benzo(g,h,i)perylene 797 660 66 ug/kg
207-08-9 Benzo(k)fluoranthene 1050 660 72 ug/kg
101-55-3 4-Bromophenyl phenyl ether 66 U 660 66 ug/kg
85-68-7 Butyl benzyl phthalate 130 U 660 130 ug/kg
91-58-7 2-Chloronaphthalene 78 U 660 78 ug/kg
106-47-8 4-Chloroaniline 66 U 660 66 ug/kg
218-01-9 Chrysene 1360 660 66 ug/kg
111-91-1 bis(2-Chloroethoxy)methane 66 U 660 66 ug/kg
111-44-4 bis(2-Chloroethyl)ether 66 U 660 66 ug/kg
108-60-1 bis(2-Chloroisopropyl)ether 68 U 660 68 ug/kg
7005-72-3 4-Chlorophenyl phenyl ether 98 U 660 98 ug/kg
95-50-1 1,2-Dichlorobenzene 66 U 660 66 ug/kg
122-66-7 1,2-Diphenylhydrazine 75 U 660 75 ug/kg
541-73-1 1,3-Dichlorobenzene 66 U 660 66 ug/kg

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 2 of 2     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8270D   SW846 3550C Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

ABN PPL List + 1&2 Methyl Naphthalene

CAS No. Compound Result PQL MDL Units Q

106-46-7 1,4-Dichlorobenzene 66 U 660 66 ug/kg
121-14-2 2,4-Dinitrotoluene 75 U 660 75 ug/kg
606-20-2 2,6-Dinitrotoluene 72 U 660 72 ug/kg
91-94-1 3,3'-Dichlorobenzidine 66 U 660 66 ug/kg
53-70-3 Dibenzo(a,h)anthracene 227 660 66 ug/kg I
84-74-2 Di-n-butyl phthalate 130 U 1300 130 ug/kg
117-84-0 Di-n-octyl phthalate 130 U 660 130 ug/kg
84-66-2 Diethyl phthalate 130 U 1300 130 ug/kg
131-11-3 Dimethyl phthalate 130 U 660 130 ug/kg
117-81-7 bis(2-Ethylhexyl)phthalate 130 U 1300 130 ug/kg
206-44-0 Fluoranthene 2780 660 66 ug/kg
86-73-7 Fluorene 113 660 66 ug/kg I
118-74-1 Hexachlorobenzene 66 U 660 66 ug/kg
87-68-3 Hexachlorobutadiene 66 U 660 66 ug/kg
77-47-4 Hexachlorocyclopentadiene 66 U 660 66 ug/kg
67-72-1 Hexachloroethane 66 U 660 66 ug/kg
193-39-5 Indeno(1,2,3-cd)pyrene 924 660 66 ug/kg
78-59-1 Isophorone 66 U 660 66 ug/kg
90-12-0 1-Methylnaphthalene 66 U 660 66 ug/kg
91-57-6 2-Methylnaphthalene 66 U 660 66 ug/kg
91-20-3 Naphthalene 66 U 660 66 ug/kg
98-95-3 Nitrobenzene 66 U 660 66 ug/kg
62-75-9 N-Nitrosodimethylamine 77 U 660 77 ug/kg
621-64-7 N-Nitroso-di-n-propylamine 66 U 660 66 ug/kg
86-30-6 N-Nitrosodiphenylamine 66 U 660 66 ug/kg
85-01-8 Phenanthrene 1530 660 66 ug/kg
129-00-0 Pyrene 2070 660 66 ug/kg
120-82-1 1,2,4-Trichlorobenzene 66 U 660 66 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

367-12-4 2-Fluorophenol 65% 40-102%
4165-62-2 Phenol-d5 66% 41-100%
118-79-6 2,4,6-Tribromophenol 69% 42-108%
4165-60-0 Nitrobenzene-d5 64% 40-105%
321-60-8 2-Fluorobiphenyl 69% 43-107%
1718-51-0 Terphenyl-d14 79% 45-119%

(a) Dilution required due to matrix interference.

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8081B   SW846 3546 Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 a TT366207.D 10 05/21/14 FS 05/19/14 OP51666 GTT1470
Run #2

Initial Weight Final Volume
Run #1 14.7 g 5.0 ml
Run #2

Pesticide PPL List

CAS No. Compound Result PQL MDL Units Q

309-00-2 Aldrin 3.5 U 17 3.5 ug/kg
319-84-6 alpha-BHC 3.4 U 17 3.4 ug/kg
319-85-7 beta-BHC 3.4 U 17 3.4 ug/kg
319-86-8 delta-BHC 3.8 U 17 3.8 ug/kg
58-89-9 gamma-BHC (Lindane) 3.4 U 17 3.4 ug/kg
12789-03-6 Chlordane 68 U 170 68 ug/kg
60-57-1 Dieldrin 3.9 U 17 3.9 ug/kg
72-54-8 4,4'-DDD 4.0 U 34 4.0 ug/kg
72-55-9 4,4'-DDE 12.6 34 4.2 ug/kg I
50-29-3 4,4'-DDT 6.7 34 3.4 ug/kg I
72-20-8 Endrin 3.4 U 34 3.4 ug/kg
1031-07-8 Endosulfan sulfate 3.5 U 34 3.5 ug/kg
7421-93-4 Endrin aldehyde 3.4 U 34 3.4 ug/kg
959-98-8 Endosulfan-I 3.7 U 17 3.7 ug/kg
33213-65-9 Endosulfan-II 3.4 U 17 3.4 ug/kg
76-44-8 Heptachlor 4.0 U 17 4.0 ug/kg
1024-57-3 Heptachlor epoxide 3.7 U 17 3.7 ug/kg
72-43-5 Methoxychlor b 6.5 34 4.1 ug/kg I
8001-35-2 Toxaphene 340 U 850 340 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

877-09-8 Tetrachloro-m-xylene 79% 50-122%
2051-24-3 Decachlorobiphenyl 109% 50-133%

(a) All hits confirmed by dual column analysis. Dilution required due to matrix interference.
(b) Primary and confirmation results differ by more than 40%.  Lower value reported due to possible coelution.

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 

Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Metals Analysis

Analyte Result PQL MDL Units DF Prep Analyzed By Method Prep Method

Arsenic a 1.2 I 1.8 0.35 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Barium a 30.2 I 35 0.18 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Cadmium a 0.17 I 0.71 0.089 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Chromium a 3.5 1.8 0.18 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Lead a 55.5 3.5 0.28 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Mercury 0.10 0.038 0.0038 mg/kg 1 05/15/14 05/20/14 JL SW846 7471B 1 SW846 7471B 3

Selenium a 0.53 U 3.5 0.53 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

Silver a 0.12 U 1.8 0.12 mg/kg 5 05/20/14 05/20/14 LM SW846 6010C 2 SW846 3050B 4

(1) Instrument QC Batch: MA11609
(2) Instrument QC Batch: MA11610
(3) Prep QC Batch: MP27276
(4) Prep QC Batch: MP27278

(a) Sample dilution required due to sample matrix.

PQL = Practical Quantitation Limit U = Indicates a result < MDL
MDL = Method Detection Limit I = Indicates a result >= MDL but < PQL
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2R Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 

Percent Solids: 100.0 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

General Chemistry

Analyte Result PQL MDL Units DF Analyzed By Method

Cyanide, Total 0.13 0.12 0.058 mg/kg 1 05/19/14 13:51 AR SW846 9012B

PQL = Practical Quantitation Limit U = Indicates a result < MDL
MDL = Method Detection Limit I = Indicates a result >= MDL but < PQL
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Accutest Laboratories

Report of Analysis Page 1 of 2     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2RA Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8260B Percent Solids: 99.7 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 H0085474.D 1 05/14/14 EP n/a n/a VH3251
Run #2

Initial Weight Final Volume Methanol Aliquot
Run #1 186 g 160 ml 100 ul
Run #2

VOA PPL List + MTBE

CAS No. Compound Result PQL MDL Units Q

107-02-8 Acrolein 470 U 1100 470 ug/kg
107-13-1 Acrylonitrile 340 U 1100 340 ug/kg
71-43-2 Benzene 43 U 220 43 ug/kg
75-27-4 Bromodichloromethane 43 U 220 43 ug/kg
75-25-2 Bromoform 47 U 220 47 ug/kg
108-90-7 Chlorobenzene 43 U 220 43 ug/kg
75-00-3 Chloroethane 98 U 220 98 ug/kg
67-66-3 Chloroform 49 U 220 49 ug/kg
110-75-8 2-Chloroethyl vinyl ether 430 U 1100 430 ug/kg
56-23-5 Carbon tetrachloride 60 U 220 60 ug/kg
75-34-3 1,1-Dichloroethane 43 U 220 43 ug/kg
75-35-4 1,1-Dichloroethylene 43 U 220 43 ug/kg
107-06-2 1,2-Dichloroethane 43 U 220 43 ug/kg
78-87-5 1,2-Dichloropropane 43 U 220 43 ug/kg
124-48-1 Dibromochloromethane 43 U 220 43 ug/kg
75-71-8 Dichlorodifluoromethane 55 U 220 55 ug/kg
156-59-2 cis-1,2-Dichloroethylene 43 U 220 43 ug/kg
10061-01-5 cis-1,3-Dichloropropene 43 U 220 43 ug/kg
541-73-1 m-Dichlorobenzene 43 U 220 43 ug/kg
95-50-1 o-Dichlorobenzene 43 U 220 43 ug/kg
106-46-7 p-Dichlorobenzene 49 U 220 49 ug/kg
156-60-5 trans-1,2-Dichloroethylene 58 U 220 58 ug/kg
10061-02-6 trans-1,3-Dichloropropene 43 U 220 43 ug/kg
100-41-4 Ethylbenzene 43 U 220 43 ug/kg
74-83-9 Methyl bromide 81 U 220 81 ug/kg
74-87-3 Methyl chloride 87 U 220 87 ug/kg
75-09-2 Methylene chloride 170 U 430 170 ug/kg
1634-04-4 Methyl Tert Butyl Ether 43 U 220 43 ug/kg
71-55-6 1,1,1-Trichloroethane 43 U 220 43 ug/kg
79-34-5 1,1,2,2-Tetrachloroethane 61 U 220 61 ug/kg
79-00-5 1,1,2-Trichloroethane 70 U 220 70 ug/kg
127-18-4 Tetrachloroethylene 55 U 220 55 ug/kg

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Report of Analysis Page 2 of 2     

Client Sample ID: DU2 
Lab Sample ID: FA14765-2RA Date Sampled: 05/05/14 
Matrix: SO - Soil   Date Received: 05/07/14 
Method: SW846 8260B Percent Solids: 99.7 
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

VOA PPL List + MTBE

CAS No. Compound Result PQL MDL Units Q

108-88-3 Toluene 43 U 220 43 ug/kg
79-01-6 Trichloroethylene 44 U 220 44 ug/kg
75-69-4 Trichlorofluoromethane 43 U 220 43 ug/kg
75-01-4 Vinyl chloride 44 U 220 44 ug/kg
1330-20-7 Xylene (total) 120 U 650 120 ug/kg

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

1868-53-7 Dibromofluoromethane 76% 75-124%
2037-26-5 Toluene-D8 95% 75-126%
460-00-4 4-Bromofluorobenzene 91% 71-133%
17060-07-0 1,2-Dichloroethane-D4 94% 72-135%

U = Not detected MDL = Method Detection Limit I = Result >= MDL but < PQL   J = Estimated value
PQL = Practical Quantitation Limit V = Indicates analyte found in associated method blank
L = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest Laboratories

Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Southeast

Section 4
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Accutest Laboratories

GC/MS Volatiles

QC Data Summaries

Includes the following where applicable:

• Method Blank Summaries
• Blank Spike Summaries
• Matrix Spike and Duplicate Summaries

Southeast

Section 5
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Method Blank Summary Page 1 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
VH3251-MB H0085467.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

CAS No. Compound Result RL MDL Units Q

107-02-8 Acrolein ND 25 11 ug/kg
107-13-1 Acrylonitrile ND 25 7.8 ug/kg
71-43-2 Benzene ND 5.0 1.0 ug/kg
75-27-4 Bromodichloromethane ND 5.0 1.0 ug/kg
75-25-2 Bromoform ND 5.0 1.1 ug/kg
108-90-7 Chlorobenzene ND 5.0 1.0 ug/kg
75-00-3 Chloroethane ND 5.0 2.3 ug/kg
67-66-3 Chloroform ND 5.0 1.1 ug/kg
110-75-8 2-Chloroethyl vinyl ether ND 25 10 ug/kg
56-23-5 Carbon tetrachloride ND 5.0 1.4 ug/kg
75-34-3 1,1-Dichloroethane ND 5.0 1.0 ug/kg
75-35-4 1,1-Dichloroethylene ND 5.0 1.0 ug/kg
107-06-2 1,2-Dichloroethane ND 5.0 1.0 ug/kg
78-87-5 1,2-Dichloropropane ND 5.0 1.0 ug/kg
124-48-1 Dibromochloromethane ND 5.0 1.0 ug/kg
75-71-8 Dichlorodifluoromethane ND 5.0 1.3 ug/kg
156-59-2 cis-1,2-Dichloroethylene ND 5.0 1.0 ug/kg
10061-01-5 cis-1,3-Dichloropropene ND 5.0 1.0 ug/kg
541-73-1 m-Dichlorobenzene ND 5.0 1.0 ug/kg
95-50-1 o-Dichlorobenzene ND 5.0 1.0 ug/kg
106-46-7 p-Dichlorobenzene ND 5.0 1.1 ug/kg
156-60-5 trans-1,2-Dichloroethylene ND 5.0 1.3 ug/kg
10061-02-6 trans-1,3-Dichloropropene ND 5.0 1.0 ug/kg
100-41-4 Ethylbenzene ND 5.0 1.0 ug/kg
74-83-9 Methyl bromide ND 5.0 1.9 ug/kg
74-87-3 Methyl chloride ND 5.0 2.0 ug/kg
75-09-2 Methylene chloride ND 10 4.0 ug/kg
1634-04-4 Methyl Tert Butyl Ether ND 5.0 1.0 ug/kg
71-55-6 1,1,1-Trichloroethane ND 5.0 1.0 ug/kg
79-34-5 1,1,2,2-Tetrachloroethane ND 5.0 1.4 ug/kg
79-00-5 1,1,2-Trichloroethane ND 5.0 1.6 ug/kg
127-18-4 Tetrachloroethylene ND 5.0 1.3 ug/kg
108-88-3 Toluene ND 5.0 1.0 ug/kg
79-01-6 Trichloroethylene ND 5.0 1.0 ug/kg
75-69-4 Trichlorofluoromethane ND 5.0 1.0 ug/kg
75-01-4 Vinyl chloride ND 5.0 1.0 ug/kg
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Method Blank Summary Page 2 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
VH3251-MB H0085467.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

CAS No. Compound Result RL MDL Units Q

1330-20-7 Xylene (total) ND 15 2.7 ug/kg

CAS No. Surrogate Recoveries Limits

1868-53-7 Dibromofluoromethane 83% 75-124%
2037-26-5 Toluene-D8 95% 75-126%
460-00-4 4-Bromofluorobenzene 92% 71-133%
17060-07-0 1,2-Dichloroethane-D4 95% 72-135%
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Blank Spike Summary Page 1 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
VH3251-BS H0085466.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

107-02-8 Acrolein 250 219 88 48-178
107-13-1 Acrylonitrile 250 269 108 66-134
71-43-2 Benzene 50 52.3 105 76-126
75-27-4 Bromodichloromethane 50 50.5 101 74-130
75-25-2 Bromoform 50 46.1 92 76-127
108-90-7 Chlorobenzene 50 54.7 109 81-129
75-00-3 Chloroethane 50 52.6 105 68-133
67-66-3 Chloroform 50 51.1 102 72-123
110-75-8 2-Chloroethyl vinyl ether 250 252 101 45-159
56-23-5 Carbon tetrachloride 50 47.2 94 78-133
75-34-3 1,1-Dichloroethane 50 52.6 105 73-125
75-35-4 1,1-Dichloroethylene 50 52.8 106 81-136
107-06-2 1,2-Dichloroethane 50 52.9 106 74-128
78-87-5 1,2-Dichloropropane 50 53.2 106 74-125
124-48-1 Dibromochloromethane 50 51.7 103 76-127
75-71-8 Dichlorodifluoromethane 50 56.1 112 68-168
156-59-2 cis-1,2-Dichloroethylene 50 49.9 100 74-126
10061-01-5 cis-1,3-Dichloropropene 50 51.5 103 80-123
541-73-1 m-Dichlorobenzene 50 55.4 111 81-129
95-50-1 o-Dichlorobenzene 50 53.8 108 80-129
106-46-7 p-Dichlorobenzene 50 51.4 103 76-130
156-60-5 trans-1,2-Dichloroethylene 50 51.8 104 70-127
10061-02-6 trans-1,3-Dichloropropene 50 56.6 113 75-131
100-41-4 Ethylbenzene 50 52.5 105 77-123
74-83-9 Methyl bromide 50 50.0 100 65-139
74-87-3 Methyl chloride 50 55.6 111 71-144
75-09-2 Methylene chloride 50 53.4 107 74-137
1634-04-4 Methyl Tert Butyl Ether 50 52.5 105 77-120
71-55-6 1,1,1-Trichloroethane 50 50.8 102 70-129
79-34-5 1,1,2,2-Tetrachloroethane 50 55.4 111 71-126
79-00-5 1,1,2-Trichloroethane 50 54.0 108 74-124
127-18-4 Tetrachloroethylene 50 50.1 100 79-130
108-88-3 Toluene 50 52.3 105 76-124
79-01-6 Trichloroethylene 50 50.6 101 75-128
75-69-4 Trichlorofluoromethane 50 50.5 101 73-145
75-01-4 Vinyl chloride 50 53.1 106 76-141

* = Outside of Control Limits.
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Blank Spike Summary Page 2 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
VH3251-BS H0085466.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

1330-20-7 Xylene (total) 150 168 112 80-129

CAS No. Surrogate Recoveries BSP Limits

1868-53-7 Dibromofluoromethane 88% 75-124%
2037-26-5 Toluene-D8 96% 75-126%
460-00-4 4-Bromofluorobenzene 93% 71-133%
17060-07-0 1,2-Dichloroethane-D4 89% 72-135%

* = Outside of Control Limits.
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Matrix Spike/Matrix Spike Duplicate Summary Page 1 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
FA14952-3MS H0085475.D 1 05/14/14 EP n/a n/a VH3251
FA14952-3MSD H0085476.D 1 05/14/14 EP n/a n/a VH3251
FA14952-3 H0085468.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

FA14952-3 Spike MS MS Spike MSD MSD Limits
CAS No. Compound ug/kg Q ug/kg ug/kg % ug/kg ug/kg % RPD Rec/RPD

107-02-8 Acrolein 24 U 325 257 79 322 244 76 5 48-178/37
107-13-1 Acrylonitrile 24 U 325 319 98 322 319 99 0 66-134/26
71-43-2 Benzene 4.8 U 64.9 63.0 97 64.3 62.9 98 0 76-126/26
75-27-4 Bromodichloromethane 4.8 U 64.9 62.1 96 64.3 60.3 94 3 74-130/25
75-25-2 Bromoform 4.8 U 64.9 52.0 80 64.3 52.3 81 1 76-127/26
108-90-7 Chlorobenzene 4.8 U 64.9 64.7 100 64.3 62.4 97 4 81-129/29
75-00-3 Chloroethane 4.8 U 64.9 62.9 97 64.3 64.1 100 2 68-133/29
67-66-3 Chloroform 4.8 U 64.9 60.8 94 64.3 61.0 95 0 72-123/26
110-75-8 2-Chloroethyl vinyl ether 24 U 325 316 97 322 301 94 5 45-159/26
56-23-5 Carbon tetrachloride 4.8 U 64.9 53.6 83 64.3 54.4 85 1 78-133/29
75-34-3 1,1-Dichloroethane 4.8 U 64.9 61.0 94 64.3 62.0 96 2 73-125/27
75-35-4 1,1-Dichloroethylene 4.8 U 64.9 59.0 91 64.3 59.9 93 2 81-136/28
107-06-2 1,2-Dichloroethane 4.8 U 64.9 65.9 101 64.3 63.8 99 3 74-128/23
78-87-5 1,2-Dichloropropane 4.8 U 64.9 65.8 101 64.3 64.5 100 2 74-125/25
124-48-1 Dibromochloromethane 4.8 U 64.9 59.9 92 64.3 57.9 90 3 76-127/27
75-71-8 Dichlorodifluoromethane 4.8 U 64.9 62.7 97 64.3 61.4 95 2 68-168/29
156-59-2 cis-1,2-Dichloroethylene 4.8 U 64.9 60.9 94 64.3 60.5 94 1 74-126/26
10061-01-5 cis-1,3-Dichloropropene 4.8 U 64.9 62.5 96 64.3 59.3 92 5 80-123/26
541-73-1 m-Dichlorobenzene 4.8 U 64.9 65.7 101 64.3 62.2 97 5 81-129/33
95-50-1 o-Dichlorobenzene 4.8 U 64.9 62.7 97 64.3 59.4 92 5 80-129/32
106-46-7 p-Dichlorobenzene 4.8 U 64.9 60.4 93 64.3 57.0 89 6 76-130/32
156-60-5 trans-1,2-Dichloroethylene 4.8 U 64.9 59.3 91 64.3 61.4 95 3 70-127/27
10061-02-6 trans-1,3-Dichloropropene 4.8 U 64.9 64.8 100 64.3 63.0 98 3 75-131/28
100-41-4 Ethylbenzene 4.8 U 64.9 61.9 95 64.3 58.9 92 5 77-123/31
74-83-9 Methyl bromide 4.8 U 64.9 58.5 90 64.3 60.1 93 3 65-139/31
74-87-3 Methyl chloride 4.8 U 64.9 63.4 98 64.3 64.7 101 2 71-144/27
75-09-2 Methylene chloride 9.6 U 64.9 65.4 101 64.3 65.7 102 0 74-137/28
1634-04-4 Methyl Tert Butyl Ether 4.8 U 64.9 62.7 97 64.3 64.7 101 3 77-120/24
71-55-6 1,1,1-Trichloroethane 4.8 U 64.9 60.9 94 64.3 59.3 92 3 70-129/27
79-34-5 1,1,2,2-Tetrachloroethane 4.8 U 64.9 67.3 104 64.3 66.0 103 2 71-126/30
79-00-5 1,1,2-Trichloroethane 4.8 U 64.9 64.6 99 64.3 62.8 98 3 74-124/28
127-18-4 Tetrachloroethylene 4.8 U 64.9 57.4 88 64.3 56.0 87 2 79-130/31
108-88-3 Toluene 4.8 U 64.9 60.2 93 64.3 59.7 93 1 76-124/30
79-01-6 Trichloroethylene 4.8 U 64.9 61.1 94 64.3 59.8 93 2 75-128/27
75-69-4 Trichlorofluoromethane 4.8 U 64.9 56.6 87 64.3 56.7 88 0 73-145/31
75-01-4 Vinyl chloride 4.8 U 64.9 61.4 95 64.3 61.5 96 0 76-141/27

* = Outside of Control Limits.
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Matrix Spike/Matrix Spike Duplicate Summary Page 2 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
FA14952-3MS H0085475.D 1 05/14/14 EP n/a n/a VH3251
FA14952-3MSD H0085476.D 1 05/14/14 EP n/a n/a VH3251
FA14952-3 H0085468.D 1 05/14/14 EP n/a n/a VH3251

The QC reported here applies to the following samples: Method:  SW846 8260B

FA14765-1RA, FA14765-2RA

FA14952-3 Spike MS MS Spike MSD MSD Limits
CAS No. Compound ug/kg Q ug/kg ug/kg % ug/kg ug/kg % RPD Rec/RPD

1330-20-7 Xylene (total) 14 U 195 195 100 193 187 97 4 80-129/30

CAS No. Surrogate Recoveries MS MSD FA14952-3 Limits

1868-53-7 Dibromofluoromethane 88% 88% 83% 75-124%
2037-26-5 Toluene-D8 93% 94% 95% 75-126%
460-00-4 4-Bromofluorobenzene 94% 90% 93% 71-133%
17060-07-0 1,2-Dichloroethane-D4 90% 91% 98% 72-135%

* = Outside of Control Limits.
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Accutest Laboratories

GC/MS Semi-volatiles

QC Data Summaries

Includes the following where applicable:

• Method Blank Summaries
• Blank Spike Summaries
• Matrix Spike and Duplicate Summaries

Southeast

Section 6
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Method Blank Summary Page 1 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034904.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

95-57-8 2-Chlorophenol ND 170 17 ug/kg
59-50-7 4-Chloro-3-methyl phenol ND 170 17 ug/kg
120-83-2 2,4-Dichlorophenol ND 170 17 ug/kg
105-67-9 2,4-Dimethylphenol ND 170 18 ug/kg
51-28-5 2,4-Dinitrophenol ND 830 170 ug/kg
534-52-1 4,6-Dinitro-o-cresol ND 330 67 ug/kg
88-75-5 2-Nitrophenol ND 170 17 ug/kg
100-02-7 4-Nitrophenol ND 830 130 ug/kg
87-86-5 Pentachlorophenol ND 830 130 ug/kg
108-95-2 Phenol ND 170 17 ug/kg
88-06-2 2,4,6-Trichlorophenol ND 170 17 ug/kg
83-32-9 Acenaphthene ND 170 21 ug/kg
208-96-8 Acenaphthylene ND 170 17 ug/kg
120-12-7 Anthracene ND 170 17 ug/kg
92-87-5 Benzidine ND 1700 330 ug/kg
56-55-3 Benzo(a)anthracene ND 170 17 ug/kg
50-32-8 Benzo(a)pyrene ND 170 17 ug/kg
205-99-2 Benzo(b)fluoranthene ND 170 17 ug/kg
191-24-2 Benzo(g,h,i)perylene ND 170 17 ug/kg
207-08-9 Benzo(k)fluoranthene ND 170 18 ug/kg
101-55-3 4-Bromophenyl phenyl ether ND 170 17 ug/kg
85-68-7 Butyl benzyl phthalate ND 170 33 ug/kg
91-58-7 2-Chloronaphthalene ND 170 20 ug/kg
106-47-8 4-Chloroaniline ND 170 17 ug/kg
218-01-9 Chrysene ND 170 17 ug/kg
111-91-1 bis(2-Chloroethoxy)methane ND 170 17 ug/kg
111-44-4 bis(2-Chloroethyl)ether ND 170 17 ug/kg
108-60-1 bis(2-Chloroisopropyl)ether ND 170 17 ug/kg
7005-72-3 4-Chlorophenyl phenyl ether ND 170 25 ug/kg
95-50-1 1,2-Dichlorobenzene ND 170 17 ug/kg
122-66-7 1,2-Diphenylhydrazine ND 170 19 ug/kg
541-73-1 1,3-Dichlorobenzene ND 170 17 ug/kg
106-46-7 1,4-Dichlorobenzene ND 170 17 ug/kg
121-14-2 2,4-Dinitrotoluene ND 170 19 ug/kg
606-20-2 2,6-Dinitrotoluene ND 170 18 ug/kg
91-94-1 3,3'-Dichlorobenzidine ND 170 17 ug/kg

32 of 64
FA14765R

6
6.1.1



Method Blank Summary Page 2 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034904.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

53-70-3 Dibenzo(a,h)anthracene ND 170 17 ug/kg
84-74-2 Di-n-butyl phthalate ND 330 33 ug/kg
117-84-0 Di-n-octyl phthalate ND 170 33 ug/kg
84-66-2 Diethyl phthalate ND 330 33 ug/kg
131-11-3 Dimethyl phthalate ND 170 33 ug/kg
117-81-7 bis(2-Ethylhexyl)phthalate ND 330 33 ug/kg
206-44-0 Fluoranthene ND 170 17 ug/kg
86-73-7 Fluorene ND 170 17 ug/kg
118-74-1 Hexachlorobenzene ND 170 17 ug/kg
87-68-3 Hexachlorobutadiene ND 170 17 ug/kg
77-47-4 Hexachlorocyclopentadiene ND 170 17 ug/kg
67-72-1 Hexachloroethane ND 170 17 ug/kg
193-39-5 Indeno(1,2,3-cd)pyrene ND 170 17 ug/kg
78-59-1 Isophorone ND 170 17 ug/kg
90-12-0 1-Methylnaphthalene ND 170 17 ug/kg
91-57-6 2-Methylnaphthalene ND 170 17 ug/kg
91-20-3 Naphthalene ND 170 17 ug/kg
98-95-3 Nitrobenzene ND 170 17 ug/kg
62-75-9 N-Nitrosodimethylamine ND 170 19 ug/kg
621-64-7 N-Nitroso-di-n-propylamine ND 170 17 ug/kg
86-30-6 N-Nitrosodiphenylamine ND 170 17 ug/kg
85-01-8 Phenanthrene ND 170 17 ug/kg
129-00-0 Pyrene ND 170 17 ug/kg
120-82-1 1,2,4-Trichlorobenzene ND 170 17 ug/kg

CAS No. Surrogate Recoveries Limits

367-12-4 2-Fluorophenol 94% 40-102%
4165-62-2 Phenol-d5 86% 41-100%
118-79-6 2,4,6-Tribromophenol 96% 42-108%
4165-60-0 Nitrobenzene-d5 78% 40-105%
321-60-8 2-Fluorobiphenyl 84% 43-107%
1718-51-0 Terphenyl-d14 108% 45-119%
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Method Blank Summary Page 3 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034904.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  

FA14765-1R, FA14765-2R

CAS No. Tentatively Identified Compounds R.T. Est. Conc. Units Q

123-42-2 2-Pentanone, 4-hydroxy-4-methyl- 2.49 3000 ug/kg JN
79-34-5 Ethane, 1,1,2,2-tetrachloro- 2.85 180 ug/kg JN

Total TIC, Semi-Volatile 3180 ug/kg J
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Method Blank Summary Page 1 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034958.D 1 05/22/14 MV 05/19/14 OP51657 SX1636

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

95-57-8 2-Chlorophenol ND 170 17 ug/kg
59-50-7 4-Chloro-3-methyl phenol ND 170 17 ug/kg
120-83-2 2,4-Dichlorophenol ND 170 17 ug/kg
105-67-9 2,4-Dimethylphenol ND 170 18 ug/kg
51-28-5 2,4-Dinitrophenol ND 830 170 ug/kg
534-52-1 4,6-Dinitro-o-cresol ND 330 67 ug/kg
88-75-5 2-Nitrophenol ND 170 17 ug/kg
100-02-7 4-Nitrophenol ND 830 130 ug/kg
87-86-5 Pentachlorophenol ND 830 130 ug/kg
108-95-2 Phenol ND 170 17 ug/kg
88-06-2 2,4,6-Trichlorophenol ND 170 17 ug/kg
83-32-9 Acenaphthene ND 170 21 ug/kg
208-96-8 Acenaphthylene ND 170 17 ug/kg
120-12-7 Anthracene ND 170 17 ug/kg
92-87-5 Benzidine ND 1700 330 ug/kg
56-55-3 Benzo(a)anthracene ND 170 17 ug/kg
50-32-8 Benzo(a)pyrene ND 170 17 ug/kg
205-99-2 Benzo(b)fluoranthene ND 170 17 ug/kg
191-24-2 Benzo(g,h,i)perylene ND 170 17 ug/kg
207-08-9 Benzo(k)fluoranthene ND 170 18 ug/kg
101-55-3 4-Bromophenyl phenyl ether ND 170 17 ug/kg
85-68-7 Butyl benzyl phthalate ND 170 33 ug/kg
91-58-7 2-Chloronaphthalene ND 170 20 ug/kg
106-47-8 4-Chloroaniline ND 170 17 ug/kg
218-01-9 Chrysene ND 170 17 ug/kg
111-91-1 bis(2-Chloroethoxy)methane ND 170 17 ug/kg
111-44-4 bis(2-Chloroethyl)ether ND 170 17 ug/kg
108-60-1 bis(2-Chloroisopropyl)ether ND 170 17 ug/kg
7005-72-3 4-Chlorophenyl phenyl ether ND 170 25 ug/kg
95-50-1 1,2-Dichlorobenzene ND 170 17 ug/kg
122-66-7 1,2-Diphenylhydrazine ND 170 19 ug/kg
541-73-1 1,3-Dichlorobenzene ND 170 17 ug/kg
106-46-7 1,4-Dichlorobenzene ND 170 17 ug/kg
121-14-2 2,4-Dinitrotoluene ND 170 19 ug/kg
606-20-2 2,6-Dinitrotoluene ND 170 18 ug/kg
91-94-1 3,3'-Dichlorobenzidine ND 170 17 ug/kg

35 of 64
FA14765R

6
6.1.2



Method Blank Summary Page 2 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034958.D 1 05/22/14 MV 05/19/14 OP51657 SX1636

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

53-70-3 Dibenzo(a,h)anthracene ND 170 17 ug/kg
84-74-2 Di-n-butyl phthalate ND 330 33 ug/kg
117-84-0 Di-n-octyl phthalate ND 170 33 ug/kg
84-66-2 Diethyl phthalate ND 330 33 ug/kg
131-11-3 Dimethyl phthalate ND 170 33 ug/kg
117-81-7 bis(2-Ethylhexyl)phthalate ND 330 33 ug/kg
206-44-0 Fluoranthene ND 170 17 ug/kg
86-73-7 Fluorene ND 170 17 ug/kg
118-74-1 Hexachlorobenzene ND 170 17 ug/kg
87-68-3 Hexachlorobutadiene ND 170 17 ug/kg
77-47-4 Hexachlorocyclopentadiene ND 170 17 ug/kg
67-72-1 Hexachloroethane ND 170 17 ug/kg
193-39-5 Indeno(1,2,3-cd)pyrene ND 170 17 ug/kg
78-59-1 Isophorone ND 170 17 ug/kg
90-12-0 1-Methylnaphthalene ND 170 17 ug/kg
91-57-6 2-Methylnaphthalene ND 170 17 ug/kg
91-20-3 Naphthalene ND 170 17 ug/kg
98-95-3 Nitrobenzene ND 170 17 ug/kg
62-75-9 N-Nitrosodimethylamine ND 170 19 ug/kg
621-64-7 N-Nitroso-di-n-propylamine ND 170 17 ug/kg
86-30-6 N-Nitrosodiphenylamine ND 170 17 ug/kg
85-01-8 Phenanthrene ND 170 17 ug/kg
129-00-0 Pyrene ND 170 17 ug/kg
120-82-1 1,2,4-Trichlorobenzene ND 170 17 ug/kg

CAS No. Surrogate Recoveries Limits

367-12-4 2-Fluorophenol 93% 40-102%
4165-62-2 Phenol-d5 97% 41-100%
118-79-6 2,4,6-Tribromophenol 98% 42-108%
4165-60-0 Nitrobenzene-d5 92% 40-105%
321-60-8 2-Fluorobiphenyl 93% 43-107%
1718-51-0 Terphenyl-d14 107% 45-119%
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Method Blank Summary Page 3 of 3     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MB X034958.D 1 05/22/14 MV 05/19/14 OP51657 SX1636

The QC reported here applies to the following samples: Method:  

FA14765-1R, FA14765-2R

CAS No. Tentatively Identified Compounds R.T. Est. Conc. Units Q

123-42-2 2-Pentanone, 4-hydroxy-4-methyl- 2.47 2700 ug/kg JN
79-34-5 Ethane, 1,1,2,2-tetrachloro- 2.84 150 ug/kg JN

Total TIC, Semi-Volatile 2850 ug/kg J
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Blank Spike Summary Page 1 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-BS X034903.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

95-57-8 2-Chlorophenol 50 38.4 77 48-104
59-50-7 4-Chloro-3-methyl phenol 50 38.1 76 52-108
120-83-2 2,4-Dichlorophenol 50 35.0 70 51-105
105-67-9 2,4-Dimethylphenol 50 36.6 73 43-96
51-28-5 2,4-Dinitrophenol 100 101 101 40-119
534-52-1 4,6-Dinitro-o-cresol 100 96.0 96 64-121
88-75-5 2-Nitrophenol 50 33.5 67 49-104
100-02-7 4-Nitrophenol 100 84.6 85 56-116
87-86-5 Pentachlorophenol 100 90.9 91 61-114
108-95-2 Phenol 50 40.4 81 45-110
88-06-2 2,4,6-Trichlorophenol 50 40.1 80 56-109
83-32-9 Acenaphthene 50 40.1 80 56-109
208-96-8 Acenaphthylene 50 40.8 82 56-106
120-12-7 Anthracene 50 41.0 82 61-110
56-55-3 Benzo(a)anthracene 50 41.5 83 66-111
50-32-8 Benzo(a)pyrene 50 40.4 81 59-104
205-99-2 Benzo(b)fluoranthene 50 40.7 81 67-113
191-24-2 Benzo(g,h,i)perylene 50 37.5 75 67-113
207-08-9 Benzo(k)fluoranthene 50 44.2 88 67-114
101-55-3 4-Bromophenyl phenyl ether 50 33.4 67 62-110
85-68-7 Butyl benzyl phthalate 50 45.7 91 65-113
91-58-7 2-Chloronaphthalene 50 37.7 75 53-106
106-47-8 4-Chloroaniline 50 31.2 62 30-115
218-01-9 Chrysene 50 43.3 87 65-112
111-91-1 bis(2-Chloroethoxy)methane 50 36.5 73 48-105
111-44-4 bis(2-Chloroethyl)ether 50 38.0 76 46-103
108-60-1 bis(2-Chloroisopropyl)ether 50 45.1 90 40-110
7005-72-3 4-Chlorophenyl phenyl ether 50 37.8 76 58-106
95-50-1 1,2-Dichlorobenzene 50 33.8 68 44-102
122-66-7 1,2-Diphenylhydrazine 50 42.0 84 58-112
541-73-1 1,3-Dichlorobenzene 50 33.8 68 42-100
106-46-7 1,4-Dichlorobenzene 50 36.2 72 40-106
121-14-2 2,4-Dinitrotoluene 50 40.5 81 59-109
606-20-2 2,6-Dinitrotoluene 50 40.2 80 61-107
53-70-3 Dibenzo(a,h)anthracene 50 39.6 79 68-115
84-74-2 Di-n-butyl phthalate 50 42.3 85 63-108

* = Outside of Control Limits.
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Blank Spike Summary Page 2 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-BS X034903.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

117-84-0 Di-n-octyl phthalate 50 51.2 102 64-119
84-66-2 Diethyl phthalate 50 40.8 82 61-109
131-11-3 Dimethyl phthalate 50 39.9 80 59-108
117-81-7 bis(2-Ethylhexyl)phthalate 50 46.8 94 64-115
206-44-0 Fluoranthene 50 41.4 83 60-108
86-73-7 Fluorene 50 40.9 82 58-109
118-74-1 Hexachlorobenzene 50 38.0 76 59-111
87-68-3 Hexachlorobutadiene 50 32.5 65 41-108
77-47-4 Hexachlorocyclopentadiene 50 38.3 77 49-110
67-72-1 Hexachloroethane 50 36.8 74 40-105
193-39-5 Indeno(1,2,3-cd)pyrene 50 35.6 71 66-116
78-59-1 Isophorone 50 37.1 74 42-89
90-12-0 1-Methylnaphthalene 50 33.2 66 49-106
91-57-6 2-Methylnaphthalene 50 37.1 74 47-106
91-20-3 Naphthalene 50 34.5 69 44-104
98-95-3 Nitrobenzene 50 34.5 69 43-108
62-75-9 N-Nitrosodimethylamine 50 37.2 74 40-106
621-64-7 N-Nitroso-di-n-propylamine 50 44.2 88 48-108
86-30-6 N-Nitrosodiphenylamine 50 41.0 82 62-110
85-01-8 Phenanthrene 50 41.6 83 63-111
129-00-0 Pyrene 50 42.2 84 65-115
120-82-1 1,2,4-Trichlorobenzene 50 31.1 62 45-100

CAS No. Surrogate Recoveries BSP Limits

367-12-4 2-Fluorophenol 72% 40-102%
4165-62-2 Phenol-d5 81% 41-100%
118-79-6 2,4,6-Tribromophenol 74% 42-108%
4165-60-0 Nitrobenzene-d5 67% 40-105%
321-60-8 2-Fluorobiphenyl 74% 43-107%
1718-51-0 Terphenyl-d14 93% 45-119%

* = Outside of Control Limits.
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Matrix Spike/Matrix Spike Duplicate Summary Page 1 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MS X034907.D 1 05/20/14 MV 05/19/14 OP51657 SX1634
OP51657-MSD X034908.D 1 05/20/14 MV 05/19/14 OP51657 SX1634
FA15057-12 X034912.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

FA15057-12 Spike MS MS Spike MSD MSD Limits
CAS No. Compound ug/kg Q ug/kg ug/kg % ug/kg ug/kg % RPD Rec/RPD

95-57-8 2-Chlorophenol ND 2070 1630 79 2090 1480 71 10 48-104/26
59-50-7 4-Chloro-3-methyl phenol ND 2070 1600 77 2090 1460 70 9 52-108/21
120-83-2 2,4-Dichlorophenol ND 2070 1500 72 2090 1470 70 2 51-105/27
105-67-9 2,4-Dimethylphenol ND 2070 1520 73 2090 1400 67 8 43-96/23
51-28-5 2,4-Dinitrophenol ND 4140 2630 63 4170 1700 41 43* 40-119/32
534-52-1 4,6-Dinitro-o-cresol ND 4140 2970 72 4170 1870 45* 45* 64-121/29
88-75-5 2-Nitrophenol ND 2070 1460 70 2090 1340 64 9 49-104/27
100-02-7 4-Nitrophenol ND 4140 3580 86 4170 3130 75 13 56-116/23
87-86-5 Pentachlorophenol ND 4140 4070 98 4170 3810 91 7 61-114/23
108-95-2 Phenol ND 2070 1700 82 2090 1430 69 17 45-110/24
88-06-2 2,4,6-Trichlorophenol ND 2070 1740 84 2090 1630 78 7 56-109/25
83-32-9 Acenaphthene ND 2070 1700 82 2090 1590 76 7 56-109/23
208-96-8 Acenaphthylene ND 2070 1720 83 2090 1590 76 8 56-106/23
120-12-7 Anthracene ND 2070 1690 82 2090 1610 77 5 61-110/21
56-55-3 Benzo(a)anthracene 53.2 2070 1760 82 2090 1630 76 8 66-111/23
50-32-8 Benzo(a)pyrene 68.4 2070 1700 79 2090 1580 72 7 59-104/23
205-99-2 Benzo(b)fluoranthene 69.8 2070 1770 82 2090 1640 75 8 67-113/24
191-24-2 Benzo(g,h,i)perylene 58.3 2070 1690 79 2090 1590 73 6 67-113/21
207-08-9 Benzo(k)fluoranthene 58.7 2070 1750 82 2090 1650 76 6 67-114/22
101-55-3 4-Bromophenyl phenyl ether ND 2070 1500 72 2090 1380 66 8 62-110/21
85-68-7 Butyl benzyl phthalate ND 2070 1860 90 2090 1710 82 8 65-113/20
91-58-7 2-Chloronaphthalene ND 2070 1590 77 2090 1480 71 7 53-106/23
106-47-8 4-Chloroaniline ND 2070 1240 60 2090 1230 59 1 30-115/30
218-01-9 Chrysene 52.3 2070 1800 84 2090 1680 78 7 65-112/25
111-91-1 bis(2-Chloroethoxy)methane ND 2070 1480 71 2090 1310 63 12 48-105/24
111-44-4 bis(2-Chloroethyl)ether ND 2070 1630 79 2090 1330 64 20 46-103/27
108-60-1 bis(2-Chloroisopropyl)ether ND 2070 1690 82 2090 1070 51 45* 40-110/25
7005-72-3 4-Chlorophenyl phenyl ether ND 2070 1600 77 2090 1550 74 3 58-106/21
95-50-1 1,2-Dichlorobenzene ND 2070 1420 69 2090 1330 64 7 44-102/28
122-66-7 1,2-Diphenylhydrazine ND 2070 1870 90 2090 1390 67 29* 58-112/22
541-73-1 1,3-Dichlorobenzene ND 2070 1410 68 2090 1300 62 8 42-100/30
106-46-7 1,4-Dichlorobenzene ND 2070 1500 72 2090 1360 65 10 40-106/29
121-14-2 2,4-Dinitrotoluene ND 2070 1730 83 2090 1620 78 7 59-109/20
606-20-2 2,6-Dinitrotoluene ND 2070 1720 83 2090 1580 76 8 61-107/22
53-70-3 Dibenzo(a,h)anthracene ND 2070 1750 84 2090 1660 80 5 68-115/23
84-74-2 Di-n-butyl phthalate ND 2070 1700 82 2090 1610 77 5 63-108/19

* = Outside of Control Limits.
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Matrix Spike/Matrix Spike Duplicate Summary Page 2 of 2     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51657-MS X034907.D 1 05/20/14 MV 05/19/14 OP51657 SX1634
OP51657-MSD X034908.D 1 05/20/14 MV 05/19/14 OP51657 SX1634
FA15057-12 X034912.D 1 05/20/14 MV 05/19/14 OP51657 SX1634

The QC reported here applies to the following samples: Method:  SW846 8270D

FA14765-1R, FA14765-2R

FA15057-12 Spike MS MS Spike MSD MSD Limits
CAS No. Compound ug/kg Q ug/kg ug/kg % ug/kg ug/kg % RPD Rec/RPD

117-84-0 Di-n-octyl phthalate ND 2070 1940 94 2090 1810 87 7 64-119/21
84-66-2 Diethyl phthalate ND 2070 1700 82 2090 1590 76 7 61-109/20
131-11-3 Dimethyl phthalate ND 2070 1660 80 2090 1550 74 7 59-108/20
117-81-7 bis(2-Ethylhexyl)phthalate ND 2070 1840 89 2090 1760 84 4 64-115/23
206-44-0 Fluoranthene 61.2 2070 1740 81 2090 1620 75 7 60-108/25
86-73-7 Fluorene ND 2070 1730 83 2090 1650 79 5 58-109/21
118-74-1 Hexachlorobenzene ND 2070 1760 85 2090 1660 80 6 59-111/21
87-68-3 Hexachlorobutadiene ND 2070 1380 67 2090 1380 66 0 41-108/27
77-47-4 Hexachlorocyclopentadiene ND 2070 1370 66 2090 1070 51 25 49-110/31
67-72-1 Hexachloroethane ND 2070 1490 72 2090 1230 59 19 40-105/32
193-39-5 Indeno(1,2,3-cd)pyrene 61.2 2070 1620 75 2090 1540 71 5 66-116/22
78-59-1 Isophorone ND 2070 1510 73 2090 1310 63 14 42-89/22
90-12-0 1-Methylnaphthalene ND 2070 1390 67 2090 1330 64 4 49-106/26
91-57-6 2-Methylnaphthalene ND 2070 1570 76 2090 1510 72 4 47-106/27
91-20-3 Naphthalene ND 2070 1460 70 2090 1370 66 6 44-104/27
98-95-3 Nitrobenzene ND 2070 1440 69 2090 1210 58 17 43-108/25
62-75-9 N-Nitrosodimethylamine ND 2070 1370 66 2090 906 43 41* 40-106/27
621-64-7 N-Nitroso-di-n-propylamine ND 2070 1800 87 2090 1450 70 22 48-108/27
86-30-6 N-Nitrosodiphenylamine ND 2070 1940 94 2090 1620 78 18 62-110/21
85-01-8 Phenanthrene ND 2070 1760 85 2090 1650 79 6 63-111/22
129-00-0 Pyrene 58.1 2070 1870 87 2090 1690 78 10 65-115/25
120-82-1 1,2,4-Trichlorobenzene ND 2070 1330 64 2090 1300 62 2 45-100/26

CAS No. Surrogate Recoveries MS MSD FA15057-12 Limits

367-12-4 2-Fluorophenol 76% 74% 67% 40-102%
4165-62-2 Phenol-d5 83% 70% 73% 41-100%
118-79-6 2,4,6-Tribromophenol 85% 82% 70% 42-108%
4165-60-0 Nitrobenzene-d5 68% 58% 68% 40-105%
321-60-8 2-Fluorobiphenyl 76% 70% 69% 43-107%
1718-51-0 Terphenyl-d14 101% 91% 95% 45-119%

* = Outside of Control Limits.
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Method Blank Summary Page 1 of 1     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51666-MB TT366153.D 1 05/20/14 FS 05/19/14 OP51666 GTT1469

The QC reported here applies to the following samples: Method:  SW846 8081B

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

309-00-2 Aldrin ND 1.7 0.35 ug/kg
319-84-6 alpha-BHC ND 1.7 0.33 ug/kg
319-85-7 beta-BHC ND 1.7 0.33 ug/kg
319-86-8 delta-BHC ND 1.7 0.37 ug/kg
58-89-9 gamma-BHC (Lindane) ND 1.7 0.33 ug/kg
12789-03-6 Chlordane ND 17 6.7 ug/kg
60-57-1 Dieldrin ND 1.7 0.39 ug/kg
72-54-8 4,4'-DDD ND 3.3 0.39 ug/kg
72-55-9 4,4'-DDE ND 3.3 0.41 ug/kg
50-29-3 4,4'-DDT ND 3.3 0.33 ug/kg
72-20-8 Endrin ND 3.3 0.33 ug/kg
1031-07-8 Endosulfan sulfate ND 3.3 0.34 ug/kg
7421-93-4 Endrin aldehyde ND 3.3 0.33 ug/kg
959-98-8 Endosulfan-I ND 1.7 0.36 ug/kg
33213-65-9 Endosulfan-II ND 1.7 0.33 ug/kg
76-44-8 Heptachlor ND 1.7 0.39 ug/kg
1024-57-3 Heptachlor epoxide ND 1.7 0.36 ug/kg
72-43-5 Methoxychlor ND 3.3 0.40 ug/kg
8001-35-2 Toxaphene ND 83 33 ug/kg

CAS No. Surrogate Recoveries Limits

877-09-8 Tetrachloro-m-xylene 78% 50-122%
2051-24-3 Decachlorobiphenyl 88% 50-133%
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Method Blank Summary Page 1 of 1     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51666-MB TT366188.D 1 05/21/14 FS 05/19/14 OP51666 GTT1470

The QC reported here applies to the following samples: Method:  SW846 8081B

FA14765-1R, FA14765-2R

CAS No. Compound Result RL MDL Units Q

309-00-2 Aldrin ND 1.7 0.35 ug/kg
319-84-6 alpha-BHC ND 1.7 0.33 ug/kg
319-85-7 beta-BHC ND 1.7 0.33 ug/kg
319-86-8 delta-BHC ND 1.7 0.37 ug/kg
58-89-9 gamma-BHC (Lindane) ND 1.7 0.33 ug/kg
12789-03-6 Chlordane ND 17 6.7 ug/kg
60-57-1 Dieldrin ND 1.7 0.39 ug/kg
72-54-8 4,4'-DDD ND 3.3 0.39 ug/kg
72-55-9 4,4'-DDE ND 3.3 0.41 ug/kg
50-29-3 4,4'-DDT ND 3.3 0.33 ug/kg
72-20-8 Endrin ND 3.3 0.33 ug/kg
1031-07-8 Endosulfan sulfate ND 3.3 0.34 ug/kg
7421-93-4 Endrin aldehyde ND 3.3 0.33 ug/kg
959-98-8 Endosulfan-I ND 1.7 0.36 ug/kg
33213-65-9 Endosulfan-II ND 1.7 0.33 ug/kg
76-44-8 Heptachlor ND 1.7 0.39 ug/kg
1024-57-3 Heptachlor epoxide ND 1.7 0.36 ug/kg
72-43-5 Methoxychlor ND 3.3 0.40 ug/kg
8001-35-2 Toxaphene ND 83 33 ug/kg

CAS No. Surrogate Recoveries Limits

877-09-8 Tetrachloro-m-xylene 81% 50-122%
2051-24-3 Decachlorobiphenyl 80% 50-133%
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Blank Spike Summary Page 1 of 1     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51666-BS TT366154.D 1 05/20/14 FS 05/19/14 OP51666 GTT1469

The QC reported here applies to the following samples: Method:  SW846 8081B

FA14765-1R, FA14765-2R

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

309-00-2 Aldrin 16.7 13.0 78 57-120
319-84-6 alpha-BHC 16.7 11.3 68 60-117
319-85-7 beta-BHC 16.7 12.6 76 57-125
319-86-8 delta-BHC 16.7 12.7 76 42-126
58-89-9 gamma-BHC (Lindane) 16.7 12.4 74 60-123
60-57-1 Dieldrin 16.7 14.3 86 63-125
72-54-8 4,4'-DDD 16.7 13.8 83 55-135
72-55-9 4,4'-DDE 16.7 14.9 89 61-129
50-29-3 4,4'-DDT 16.7 15.7 94 60-136
72-20-8 Endrin 16.7 13.7 82 67-138
1031-07-8 Endosulfan sulfate 16.7 14.6 88 59-119
7421-93-4 Endrin aldehyde 16.7 11.0 66 37-110
959-98-8 Endosulfan-I 16.7 10.0 60* 62-122
33213-65-9 Endosulfan-II 16.7 11.2 67 62-122
76-44-8 Heptachlor 16.7 12.3 74 58-123
1024-57-3 Heptachlor epoxide 16.7 13.5 81 60-122
72-43-5 Methoxychlor 16.7 13.5 81 57-133

CAS No. Surrogate Recoveries BSP Limits

877-09-8 Tetrachloro-m-xylene 71% 50-122%
2051-24-3 Decachlorobiphenyl 78% 50-133%

* = Outside of Control Limits.
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Blank Spike Summary Page 1 of 1     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51666-BS2 TT366155.D 1 05/20/14 FS 05/19/14 OP51666 GTT1469

The QC reported here applies to the following samples: Method:  SW846 8081B

FA14765-1R, FA14765-2R

Spike BSP BSP
CAS No. Compound ug/kg ug/kg % Limits

12789-03-6 Chlordane 83.3 90.0 108 63-134
8001-35-2 Toxaphene 167 194 116 58-129

CAS No. Surrogate Recoveries BSP Limits

877-09-8 Tetrachloro-m-xylene 78% 50-122%
2051-24-3 Decachlorobiphenyl 88% 50-133%

* = Outside of Control Limits.
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Matrix Spike/Matrix Spike Duplicate Summary Page 1 of 1     
Job Number: FA14765R
Account: ESFLFL E Sciences, Inc
Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
OP51666-MS TT366179.D 4 05/20/14 FS 05/19/14 OP51666 GTT1469
OP51666-MSD TT366180.D 4 05/20/14 FS 05/19/14 OP51666 GTT1469
FA14765-1R a TT366206.D 10 05/21/14 FS 05/19/14 OP51666 GTT1470

The QC reported here applies to the following samples: Method:  SW846 8081B

FA14765-1R, FA14765-2R

FA14765-1R Spike MS MS Spike MSD MSD Limits
CAS No. Compound ug/kg Q ug/kg ug/kg % ug/kg ug/kg % RPD Rec/RPD

309-00-2 Aldrin 16 U 17.2 13.5 78 16.9 12.8 76 5 57-120/28
319-84-6 alpha-BHC 16 U 17.2 12.2 71 16.9 11.7 69 4 60-117/24
319-85-7 beta-BHC 16 U 17.2 12.2 71 16.9 11.5 68 6 57-125/26
319-86-8 delta-BHC 16 U 17.2 13.7 79 16.9 12.9 76 6 42-126/24
58-89-9 gamma-BHC (Lindane) 16 U 17.2 12.8 74 16.9 11.9 70 7 60-123/29
60-57-1 Dieldrin 16 U 17.2 14.4 84 16.9 13.3 79 8 63-125/29
72-54-8 4,4'-DDD 33 U 17.2 12.8 74 16.9 13.9 82 8 55-135/31
72-55-9 4,4'-DDE 19.1 I 17.2 25.2 35* 16.9 24.2 30* 4 61-129/31
50-29-3 4,4'-DDT 9.5 I 17.2 20.3 63 16.9 19.2 57* 6 60-136/39
72-20-8 Endrin 33 U 17.2 13.4 78 16.9 12.1 72 10 67-138/28
1031-07-8 Endosulfan sulfate 33 U 17.2 16.1 93 16.9 14.9 88 8 59-119/28
7421-93-4 Endrin aldehyde 33 U 17.2 12.2 71 16.9 11.1 66 9 37-110/25
959-98-8 Endosulfan-I 16 U 17.2 8.4 49* 16.9 7.6 45* 10 62-122/29
33213-65-9 Endosulfan-II 16 U 17.2 10.5 61* 16.9 9.8 58* 7 62-122/31
76-44-8 Heptachlor 16 U 17.2 11.7 68 16.9 11.0 65 6 58-123/30
1024-57-3 Heptachlor epoxide 16 U 17.2 12.9 75 16.9 12.3 73 5 60-122/33
72-43-5 Methoxychlor 8.0 I 17.2 68.5 351* 16.9 67.7 353* 1 57-133/31

CAS No. Surrogate Recoveries MS MSD FA14765-1R Limits

877-09-8 Tetrachloro-m-xylene 70% 68% 86% 50-122%
2051-24-3 Decachlorobiphenyl 84% 85% 120% 50-133%

(a) All hits confirmed by dual column analysis. Dilution required due to matrix interference.

* = Outside of Control Limits.

47 of 64
FA14765R

7
7.3.1



Accutest Laboratories

Metals Analysis

QC Data Summaries

Includes the following where applicable:

• Method Blank Summaries
• Matrix Spike and Duplicate Summaries
• Blank Spike and Lab Control Sample Summaries
• Serial Dilution Summaries

Southeast

Section 8
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27276                                          Methods: SW846 7471B 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                                         05/20/14                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Mercury        0.042    .0025    .0042    0.0045   <0.042                                                

Associated samples MP27276: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27276                                          Methods: SW846 7471B 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                       05/20/14                                     05/20/14                   

FA14765-1R        QC       FA14765-1R        Spikelot QC                 
Metal          Original DUP      RPD      Limits   Original MS       HGFLWS1  % Rec    Limits             

Mercury        0.12     0.12     0.0      0-20     0.12     0.38     0.231    112.7    80-120            

Associated samples MP27276: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27276                                          Methods: SW846 7471B 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                                         05/20/14                                              

FA14765-1R        Spikelot          MSD      QC                                            
Metal          Original MSD      HGFLWS1  % Rec    RPD      Limit                                         

Mercury        0.12     0.37     0.227    110.0    2.7      20                                           

Associated samples MP27276: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27276                                          Methods: SW846 7471B 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                       05/20/14                                                                

BSP      Spikelot QC                                                              
Metal          Result   HGFLWS1  % Rec    Limits                                                          

Mercury        0.24     0.25     96.0     80-120                                                         

Associated samples MP27276: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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SERIAL DILUTION RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27276                                          Methods: SW846 7471B 
Matrix Type: SOLID                                              Units: ug/l

Prep Date:                       05/20/14                                                                

FA14765-1R        QC                                                              
Metal          Original SDL 1:5  %DIF     Limits                                                          

Mercury        1.56     1.35     13.5*(a) 0-10                                                           

Associated samples MP27276: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested
(a) Serial dilution indicates possible matrix interference.

_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                                         05/20/14                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Aluminum       10       .75      1.6                                                                     

Antimony       1.0      .1       .1                                                                      

Arsenic        0.50     .1       .1       -0.070   <0.50                                                 

Barium         10       .05      .05      -0.0050  <10                                                   

Beryllium      0.25     .025     .025                                                                    

Cadmium        0.20     .025     .025     -0.010   <0.20                                                 

Calcium        250      2.5      2.5                                                                     

Chromium       0.50     .05      .05      0.015    <0.50                                                 

Cobalt         2.5      .025     .025                                                                    

Copper         1.3      .05      .05                                                                     

Iron           15       .85      1.3                                                                     

Lead           1.0      .055     .08      -0.035   <1.0                                                  

Magnesium      250      2.5      2.5                                                                     

Manganese      0.75     .025     .025                                                                    

Molybdenum     2.5      .025     .03                                                                     

Nickel         2.0      .025     .025                                                                    

Potassium      500      10       10                                                                      

Selenium       1.0      .12      .15      0.040    <1.0                                                  

Silver         0.50     .033     .033     -0.0050  <0.50                                                 

Sodium         500      25       25                                                                      

Strontium      0.50     .02      .025                                                                    

Thallium       0.50     .075     .075                                                                    

Tin            2.5      .035     .035                                                                    

Titanium       0.50     .045     .045                                                                    

Vanadium       2.5      .025     .025                                                                    

Zinc           1.0      .15      .15                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                       05/20/14                                     05/20/14                   

FA14765-1R        QC       FA14765-1R        Spikelot QC                 
Metal          Original DUP      RPD      Limits   Original MS       MPFLICP2 % Rec    Limits             

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        1.4      1.6 (a)  13.3     0-20     1.4      73.5 (a) 80.6     89.4     80-120            

Barium         33.9     32.6 (a) 3.9      0-20     33.9     105 (a)  80.6     88.2     80-120            

Beryllium                                                                                                

Cadmium        0.19     0.21 (a) 10.0     0-20     0.19     2.0 (a)  2.02     89.8     80-120            

Calcium                                                                                                  

Chromium       5.3      5.3 (a)  0.0      0-20     5.3      12.7 (a) 8.06     91.8     80-120            

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead           52.8     57.2 (a) 8.0      0-20     52.8     81.2 (a) 20.2     140.9N(b 80-120            

Magnesium                                                                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Potassium                                                                                                

Selenium       0.0      0.0 (a)  NC       0-20     0.0      71.9 (a) 80.6     89.2     80-120            

Silver         0.0      0.0 (a)  NC       0-20     0.0      1.8 (a)  2.02     89.3     80-120            

Sodium                                                                                                   

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
(a) Sample dilution required due to sample matrix.
(b) Spike recovery indicates possible matrix interference and/or sample non-homogeneity.
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                                         05/20/14                                              

FA14765-1R        Spikelot          MSD      QC                                            
Metal          Original MSD      MPFLICP2 % Rec    RPD      Limit                                         

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        1.4      86.7 (a) 91.7     93.0     16.5     20                                           

Barium         33.9     122 (a)  91.7     96.0     15.0     20                                           

Beryllium                                                                                                

Cadmium        0.19     2.3 (a)  2.29     92.0     14.0     20                                           

Calcium                                                                                                  

Chromium       5.3      14.3 (a) 9.17     98.1     11.9     20                                           

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead           52.8     77.3 (a) 22.9     106.8    4.9      20                                           

Magnesium                                                                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Potassium                                                                                                

Selenium       0.0      85.0 (a) 91.7     92.7     16.7     20                                           

Silver         0.0      2.1 (a)  2.29     91.6     15.4     20                                           

Sodium                                                                                                   

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
(a) Sample dilution required due to sample matrix.
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: mg/kg

Prep Date:                       05/20/14                                                                

BSP      Spikelot QC                                                              
Metal          Result   MPFLICP2 % Rec    Limits                                                          

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        85.5     100      85.5     80-120                                                         

Barium         94.2     100      94.2     80-120                                                         

Beryllium                                                                                                

Cadmium        2.2      2.5      88.0     80-120                                                         

Calcium                                                                                                  

Chromium       9.3      10       93.0     80-120                                                         

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead           21.2     25       84.8     80-120                                                         

Magnesium                                                                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Potassium                                                                                                

Selenium       84.7     100      84.7     80-120                                                         

Silver         2.1      2.5      84.0     80-120                                                         

Sodium                                                                                                   

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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SERIAL DILUTION RESULTS SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: ug/l

Prep Date:                       05/20/14                                                                

FA14765-1R        QC                                                              
Metal          Original SDL 5:25 %DIF     Limits                                                          

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        33.2     0.00     100.0(a) 0-10                                                           

Barium         787      808      2.7      0-10                                                           

Beryllium                                                                                                

Cadmium        4.40     0.00     100.0(a) 0-10                                                           

Calcium                                                                                                  

Chromium       124      160      28.8 (a) 0-10                                                           

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead           1230     1260     2.6      0-10                                                           

Magnesium                                                                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Potassium                                                                                                

Selenium       0.00     0.00     NC       0-10                                                           

Silver         0.00     0.00     NC       0-10                                                           

Sodium                                                                                                   

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested
(a) Percent difference acceptable due to low initial sample  concentration (< 50 times IDL).

_________________________________________________________________________________________________________
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POST DIGESTATE SPIKE SUMMARY 

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC Batch ID: MP27278                                          Methods: SW846 6010C 
Matrix Type: SOLID                                              Units: ug/l

Prep Date:                                                                             05/20/14          

Sample   Final    FA14765-1R        PS       Spike    Spike    Spike    QC        
Metal          ml       ml       Raw      Corr.**  ug/l     ml       ug/ml    ug/l     % Rec    Limits    

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        9.8      10       33.2     32.536   142.2    0.2      5        100      109.7    80-120   

Barium         9.8      10       786.9    771.162  1050     0.2      12.5     250      111.5    80-120   

Beryllium                                                                                                

Cadmium        9.8      10       4.4      4.312    56.7     0.2      2.5      50       104.8    80-120   

Calcium                                                                                                  

Chromium       9.8      10       124.1    121.618  179.7    0.2      2.5      50       116.2    80-120   

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead           9.8      10       1226     1201.48  1313     0.2      2.5      50       223.0*(a 80-120   

Magnesium                                                                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Potassium                                                                                                

Selenium       9.8      10                         104.8    0.2      5        100      104.8    80-120   

Silver         9.8      10                         53.7     0.2      2.5      50       107.4    80-120   

Sodium                                                                                                   

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP27278: FA14765-1R, FA14765-2R

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(**)  Corr. sample result = Raw * (sample volume / final volume)
(anr) Analyte not requested
(a) Spike recovery indicates matrix interference and/or outside control limits due to high level in

sample relative to spike amount.
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Page 1

59 of 64
FA14765R

8
8.2.5



Accutest Laboratories

General Chemistry

QC Data Summaries

Includes the following where applicable:

• Method Blank and Blank Spike Summaries
• Duplicate Summaries
• Matrix Spike Summaries

Southeast

Section 9
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METHOD BLANK AND SPIKE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

MB                    Spike      BSP        BSP        QC       
Analyte                        Batch ID          RL         Result     Units      Amount     Result     %Recov     Limits   

Cyanide, Total                 GP24025/GN61496   0.12       0.0        mg/kg      1.2        1.17       97.5       75-118% 

Associated Samples: 
Batch GP24025: FA14765-1R, FA14765-2R
(*) Outside of QC limits
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DUPLICATE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC                      Original   DUP                   QC         
Analyte                        Batch ID          Sample       Units      Result     Result     RPD        Limits     

Cyanide, Total                 GP24025/GN61496   FA14765-1R   mg/kg      0.088      0.11       22.2       0-30%     

Associated Samples: 
Batch GP24025: FA14765-1R, FA14765-2R
(*) Outside of QC limits

__________________________________________________________________________________________________________________________
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MATRIX SPIKE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC                      Original   Spike    MS                    QC         
Analyte                        Batch ID          Sample       Units      Result     Amount   Result     %Rec       Limits     

Cyanide, Total                 GP24025/GN61496   FA14765-1R   mg/kg      0.088      1.13     0.28       17.0N(a)   75-118%   

Associated Samples: 
Batch GP24025: FA14765-1R, FA14765-2R
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(a) Spike recovery indicates possible matrix interference and/or sample non-homogeneity.

__________________________________________________________________________________________________________________________
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MATRIX SPIKE DUPLICATE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: FA14765R 
Account: ESFLFL - E Sciences, Inc 

Project: Henriette Ave Phase II; 1400 Henriette Ave, West Palm Beach, FL

QC                      Original   Spike    MSD                   QC         
Analyte                        Batch ID          Sample       Units      Result     Amount   Result     RPD        Limit      

Cyanide, Total                 GP24025/GN61496   FA14765-1R   mg/kg      0.088      1.15     0.52       60.0*(a)   30%       

Associated Samples: 
Batch GP24025: FA14765-1R, FA14765-2R
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(a) High RPD due to matrix interference.

__________________________________________________________________________________________________________________________
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Enclosed is the laboratory report for your project. All results meet the requirements of the  
NELAC standards.  
 
Please note the following: 
 

(1) The samples were received as stated on the chain of custody, correctly labeled and at the proper 
temperature unless otherwise noted. The results contained in this report relate only to the items tested 
or to the samples as received by the laboratory. 

 
(2) This report may not be reproduced except in full, without the written approval of the laboratory. Any 

anomalies are noted in the case narrative. 
 

(3) Results for all solid matrices are reported in dry weight unless otherwise noted. 
 

(4) Results for all liquid matrices are analyzed as received in the laboratory unless otherwise noted.  
 

(5) Samples are disposed of within 30 days of their receipt by the laboratory. 
 

(6) A statement of Qualifiers is available upon request. 
 

(7) Certain analyses are subcontracted to outside NELAC certified laboratories and are designated on your 
report. 

 
(8) Precision & Accuracy will be provided when clients require a measure of estimated uncertainty. 

 
(9) The issuance of the final Certificate of Analysis takes precedence over any previous Preliminary Report 

Preliminary Data should not be used for regular purposes. Authorized signature(s) is provided on final 
report only  

 
 
Please contact me if you have any questions or concerns regarding this report. 
 
Sincerely, 

 
 
Pamela Shore 
QA Officer                                                                                

May 13, 2014
E Sciences

0012538

Maria Paituvi

Ft Lauderdale, FL 33316

(954) 484-8500
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1550 Latham Road, Suite 2, West Palm Beach, FL 33409  
Phone: (561)689-6701, Fax:  (561)689-6702 

 
 
 
 
E Sciences 
Mrs. Maria Paituvi 
224 SE 9th Street 
Fort Lauderdale, FL  33316 
 
 
Dear Maria, 
 
 
In response to your request for explanation as to why we included Total Phenols by Method 420.2 in  
your report (0012538).  
The full scan for priority pollutant requires analyses by EPA Methods 8260, 8270, 8081, 8082, 13 priority  
pollutant metals, Cyanide and Total Phenols.  
 
Method 420.2 gives one result only for the total phenols, which in turn gives only one MDL which is usually  
below the CTL. Method 8270 lists every phenol individually, therefore if there are any hits the final MDL 
will increase possibly higher then the CTL creating that issue. 
 
The more efficient and accurate method to detect the presence of phenols is by EPA Method 8270, a 
combined Gas Chromatography/Mass Spectrometry (GC/MS). The advantage of GC/MS is its conformational 
ability. The GC/MS can examine the molecular spectra of the compounds it detects to determine molecular 
weights, and the specific identity of the compounds based on NIST library matches.  
 
Therefore if the GC/MS shows no hits for any of the phenols, I would use that data rather then a wet 
chemistry method. 
 
I hope this helps explain the issues at hand, and please feel free to contact me if you have any questions. 
 
Respectfully Submitted, 
 
 
Pamela Shore 
QA Officer 
1550 Latham Road, Suite 2 
West Palm Beach, Fl 33409 
561-689-6701 Phone 
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224 SE 9th Street
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Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP1-05012014Description:

Received:

Sampled:Lab ID: 0012538-01 05/01/14 09:50

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

Classical Chemistry Parameters

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Phenols SLmg/L 05/08/14 05/08/14EPA 420.2 0.0110.01 0.004JEE, I

Cyanide

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Cyanide (total) SLmg/L 05/08/14 05/08/14EPA 335.4NA 0.00710.002 0.002JEE, U

EPA Method 8081A

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

alpha-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-84-6 0.01110.004 0.004JEE, U

gamma-BHC (Lindane) SLug/L 05/05/14 05/06/14EPA 3510C / 8081A58-89-9 0.01110.004 0.004JEE, U

Heptachlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A76-44-8 0.01710.006 0.006JEE, U

Aldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A309-00-2 0.01110.004 0.004JEE, U

beta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-85-7 0.01310.004 0.004JEE, U

delta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-86-8 0.01210.004 0.004JEE, U

Heptachlor epoxide SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1024-57-3 0.01110.004 0.004JEE, U

Endosulfan I SLug/L 05/05/14 05/06/14EPA 3510C / 8081A959-98-8 0.01410.004 0.004JEE, U

gamma-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5566-34-7 0.06010.020 0.020JEE, U

alpha-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5103-71-9 0.06010.020 0.020JEE, U

4,4-DDE SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-55-9 0.01510.005 0.005JEE, U

Dieldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A60-57-1 0.00210.00075 0.00075JEE, U

Endrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-20-8 0.01310.004 0.004JEE, U

Endosulfan II SLug/L 05/05/14 05/06/14EPA 3510C / 8081A33213-65-9 0.01710.006 0.006JEE, U

4,4-DDD SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-54-8 0.00710.002 0.002JEE, U

4,4-DDT SLug/L 05/05/14 05/06/14EPA 3510C / 8081A50-29-3 0.01310.004 0.004JEE, U

Endrin aldehyde SLug/L 05/05/14 05/06/14EPA 3510C / 8081A7421-93-4 0.01010.003 0.003JEE, U

Endosulfan sulfate SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1031-07-8 0.00810.003 0.003JEE, U

Methoxychlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-43-5 0.01510.005 0.005JEE, U

Endrin Ketone SLug/L 05/05/14 05/06/14EPA 3510C / 8081A53494-70-5 0.01010.003 0.003JEE, U

Total Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081ANA 0.06010.020 0.020JEE, U

Toxaphene SLug/L 05/05/14 05/06/14EPA 3510C / 8081A8001-35-2 0.22510.075 0.075JEE, U
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CERTIFICATE OF ANALYSIS

0012538

DP1-05012014Description:

Received:

Sampled:Lab ID: 0012538-01 05/01/14 09:50

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

1,2-Dicholoroethane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.640 0.640U

1,2-Dicholoropropane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.560 0.560U

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.00010.580 0.580U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.00010.370 0.370U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.00010.800 0.800U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.00011.000 1.000U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.00010.930 0.930U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.00010.680 0.680U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.00010.540 0.540U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.00011.000 1.000U

MTBE PLSug/L 05/06/14 05/06/14EPA 8260C1634-04-4 1.00010.530 0.530U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.00010.560 0.560U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.00010.640 0.640U

2,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C590-20-7 1.00011.000 1.000U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.00010.500 0.500U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.00010.530 0.530U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.00010.630 0.630U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.00010.780 0.780U

1,1-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C563-58-6 1.00010.790 0.790U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.00010.750 0.750U

Benzene PLSug/L 05/06/14 05/06/14EPA 8260C71-43-2 1.00010.640 0.640U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.00010.680 0.680U

Dibromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-95-3 0.00210.002 0.002U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.50010.500 0.500U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.00010.590 0.590U

Toluene PLSug/L 05/06/14 05/06/14EPA 8260C108-88-3 1.00010.660 0.660U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.00010.530 0.530U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.00010.540 0.540U

1,3-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C142-28-9 1.00010.510 0.510U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.20010.200 0.200U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.40010.400 0.400U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.02010.019 0.019U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.00010.670 0.670U

1,1,1,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C630-20-6 0.20010.200 0.200U

Ethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C100-41-4 1.00010.730 0.730U
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CERTIFICATE OF ANALYSIS

0012538

DP1-05012014Description:

Received:

Sampled:Lab ID: 0012538-01 05/01/14 09:50

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

m,p-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C108-38-3/10

6-42-3

1.00010.760 0.760U

o-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C95-47-6 1.00010.870 0.870U

Styrene PLSug/L 05/06/14 05/06/14EPA 8260C100-42-5 1.00010.520 0.520U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.00010.740 0.740U

Isopropylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-82-8 1.00010.740 0.740U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.00010.740 0.740U

1,2,3-Trichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-18-4 0.20010.200 0.200U

Bromobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-86-1 1.00010.850 0.850U

N-Propylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C103-65-1 1.00010.630 0.630U

2-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C95-49-8 1.00010.540 0.540U

1,3,5-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-67-8 1.00010.620 0.620U

4-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C106-43-4 1.00010.590 0.590U

tert-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-06-6 1.00010.620 0.620U

1,2,4-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-63-6 1.00010.620 0.620U

sec-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C135-98-8 1.00010.710 0.710U

4-Isopropyltoluene PLSug/L 05/06/14 05/06/14EPA 8260C99-87-6 1.00010.790 0.790U

1,3-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C541-73-1 0.31010.310 0.310U

1,4-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C106-46-7 0.51010.510 0.510U

N-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C104-51-8 1.00010.730 0.730U

1,2-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-50-1 0.51010.510 0.510U

1,2-Dibromo-3-Chloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-12-8 0.00210.002 0.002U

Hexachlorobutadiene PLSug/L 05/06/14 05/06/14EPA 8260C87-68-3 0.50010.500 0.500U

Naphthalene PLSug/L 05/06/14 05/06/14EPA 8260C91-20-3 1.00010.570 0.570U

1,2,3-Trichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C87-61-6 1.00010.640 0.640U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.00011.000 1.000U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 104 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 84.3 %2037-26-5 Limit 63-144

Surrogate: 4-Bromofluorobenzene 100 %460-00-4 Limit 50-155
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DP1-05012014Description:

Received:

Sampled:Lab ID: 0012538-01 05/01/14 09:50

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

3,3-Dichlorobenzidine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C 10.010.81 0.81U

Acenaphthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C83-32-9 10.010.19 0.19U

Acenaphthylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C208-96-8 10.010.39 0.39U

Anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-12-7 10.010.31 0.31U

Benzo[a]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C56-55-3 0.00510.005 0.005U

Benzo[a]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C50-32-8 0.2010.20 0.20U

Benzo[b]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C205-99-2 0.0510.05 0.05U

Benzo[g,h,i]perylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C191-24-2 10.010.34 0.34U

Benzo[k]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C207-08-9 0.5010.40 0.40U

bis(2-Chloroethoxy)methane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C111-91-1 10.012.37 2.37U

bis(2-chloroisopropyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C39638-32-9 10.010.37 0.37U

bis(2-Ethylhexyl)phthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-81-7 10.010.93 0.93U

bis(Chloroethyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270CNA 0.0310.03 0.03U

4-Bromophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C101-55-3 10.010.35 0.35U

Butylbenzylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-68-7 10.010.73 0.73U

4-Chloroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-47-8 10.010.31 0.31U

Chlorobenzilate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C510-15-6 10.010.59 0.59U

4-Chloro-3-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C59-50-7 10.010.71 0.71U

2-Chloronaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-58-7 10.010.16 0.16U

2-Chlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-57-8 10.010.56 0.56U

4-Chlorophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C7005-72-3 0.0110.01 0.01U

Chrysene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C218-01-9 0.2010.17 0.17U

Dibenzofuran PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C132-64-9 10.010.22 0.22U

Dibenz[a,h]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C53-70-3 0.0510.005 0.005U

1,2-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-50-1 10.010.26 0.26U

1,3-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C541-73-1 10.010.34 0.34U

2,4-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-83-2 0.3010.30 0.30U

2,6-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-65-0 0.2010.20 0.20U

Diethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-66-2 10.010.36 0.36U

2,4-Dimethylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C105-67-9 10.010.40 0.40U

Dimethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C131-11-3 10.0110.0 10.0U

Di-n-butylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-74-2 10.010.64 0.64U

1,3-Dinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-65-0 0.7010.70 0.70U

4,6-Dinitro-2-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C534-52-1 10.011.77 1.77U

2,4-Dinitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C51-28-5 10.011.09 1.09U

2,4-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C121-14-2 10.010.91 0.91U
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2,6-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C606-20-2 10.010.76 0.76U

Di-n-octylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-84-0 10.011.09 1.09U

Fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C206-44-0 10.010.41 0.41U

Fluorene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C86-73-7 10.010.22 0.22U

Hexachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C118-74-1 10.010.22 0.22U

Hexachlorobutadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-68-3 10.0110.0 10.0U

Hexachlorocyclopentadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C77-47-4 10.011.60 1.60U

Indeno[1,2,3-cd]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C193-39-5 0.0510.05 0.05U

Isophorone PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C78-59-1 10.010.39 0.39U

2-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-48-7 10.010.61 0.61U

3-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-39-4 10.010.44 0.44U

4-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-44-5 10.010.44 0.44U

1-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C90-12-0 10.010.28 0.28U

2-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-57-6 10.010.29 0.29U

3-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-09-2 10.010.85 0.85U

N-Nitroso-di-n-propylamine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C621-64-7 10.010.32 0.32U

Naphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-20-3 10.010.15 0.15U

2-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-74-4 10.010.16 0.16U

4-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-01-6 10.010.70 0.70U

Nitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C98-95-3 10.010.47 0.47U

2-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-75-5 10.010.69 0.69U

4-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-02-7 10.012.40 2.40U

Pentachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C608-93-5 10.010.33 0.33U

Pentachloroethane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C76-01-7 10.010.50 0.50U

Pentachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-86-5 2.0011.00 1.00U

Phenanthrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-01-8 10.010.22 0.22U

Phenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-95-2 10.010.40 0.40U

Pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C129-00-0 10.010.41 0.41U

Safrole PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C94-59-7 10.010.36 0.36U

2,3,4,6-Tetrachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C58-90-2 10.010.91 0.91U

1,2,4-Trichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-82-1 10.010.29 0.29U

2,4,5-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-95-4 10.011.44 1.44U

2,4,6-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-06-2 10.010.59 0.59U

1,3,5-Trinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-35-4 10.011.32 1.32U

% Recovery % Recovery LimitsQ

Page 6 of 321550 Latham Road, Suite 2, West Palm Beach, FL 33409, phone: (561)689-6701, fax: (561)689-6702

EPA # FL01227    DOH# E86957    SFWMD# 48141    PBC # VC0000018083



LOG #:

PROJECT:

PROJECT #:

REPORTED:

COC#:

ATTN:

FAX: PHONE: 

E Sciences

224 SE 9th Street

(954) 484-8500 (954) 484-5146 Henrietta Phase II ESA

2-0578-010

20310

5/13/2014  11:21:01AM

Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP1-05012014Description:

Received:

Sampled:Lab ID: 0012538-01 05/01/14 09:50

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Surrogate: 2-Fluorophenol 79.0 %367-12-4 Limit 42-126

Surrogate: Phenol-d5 51.0 %NA Limit 48-128

Surrogate: Nitrobenzene-d5 81.3 %NA Limit 41-134

Surrogate: 2-Fluorobiphenyl 78.8 %321-60-8 Limit 37-131

Surrogate: 2,4,6-Tribromophenol 64.0 %118-79-6 Limit 45-142

Surrogate: p-Terphenyl-d14 68.7 %NA Limit 49-135

Metals by EPA 6000/7000 Series Methods

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Antimony SLmg/L 05/05/14 05/06/14EPA 6020B7440-36-0 0.008410.0028 0.0028JEE, U

Arsenic SLmg/L 05/05/14 05/06/14EPA 6020B7440-38-2 0.003610.0012 0.0012JEE, U

Beryllium SLmg/L 05/05/14 05/06/14EPA 6020B7440-41-7 0.00090013.00E-5 3.00E-5JEE, U

Cadmium SLmg/L 05/05/14 05/06/14EPA 6020B7440-43-9 0.000110.00004 0.00004JEE, U

Chromium SLmg/L 05/05/14 05/06/14EPA 6020B7440-47-3 0.00210.004 0.0008JEE

Copper SLmg/L 05/05/14 05/06/14EPA 6020B7440-50-8 0.000610.001 0.0002JEE

Lead SLmg/L 05/05/14 05/06/14EPA 6020B7439-92-1 0.00310.001 0.001JEE, U

Mercury SLmg/L 05/06/14 05/06/14EPA 6020B7439-97-6 0.000210.00006 0.00006JEE, U

Nickel SLmg/L 05/05/14 05/06/14EPA 6020B7440-02-0 0.0006010.0020 0.00020JEE

Selenium SLmg/L 05/05/14 05/06/14EPA 6020B7782-49-2 0.06610.022 0.022JEE, U

Silver SLmg/L 05/05/14 05/06/14EPA 6020B7440-22-4 0.000210.00007 0.00007JEE, U

Thallium SLmg/L 05/05/14 05/06/14EPA 6020B7440-28-0 0.002710.0009 0.0009JEE, U

Zinc SLmg/L 05/05/14 05/06/14EPA 6020B7440-66-6 0.0015010.0120 0.000500JEE

Pesticides

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

PCBs SLug/L 05/05/14 05/06/14EPA 3510C / 80821336-36-3 0.32410.108 0.108JEE, U
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Classical Chemistry Parameters

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Phenols SLmg/L 05/08/14 05/08/14EPA 420.2 0.0110.01 0.004JEE, I

Cyanide

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Cyanide (total) SLmg/L 05/08/14 05/08/14EPA 335.4NA 0.00710.002 0.002JEE, U

EPA Method 8081A

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

alpha-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-84-6 0.01110.004 0.004JEE, U

gamma-BHC (Lindane) SLug/L 05/05/14 05/06/14EPA 3510C / 8081A58-89-9 0.01110.004 0.004JEE, U

Heptachlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A76-44-8 0.01710.006 0.006JEE, U

Aldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A309-00-2 0.01110.004 0.004JEE, U

beta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-85-7 0.01310.004 0.004JEE, U

delta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-86-8 0.01210.004 0.004JEE, U

Heptachlor epoxide SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1024-57-3 0.01110.004 0.004JEE, U

Endosulfan I SLug/L 05/05/14 05/06/14EPA 3510C / 8081A959-98-8 0.01410.004 0.004JEE, U

gamma-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5566-34-7 0.06010.020 0.020JEE, U

alpha-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5103-71-9 0.06010.020 0.020JEE, U

4,4-DDE SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-55-9 0.01510.005 0.005JEE, U

Dieldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A60-57-1 0.00210.00075 0.00075JEE, U

Endrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-20-8 0.01310.004 0.004JEE, U

Endosulfan II SLug/L 05/05/14 05/06/14EPA 3510C / 8081A33213-65-9 0.01710.006 0.006JEE, U

4,4-DDD SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-54-8 0.00710.002 0.002U, JEE

4,4-DDT SLug/L 05/05/14 05/06/14EPA 3510C / 8081A50-29-3 0.01310.004 0.004JEE, U

Endrin aldehyde SLug/L 05/05/14 05/06/14EPA 3510C / 8081A7421-93-4 0.01010.003 0.003JEE, U

Endosulfan sulfate SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1031-07-8 0.00810.003 0.003JEE, U

Methoxychlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-43-5 0.01510.005 0.005JEE, U

Endrin Ketone SLug/L 05/05/14 05/06/14EPA 3510C / 8081A53494-70-5 0.01010.003 0.003JEE, U

Total Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081ANA 0.06010.020 0.020JEE, U

Toxaphene SLug/L 05/05/14 05/06/14EPA 3510C / 8081A8001-35-2 0.22510.075 0.075JEE, U
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Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

1,2-Dicholoroethane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.640 0.640U

1,2-Dicholoropropane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.560 0.560U

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.00010.580 0.580U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.00010.370 0.370U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.00010.800 0.800U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.00011.000 1.000U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.00010.930 0.930U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.00010.680 0.680U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.00010.540 0.540U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.00011.000 1.000U

MTBE PLSug/L 05/06/14 05/06/14EPA 8260C1634-04-4 1.00010.530 0.530U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.00010.560 0.560U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.00010.640 0.640U

2,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C590-20-7 1.00011.000 1.000U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.00010.500 0.500U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.00013.660 0.530

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.00010.630 0.630U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.00010.780 0.780U

1,1-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C563-58-6 1.00010.790 0.790U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.00010.750 0.750U

Benzene PLSug/L 05/06/14 05/06/14EPA 8260C71-43-2 1.00010.640 0.640U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.00010.680 0.680U

Dibromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-95-3 0.00210.002 0.002U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.50010.500 0.500U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.00010.590 0.590U

Toluene PLSug/L 05/06/14 05/06/14EPA 8260C108-88-3 1.00010.660 0.660U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.00010.530 0.530U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.00010.540 0.540U

1,3-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C142-28-9 1.00010.510 0.510U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.20010.200 0.200U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.40010.400 0.400U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.02010.019 0.019U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.00010.670 0.670U

1,1,1,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C630-20-6 0.20010.200 0.200U

Ethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C100-41-4 1.00010.730 0.730U
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EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

m,p-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C108-38-3/10

6-42-3

1.00010.760 0.760U

o-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C95-47-6 1.00010.870 0.870U

Styrene PLSug/L 05/06/14 05/06/14EPA 8260C100-42-5 1.00010.520 0.520U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.00010.740 0.740U

Isopropylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-82-8 1.00010.740 0.740U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.00010.740 0.740U

1,2,3-Trichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-18-4 0.20010.200 0.200U

Bromobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-86-1 1.00010.850 0.850U

N-Propylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C103-65-1 1.00010.630 0.630U

2-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C95-49-8 1.00010.540 0.540U

1,3,5-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-67-8 1.00010.620 0.620U

4-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C106-43-4 1.00010.590 0.590U

tert-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-06-6 1.00010.620 0.620U

1,2,4-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-63-6 1.00010.620 0.620U

sec-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C135-98-8 1.00010.710 0.710U

4-Isopropyltoluene PLSug/L 05/06/14 05/06/14EPA 8260C99-87-6 1.00010.790 0.790U

1,3-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C541-73-1 0.31010.310 0.310U

1,4-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C106-46-7 0.51010.510 0.510U

N-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C104-51-8 1.00010.730 0.730U

1,2-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-50-1 0.51010.510 0.510U

1,2-Dibromo-3-Chloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-12-8 0.00210.002 0.002U

Hexachlorobutadiene PLSug/L 05/06/14 05/06/14EPA 8260C87-68-3 0.50010.500 0.500U

Naphthalene PLSug/L 05/06/14 05/06/14EPA 8260C91-20-3 1.00010.570 0.570U

1,2,3-Trichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C87-61-6 1.00010.640 0.640U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.00011.000 1.000U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 103 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 73.7 %2037-26-5 Limit 63-144

Surrogate: 4-Bromofluorobenzene 111 %460-00-4 Limit 50-155
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DP2-05012014Description:

Received:

Sampled:Lab ID: 0012538-02 05/01/14 10:55

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

3,3-Dichlorobenzidine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C 10.010.81 0.81U

Acenaphthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C83-32-9 10.010.19 0.19U

Acenaphthylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C208-96-8 10.010.39 0.39U

Anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-12-7 10.010.31 0.31U

Benzo[a]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C56-55-3 0.00510.005 0.005U

Benzo[a]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C50-32-8 0.2010.20 0.20U

Benzo[b]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C205-99-2 0.0510.05 0.05U

Benzo[g,h,i]perylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C191-24-2 10.010.34 0.34U

Benzo[k]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C207-08-9 0.5010.40 0.40U

bis(2-Chloroethoxy)methane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C111-91-1 10.012.37 2.37U

bis(2-chloroisopropyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C39638-32-9 10.010.37 0.37U

bis(2-Ethylhexyl)phthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-81-7 10.010.93 0.93U

bis(Chloroethyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270CNA 0.0310.03 0.03U

4-Bromophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C101-55-3 10.010.35 0.35U

Butylbenzylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-68-7 10.010.73 0.73U

4-Chloroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-47-8 10.010.31 0.31U

Chlorobenzilate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C510-15-6 10.010.59 0.59U

4-Chloro-3-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C59-50-7 10.010.71 0.71U

2-Chloronaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-58-7 10.010.16 0.16U

2-Chlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-57-8 10.010.56 0.56U

4-Chlorophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C7005-72-3 0.0110.01 0.01U

Chrysene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C218-01-9 0.2010.17 0.17U

Dibenzofuran PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C132-64-9 10.010.22 0.22U

Dibenz[a,h]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C53-70-3 0.0510.005 0.005U

1,2-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-50-1 10.010.26 0.26U

1,3-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C541-73-1 10.010.34 0.34U

2,4-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-83-2 0.3010.30 0.30U

2,6-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-65-0 0.2010.20 0.20U

Diethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-66-2 10.010.36 0.36U

2,4-Dimethylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C105-67-9 10.010.40 0.40U

Dimethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C131-11-3 10.0110.0 10.0U

Di-n-butylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-74-2 10.010.64 0.64U

1,3-Dinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-65-0 0.7010.70 0.70U

4,6-Dinitro-2-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C534-52-1 10.011.77 1.77U

2,4-Dinitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C51-28-5 10.011.09 1.09U

2,4-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C121-14-2 10.010.91 0.91U
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Received:

Sampled:Lab ID: 0012538-02 05/01/14 10:55

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

2,6-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C606-20-2 10.010.76 0.76U

Di-n-octylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-84-0 10.011.09 1.09U

Fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C206-44-0 10.010.41 0.41U

Fluorene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C86-73-7 10.010.22 0.22U

Hexachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C118-74-1 10.010.22 0.22U

Hexachlorobutadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-68-3 10.0110.0 10.0U

Hexachlorocyclopentadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C77-47-4 10.011.60 1.60U

Indeno[1,2,3-cd]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C193-39-5 0.0510.05 0.05U

Isophorone PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C78-59-1 10.010.39 0.39U

2-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-48-7 10.010.61 0.61U

3-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-39-4 10.010.44 0.44U

4-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-44-5 10.010.44 0.44U

1-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C90-12-0 10.010.28 0.28U

2-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-57-6 10.010.29 0.29U

3-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-09-2 10.010.85 0.85U

N-Nitroso-di-n-propylamine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C621-64-7 10.010.32 0.32U

Naphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-20-3 10.010.15 0.15U

2-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-74-4 10.010.16 0.16U

4-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-01-6 10.010.70 0.70U

Nitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C98-95-3 10.010.47 0.47U

2-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-75-5 10.010.69 0.69U

4-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-02-7 10.012.40 2.40U

Pentachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C608-93-5 10.010.33 0.33U

Pentachloroethane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C76-01-7 10.010.50 0.50U

Pentachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-86-5 2.0011.00 1.00U

Phenanthrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-01-8 10.010.22 0.22U

Phenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-95-2 10.010.40 0.40U

Pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C129-00-0 10.010.41 0.41U

Safrole PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C94-59-7 10.010.36 0.36U

2,3,4,6-Tetrachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C58-90-2 10.010.91 0.91U

1,2,4-Trichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-82-1 10.010.29 0.29U

2,4,5-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-95-4 10.011.44 1.44U

2,4,6-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-06-2 10.010.59 0.59U

1,3,5-Trinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-35-4 10.011.32 1.32U

% Recovery % Recovery LimitsQ
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Received:

Sampled:Lab ID: 0012538-02 05/01/14 10:55

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Surrogate: 2-Fluorophenol 81.5 %367-12-4 Limit 42-126

Surrogate: Phenol-d5 68.8 %NA Limit 48-128

Surrogate: Nitrobenzene-d5 79.6 %NA Limit 41-134

Surrogate: 2-Fluorobiphenyl 107 %321-60-8 Limit 37-131

Surrogate: 2,4,6-Tribromophenol 30.0 %118-79-6 Limit 45-142

Surrogate: p-Terphenyl-d14 60.6 %NA Limit 49-135

Metals by EPA 6000/7000 Series Methods

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Antimony SLmg/L 05/05/14 05/07/14EPA 6020B7440-36-0 0.008410.0028 0.0028JEE, U

Arsenic SLmg/L 05/05/14 05/06/14EPA 6020B7440-38-2 0.003610.0012 0.0012JEE, U

Beryllium SLmg/L 05/05/14 05/06/14EPA 6020B7440-41-7 0.00090013.00E-5 3.00E-5JEE, U

Cadmium SLmg/L 05/05/14 05/06/14EPA 6020B7440-43-9 0.000110.00004 0.00004JEE, U

Chromium SLmg/L 05/05/14 05/06/14EPA 6020B7440-47-3 0.00210.001 0.0008JEE, I

Copper SLmg/L 05/05/14 05/06/14EPA 6020B7440-50-8 0.000610.0002 0.0002JEE, U

Lead SLmg/L 05/05/14 05/06/14EPA 6020B7439-92-1 0.00310.001 0.001JEE, U

Mercury SLmg/L 05/06/14 05/06/14EPA 6020B7439-97-6 0.000210.00006 0.00006JEE, U

Nickel SLmg/L 05/05/14 05/06/14EPA 6020B7440-02-0 0.0006010.0010 0.00020JEE

Selenium SLmg/L 05/05/14 05/06/14EPA 6020B7782-49-2 0.06610.022 0.022JEE, U

Silver SLmg/L 05/05/14 05/06/14EPA 6020B7440-22-4 0.000210.00006 0.00006JEE, U

Thallium SLmg/L 05/05/14 05/06/14EPA 6020B7440-28-0 0.002710.0009 0.0009JEE, U

Zinc SLmg/L 05/05/14 05/06/14EPA 6020B7440-66-6 0.0015010.00800 0.000500JEE

Pesticides

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

PCBs SLug/L 05/05/14 05/06/14EPA 3510C / 80821336-36-3 0.32410.108 0.108JEE, U
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EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 108 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 79.9 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 105 %460-00-4 Limit 70-131
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EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 90.2 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 84.5 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 109 %460-00-4 Limit 70-131
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Sampled:Lab ID: 0012538-05 05/01/14 13:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

Classical Chemistry Parameters

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Phenols SLmg/L 05/08/14 05/08/14EPA 420.2 0.0110.01 0.004JEE, I

Cyanide

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Cyanide (total) SLmg/L 05/08/14 05/08/14EPA 335.4NA 0.00710.002 0.002JEE, U

EPA Method 8081A

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

alpha-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-84-6 0.01110.004 0.004JEE, U

gamma-BHC (Lindane) SLug/L 05/05/14 05/06/14EPA 3510C / 8081A58-89-9 0.01110.004 0.004JEE, U

Heptachlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A76-44-8 0.01710.006 0.006JEE, U

Aldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A309-00-2 0.01110.004 0.004JEE, U

beta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-85-7 0.01310.004 0.004JEE, U

delta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-86-8 0.01210.004 0.004JEE, U

Heptachlor epoxide SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1024-57-3 0.01110.004 0.004JEE, U

Endosulfan I SLug/L 05/05/14 05/06/14EPA 3510C / 8081A959-98-8 0.01410.004 0.004JEE, U

gamma-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5566-34-7 0.06010.020 0.020JEE, U

alpha-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5103-71-9 0.06010.020 0.020JEE, U

4,4-DDE SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-55-9 0.01510.005 0.005JEE, U

Dieldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A60-57-1 0.00210.00075 0.00075JEE, U

Endrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-20-8 0.01310.004 0.004JEE, U

Endosulfan II SLug/L 05/05/14 05/06/14EPA 3510C / 8081A33213-65-9 0.01710.006 0.006JEE, U

4,4-DDD SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-54-8 0.00710.002 0.002U, JEE

4,4-DDT SLug/L 05/05/14 05/06/14EPA 3510C / 8081A50-29-3 0.01310.004 0.004JEE, U

Endrin aldehyde SLug/L 05/05/14 05/06/14EPA 3510C / 8081A7421-93-4 0.01010.003 0.003JEE, U

Endosulfan sulfate SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1031-07-8 0.00810.003 0.003JEE, U

Methoxychlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-43-5 0.01510.005 0.005JEE, U

Endrin Ketone SLug/L 05/05/14 05/06/14EPA 3510C / 8081A53494-70-5 0.01010.003 0.003JEE, U

Total Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081ANA 0.06010.020 0.020JEE, U

Toxaphene SLug/L 05/05/14 05/06/14EPA 3510C / 8081A8001-35-2 0.22510.075 0.075JEE, U
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Sampled:Lab ID: 0012538-05 05/01/14 13:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

1,2-Dicholoroethane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.640 0.640U

1,2-Dicholoropropane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.560 0.560U

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.00010.580 0.580U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.00010.370 0.370U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.00010.800 0.800U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.00011.000 1.000U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.00010.930 0.930U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.00010.680 0.680U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.00010.540 0.540U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.00011.000 1.000U

MTBE PLSug/L 05/06/14 05/06/14EPA 8260C1634-04-4 1.00010.530 0.530U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.00010.560 0.560U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.00010.640 0.640U

2,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C590-20-7 1.00011.000 1.000U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.00010.500 0.500U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.00010.530 0.530U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.00010.630 0.630U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.00010.780 0.780U

1,1-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C563-58-6 1.00010.790 0.790U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.00010.750 0.750U

Benzene PLSug/L 05/06/14 05/06/14EPA 8260C71-43-2 1.00010.640 0.640U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.00010.680 0.680U

Dibromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-95-3 0.00210.002 0.002U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.50010.500 0.500U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.00010.590 0.590U

Toluene PLSug/L 05/06/14 05/06/14EPA 8260C108-88-3 1.00010.660 0.660U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.00010.530 0.530U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.00010.540 0.540U

1,3-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C142-28-9 1.00010.510 0.510U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.20010.200 0.200U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.40010.400 0.400U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.02010.019 0.019U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.00010.670 0.670U

1,1,1,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C630-20-6 0.20010.200 0.200U

Ethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C100-41-4 1.00010.730 0.730U
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EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

m,p-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C108-38-3/10

6-42-3

1.00010.760 0.760U

o-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C95-47-6 1.00010.870 0.870U

Styrene PLSug/L 05/06/14 05/06/14EPA 8260C100-42-5 1.00010.520 0.520U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.00010.740 0.740U

Isopropylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-82-8 1.00010.740 0.740U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.00010.740 0.740U

1,2,3-Trichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-18-4 0.20010.200 0.200U

Bromobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-86-1 1.00010.850 0.850U

N-Propylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C103-65-1 1.00010.630 0.630U

2-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C95-49-8 1.00010.540 0.540U

1,3,5-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-67-8 1.00010.620 0.620U

4-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C106-43-4 1.00010.590 0.590U

tert-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-06-6 1.00010.620 0.620U

1,2,4-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-63-6 1.00010.620 0.620U

sec-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C135-98-8 1.00010.710 0.710U

4-Isopropyltoluene PLSug/L 05/06/14 05/06/14EPA 8260C99-87-6 1.00010.790 0.790U

1,3-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C541-73-1 0.31010.310 0.310U

1,4-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C106-46-7 0.51010.510 0.510U

N-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C104-51-8 1.00010.730 0.730U

1,2-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-50-1 0.51010.510 0.510U

1,2-Dibromo-3-Chloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-12-8 0.00210.002 0.002U

Hexachlorobutadiene PLSug/L 05/06/14 05/06/14EPA 8260C87-68-3 0.50010.500 0.500U

Naphthalene PLSug/L 05/06/14 05/06/14EPA 8260C91-20-3 1.00010.570 0.570U

1,2,3-Trichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C87-61-6 1.00010.640 0.640U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.00011.000 1.000U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 118 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 84.8 %2037-26-5 Limit 63-144

Surrogate: 4-Bromofluorobenzene 98.1 %460-00-4 Limit 50-155
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3,3-Dichlorobenzidine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C 10.010.81 0.81U

Acenaphthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C83-32-9 10.010.19 0.19U

Acenaphthylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C208-96-8 10.010.39 0.39U

Anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-12-7 10.010.31 0.31U

Benzo[a]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C56-55-3 0.00510.005 0.005U

Benzo[a]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C50-32-8 0.2010.20 0.20U

Benzo[b]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C205-99-2 0.0510.05 0.05U

Benzo[g,h,i]perylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C191-24-2 10.010.34 0.34U

Benzo[k]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C207-08-9 0.5010.40 0.40U

bis(2-Chloroethoxy)methane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C111-91-1 10.012.37 2.37U

bis(2-chloroisopropyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C39638-32-9 10.010.37 0.37U

bis(2-Ethylhexyl)phthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-81-7 10.010.93 0.93U

bis(Chloroethyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270CNA 0.0310.03 0.03U

4-Bromophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C101-55-3 10.010.35 0.35U

Butylbenzylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-68-7 10.010.73 0.73U

4-Chloroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-47-8 10.010.31 0.31U

Chlorobenzilate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C510-15-6 10.010.59 0.59U

4-Chloro-3-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C59-50-7 10.010.71 0.71U

2-Chloronaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-58-7 10.010.16 0.16U

2-Chlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-57-8 10.010.56 0.56U

4-Chlorophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C7005-72-3 0.0110.01 0.01U

Chrysene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C218-01-9 0.2010.17 0.17U

Dibenzofuran PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C132-64-9 10.010.22 0.22U

Dibenz[a,h]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C53-70-3 0.0510.005 0.005U

1,2-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-50-1 10.010.26 0.26U

1,3-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C541-73-1 10.010.34 0.34U

2,4-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-83-2 0.3010.30 0.30U

2,6-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-65-0 0.2010.20 0.20U

Diethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-66-2 10.010.36 0.36U

2,4-Dimethylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C105-67-9 10.010.40 0.40U

Dimethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C131-11-3 10.0110.0 10.0U

Di-n-butylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-74-2 10.010.64 0.64U

1,3-Dinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-65-0 0.7010.70 0.70U

4,6-Dinitro-2-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C534-52-1 10.011.77 1.77U

2,4-Dinitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C51-28-5 10.011.09 1.09U

2,4-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C121-14-2 10.010.91 0.91U
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2,6-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C606-20-2 10.010.76 0.76U

Di-n-octylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-84-0 10.011.09 1.09U

Fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C206-44-0 10.010.41 0.41U

Fluorene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C86-73-7 10.010.22 0.22U

Hexachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C118-74-1 10.010.22 0.22U

Hexachlorobutadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-68-3 10.0110.0 10.0U

Hexachlorocyclopentadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C77-47-4 10.011.60 1.60U

Indeno[1,2,3-cd]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C193-39-5 0.0510.05 0.05U

Isophorone PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C78-59-1 10.010.39 0.39U

2-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-48-7 10.010.61 0.61U

3-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-39-4 10.010.44 0.44U

4-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-44-5 10.010.44 0.44U

1-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C90-12-0 10.010.28 0.28U

2-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-57-6 10.010.29 0.29U

3-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-09-2 10.010.85 0.85U

N-Nitroso-di-n-propylamine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C621-64-7 10.010.32 0.32U

Naphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-20-3 10.010.15 0.15U

2-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-74-4 10.010.16 0.16U

4-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-01-6 10.010.70 0.70U

Nitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C98-95-3 10.010.47 0.47U

2-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-75-5 10.010.69 0.69U

4-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-02-7 10.012.40 2.40U

Pentachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C608-93-5 10.010.33 0.33U

Pentachloroethane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C76-01-7 10.010.50 0.50U

Pentachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-86-5 2.0011.00 1.00U

Phenanthrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-01-8 10.010.22 0.22U

Phenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-95-2 10.010.40 0.40U

Pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C129-00-0 10.010.41 0.41U

Safrole PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C94-59-7 10.010.36 0.36U

2,3,4,6-Tetrachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C58-90-2 10.010.91 0.91U

1,2,4-Trichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-82-1 10.010.29 0.29U

2,4,5-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-95-4 10.011.44 1.44U

2,4,6-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-06-2 10.010.59 0.59U

1,3,5-Trinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-35-4 10.011.32 1.32U

% Recovery % Recovery LimitsQ
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COC#:

ATTN:

FAX: PHONE: 

E Sciences

224 SE 9th Street

(954) 484-8500 (954) 484-5146 Henrietta Phase II ESA

2-0578-010

20310

5/13/2014  11:21:01AM

Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP3-05012014Description:

Received:

Sampled:Lab ID: 0012538-05 05/01/14 13:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8270C in Water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Surrogate: 2-Fluorophenol 72.5 %367-12-4 Limit 42-126

Surrogate: Phenol-d5 40.7 %NA Limit 48-128

Surrogate: Nitrobenzene-d5 121 %NA Limit 41-134

Surrogate: 2-Fluorobiphenyl 79.5 %321-60-8 Limit 37-131

Surrogate: 2,4,6-Tribromophenol 60.7 %118-79-6 Limit 45-142

Surrogate: p-Terphenyl-d14 107 %NA Limit 49-135

Metals by EPA 6000/7000 Series Methods

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Antimony SLmg/L 05/05/14 05/06/14EPA 6020B7440-36-0 0.008410.0028 0.0028JEE, U

Arsenic SLmg/L 05/05/14 05/06/14EPA 6020B7440-38-2 0.003610.0012 0.0012JEE, U

Beryllium SLmg/L 05/05/14 05/06/14EPA 6020B7440-41-7 9.00E-513.00E-5 3.00E-5JEE, U

Cadmium SLmg/L 05/05/14 05/06/14EPA 6020B7440-43-9 0.000110.00004 0.00004JEE, U

Chromium SLmg/L 05/05/14 05/06/14EPA 6020B7440-47-3 0.00210.001 0.0008JEE, I

Copper SLmg/L 05/05/14 05/06/14EPA 6020B7440-50-8 0.000610.004 0.0002JEE

Lead SLmg/L 05/05/14 05/06/14EPA 6020B7439-92-1 0.00310.001 0.001JEE, U

Mercury SLmg/L 05/06/14 05/06/14EPA 6020B7439-97-6 0.000210.00006 0.00006JEE, U

Nickel SLmg/L 05/05/14 05/06/14EPA 6020B7440-02-0 0.0006010.0010 0.00020JEE

Selenium SLmg/L 05/05/14 05/06/14EPA 6020B7782-49-2 0.01810.0006 0.0006JEE, U

Silver SLmg/L 05/05/14 05/06/14EPA 6020B7440-22-4 0.000210.00006 0.00006JEE, U

Thallium SLmg/L 05/05/14 05/06/14EPA 6020B7440-28-0 0.002710.0009 0.0009JEE, U

Zinc SLmg/L 05/05/14 05/06/14EPA 6020B7440-66-6 0.0015010.0220 0.000500JEE

Pesticides

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

PCBs SLug/L 05/05/14 05/06/14EPA 3510C / 80821336-36-3 0.32410.108 0.108JEE, U
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LOG #:

PROJECT:

PROJECT #:

REPORTED:

COC#:

ATTN:

FAX: PHONE: 

E Sciences

224 SE 9th Street

(954) 484-8500 (954) 484-5146 Henrietta Phase II ESA
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20310

5/13/2014  11:21:01AM

Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP3I-05012014Description:

Received:

Sampled:Lab ID: 0012538-06 05/01/14 13:45

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 106 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 88.8 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 128 %460-00-4 Limit 70-131
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CERTIFICATE OF ANALYSIS

0012538

DP3D-05012014Description:

Received:

Sampled:Lab ID: 0012538-07 05/01/14 14:15

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 90.8 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 74.6 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 93.9 %460-00-4 Limit 70-131
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Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP4-05012014Description:

Received:

Sampled:Lab ID: 0012538-08 05/01/14 15:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

Classical Chemistry Parameters

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Phenols SLmg/L 05/08/14 05/08/14EPA 420.2 0.0110.01 0.004JEE, I

Cyanide

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Cyanide (total) SLmg/L 05/08/14 05/08/14EPA 335.4NA 0.00710.002 0.002JEE, U

EPA Method 8081A

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

alpha-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-84-6 0.01110.004 0.004JEE, U

gamma-BHC (Lindane) SLug/L 05/05/14 05/06/14EPA 3510C / 8081A58-89-9 0.01110.004 0.004JEE, U

Heptachlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A76-44-8 0.01710.006 0.006JEE, U

Aldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A309-00-2 0.01110.004 0.004JEE, U

beta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-85-7 0.01310.004 0.004JEE, U

delta-BHC SLug/L 05/05/14 05/06/14EPA 3510C / 8081A319-86-8 0.01210.004 0.004JEE, U

Heptachlor epoxide SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1024-57-3 0.01110.004 0.004JEE, U

Endosulfan I SLug/L 05/05/14 05/06/14EPA 3510C / 8081A959-98-8 0.01410.004 0.004JEE, U

gamma-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5566-34-7 0.06010.020 0.020JEE, U

alpha-Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081A5103-71-9 0.06010.020 0.020JEE, U

4,4-DDE SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-55-9 0.01510.005 0.005JEE, U

Dieldrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A60-57-1 0.00210.00075 0.00075JEE, U

Endrin SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-20-8 0.01310.004 0.004JEE, U

Endosulfan II SLug/L 05/05/14 05/06/14EPA 3510C / 8081A33213-65-9 0.01710.006 0.006JEE, U

4,4-DDD SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-54-8 0.00710.002 0.002U, JEE

4,4-DDT SLug/L 05/05/14 05/06/14EPA 3510C / 8081A50-29-3 0.01310.004 0.004JEE, U

Endrin aldehyde SLug/L 05/05/14 05/06/14EPA 3510C / 8081A7421-93-4 0.01010.003 0.003JEE, U

Endosulfan sulfate SLug/L 05/05/14 05/06/14EPA 3510C / 8081A1031-07-8 0.00810.003 0.003JEE, U

Methoxychlor SLug/L 05/05/14 05/06/14EPA 3510C / 8081A72-43-5 0.01510.005 0.005JEE, U

Endrin Ketone SLug/L 05/05/14 05/06/14EPA 3510C / 8081A53494-70-5 0.01010.003 0.003JEE, U

Total Chlordane SLug/L 05/05/14 05/06/14EPA 3510C / 8081ANA 0.06010.020 0.020JEE, U

Toxaphene SLug/L 05/05/14 05/06/14EPA 3510C / 8081A8001-35-2 0.22510.075 0.075JEE, U
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Maria Paituvi
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CERTIFICATE OF ANALYSIS

0012538

DP4-05012014Description:

Received:

Sampled:Lab ID: 0012538-08 05/01/14 15:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

1,2-Dicholoroethane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.640 0.640U

1,2-Dicholoropropane PLSug/L 05/06/14 05/06/14EPA 8260C 1.00010.560 0.560U

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.00010.580 0.580U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.00010.370 0.370U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.00010.800 0.800U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.00011.000 1.000U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.00010.930 0.930U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.00010.680 0.680U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.00010.540 0.540U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.00011.000 1.000U

MTBE PLSug/L 05/06/14 05/06/14EPA 8260C1634-04-4 1.00010.530 0.530U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.00010.560 0.560U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.00010.640 0.640U

2,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C590-20-7 1.00011.000 1.000U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.00010.500 0.500U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.00010.530 0.530U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.00010.630 0.630U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.00010.780 0.780U

1,1-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C563-58-6 1.00010.790 0.790U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.00010.750 0.750U

Benzene PLSug/L 05/06/14 05/06/14EPA 8260C71-43-2 1.00010.640 0.640U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.00010.680 0.680U

Dibromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-95-3 0.00210.002 0.002U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.50010.500 0.500U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.00010.590 0.590U

Toluene PLSug/L 05/06/14 05/06/14EPA 8260C108-88-3 1.00010.660 0.660U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.00010.530 0.530U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.00010.540 0.540U

1,3-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C142-28-9 1.00010.510 0.510U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.20010.200 0.200U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.40010.400 0.400U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.02010.019 0.019U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.00010.670 0.670U

1,1,1,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C630-20-6 0.20010.200 0.200U

Ethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C100-41-4 1.00010.730 0.730U
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DP4-05012014Description:

Received:

Sampled:Lab ID: 0012538-08 05/01/14 15:00

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8260C in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

m,p-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C108-38-3/10

6-42-3

1.00010.760 0.760U

o-Xylene PLSug/L 05/06/14 05/06/14EPA 8260C95-47-6 1.00010.870 0.870U

Styrene PLSug/L 05/06/14 05/06/14EPA 8260C100-42-5 1.00010.520 0.520U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.00010.740 0.740U

Isopropylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-82-8 1.00010.740 0.740U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.00010.740 0.740U

1,2,3-Trichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-18-4 0.20010.200 0.200U

Bromobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-86-1 1.00010.850 0.850U

N-Propylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C103-65-1 1.00010.630 0.630U

2-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C95-49-8 1.00010.540 0.540U

1,3,5-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-67-8 1.00010.620 0.620U

4-Chlorotoluene PLSug/L 05/06/14 05/06/14EPA 8260C106-43-4 1.00010.590 0.590U

tert-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C98-06-6 1.00010.620 0.620U

1,2,4-Trimethylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-63-6 1.00010.620 0.620U

sec-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C135-98-8 1.00010.710 0.710U

4-Isopropyltoluene PLSug/L 05/06/14 05/06/14EPA 8260C99-87-6 1.00010.790 0.790U

1,3-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C541-73-1 0.31010.310 0.310U

1,4-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C106-46-7 0.51010.510 0.510U

N-Butylbenzene PLSug/L 05/06/14 05/06/14EPA 8260C104-51-8 1.00010.730 0.730U

1,2-Dichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C95-50-1 0.51010.510 0.510U

1,2-Dibromo-3-Chloropropane PLSug/L 05/06/14 05/06/14EPA 8260C96-12-8 0.00210.002 0.002U

Hexachlorobutadiene PLSug/L 05/06/14 05/06/14EPA 8260C87-68-3 0.50010.500 0.500U

Naphthalene PLSug/L 05/06/14 05/06/14EPA 8260C91-20-3 1.00010.570 0.570U

1,2,3-Trichlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C87-61-6 1.00010.640 0.640U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.00011.000 1.000U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 95.6 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 76.3 %2037-26-5 Limit 63-144

Surrogate: 4-Bromofluorobenzene 100 %460-00-4 Limit 50-155
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3,3-Dichlorobenzidine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C 10.010.81 0.81U

Acenaphthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C83-32-9 10.010.19 0.19U

Acenaphthylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C208-96-8 10.010.39 0.39U

Anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-12-7 10.010.31 0.31U

Benzo[a]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C56-55-3 0.00510.005 0.005U

Benzo[a]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C50-32-8 0.2010.20 0.20U

Benzo[b]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C205-99-2 0.0510.05 0.05U

Benzo[g,h,i]perylene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C191-24-2 10.010.34 0.34U

Benzo[k]fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C207-08-9 0.5010.40 0.40U

bis(2-Chloroethoxy)methane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C111-91-1 10.012.37 2.37U

bis(2-chloroisopropyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C39638-32-9 10.010.37 0.37U

bis(2-Ethylhexyl)phthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-81-7 10.010.93 0.93U

bis(Chloroethyl)ether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270CNA 0.0310.03 0.03U

4-Bromophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C101-55-3 10.010.35 0.35U

Butylbenzylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-68-7 10.010.73 0.73U

4-Chloroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-47-8 10.010.31 0.31U

Chlorobenzilate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C510-15-6 10.010.59 0.59U

4-Chloro-3-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C59-50-7 10.010.71 0.71U

2-Chloronaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-58-7 10.010.16 0.16U

2-Chlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-57-8 10.010.56 0.56U

4-Chlorophenyl-phenylether PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C7005-72-3 0.0110.01 0.01U

Chrysene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C218-01-9 0.2010.17 0.17U

Dibenzofuran PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C132-64-9 10.010.22 0.22U

Dibenz[a,h]anthracene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C53-70-3 0.0510.005 0.005U

1,2-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-50-1 10.010.26 0.26U

1,3-Dichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C541-73-1 10.010.34 0.34U

2,4-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-83-2 0.3010.30 0.30U

2,6-Dichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-65-0 0.2010.20 0.20U

Diethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-66-2 10.010.36 0.36U

2,4-Dimethylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C105-67-9 10.010.40 0.40U

Dimethylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C131-11-3 10.0110.0 10.0U

Di-n-butylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C84-74-2 10.010.64 0.64U

1,3-Dinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-65-0 0.7010.70 0.70U

4,6-Dinitro-2-methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C534-52-1 10.011.77 1.77U

2,4-Dinitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C51-28-5 10.011.09 1.09U

2,4-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C121-14-2 10.010.91 0.91U
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2,6-Dinitrotoluene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C606-20-2 10.010.76 0.76U

Di-n-octylphthalate PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C117-84-0 10.011.09 1.09U

Fluoranthene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C206-44-0 10.010.41 0.41U

Fluorene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C86-73-7 10.010.22 0.22U

Hexachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C118-74-1 10.010.22 0.22U

Hexachlorobutadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-68-3 10.0110.0 10.0U

Hexachlorocyclopentadiene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C77-47-4 10.011.60 1.60U

Indeno[1,2,3-cd]pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C193-39-5 0.0510.05 0.05U

Isophorone PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C78-59-1 10.010.39 0.39U

2-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-48-7 10.010.61 0.61U

3-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-39-4 10.010.44 0.44U

4-Methylphenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C106-44-5 10.010.44 0.44U

1-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C90-12-0 10.010.28 0.28U

2-Methylnaphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-57-6 10.010.29 0.29U

3-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-09-2 10.010.85 0.85U

N-Nitroso-di-n-propylamine PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C621-64-7 10.010.32 0.32U

Naphthalene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C91-20-3 10.010.15 0.15U

2-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-74-4 10.010.16 0.16U

4-Nitroaniline PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-01-6 10.010.70 0.70U

Nitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C98-95-3 10.010.47 0.47U

2-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-75-5 10.010.69 0.69U

4-Nitrophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C100-02-7 10.012.40 2.40U

Pentachlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C608-93-5 10.010.33 0.33U

Pentachloroethane PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C76-01-7 10.010.50 0.50U

Pentachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C87-86-5 2.0011.00 1.00U

Phenanthrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C85-01-8 10.010.22 0.22U

Phenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C108-95-2 10.010.40 0.40U

Pyrene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C129-00-0 10.010.41 0.41U

Safrole PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C94-59-7 10.010.36 0.36U

2,3,4,6-Tetrachlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C58-90-2 10.010.91 0.91U

1,2,4-Trichlorobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C120-82-1 10.010.29 0.29U

2,4,5-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C95-95-4 10.011.44 1.44U

2,4,6-Trichlorophenol PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C88-06-2 10.010.59 0.59U

1,3,5-Trinitrobenzene PLSug/L 05/07/14 05/08/14EPA 3510C / 8270C99-35-4 10.011.32 1.32U

% Recovery % Recovery LimitsQ
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Surrogate: 2-Fluorophenol 69.9 %367-12-4 Limit 42-126

Surrogate: Phenol-d5 35.5 %NA Limit 48-128

Surrogate: Nitrobenzene-d5 105 %NA Limit 41-134

Surrogate: 2-Fluorobiphenyl 73.0 %321-60-8 Limit 37-131

Surrogate: 2,4,6-Tribromophenol 55.5 %118-79-6 Limit 45-142

Surrogate: p-Terphenyl-d14 104 %NA Limit 49-135

Metals by EPA 6000/7000 Series Methods

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Antimony SLmg/L 05/05/14 05/06/14EPA 6020B7440-36-0 0.008410.0028 0.0028JEE, U

Arsenic SLmg/L 05/05/14 05/06/14EPA 6020B7440-38-2 0.003610.0012 0.0012JEE, U

Beryllium SLmg/L 05/05/14 05/06/14EPA 6020B7440-41-7 9.00E-513.00E-5 3.00E-5JEE, U

Cadmium SLmg/L 05/05/14 05/06/14EPA 6020B7440-43-9 0.000110.00004 0.00004JEE, U

Chromium SLmg/L 05/05/14 05/06/14EPA 6020B7440-47-3 0.00210.004 0.0008JEE

Copper SLmg/L 05/05/14 05/06/14EPA 6020B7440-50-8 0.000610.0002 0.0002JEE, I

Lead SLmg/L 05/05/14 05/06/14EPA 6020B7439-92-1 0.00310.001 0.001JEE, U

Mercury SLmg/L 05/06/14 05/06/14EPA 6020B7439-97-6 0.000210.00006 0.00006JEE, U

Nickel SLmg/L 05/05/14 05/06/14EPA 6020B7440-02-0 0.0006010.0030 0.00020JEE

Selenium SLmg/L 05/05/14 05/06/14EPA 6020B7782-49-2 0.00210.0006 0.0006JEE, U

Silver SLmg/L 05/05/14 05/06/14EPA 6020B7440-22-4 0.000210.00006 0.00006JEE, U

Thallium SLmg/L 05/05/14 05/06/14EPA 6020B7440-28-0 0.002710.0009 0.0009JEE, U

Zinc SLmg/L 05/05/14 05/06/14EPA 6020B7440-66-6 0.0015010.0190 0.000500JEE

Pesticides

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

PCBs SLug/L 05/05/14 05/06/14EPA 3510C / 80821336-36-3 0.32410.108 0.108JEE, U
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LOG #:

PROJECT:

PROJECT #:

REPORTED:

COC#:

ATTN:

FAX: PHONE: 

E Sciences

224 SE 9th Street

(954) 484-8500 (954) 484-5146 Henrietta Phase II ESA

2-0578-010

20310

5/13/2014  11:21:01AM

Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP4I-05012014Description:

Received:

Sampled:Lab ID: 0012538-09 05/01/14 15:55

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 135 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 115 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 115 %460-00-4 Limit 70-131
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PROJECT:

PROJECT #:

REPORTED:

COC#:

ATTN:

FAX: PHONE: 

E Sciences

224 SE 9th Street

(954) 484-8500 (954) 484-5146 Henrietta Phase II ESA

2-0578-010

20310

5/13/2014  11:21:01AM

Maria Paituvi

Ft Lauderdale, FL 33316

CERTIFICATE OF ANALYSIS

0012538

DP4D-05012014Description:

Received:

Sampled:Lab ID: 0012538-10 05/01/14 16:30

05/02/14 15:17Matrix: Water Sampled By: Trent Van Allen

EPA Method 8010 List in water

Parameter UnitsResults MDLMethod AnalystDateCAS # DF

Extraction Analysis

DatePQLQ

Dichlorodifluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-71-8 1.0010.58 0.58U

Chloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-87-3 1.0010.37 0.37U

Vinyl Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-01-4 1.0010.80 0.80U

Bromomethane PLSug/L 05/06/14 05/06/14EPA 8260C74-83-9 1.0011.00 1.00U

Chloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-00-3 1.0010.93 0.93U

Trichlorofluoromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-69-4 1.0010.68 0.68U

1,1-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C75-35-4 1.0010.54 0.54U

Methylene Chloride PLSug/L 05/06/14 05/06/14EPA 8260C75-09-2 1.0011.00 1.00U

trans-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-60-5 1.0010.56 0.56U

1,1-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C75-34-3 1.0010.64 0.64U

cis-1,2-Dichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C156-59-2 1.0010.50 0.50U

Chloroform PLSug/L 05/06/14 05/06/14EPA 8260C67-66-3 1.0010.53 0.53U

Bromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C74-97-5 1.0010.63 0.63U

1,1,1-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C71-55-6 1.0010.78 0.78U

Carbon Tetrachloride PLSug/L 05/06/14 05/06/14EPA 8260C56-23-5 1.0010.75 0.75U

1,2-Dichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C107-06-2 1.0010.75 0.75U

Trichloroethene PLSug/L 05/06/14 05/06/14EPA 8260C79-01-6 1.0010.68 0.68U

1,2-Dichloropropane PLSug/L 05/06/14 05/06/14EPA 8260C78-87-5 1.0010.75 0.75U

Bromodichloromethane PLSug/L 05/06/14 05/06/14EPA 8260C75-27-4 0.5010.50 0.50U

cis-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-01-5 1.0010.59 0.59U

trans-1,3-Dichloropropene PLSug/L 05/06/14 05/06/14EPA 8260C10061-02-6 1.0010.53 0.53U

1,1,2-Trichloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-00-5 1.0010.54 0.54U

Tetrachloroethene PLSug/L 05/06/14 05/06/14EPA 8260C127-18-4 0.2010.20 0.20U

Dibromochloromethane PLSug/L 05/06/14 05/06/14EPA 8260C124-48-1 0.4010.40 0.40U

1,2-Dibromoethane (EDB) PLSug/L 05/06/14 05/06/14EPA 8260C106-93-4 0.0210.02 0.02U

Chlorobenzene PLSug/L 05/06/14 05/06/14EPA 8260C108-90-7 1.0010.67 0.67U

1,1,2,2-Tetrachloroethane PLSug/L 05/06/14 05/06/14EPA 8260C79-34-5 1.0010.74 0.74U

Bromoform PLSug/L 05/06/14 05/06/14EPA 8260C75-25-2 1.0010.74 0.74U

2-Chloroethyl Vinyl Ether PLSug/L 05/06/14 05/06/14EPA 8260C110-75-8 1.0011.00 1.00U

MEK PLSug/L 05/06/14 05/06/14EPA 8260C78-93-3 1.0011.00 1.00U

% Recovery % Recovery LimitsQ

Surrogate: Dibromofluoromethane 91.7 %1868-53-7 Limit 62-200

Surrogate: Toluene-d8 82.8 %2037-26-5 Limit 66-144

Surrogate: 4-Bromofluorobenzene 90.7 %460-00-4 Limit 70-131
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Notes and Definitions 

Analyte included in the analysis, but not detectedU

The reported value is between the laboratory Method Detection Limit & the laboratory Practical Quantitation LimitI

Analysis performed by Florida Environmental Cert#E86006JEE
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Florida Specialty Crop Block Grant Program 
Project Final Performance Report  

 
Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
project goals which could not be achieved must be addressed in this section. 

 Offer insights into the lessons learned by the project staff as a result of completing this 
project.  This section is meant to illustrate the positive and negative results and 
conclusions for the project. 

 Describe unexpected outcomes or results that occurred as a result of implementing this 
project. 

 If goals or outcome measures were not achieved, identify and share the lessons learned 
to help others expedite problem-solving. 

 Lessons learned should draw upon positive experiences (i.e. good ideas that improve 
project efficiency or save money) and negative experiences (i.e. lessons learned about 
what did not go well and what needs to be changed). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Contact Person 

 Name the Contact Person for the Project, including telephone number and email 
address. 

Additional Information 

 Provide additional information available (i.e. publications, websites, photographs) that 
is not applicable to any of the prior sections. Charts, graphs, photos, etc. should be 
attached as separate file(s) and referenced in the text of the report. 

Appendices list

Appendix 1: Table 1: Summary of canine alerts and trees that were treated with TILT fungicide. 
Appendix 2: Spectral data summary Tables 2 & 3. 
Appendix 3: Figures 1-3; example of maps for grove #12 (Figures 1&2); examples of spectral indices tested (Figure 
3). 
Appendix 4: Summary of DNA analyses (Tables 4&5). 
Appendix 5: An example of a flyer to inform grove owners and others of the canine project. 
Appendix 6: VOC data table (Table 6) and Figure 4 of VOC profiles. 
Appendix 7: Press release web links
Appendix 8: SOP for spectral analyses and data collection.
Appendix 9: Tentative titles of manuscripts being written/to be submitted this year.
Appendix 10: Additional outcomes/research from this project. 
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Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
project goals which could not be achieved must be addressed in this section. 

 Offer insights into the lessons learned by the project staff as a result of completing this 
project.  This section is meant to illustrate the positive and negative results and 
conclusions for the project. 

 Describe unexpected outcomes or results that occurred as a result of implementing this 
project. 

 If goals or outcome measures were not achieved, identify and share the lessons learned 
to help others expedite problem-solving. 

 Lessons learned should draw upon positive experiences (i.e. good ideas that improve 
project efficiency or save money) and negative experiences (i.e. lessons learned about 
what did not go well and what needs to be changed). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Contact Person 

 Name the Contact Person for the Project, including telephone number and email 
address. 

 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Additional Information 

 Provide additional information available (i.e. publications, websites, photographs) that 
is not applicable to any of the prior sections. Charts, graphs, photos, etc. should be 
attached as separate file(s) and referenced in the text of the report. 
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Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
project goals which could not be achieved must be addressed in this section. 

 Offer insights into the lessons learned by the project staff as a result of completing this 
project.  This section is meant to illustrate the positive and negative results and 
conclusions for the project. 

 Describe unexpected outcomes or results that occurred as a result of implementing this 
project. 

 If goals or outcome measures were not achieved, identify and share the lessons learned 
to help others expedite problem-solving. 

 Lessons learned should draw upon positive experiences (i.e. good ideas that improve 
project efficiency or save money) and negative experiences (i.e. lessons learned about 
what did not go well and what needs to be changed). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Contact Person 

 Name the Contact Person for the Project, including telephone number and email 
address. 

 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Additional Information 

 Provide additional information available (i.e. publications, websites, photographs) that 
is not applicable to any of the prior sections. Charts, graphs, photos, etc. should be 
attached as separate file(s) and referenced in the text of the report. 
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Note: Most sections of the final progress report relate directly to a corresponding section of the 
original project proposal or annual report. Please have these documents handy while writing the 
final report, so that you may refer to them where necessary. Some final report sections which 
relate to sections of other documents are: 
 

Final Performance Report Section Corresponding Section of Proposal (P) or 
Annual Report (AR) 

Project Summary Project Purpose (P) 
Project Approach Work Plan (P), Activities Performed (AR) 

Goals and Outcomes Achieved Expected Measureable Outcomes (P) 
Beneficiaries Potential Impact (P) 

Lessons Learned Problems and Delays (AR) 
 
 
  

Project Title 

 Provide the project’s title. This must be the same title used in the approved proposal. 

 

 

Project Partners 

 List the primary organization implementing the project, as well as any partner 
organizations. 

  



Project Summary 

 Please refer to the “Project Purpose” section of your proposal when writing this section. 
 Provide a background for the initial purpose of the project, which includes the specific 

issue, problem, or need that was addressed by this project. 
 Describe the importance and timeliness of the project. 
 If the project built on a previously funded project with the SCBGP or SCBGP-FB 

describe how this project complemented and enhanced, but did not duplicate, previous 
work. 

 
 
 
 
  



Project Approach 

 Please refer to the “Work Plan” section of the proposal and the “Activities Performed” 
sections of your annual reports when writing this section. 

 Briefly summarize activities performed and tasks performed during the grant period.  
Whenever possible, describe the work accomplished in both quantitative and qualitative 
terms.  Specifically, discuss the tasks provided in the “Work Plan” section of the 
proposal. Include the significant results, accomplishments, conclusions and 
recommendations.  Include favorable or unusual developments. 

 If the overall scope of the project benefitted commodities other than specialty crops, 
indicate how project staff ensured that funds were used to solely enhance the 
competitiveness of specialty crops. 

 Present the significant contributions and role of project partners in the project. 

 

 

 

 

 

  



Goals and Outcomes Achieved 

 Please refer to the “Expected Measureable Outcomes” section of your proposal. List 
each expected measureable outcome from that section, and explain what progress you 
have made toward achieving each one.  

 If outcome measures were long term, summarize the progress that has been made 
towards achievement. Every expected measureable outcome listed in your original 
project proposal must be addressed in this section. 

 Provide a comparison of actual accomplishments with the goals established for the 
project. 

 Clearly convey completion of achieving outcomes by illustrating baseline data that has 
been gathered to date and showing the progress toward achieving set targets. 

 Highlight the major successes of the project in quantifiable terms. 

  



Beneficiaries 

 Please refer to the “Potential Impact” section of your proposal. Any beneficiary group 
mentioned in that section must be addressed here. 

 Provide a description of the groups and other operations that benefited from the 
completion of this project’s accomplishments. What specialty crop stakeholders 
benefitted from this project? How did they benefit, and how were they made aware 
of project results? How many of them are there?  

 Clearly state the quantitative data that concerns the beneficiaries affected by the 
project’s accomplishments and/or the potential economic impact of the project. 

 
  



Lessons Learned 

 Please refer to the “Work Plan” and “Expected Measureable Outcomes” sections of 
your proposal, as well as the “Problems and Delays” sections of your annual reports. 
Any problems and delays, any changes which had to be made to the work plan, and any 
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Attachment “B” 
Specialty Crop Block Grant Contract Recipient 
 
Quarterly Performance Report 
 
Project Title: An integrated approach to managing downy mildew, a devastating disease affecting 
impatiens in the greenhouse. 
 
Contract Number: 00092322 
 
Specialty Crop Block Grant Funding Year: 2015-16 
 
Reporting Period: July 1st, 2015 through March 31st, 2016 
 

Activities Performed: 
 
Goal 1: Demonstrate the use of effective pesticides and nutritional amendments for 
controlling impatiens downy mildew for the greenhouse, nursery and landscape. 
 
To address the introduction of impatiens downy mildew into Florida, numerous shade house and 
landscape trials testing fungicide efficacy for disease management have been conducted at the 
University of Florida’s Tropical Research and Education Center in Homestead, Florida. Early 
trials of containerized production under shade house conditions found that Orvego, Pageant and 
Stature treatments sharply reduced the number of leaves with sporulation and leaf drop and the 
percentage of canopy affected in inoculated plants when applied using an air blast applicator or as 
a foliar spray to runoff.  Additional nursery trials demonstrated the effectiveness of a 7-day 
fungicide rotation with treatments of Adorn, Aliette, Subdue Maxx, Dithane, Heritage, Micora 
and A14658C (potassium phosphite), which all maintained 100% disease-free impatiens.  These 
exciting results led us to initiate trials in the landscape, so that we could evaluate the residual 
control offered by fungicide treatments in the nursery. 
 
Some of the first impatiens downy mildew landscape trials examined the use of a granular form of 
mefenoxam (Subdue G) that was incorporated into the bed before transplanting impatiens that 
were previously treated with fungicides in the nursery.  Three days after the final fungicide 
treatment in the nursery these impatiens were transplanted into one of two landscape beds either 
soil incorporated with Subdue G or left untreated for continued evaluation over a 60-day period.  
Disease severity ratings for all fungicide rotations with treatments of Adorn, Aliette, Subdue 
Maxx, Dithane, Heritage, Micora and A14658C (potassium phosphite) remained statistically 
lower throughout the duration of the landscape trial.  Impatiens deriving from fungicide rotations 
containing a phosphonate that were transplanted into a mefenoxam treated landscape bed 
remained 100% disease free for 60 days. 
 
Fungicide efficacy trials conducted with mefenoxam (January, 2013) were highly effective on 
impatiens in some instances and ineffective in others—a reminder that development of resistance 
in the targeted population is easily possible with this material.  Subsequently a population of 
Plasmopara obducens from Homestead, FL was tested and confirmed to have resistance to 



mefenoxam.  This was not surprising considering the widespread use of mefenoxam containing 
fungicides for control of oomycetes in both commercial production and landscapes throughout 
Florida.  As a result, mefenoxam was removed from all fungicide efficacy trials conducted in 
2013.   
 
We have examined fungicides representing 13 chemical classes reported to have efficacy against 
oomycetes.  We have tested residual efficacy to monitor how long impatiens treated in the nursery 
will remain disease free after being transplanted into the landscape.  In addition, trials are being 
conducted using fungicide rotations and tank mixes to minimize the risk of fungicide resistant 
populations of Plasmopara obducens.   To date, results indicate that products containing 
phosphorous, mefenoxam and fluopicolide, are good candidates for long residual control of 
impatiens downy mildew.  
 
 
IDM Rotation Trial Fall 2015 

 
 
Impatiens (Impatiens walleriana ‘Super Elfin White’) plants were submitted to one of seven 
fungicide rotations, including untreated controls (Table 1). Disease free impatiens were grown in 
4” pots with Promix BX in the shadehouse under 73% shade conditions. Plants were fertilized 
with Osmocote 14-14-14, and watered twice daily with overhead irrigation. Experimental units 
were a plant treated with a single fungicide treatment with 10 repetitions in a randomized 
complete block design (RCBD).  
 
Fungicide application 
 
Fungicide treatments were applied as foliar spray providing 25ml per plant in the morning and 
treated plants were not watered for 24 hours following application. Fungicides were applied on a 
7-day schedule with a total of four applications on 11/17, 11/24, 12/1, and 12/8. Plants were 
transplanted into landscape bed on 12/10. Disease pressure was severe; thus natural inoculum 
was from diseased plants placed around the landscape beds.   
 
Preliminary results 
 
Disease was evident on the untreated controls on 12/18 (10 days after last application), and on 
Treatments 2,4, and 6 on 12/29 (21 days after last application). Sporulation has yet to be 
observed on Treatments 3,5,7, and 8.  Ongoing foliar disease ratings have been obtained weekly 
since 12/19.     
 
 
 
 
 
 
 



 Table 1. Weekly rotations of fungicides.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Treatments (rate/100 gal) 
1. Untreated control   
2. Week 1: Segway 3.5 fl oz 

Week 2: Stature 12.25 fl oz 
Week 3: Adorn 2 fl oz 
Week 4: Subdue Maxx 2 fl oz 

3. Week 1: Subdue Maxx 2 fl oz 
Week 2: Segovis 2.4 fl oz 
Week 3: Segway 3.5 fl oz 
Week 4: Inosco 64 fl oz 

4. Week 1: Adorn 2 fl oz 
Week 2: Stature 12.25 fl oz 
Week 3: Inosco 64 fl oz 
Week 4: Segway 3.5 fl oz 

5. Week 1: Segovis 2.4 fl oz 
Week 2: Inosco 64 fl oz 
Week 3: Stature 12.25 fl oz 
Week 4: Adorn 2 fl oz 

6. Week 1: Stature 12.25 fl oz 
Week 2: Segway 3.5 fl oz 
Week 3: Adorn 2 fl oz 
Week 4: Subdue Maxx 2 fl oz 

7. Week 1: Inosco 64 fl oz 
Week 2: Adorn 2 fl oz 
Week 3: Subdue Maxx 2 fl oz 
Week 4: Segovis 2.4 fl oz 

8. Week 1: Segway 3.5 fl oz 
Week 2: Stature 12.25 fl oz 
Week 3: Segovis 2.4 fl oz 
Week 4: Inosco 64 fl oz 



IDM Rotation with Daconil Trial (Round 2) Spring 2016 
 
Impatiens (Impatiens walleriana ‘Super Elfin White’) plants were submitted to one of seven 
fungicide rotations, including untreated controls (Table 2). Disease free impatiens were grown in 
4” pots with Promix BX in the shadehouse under 73% shade conditions. Plants were fertilized 
with Osmocote 14-14-14, and watered twice daily with overhead irrigation. Experimental units 
were a plant treated with a single fungicide treatment with 10 repetitions in a randomized 
complete block design (RCBD). 
 
Fungicide application 
 
Fungicide treatments were applied as foliar spray providing 25ml per plant in the morning and 
treated plants were not watered for 24 hours following application. Fungicides were applied on a 
7-day schedule with a total of four applications on 1/8, 1/15, 1/22, and 1/29. Plants were 
transplanted into landscape bed on 2/2. Disease pressure was severe; thus natural inoculum was 
from diseased plants placed around landscape beds.    
 
Preliminary results 
 
Disease was evident on the untreated controls on 1/23 (6 days before last application), and on 
Treatments 2,4, and 6 on 2/20 (28 days after last application). Sporulation has yet to be observed 
on Treatments 3,5,7, and 8.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2. Weekly rotations of fungicides.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Treatments (rate/100 gal) 
1. Untreated control   
2. Week 1: Segway 3.5 fl oz 

Week 2: Stature 12.25 fl oz 
Week 3: Adorn 2 fl oz + Daconil Ultrex 1 lb 
Week 4: Subdue Maxx 2 fl oz + Daconil Ultrex 1 lb 

3. Week 1: Subdue Maxx 2 fl oz + Daconil Ultrex 1 lb 
Week 2: Segovis 2.4 fl oz 
Week 3: Segway 3.5 fl oz  
Week 4: Inosco 64 fl oz 

4. Week 1: Adorn 2 fl oz + Daconil Ultrex 1 lb 
Week 2: Stature 12.25 fl oz 
Week 3: Inosco 64 fl oz 
Week 4: Segway 3.5 fl oz 

5. Week 1: Segovis 2.4 fl oz 
Week 2: Inosco 64 fl oz 
Week 3: Stature 12.25 fl oz 
Week 4: Adorn 2 fl oz + Daconil Ultrex 1 lb 

6. Week 1: Stature 12.25 fl oz 
Week 2: Segway 3.5 fl oz 
Week 3: Adorn 2 fl oz + Daconil Ultrex 1 lb 
Week 4: Subdue Maxx 2 fl oz + Daconil Ultrex 1 lb 

7. Week 1: Inosco 64 fl oz 
Week 2: Adorn 2 fl oz + Daconil Ultrex 1 lb 
Week 3: Subdue Maxx 2 fl oz + Daconil Ultrex 1 lb 
Week 4: Segovis 2.4 fl oz 

8. Week 1: Segway 3.5 fl oz 
Week 2: Stature 12.25 fl oz 
Week 3: Segovis 2.4 fl oz 
Week 4: Inosco 64 fl oz 



IDM Segovis Residual Trial (Round 1) Spring 2016 
 
 
Impatiens (Impatiens walleriana ‘Super Elfin White’) plants were submitted to one of four 
fungicide treatments, including untreated, non-inoculated and inoculated controls (Table 3). 
Disease free impatiens were grown in 4” pots with Promix BX in the shadehouse under 73% 
shade conditions. Plants were fertilized with Osmocote 14-14-14, and watered twice daily with 
overhead irrigation. Experimental units were a plant treated with a single fungicide treatment 
with 10 repetitions in a randomized complete block design (RCBD). 
 
Fungicide application 
 
Fungicide treatments were applied one time as either a foliar spray (20ml/plant) or soil drench (3 
fl oz/pot) in the morning and treated plants were not watered for 24 hours following application. 
Fungicides were applied on 1/7. Disease pressure was severe.  
  
Inoculation 
 
Inoculum was prepared by washing sporangia off I. walleriana leaves infected with Plasmopara 
obducens in sterile water. Concentration of sporangial suspension was adjusted to 105 
sporangia/ml and was applied as a foliar spray 24 hr post-treatment on 1/8.  
 
Preliminary results 
 
Sporulation was evident on the inoculated controls on 1/15 (7 days after inoculation), and on the 
non-inoculated controls on 1/23 (15 days after inoculation). No sporulation has been observed on 
treated plants. 
 
 
 
 

Table 3. Four treatments to control impatiens downy mildew. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

Treatment and rate/100 gal Application Method 
Untreated, non-inoculated 
control   --- 

Untreated, inoculated control --- 
Segovis 1.2 fl oz   Foliar spray 
Segovis 1.2 fl oz  Soil drench 
Segovis 2.4 fl oz Foliar spray 
Segovis 2.4 fl oz Soil drench 



IDM Segovis Residual Trial (Round 2) Spring 2016 
 
Impatiens (Impatiens walleriana ‘Super Elfin Red’) plants were submitted to one of four 
fungicide treatments, including untreated, non-inoculated and inoculated controls (Table 4). 
Disease free impatiens were grown in 4” pots with Promix BX in the shadehouse under 73% 
shade conditions. Plants were fertilized with Osmocote 14-14-14, and watered twice daily with 
overhead irrigation. Experimental units were a plant treated with a single fungicide treatment 
with 10 repetitions in a randomized complete block design (RCBD). 
 
Fungicide application 
 
Fungicide treatments were applied one time as either a foliar spray (20ml/plant) or soil drench (3 
fl oz/pot) in the morning and treated plants were not watered for 24 hours following application. 
Fungicides were applied on 1/14. Disease pressure was severe. 
  
Inoculation 
 
Inoculum was prepared by washing sporangia off I. walleriana leaves infected with Plasmopara 
obducens in sterile water. Concentration of sporangial suspension was adjusted to 105 
sporangia/ml and was applied as a foliar spray 24 hr post-treatment on 1/15. 
 
Preliminary results 
 
Sporulation was evident on the inoculated controls on 1/28 (13 days after inoculation), and on 
the non-inoculated controls on 2/5 (20 days after inoculation). No sporulation has been observed 
on treated plants (Fig. 1). 
 

   Table 4. Four treatments to control impatiens downy mildew. 
 
 
 
 
 
 
 
 
 

Treatment and rate/100 gal Application Method 
Untreated, non-inoculated 
control   --- 

Untreated, inoculated control --- 
Segovis 1.2 fl oz   Foliar spray 
Segovis 1.2 fl oz  Soil drench 
Segovis 2.4 fl oz Foliar spray 
Segovis 2.4 fl oz Soil drench 



 
Figure 1. Segovis treatments 12 weeks after last application (treated 1/14 & inoculated 1/15).  
 
 
 
 
 
 
IDM Preventive Residual Trial Spring 2016 
 
 
Impatiens (Impatiens walleriana ‘Super Elfin White’) plants were submitted to one of nine 
fungicide treatments, including untreated controls (Table 5). Disease free impatiens were grown 
in 4” pots with Promix BX in the shadehouse under 73% shade conditions. Plants were fertilized 
with Osmocote 14-14-14, and watered twice daily with overhead irrigation. Experimental units 
were a plant treated with a single fungicide treatment with 10 repetitions in a randomized 
complete block design (RCBD). 
 
Fungicide application 
 
Fungicide treatments were applied as foliar spray providing 20ml per plant in the morning and 
treated plants were not watered for 24 hours following application. Fungicides were applied on a 
7-day schedule with a total of two applications on 3/7 and 3/14. Fungicides were mixed 
according to rates in Table 1. Plants were transplanted into landscape bed on 3/16. Disease 
pressure was severe; thus natural inoculum was from diseased plants placed around landscape 
beds.    
 
Preliminary results 
 
Disease was evident on untreated controls in 23 days.  Plants treated with any of the following 
Stature, Adorn, Subdue Maxx, or Segway showed evidence of sporulation on 4/2 (19 days after 
last application). Plants treated with Inosco showed sporulation on 4/6 (23 days after last 
application). Plants treated with all rates of Segovis continue to remain downy mildew free.     
 
 



 
 
 

Table 5. Nine treatments to evaluate residual efficacy against impatiens downy mildew. 
 

 
 
 
 
 
 

Treatment & Rate/100 gal 
Untreated control   
Stature 12.25 fl oz 
Adorn 4 fl oz 
Subdue Maxx 2 fl oz 
Inosco 64 fl oz 
Segway 3.5 fl oz 
Segovis 0.6 fl oz 
Segovis 1.2 fl oz 
Segovis 2.4 fl oz 
Segovis 3 fl oz 



Goal 2: Collect data on the resistance, tolerance or susceptibility level of impatiens 
varieties/species accessions to downy mildew. 
 
Based on the 2014’s results, we selected 40 varieties to evaluate in the ground. Plants of these 
varieties (Table 6) were produced in the greenhouse and then transplanted to the ground and 
grown under two conditions, full sun or partial shade. Under each condition, each variety was 
replicated three times.  
 
Seeds were sown on January 7th, 2015 in germination trays in a growth room, and seedlings were 
transplanted into 72-cell trays on February 6th. Cuttings were rooted for all the cutting-
propagated varieties on February 6th. On March 23rd, plants of all varieties were transplanted in 
the field and fertilized. Beginning July 23rd, 2015, all varieties were evaluated for plant vigor, 
flowering, and foliage quality on a monthly basis. Data were collected on July 23rd, August 24th, 
September 24th, October 23rd, and November 23rd, 2015. We have observed significant 
differences among varieties in plant establishment, survival, and performance, and selected a 
number of top performers. The top impatiens performers are Super Elfin XP Pink and Accent 
Premium Rose, and the top New Guinea impatiens performers are Sunpatiens Compact White 
Improved, Sunpatiens Compact Lilac, Bounce Violet, and Big Bounce Red.  
 
Overall, the top performers were consistent from 2014 to 2015. 
 
The use of shade cloth improved impatiens and New Guinea impatiens performance, resulting in 
higher plant survival rates and larger plants with larger flowers.   
 
 

 
Table 6. Impatiens and New Guinea Impatiens (NGI) Varieties Being Assessed. 
 

Cultivar Species Propagation 
method 

Divine cherry red NGI seed 

Divine orange NGI seed 

Divine pink NGI seed 

Divine blue pearl NGI seed 

Divine white blush NGI seed 

Florific sweet orange NGI seed 

Florific lavender NGI seed 

Florific red NGI seed 

Florific violet NGI seed 

Florific white NGI seed 

Sunpatiens compact royal magenta NGI cutting 



Sunpatiens compacted white improved NGI cutting 

Sunpatiens compact lilac NGI cutting 

Sunpatiens spreading corona NGI cutting 

SunPatiens Compact Red NGI cutting 

Sonic deep purple NGI cutting 

Sonic deep red NGI cutting 

Super sonic white NGI cutting 

Super sonic pink NGI cutting 

Super sonic orange ice NGI cutting 

Bounce Violet NGI cutting 

Bounce Lilac NGI cutting 

Big Bounce Red NGI cutting 

Big Bounce White NGI cutting 

Big Bounce Lavender NGI cutting 

Balance white I. walleriana seed 

Balance rose I. walleriana seed 

Balance orange I. walleriana seed 

Balance violet I. walleriana seed 

Balance pink I. walleriana seed 

Accent premium rose I. walleriana seed 

Accent premium  deep orange I. walleriana seed 

Xtreme red I. walleriana seed 

Xtreme violet I. walleriana seed 

Xtreme white I. walleriana seed 

Xtreme punch I. walleriana seed 

Super Elfin XP  pink I. walleriana seed 

Super Elfin XP  red I. walleriana seed 

Super Elfin XP  violet I. walleriana seed 

Super Elfin XP  white I. walleriana seed 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To validate our 2014 field data, we also artificially inoculated 32 varieties with the causal agent 
of downy mildew Plasmopara obducens. The 32 varieties inoculated include 16 varieties of 
Impatiens walleriana and 16 of varieties of New Guinea impatiens (Impatiens hawkeri or 
hybrids). The pathogen was maintained on containerized plants in a growth room and 
subsequently transferred regularly on live impatiens plants. Sporangia were collected and made 

Figure 2. Impatiens and New Guinea 
impatiens seedlings in the growth room. 

Figure 3. Impatiens and New 
Guinea impatiens plugs in the 
greenhouse. 

Figure 4. Impatiens and New Guinea impatiens grown in the field 
two months after transplanting (5/27). 



into a sporangia suspension with 100,000 sporangia per mL. Plants of these varieties were 
inoculated at three developmental stages (cotyledon, first pair of true leaves, and fifth pair of true 
leaves) using three inoculation methods (droplets of pathogen spore suspension on the lower side 
or the upper side, and touch of diseased, sporulating leaves). The inoculated plants were 
maintained in a growth room (68°F, 16 hours of light, 8 hours of dark, and 100% humidity). 
Results confirmed that all the Impatiens walleriana varieties are highly susceptible to downy 
mildew at all three developmental stages. Obvious downy mildew disease symptom appeared 7 
days after inoculation, and there were no significant differences among varieties. However, we 
observed significant effects of developmental stage on the resistance response of some New 
Guinea impatiens varieties to downy mildew, and many of New Guinea impatiens varieties were 
resistant to downy mildew beginning in cotyledons or first pair of true leaves.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Impatiens plants were inoculated with a spore suspension of downy mildew (left) and 
incubated in an enclosed plastic tent to promote downy mildew development (right). 
 
 
 
 
 
 
Problems and Delays: 
 
We have grown impatiens to maintain downy mildew in the shade house year round.  In July of 
2014 we were unable to maintain the disease and downy mildew was absent until the last week 
of March 2015.  Thus, we went 9 months in the absence of the pathogen and were not able to 
conduct efficacy trials in Homestead during this period.  Plasmopara obducens requires a living 
host to survive, so it seems possible the low numbers of gardening impatiens would impact the 
pathogen population level and subsequent incidence of disease.  As well as, the long hot summer 
weather providing unfavorable disease conditions.  Due to the absence of impatiens downy 



mildew in south Florida, further investigations examining the pathogens ability to “over 
summer” are warranted. 
 
Winds damaged some of the plants that were transplanted to the ground at the Gulf Coast 
Research and Education Center.  Also some birds uprooted some plants. Downy mildew appears 
and becomes most severe when the air temperature is moderate and humidity is high. We have to 
wait until late fall or winter to take the second year’s disease resistance or susceptibility level 
data from the plants growing in the ground.  
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	txtProjectTitle01: Extension Model to Improve ACP Control in Citrus Health Management Areas
 
	txtPartners01: University of Florida IFAS
Southwest Florida Research and Education Center,
Immokalee FL
 
Florida Specialty Crop Foundation
Maitland FL
 
	txtSummary01: Objectives
1.         Increase awareness and use of web-based information on of CHMA activities and progress by grower clientele
2.         Provide assistance to growers in ACP “hotspots” and other difficult to manage blocks by testing for insecticide resistance and offering assistance with scouting, data analyses and spray decisions
3.         Website improvement and development of a smartphone spray application (app) to assist in the choice and timing of an insecticide spray on a block scale
4.         Reverse or at least slow down insecticide resistance by ACP in Florida
Performance measure 
1.         User traffic to access map use on www.imok.ufl.edu and linked websites
2.         Number of ACP hotspots identified, growers contacted and assisted.
3.         Availability, beta testing and adoption of and ACP smartphone application
4.         Data base of available insecticides with which to correlate control activities with ACP populations.
Benchmark
1.         Tally of web traffic visiting interactive maps, graphs, and newsletters posted and accessed
2.         Number of hotspots reduced in response to interventions 
3.         There was no benchmark stated since application was yet to be developed
4.         Correlate ACP densities with grower applied insecticide sprays using data provided by spray app and website
 
Target
1. Post on our website maps corresponding to 3 week ACP monitoring cycles, to include 'hotspots' (i.e. tap samples > 21 psyllids for 3 consecutive cycles) within the five counties (Charlotte, Hendry, Lee, Glades, and Collier) of the Gulf CHMA 
2. Significant decrease in number of ACP hotspots in the Gulf CHMA area from previous years
3. Increased profits due to lower control costs and more effective management of ACP 
4. Number and locations of spray failures identified
 
	txtApproach01: Activities Performed
1.         Web traffic increased from 5 visits combined to the CHMA and CHMA archive sites October 16  - November 30, 2013 to 77 visits January 2  - February 1, 2013. In all of 2014, 889 visits to the CHMA website were recorded including 263 views of CHMA pdf material. Traffic continues to increase. From January to June, 2015, 705 visits to the CHMA website were recorded.  As of August 2015, 1373 visits were logged. A change in server has meant that tracking visits has become problematic. Although this issue will be rectified in the near future, if the current trend continues, we anticipate 1992 visits in 2015. This more than doubles visits from last year. The use of the CHMA reports has also increased greatly. From January to August 2015, this material was viewed 990 times. Based on these results, we anticipate 1807 view in 2015. This represents a nearly seven-fold increase from 2014. We continue to update the CHMA website with maps and reports every three weeks. In addition to posting on the website, we also forward all reports directly to key grower leaders in SW Florida and call attention to sites of concern (sustained hotspots). These updates have been managed by Ph.D. graduate student Xulin Chen since October. We continue to make refinements to the maps, reports and spreadsheets to make them as informative as possible. We believe that these modifications continue to improve the clarity and interpretability of the data for growers. We continue to provide information to CHMA captains and call attention to sites of concern (sustained hotspots) as part of meetings. 
The most recent CHMA Captains Meeting was held 30 Oct at SWFREC attended by 10 of  the 11 CHMA captains in the SW Florida (Gulf) citrus growing region.  The meeting was organized with the support of the Gulf Citrus Growers Association (GCGA), and was attended by executive director Mr. Ron Hamel and administrative assistant Ms Bernadette Rashford, as well as muliticounty citrus extension agent Dr. Mongi Zekri and CHMA administrator, Mr. Brandon Page.  The focus of the meeting was organization of up and coming dormant sprays.  GCGA volunteered to:  
a.         GCGA agreed to upate the "Team Captains" list, update the list of each company/grove within each CHMA, provide the state CHMA Coordinator) with updated "Captains" and "Groves" list for each CHMA, and assist Dr. Stansly, Paul Mears, Brandon Page,  Aerial Applicators, Team Captains, growers scheduling of the two dormant season sprays, including  posting reminders on the GCGA Website as well as send out e-mail messages promoting the sprays
b.         Dr. Mongi Zekri agreed to assist in promoting the two dormant sprays
c.         Brandon Page agreed to post the schedules of the two dormant sprays on the CHMA Website and assist in promoting them. 
d.         Aerial Applicators agreed to follow up with the Team Captains and growers within  CHMAs to promote the dormant sprays
The captains meeting was followed up in the SWFREC Auditorium on 12 Nov by a “CHMA Workshop” attended by over 50 growers and other industry clientele and included the following
·         Welcome and introduction by Mr. Ron Hamel, GCGA, on the Importance of Gulf CHMA Sprays
·         Presentation by Brandon Page, UF-IFAS, CHMA Implementation and Success
·         Presentation by Phil Stansly: “Gulf CHMAS: How Far Have We Come and Where Are We Headed”?
·         Presentation by FDACS-DPI Bureau Chief Ms Callie Walker on “A Citrus Health Response Program (CHRP) & CHMA Update”
Dr. Stansly's presentation described the origins of the CHMA program including  the first cooperative sprays in the state that occurred in SW Florida during the 2008-09 season.  He also emphasized  the level of cooperation among institutions and individuals within the community,  the excellent response by local growers, and the positive results that are reflected in the relatively favorable production figures for the region compared to statewide averages (Figure 2).
 
Figure 1: Production of oranges in 5 “Gulf” (SWF) counties and the remainder of the state in millions of boxes and percentage of 2007-08 production.
	txtGoals01: Communications among growers and us and subscription to region-wide control efforts has resulted in a great decrease in sustained ACP hotspots since 2012. 
A high of 32 hotspots (at ≥ 10 ACP) was reported in the 18th cycle (August 2012). Although only 6 sustained hotspots were found in all 11 Gulf CHMAs (approximately 900 sites) for the 67th monitoring cycle, ACP populations increased on many sites. Timely dissemination of ACP population data should have allowed a rapid response to building ACP numbers by CHMA captains; enthusiasm was somewhat more subdued in this period. Periodic trend analysis and comparisons of each CHMA relative to each other and by region indicated that ACP control in the Gulf CHMAs was lacking and the previously demonstrated overall decreasing trend had faltered. Although this interpretation is speculative, this may have been a product of the very successes that the CHMA program yielded: an overall trend of reduced ACP numbers across the Gulf CHMA region in the time leading up to this period. ACP populations spiked on many sites. Meetings and stepped-up communication with prominent grower leaders renewed broad participation in the CHMA program and ACP numbers fell again (Figure 2). Already by the evaluation in August, 2015, three of the top 10 and five of the top twenty CHMAs among the state's 50+ CHMAs once again came from the Gulf region.
 
Figure 2. Number of ACP adults per 50 taps reported by CHRP (USDA APHIS + UFACS-DPI) on the FLCHMA website for the 11 “Gulf” CHMAS 
 
3.         The website is constantly being refined to improve access and dissemination of information. The smartphone application `beta version' evaluation was conducted with 12 growers, consultants and others. A teleconference training session was held and valuable suggestions for improvement were collected and incorporated into the application. Thanks to the contributions of a group of particularly enthusiastic evaluators, we believe that the application is now ready for broad distribution.
Filters for organic, juice, fresh and mixed production, mode of action (based on previous sprays at that location), aerial applications, maximum residue limits for all of Florida's major citrus trading partners, impact on beneficials and cost for the approximately 200 insecticidal products registered for use in citrus were attenuated based on suggestions from evaluators.  
4.         
 
	txtBeneficiaries01: There are 1,307 citrus groves in the Gulf CHMA and 7,857 groves in the rest of Florida according to the Florida Department of Agriculture division of plant industry.  These constitute the foundation of a $8.91 billion industry and generates 75,800 jobs which is the number of people that could directly benefit from this project. 
We continued to evaluate ACP local populations for insecticide resistance. Laboratory bioassays to compare susceptibilities of field-collected ACP and a susceptible colony to several modes of action have been conducted.  Sampling sites were chosen based on evidence of sustained ACP hotspots (>10 ACP per 50 taps for 9 weeks or more) from CHMA sampling data and maps generated to communicate ACP populations to the citrus industry.  The sites sampled included: multi-block number 28819, 28820, 29554, 1449, 1447, 64612, 28873, 40288, and 28350. Some of these sites (28819, 64612, and 28873) had resident ACP populations that demonstrated tolerance to residual exposure to the pyrethroid, zeta-cypermethrin. Although resampling one site yielded inconclusive results, reduction in response of multiple ACP populations to this compound was troubling given its popularity among growers. Sampling and testing also indicated lower than anticipated response of ACP to Malathion in both the laboratory and field populations. This result has influence recommendations for ACP control in SW Florida. Development of a rapid vial test to assess susceptibility of ACP to commonly used insecticides was also completed for several insecticide formulations. 
	txtLessons01: Problems and Delays
Some of the problems associated with the last reporting period remain:
1. Consistent with our last report, continued refinements both in delivery and accessibility of the information have greatly increased the numbers of visitors, the volume of traffic to the website could still improve. We continue to promote visits and believe that word-of-mouth has done much to promote this service.  
2. CHMA Captains continue to do much to promote universal participation in region-wide control efforts. Despite an apparent temporary lull in enthusiasm among some disheartened growers, captains continue to be strong proponents of the program and have been essential to renewing support and therefore, for the successes achieved by this work. 
3. Although we anticipate widespread use of this application, its effects on profit still cannot yet be evaluated.
4.  Funding for truly comprehensive monitoring for insecticide resistance in the region and statewide is woefully lacking
	txtContact01: Philip A. Stansly 
pstansly@ufl.edu
239-658-3427
University of Florida IFAS
Southwest Florida Research and Education Center,
Immokalee FL
 
Sonia Tighe
sonia.tighe@ffva.com
813-975-8377
Florida Specialty Crop Foundation
 
	txtProjectTitle2: Control HLB by understanding the mechanisms of defoliation, dieback, root decline
 
	txtPartners2: 
	txtSummary2: HLB, caused by Candidatus Liberibacter asiaticus (Las), poses an unprecedented threat to the citrus industry. There are no efficient control measures for HLB currently. HLB results in defoliation, twig dieback, root decline and fruit drop which cause dramatic economic losses. Here we propose to study the mechanism of defoliation, twig dieback, and root decline. We hypothesize that the diverse HLB symptoms are due to the detrimental effect of Las on balance of plant hormones, suppressing of plant defenses, phloem blockage and root health. In a previously funded project with the SCBGP, we identified that Las contains salicylate hydroxylase which can break down salicylic acid (SA). SA plays a central role in plant defenses. We have successfully identified SA hydroxylase inhibitors to control HLB and slow down HLB symptom development. The control effects are mainly shown on trees without severe dieback and defoliation. We propose to improve the control effect by integrating different approaches to suppress Las virulence, stimulate citrus root growth, and rebalance plant hormones. Information acquired in this project will be distributed to citrus growers through extension programs. We have investigated the mechanism of defoliation, pre-harvest fruit drop, and root decline associated with HLB trees. For this purpose, we have focused on testing the hormones in the roots and fruit peduncle and expression of hormone genes in HLB and healthy trees. We have tested different approaches to control HLB to reduce HLB symptoms including defoliation, pre-harvest fruit drop and root decline. Our results indicate integrated HLB control has positive control effect, spray with SA and SA analogs and trunk injection with SA have positive control effect against HLB, and treatment of HLB plants with IAA can prevent fruit drop. 
 
	txtApproach2: Objective 1:  Characterize the mechanism of defoliation, dieback, and root decline associated with HLB trees.
To evaluate Candidatus Liberibacter asiaticus (Las) infection and its effect on hormone, we used quantitative PCR to quantify Las, used HPLC to measure hormones, and used quantitative reverse transcription PCR (qRT-PCR) to investigate gene expression of pp2, callose synthesis and biosynthesis genes of SA, JA, ABA, GA, auxin, and ethylene.  Deposition of callose and changes in sieve element occlusion proteins conformation were examined by using TEM and light microscopy. 
To further understand fruit drop issue, we have analyzed the peduncles in healthy trees and HLB diseased trees. We measured hormones in the peduncles and analyzed gene expression related to hormone synthesis and responses and hormone concentrations in HLB positive and negative branches. 
The level of SA is higher in both the young leaves and roots of progressively symptomatic tissue when compared to healthy samples.  The same trend was observed for asymptomatic tissue as well.  However, qRT-PCR analysis of biosynthesis genes of SA showed that in the roots the expression of salicylate/benzoate carboxyl methyl transferase and salicylic acid binding protein 2-like is reduced when compared to healthy samples.  Similar trends were seen for young and mature leaves.  The SA biosynthesis gene isochorimate synthase is not expressed or induced in the roots of citrus.  For both JA and JA-Ile, asymptomatic tissue of the young leaf was higher in these hormones than the healthy and symptomatic tissue during early to mid symptom development. QRT-PCR analysis revealed that jasmonate methyltransferase is not expressed in the roots but expression of the gene is increased in progressively symptomatic mature and young leaves.  For ABA, the hormone levels were decreased when compared to the healthy during early and mid symptom development of asymptomatic tissue and during mid symptom development of symptomatic tissue of mature leaves.   The biosynthesis genes involved in ABA illustrated a decrease in expression when compared to healthy samples in the roots, and young leaves.   
In early symptomatic trees, Las titers were the highest in the roots with the lower titers in the leaves.  In trees with severe symptoms displaying defoliation, Las was detected in both mature, young leaves and the roots on both the symptomatic and asymptomatic side of the tree.  A similar pattern was observed for the trees showing severe symptoms with dieback.  
The following genes were evaluated for expressing using qRT-PCR: pp2, callose synthase, salicylate/benzoate carboxyl methyl transferase, RAP2-4 ethylene responsive transcription factor, abscisic acid insensitive 5-like, salicylate carboxyl methyl transferase, salicylic acid binding protein 2-like, isochorismate synthase, etr1, gibberellic acid methyl transferase, gast1, GH3.1 like, auxin response factor 1-like ,and jasmonate methyltransferase. 
Based on the hormone results, we found Indole-3-acetic acid (IAA) level was lower in Las infected trees at the early stage of fruit ripening compare to healthy trees. Level of abscisic acid (ABA), which promotes fruit mature and abscission, was higher in Las infected trees.
The level of JA and JA derivate in Las infected samples was higher compared to healthy samples. 
Three phytohormones auxin (IAA), abscisic acid (ABA) and ethylene (ET) were selected to study the mechanism of fruit drop. IAA could prevent fruit drop, ABA plays important roles in abscission and ET could accelerate abscission of fruit. We have performed gene expression profille of these hormones related genes using qRT-PCR.
For Auxin, we selected Auxin Response Factors (ARFs) which are an important family of proteins in auxin-mediated response. Totally 19 ARF genes expressed in healthy and HLB infected peduncles. Most ARF genes were down-regulated in HLB diseased peduncles. Among these ARF genes, ARF1 and ARF18 were reported to be constitutively expressed in fruit ripening development. ARF18 can be induced by IAA treatment. Our results suggest that ARF18 is down-regulated in Las infected peduncles, which suggests auxin level might be lower in Las infected peduncles and the function of abscission prevention by auxin is inhibited by Las.
For ABA, both ABA synthesis and signaling related genes were selected to analyze the ABA synthesis and signaling in both healthy and HLB infected peduncles. The protein phosphatase 2C (PP2c) gene was down-regulated in Las infected peduncles. PP2c negatively regulates the ABA signaling pathways. Taken together, our results indicate that ABA level in Las infected peduncles is higher which causes fruit drop before mature.
For ET, we invested the expression of ET synthesis and signaling related genes in both healthy and HLB infected peduncles. However, qRT-PCR results shown no significant differnence between healthy and Las infected peduncles, suggesting ET is not affected by Las.
Base on the aforementioned results, ABA and IAA imbalance might be the cause of pre-harvest fruit drop of HLB trees. 
The PI and a postdoc conduct the work.
Objective 2. Control HLB by integrating different approaches to suppress Las virulence, control secondary infection of roots by Phytophthora spp., stimulate citrus root growth, and rebalance plant hormones.
We tested the control effect against HLB by integrating different approaches to suppress Las virulence, control secondary infection of roots by Phytophthora spp., stimulate citrus root growth, and rebalance plant hormones. We also tested different hormones in reducing fruit drop.
Two field trials were conducted to control HLB by integrating different approaches to suppress Las virulence, control secondary infection of roots by Phytophthora spp., stimulate citrus root growth, and rebalance plant hormones.
The following treatments β-aminobutyric acid (BABA, 150 µM), BTH (1.0 mM) + 2-DDG (100 µM), and AA+BABA+ BTH + 2-DDG+Antibiotics showed significant effect in reducing Las population. BABA and BTH + 2DDG also slowed down HLB disease progress. Specifically, trunk injection of SA significantly reduced Las population in planta. 
Because Auxin is known to play important roles in prevention of fruit drop, we conducted field trials to treat HLB diseased Valencia trees. We treated peduncles of 15 Valencia trees with different concentrations of IAA to determine whether we can prevent fruit drop. IAA with the following concentrations 0, 50, 100 and 200mM were used to treat peduncles. Our results show IAA treatment inhibits fruit drop of HLB infected trees. 
The PI and a postdoc conduct the work.
Objective 3:  Extension and outreach. 
For extension and outreach, multiple presentation methods have been utilized, including oral presentations, posters and publications. 
To reach this diverse audience, multiple presentation methods have been utilized, including oral presentations and posters. We have presented the results at the following events: Grower day, seminars for citrus growers, and the 4th International Research Conference on Huanglongbing.  More than 30 field trips have been conducted to meet with citrus growers to discuss and organize the field trials and present research findings. Totally more than 1,100 audience (e.g., citrus growers, regulatory agencies, researchers) have been reached. Two manuscripts related to this project have been published (Li e al. 2015), or accepted (Li et al. 2017). The extension activity was conducted by the PI Nian Wang. In the publication (Li et al. 2015), we have detailed the effect of different treatments in controlling HLB including Las population, disease severity, yield and quality. In addition, we are working on a manuscript to describe how to reduce fruit drop using plant hormones. 
 
	txtGoals2: Objective 1:  Characterize the mechanism of defoliation, dieback, and root decline associated with HLB trees.
Goal
To characterize the mechanism of defoliation, dieback, and root decline associated with HLB trees.
Outcomes
We have investigated SA, JA, ABA level in plant samples and their relationship with Las titers and symptom development as detailed in the work plan. We have accomplished all the goals and targets as detailed in our work plan. The progress has been reported in previous quarter or annual reports. We also investigated callose deposition and changes in sieve element occlusion proteins. Our study established the connection between imbalance of hormones, SA hydroxylase, and defoliation, dieback and root decline. 
Based on those knowledge, we have conducted field trials to test the effect of integrating different approached to control HLB.
Objective 2. Control HLB by integrating different approaches to suppress Las virulence, control secondary infection of roots by Phytophthora spp., stimulate citrus root growth, and rebalance plant hormones.
Goal
To control HLB by integrating different approaches to suppress Las virulence, control secondary infection of roots by Phytophthora spp., stimulate citrus root growth, and rebalance plant hormones
Outcome
We have conduct this objective as detailed in our work plan. The integrated HLB control has significant HLB control effect. Among them, trunk injection of SA, spray of SA and analogs have significant HLB control effect. We also found that IAA treatment can significantly reduce fruit drop, thus increasing yield. We have accomplished all the goals and targets as detailed in our work plan. The progress has been reported in previous quarter or annual reports.
Objective 3:  Extension and outreach. 
Goal
To deliver the actionable findings to citrus growers.
 
	txtBeneficiaries2: Citrus growers, regulatory agencies, researchers and the scientific community. Totally more than 1,100 audience (e.g., citrus growers, regulatory agencies, researchers) have been reached via presentation. In addition, the publications generated from this project will continue to reach more audience.
 
	txtLessons2: We have met the goal of the project. Integrated approaches to control HLB has positive effect to control HLB. Application of SA via spray or trunk injection has positive control effect against HLB. IAA reduces fruit drop caused by HLB. Integrated HLB management has positive effect to control HLB.  We need to find a more efficient and long term solution to control HLB, for example, generating HLB resistant citrus varieties via genome editing. 
 
	txtContact2: Contact information
Nian Wang
Associate Professor
Citrus Research and Education Center
Department of Microbiology and Cell Science
University of Florida
700 Experiment Station Road
Lake Alfred, FL33850
Tel: 863-956-8828
Email: nianwang@ufl.edu
Additional information
Li J, Trivedi P, Wang N. 2016 Field Evaluation of Plant Defense Inducers for the Control of Citrus Huanglongbing Phytopathology. 2016 106:37-46
Jinyun Li and Nian Wang 2017`Candidatus Liberibacter asiaticus' Encodes a Functional Salicylic Acid (SA) Hydroxylase that Degrades SA to Suppress Plant Defenses (Accepted by MPMI)
 
 
	txtProjectTitle3:  Reduced Fungicide Applications to Improve Postharvest Quality and Extend Shelf Life of Strawberries
 
	txtPartners3: Cecilia Nunes (Project Director): University of South Florida
Charles Sims (Co-Project Director): University of Florida
Maurice Marshal (Co-Project Director): University of Florida
Natalia Peres (Co-Project Director): University of Florida
Carl Grooms (Grower Collaborator): Fancy Farms
 
	txtSummary3:  This project addressed pre- and postharvest issues with strawberries, which are a valued specialty crop in Florida and one of the most appreciated fruits worldwide. Strawberries have a delicate flavor and are also an important source of vitamin C and other bioactive compounds. However, to control pests and diseases, current control measures involve repeated pesticide applications, which increase production cost and may impact fruit quality. Further, health and environmental-conscious consumers can be concerned about negligible residues of crop protection chemicals in strawberries and environment. The purpose of this project was to determine the effect of repeated (conventional), reduced-fungicide or no-fungicide applications (organic) on the postharvest quality and shelf life of field-grown strawberries. Among the crop protection chemicals used on strawberries, fungicides used for the control of diseases correspond to the majority (≈40%) of the chemical applications. We have developed and shown that by using a disease forecasting system (http://agroclimate.org/tools/strawberry), application of fungicides can be reduced by 50% or more while achieving the same level of disease control, and without affecting yields. However, there was no work that documents how strawberries are grown under a reduced-fungicide application regime perform through the supply chain comparatively to fruit grown under conventional or organic disease control measures. With this work, we were able to provide a credible scientific basis that strawberry quality can be maintained or improved while reducing the number of fungicide applications. Currently, Florida growers are more confidence in the disease forecasting system and are using it on a regular basis.
 
This project was important and timely because by reducing the amount of fungicides used to control diseases through accurately targeting the right application time, we determined that we can maintain or improve the overall postharvest quality of strawberries, reduce production costs and provide an alternative to health and environmental-conscious consumers while promoting Florida strawberries in the competitive market. In summary, the main goal of this work was to reduce production costs and offer higher quality strawberries to the consumer.
 
We have accomplished our main goal by pursuing three specific objectives: 1) evaluate the sensory and physicochemical quality and measure the residual fungicide content on strawberries grown under three different disease control measures (i.e., conventional, reduced-fungicide and organic) at harvest and during postharvest; 2) investigate how reduced-fungicide fruit perform compared to organic and conventionally grown strawberries in terms of postharvest losses; 3) identify which strawberry cultivar gives the best response to reduced-pesticide treatments in terms of overall quality and shelf life. 
 
This project has not funded by another Federal or State grant program.
 
 
	txtApproach3:  Task 1: Plant Material and Fungicide Treatments
First Year: `Florida Radiance' and `Strawberry Festival' strawberries were used in this part of the project. However, since `Florida Radiance' strawberries grown under organic conditions are not available in Florida, we were only able to test organic `Strawberry Festival' strawberries against conventional and reduced-pesticide treatments. The fruit was grown under the following disease management conditions: conventional, reduced-fungicide (using the disease forecasting system http://agroclimate.org/tools/strawberry) and organic. `Florida Radiance' strawberries from reduced and conventional fungicide treatments were supplied by our collaborator grower Fancy Farms in Plant City, `Strawberry Festival' from reduced and conventional fungicide treatments were supplied by our collaborator grower Ferris Farms in Floral City, and `Strawberry Festival' organic strawberries were obtained from Wish Farms in Duette. Two treatments were applied during the strawberry season with three different types of fungicides used, namely captan, fenhexamid, and pyraclostrobin, as follows: 1) Conventional application, fungicide Captan 80WP applied at the lowest label rate (1.65 kg a.i./ha) early in the season, plus Captivate 68WDG (captan + fenhexamid) applied during the bloom at 0.7 kg a.i./ha of fenhexamid and 2.63 kg/ha of captan, plus Cabrio EG (pyraclostrobin) applied late in the season at 0.196 kg a.i./ha; up to 24 applications during the season; 2) Reduced-pesticide application, Captan 80WP, Captevate 68WDG and Cabrio EG applied only when environmental conditions were favorable for disease (same rates as above); in most seasons the number of fungicide applications was reduced by 50% or more. Second Year: `Florida Radiance' strawberry were used in this part of the project. The fruit was grown under the following disease management conditions: conventional and reduced-fungicide (using the disease forecasting system http://agroclimate.org/tools/strawberry). Strawberries from reduced and conventional fungicide treatments were supplied by our collaborator grower, Fancy Farms. 
 
Task 2: Postharvest Treatments
First Year: Strawberries from each cultivar and disease control treatment were harvested twice during the season and brought to the Food Quality Laboratory at the University of South Florida in Tampa with minimal delay after harvest. Upon arrival to the laboratory, the fruit was selected for uniformity of size, color and freedom of defects, carefully packed into clamshells and stored at 1.5°C and 85% RH in temperature and RH-controlled chambers (Forma Environmental Chambers Model 3940 Series, Thermo Electron Corporation, OH, USA). These conditions simulated the lowest temperature and highest RH measured during strawberry handling. The fruit was evaluated for visual and physicochemical quality at harvest and daily during a seven-day storage period. Sensory quality of the fruit was evaluated after three days of storage, and pesticide residue analysis was performed at harvest (day 0) and after three and seven days of storage. Second Year: Strawberries were harvested twice on March 3rd and 10th from commercial fields in Plant City (Fancy Farms). After harvest, the fruit was brought to the Food Quality Laboratory at the University of South Florida in Tampa with minimal delay after harvest. Upon arrival to the laboratory, fruit were selected for uniformity of size, color and freedom of defects, carefully packed into clamshells, exposed to simulated field-to-consumer conditions and evaluated during a simulated shipping period (a total of nine time points were evaluated: at harvest, before pre-cooling, after storage at the grower, upon arrival to the distribution center, after storage at the distribution center, upon arrival at the store, after retail display, and after purchase by the consumer/washed and non-washed). These temperature-humidity scenarios were chosen based on time-temperature-humidity profiles previously measured by our team during real field-to-consumer trials. Temperature and humidity-controlled chambers (Forma Environmental Chambers Model 3940 Series, Thermo Electron Corporation, OH, USA) were used for the field-to-store simulations.
 
Task 3: Fungicide Residue Analysis
First Year: The analytical method used to determine the residual pesticide on the fruit was first validated on the strawberry matrix before sample analysis. The method was validated at 0.025 and 0.25 ppm fortification levels for fenhexamid, pyraclostrobin, and captan. Both fortified and unfortified control samples were analyzed concurrently with each sample set to demonstrate the absence of significant interferences and adequate recoveries. Second Year: Only fruit from the consumer level step was evaluated for residual pesticides because this point is most likely when the fruit is consumed. Residual fungicide analysis was conducted before and after washing the fruit with seven compounds being detected namely, fludioxonil, pentiopyrad, fenhexamid, cyprodinil, cyflufen, azoxystrobin, and pyraclostrobin.
 
Task 4: Sensory Analysis
First Year: `Strawberry Festival' and `Florida Radiance' strawberries from the different disease control treatments were subjected to acceptability testing by a panel of 100 strawberry consumers. Fruit from the different cultivars and treatments were evaluated for sensory quality after three days of storage at 1.5°C and 85% RH. The panelists were selected based on their consumption frequency of strawberries and availability for all panels. For evaluation, panelists rated the overall acceptability, appearance, flavor and texture acceptability of the fungicide treatments using a hedonic scale (1 = dislike extremely; 2 = dislike very much; 3 = dislike moderately; 4 = dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 = like moderately; 8 = like very much; 9 = like extremely). Second Year: `Florida Radiance' strawberries from the different disease control treatments were subjected to acceptability testing by a panel of 100 strawberry consumers. Fruit from the different treatments was evaluated for sensory quality only at the consumer level, after washing with tap water, because this point is most likely when the fruit is consumed. The panelists were selected based on their consumption frequency of strawberries and availability for all panels. For evaluation, panelists rated the overall acceptability, appearance, flavor and texture acceptability of the fungicide treatments using a hedonic scale (1 = dislike extremely; 2 = dislike very much; 3 = dislike moderately; 4 = dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 = like moderately; 8 = like very much; 9 = like extremely).
 
 
Task 5: Visual Quality and Physicochemical Analysis
First Year: The shelf life of the fruit was determined by subjective quality evaluations conducted every day during a seven-day storage period. Surface color measurements and firmness were also measured using quantitative methods. The quantitative analysis determined weight loss, moisture content, acidity, pH, soluble solids content, sucrose, glucose, fructose, ascorbic acid, total phenolic compounds and total anthocyanins. Second Year: The shelf life of the fruit was determined by subjective quality evaluations conducted at harvest, before pre-cooling, after storage at the grower, upon arrival to the distribution center, after storage at the distribution center, upon arrival at the store, after retail display, and after purchase by the consumer/washed and non-washed). A rating scale was used for subjective evaluation of strawberry quality during steady or simulated farm-to-consumer conditions. Surface color measurements and firmness were also measured using quantitative methods. Weight loss, moisture content, acidity, pH, soluble solids content, sucrose, glucose, fructose, ascorbic acid, total phenolic compounds and total anthocyanins were determined by quantitative analysis.
 
Task 6: Microbial Analysis
The microbial load on strawberries from each disease control treatment was assessed at three different points during steady or simulated farm-to-consumer conditions. This was to determine the effect of the disease control treatments as well as simulated supply chain conditions on the microbial numbers present on strawberries. The strawberries were blended, and serial dilutions of the strawberry puree were made. These dilutions were plated onto TSA (Tryptic Soy Agar), and PDA (Potato Dextrose Agar) plates to detect the microbial load of both bacteria and fungi, respectively. The plates were incubated at 37°C for 24-48 hours. After incubation, the total number of colony forming units were counted on each plate. The strawberries were sampled at three points during simulated supply chain. The first sample was collected upon arrival of the strawberries from the grower (Harvest). The second sample was taken after 96 hours, during which the temperature and humidity fluctuated to simulate the conditions from the harvest to the distribution center (DC) and then storage at the DC (storage at DC; time 96 h). A final sample was taken at the end of the simulated supply chain (consumer level; time 144 h). At the consumer level, the microbial load was determined before and after washing the fruit.
 
 
	txtGoals3:  The goals established for this project were successfully attained due to a well-coordinated teamwork. Dr. Peres from the University of Florida Gulf Coast Research and Education Center in collaboration with our grower partner, Carl Grooms from Fancy Farms planned the field trials and the fungicide applications. Dr. Sims from the University of Florida  Food Science and Human Nutrition Department coordinated the sensory testing and Drs. Marshall and Yagiz from the University of Florida Food Science and Human Nutrition Department supervised and, are currently conducting the fungicide residue analysis. Finally, Dr. Nunes (PI) from the University of South Florida, coordinated the activities under each objective, was also responsible for designing the experimental procedures and worked with Dr. Peres to coordinate harvest dates and transport of the fruit from the field to the laboratory in Tampa and Drs. Sims and Marshall laboratories in Gainesville. Dr. Nunes and her team also conducted the physicochemical analyses, gathered the data from the sensory analyses and prepared the annual report. We have also presented the results from the first year of our project at two important regional and national conferences, namely at the 2015 Florida State Horticultural Society (FSHS) Annual Meeting, at the 2015 Institute of Food Technologists (IFT) Annual Meeting and Food Expo. In 2016, we presented the results for the second year of our project at an international conference ISEKI_Food 2016 which held in Vienna Austria. We currently have one publication submitted to the FSHS Proceedings, and we have one publication in preparation to submit to the Journal of Agricultural and Food Chemistry. We also anticipate presenting the results from our second year at the 2017 IFT Annual Meeting and Food Expo. Other than scientific presentations we had several informal conversations with our grown partner Fancy Farms as well as Ferris Farms we are currently using the reduced pesticide application system that we have shown to successfully reduce the amount of pesticides used throughout the season without reducing yield or the quality of strawberries.Expected Measurable Outcomes
Goal 1: Show the differences in quality between strawberries grown under three different disease control measures, at harvest and when exposed to different commercial handling scenarios.
 
Measure 1: Chemical inputs; sensory quality; physicochemical quality; levels of fungicide residues. The measures selected to attain Goal 1, were established based on conventional and reduced (50% fewer sprays than in standard conventional treatments) applications of fungicides during strawberry grown in the field. Also, organic strawberries were used as a control. Two strawberry cultivars were used in the following treatment combinations: `Strawberry Festival” (conventional, reduced and organic) and `Florida Radiance' (conventional and reduced; in Florida, there weren't organic strawberries available from this cultivar). At harvest (two harvests), the fruit was evaluated for sensory quality (taste panel), physicochemical quality, and fungicide residues; followed by storage at 1.5°C and 85% RH, to simulate the lowest temperature and highest RH measured during commercial strawberry handling. Physicochemical quality was measured daily during seven days of cold storage. Sensory quality was measured after three days of cold storage whereas residual fungicide content was measured at harvest and after 3 and 7 days after cold storage.
 
Benchmark 1: Weekly application of chemical inputs to control diseases; excellent-good quality at harvest; quality at the retail level: excellent (11%), good (50%), acceptable (6%), poor (11%) (Nunes et al., 2009). At the beginning of the project, most strawberry growers in Florida were spraying chemicals (mostly fungicides) on a weekly basis. Upon completion of the project in 2015, more than 50% of the growers were already using the reduced-application approach with no reported decline in yield or fruit quality. Our results showed that strawberries from the reduced-fungicide treatment had an overall better or similar quality than those from the conventional treatment. Strawberries from the reduced fungicide-treatment also had lower residual pesticides at harvest and after storage. Also, when the temperature during supply chain was maintained constantly at optimum levels, the quality of the fruit was superior (3-10%) at the consumer level compared to fruit that was exposed to temperature abuse during the supply chain.
 
Target 1: Reduce by 50% or more the number of chemical inputs used to control disease; increase the quality of strawberries at the retail level (reduce to 0% strawberries with poor quality). Our target was accomplished because more than 50% of the strawberry growers in Florida adopted the reduced-fungicide approach, using 50% fewer sprays throughout the season. Our results also showed that new cultivation approach combined with good supply chain practices increases the quality of the fruit. It would be interesting to conduct further research to evaluate the quality of Florida strawberries grown under the reduced-pesticide regime at the retail level (using different retailers).
 
Goal 2: Show how conventional, reduced-fungicide and organic strawberries perform in terms of shelf life and postharvest losses when exposed to common commercial conditions.
 
Measure 2: Visual quality (color, texture, shriveling and decay); shelf life; percentage of postharvest losses. These measures of quality were chosen based on attributes that can be easily used to evaluate the appearance quality of strawberries as they would be by a common consumer when purchasing fruit at the retail store. Using these subjective quality measurements (which we have previously validated using objective measurements), shelf life and consequently postharvest losses can be quantified.
 
Benchmark 2: Under current handling practices strawberry shelf life may be >7 days (this should have been less than 7 days; incorrect in the proposal); remaining shelf life at the retail is 2 days; 11% of fruit arriving at the retail store are not acceptable for sale (Nunes et al., 2009). Based on published data and on our previous experience conducting real time-temperature studies from the field to the store, we know that during standard commercial supply chain temperature abuse occurs very often. Deviations from optimum temperature during strawberry supply chain operations inevitably result in a decline in quality and reduction in the shelf life of the fruit. Our results showed that regardless of the fungicide treatment used, strawberries that were exposed to abuse temperature during supply chain had on average a lower quality and shorter shelf life (3-12% lower quality and a shelf life 1-2 days shorter) compared to those handled under constant optimum temperature. Although there was not a major difference between strawberries from conventional and reduced-fungicide treatments, fruit from the reduced-fungicide treatment handled under constant optimum temperature had on the average superior quality and longer shelf life (5-13% better quality and about 1 day longer shelf life) compared to conventionally grown fruit.
 
Target 2: Extend the shelf life of strawberry to 10 days or more; extend remaining shelf life at the retail store to 3 days or more; extend remaining shelf life after purchase to at least 2 days. Based on the results, the shelf life of strawberries that were handled under constant optimum temperatures, regardless of the cultivars and fungicide treatment, was longer (more than 7 days) than that of fruit which was exposed to abuse temperatures. Our supply chain simulations were conducted during 6 days, which is the average time between harvest and display at the retail store. After a 6-day simulation, color, texture, and decay were still acceptable. However, shriveling was in general higher and reduced the shelf life of the fruit. Controlling loss of moisture during storage and handling of strawberries is therefore paramount to extend the shelf life of the fruit.
 
Goal 3: Increase postharvest quality and shelf life and decrease decay, regardless of the cultivar and chemical input used to control diseases, by implementing good handling practices.
 
Measure 3: Sensory quality; physicochemical quality; fungicide residues; shelf life. Another measure, not initially planned, was added to this goal. Because food safety is important, we measured the total microbial load in strawberries from the conventional and reduced-fungicide treatments: at harvest in unwashed fruit and after simulated supply chain (constant and fluctuating temperatures) in washed and non-washed fruit. Likewise, residual fungicide analysis was conducted at the consumer level (after simulated supply chain) in strawberries from the conventional and reduced-fungicide treatments, before and after washing the fruit. Sensory quality (taste panel) was also conducted at the consumer level in strawberries from the conventional and reduced-fungicide treatments. The physicochemical analysis was conducted at eight steps (from harvest to consumer) during simulated supply chain.
 
Benchmark 3: 'Radiance' and 'Strawberry Festival' grown under current practices have a similar appearance and shelf life; `Radiance' has higher postharvest decay (unpublished results from postharvest trials). Results showed that strawberry cultivars `Radiance' and `Strawberry Festival' harvested twice throughout the season, had a similar appearance and shelf life (9 and 8 days of shelf life, for the first and second harvest, respectively). After cold storage, the severity of decay was minimal (between 0 and 1%) and similar for both cultivars. However, at harvest and after cold storage `Radiance' tended to be slightly softer than `Strawberry Festival'. The levels of fungicide residues varied depending on the harvest and compound detected, but in general, there was not a significant difference between cultivars. Major differences in fungicide residues were observed between the chemical regimes with fruit receiving less spays having lower or non-detectable levels for most of the compounds analyzed. In addition, the levels of residual fungicides decreased by up to 71% when the fruit was washed. Similarly, regardless of the temperature and fungicide regime, microbial load was reduced by approximately 10% after washing the fruit.
 
Target 3: At least two preferred strawberry cultivars will be identified, which may or may not be the same cultivars identified by the earlier unpublished work. We concluded that major differences in the appearance and physicochemical attributes between the two cultivars used for this study were harvest dependent. Overall, quality and shelf life were similar for both cultivars grown under current practices. However, we know that `Radiance' is a preferred cultivar over `Strawberry Festival' because the plants yield more fruit. Currently, almost 70% of production acreage in Florida is comprised by `Florida Radiance', and therefore it remains the cultivar preferred by the industry.
 
 
In summary, the three Goals proposed in this project were attained as our results showed that strawberries grown under reduced pesticide applications had lower fungicide residues than fruit grown conventionally. Regarding sensory quality, strawberries from the reduced-pesticide or organic treatments received similar scores to that of conventional fruit. Overall, strawberries from the reduced-pesticide treatment, particularly `Florida Radiance,' showed a similar shelf life and better or similar physicochemical quality than conventional or organic fruit. Our results also showed that simulated field-to-consumer conditions negatively affected the overall quality of `Florida Radiance' strawberries, regardless of the diseases control treatment applied in the field. At harvest, quality of fruit from the reduced disease control treatment was better or similar to that of fruit from the conventional disease control treatment. On average, fruit from the reduced disease control treatment was at harvest firmer, had higher soluble solids, sucrose, and total sugar contents compared to conventional fruit. On the other hand, fruit from the conventional disease control treatment had at harvest, higher total phenolics, anthocyanins, and ascorbic acid and fructose contents compared to fruit from the reduced disease control treatment. After steady or simulated farm-to-consumer conditions, fruit from the reduced disease control treatment held under steady temperature and humidity conditions had, in general, a better overall quality than fruit that was exposed to fluctuating temperature and humidity conditions, normally encountered from the farm to the consumer. Overall, at the consumer level, sensory scores were higher for fruit from the reduced disease control treatment held at steady temperature. Also, these fruit were firmer, lost less moisture, and had higher soluble solids and sugar content, and higher or similar total phenolics, anthocyanins, and ascorbic acid contents compared to fruit from the conventional disease control treatment or to fruit from the reduced diseases control treatment held at fluctuating temperature conditions. Finally, although results from the microbial analysis were sometimes inconsistent, they showed that microbial load tended to increase from farm-to-consumer, regardless of the disease control treatment applied in the field. Also, the results strongly suggested that washing the fruit at the consumer level significantly reduces the microbial load on the fruit, regardless of the disease control treatment used in the field. Similarly, results from the residual fungicide analysis suggested that washing the fruit at the consumer level significantly reduced (38.9 to 71.3% reduction) the residues on the fruit for all compounds detected.  
 
 
 
	txtBeneficiaries3:  This project benefits Florida strawberry producers because it generated information that was immediately transferred to commercial practices, because growers are willing to reduce their production costs without reducing yields, and consumers are willing to have more sustainable strawberries available at the retail market. The results from this research will also help in the long-term to reduce the impact of increased chemical inputs in human health and the environment. Overall, results from this project benefit: 1) strawberry growers: by helping to reduce costs related to chemical inputs. According to the USDA database, Florida ranked second and produced around 248 million pounds of strawberries in 2011, representing 17% of the nation's strawberries and virtually all those grown in the winter. About 10,000 acres were devoted to strawberry production in Florida with an estimated return to the grower of more than $300 million (USDA-ERS, 2013).  Overall, there are about 100 strawberry growers in Florida if we consider owners plus growers who manage major portions of operations; 2) consumers: by offering a fruit with equal or better quality. Strawberries are one of most preferred fresh fruits in the United States. Strawberry consumption has increased significantly over the years due to year-round availability and because new information released on the health benefits of strawberries has led to increased consumption; 3) entities involved in the distribution and sale of strawberries, particularly retailers: by helping develop good handling practices. Due to their perishable nature, strawberries are among the fruits most often discarded at retail stores largely due to poor temperature management (Buzby et al., 2009; Nunes et al., 2009). 
 
 
	txtLessons3: We have accomplished all the objectives proposed for this project. The delays encountered were mostly due to the time required to improve the analytical method that we used to measure residual pesticide content on the fruit. We have learned that a well-coordinated research team can produce results with significant impact on the industry. Our relationship with the growers was extremely positive; our team was always well received, and there was a constant interest in learning about the results obtained.
 
 
	txtContact3:  
 
 
	txtProjectTitle4:  Recycling Waste Byproducts to Reduce Fertilizer Inputs for Specialty Crops
 
 
	txtPartners4: Florida Specialty Crop Foundation, University of Florida Everglades Research & Education Center, Palm Beach County Extension, Palm Beach County Extension Vegetable Crops Advisory Committee
 
	txtSummary4: Many of the fresh vegetables in stores in the eastern U.S. originate from farms in the western U.S., Mexico, and Central America, and our goal was to increase Florida's share of the vegetable market.  Sweet corn and green bean production in the Everglades Agricultural Area of south Florida fills a special niche in providing these fresh vegetables to the Winter and Spring market in  the U.S.  However, growers are facing new challenges, especially with regard to high fertilizer costs and potential implementation of the Environmental Protection Agency (EPA) mandated numeric water quality criteria for Florida.  The proposed scientific research and education activities should help Florida's growers to meet this challenge.  This project is focused on improving sweet corn and green bean production systems.  Through interaction with the growers and commodity groups, several priority areas have been identified for improving production and profitability, and to educate consumers about these crops.  These 3 priority areas include: 
 
1) optimizing nutrient management by evaluating new fertilization strategies
2) management of plant pathogens, weeds, and insects 
3) increasing consumer awareness and consumption of sweet corn and greens beans
 
By addressing these issues, we can potentially decrease input costs and increase production, resulting in greater acreage and profitability, and potentially expand the market for Florida sweet corn and green beans.
 
1) optimizing nutrient management by evaluating new fertilization strategies
 
The sugarcane industry in the EAA produces large amounts of organic waste products, also referred to as mill mud, as a result of sugarcane processing.  This material is generally field applied back to sugarcane fields located within approximately 15 miles of the processing facility.  Potential exists for using this organic waste product as a soil source for sweet corn and green bean production.  Benefits to the vegetable growers include a potential decrease in the amount of traditional chemical fertilizer application, and a decrease in the total amount of fertilizers applied.  The organic waste byproducts would serve as a form of slow- release nutrients to the crops, which would in turn lessen the potential for leaching and runoff of nutrients to nearby canals and waterways.  Thus, an extra benefit to growers would be increased potential for nutrients staying in the fields and enhancing the likelihood of growers remaining in compliance with water quality regulations.  Furthermore, use of these organic byproducts is an option for the mandatory best management practices (BMP) program established for EAA farms, so growers would receive credit for byproduct utilization to count toward their total points.  Sweet corn and green bean growers could potentially receive substantial benefit if widespread utilization of byproducts were implemented.  
 
2) management of plant pathogens, weeds, and insects 
 
Weed and pest management are major production costs associated with sweet corn and green bean production. A large portion of this cost is spent establishing stands of weed-free crops. Growers use a combination of chemical and mechanical measures, including contracted hand labor for weeding. However, there have been increased costs associated with herbicides, fuel, and contract hand labor, thereby reducing the profitability of sweet corn and green bean production. The use of organic waste byproducts may result in a shift in weed and other pest populations to those that can be managed effectively based on timing of pest control. Sweet corn and green bean growers will potentially benefit from this proposal through a reduction in production costs associated with weed and other pest management. In addition, there may also be a decrease in need for contract hand labor needed for weeding fields.      
 
3) increasing consumer awareness and consumption of sweet corn and greens beans
 
We also intend to educate consumers about these crops and new management practices through our participation and exhibits at the Palm Beach County Fair, field days, tours, community gardens, and participation in youth education programs at local schools.  These existing outreach activities would be expanded to included education about recycling waste materials for sweet corn and green bean production in Florida.  Thousands are educated by these programs annually, and a new focus on sweet corn and green bean production would increase consumer awareness of issues, and hopefully increase consumption of these vegetables.
 
 
	txtApproach4:  Field experiments 
 
The grant activities were initiated in the Spring of 2014.  Two field trials were started to evaluate the use of recycled waste byproduct (mill mud) on reducing fertilizer inputs for sweet corn and snap beans.  A total of 100 field plots were established at the Everglades Research & Education Center near Belle Glade, FL, with 50 plots receiving byproduct and 50 plots without byproduct.  In addition, each with/without byproduct treatment received 0, 25, 50, 75, and 100% of the current recommended fertilization rates of inorganic forms of phosphorus (P)  and potassium (K), along with typical foliar fertilization two to three times per season.  Based on site conditions, the IFAS recommended rates of 220 lb/ac diammonium phosphate and 170 lb potash/acre were used for snap beans, while 330 lb diammonium phosphate/ac and 200 lb potash/acre were used for sweet corn.  Each treatment was replicated in the field 5 times.  
Four sets of field experiments were conducted from 2014 through 2015 with harvesting times of Spring 2014, Early Spring 2015, Late Spring 2015, and Fall 2015 on unamended soils and soils amended with the recycled waste byproduct.  The fields remained fallow after the first harvest in May 2014, as is typical for the wet season during summer in south Florida, until October 2014 when the 2nd set of experiments were initiated. The 2nd set of experiments were harvested in January 2015.  The 3rd set of experiments were planted in March and harvested in May/June 2015.   The fourth set of experiments were planted in early October 2015 and harvested in December 2015.  Relative snap bean and sweet corn yield results for all field experiments are presented in Tables 1 and 2.  
Pictures of the sweet corn and snap bean field experiments are provided below.
 
 
 
 
Table 1.  Snap bean production for variable-rate fertilization with and without recycled waste product (mill mud).  s.e. is the standard error of the mean.
     
Harvest Time  Fertilization Rate Control s.e. Recycled Product s.e.
 % of IFAS Rate --------Relative Yield (%)---------- 
     
Spring 2014 0 16 2 62 6
 25 26 2 72 15
 50 40 1 100 10
 75 48 5 88 17
 100 57 3 100 6
     
Early Spring 2015 0 24 1 91 6
 25 28 2 91 6
 50 31 2 100 3
 75 32 3 88 10
 100 33 2 91 7
     
Late Spring 2015 0 42 2 91 4
 25 55 4 98 8
 50 56 6 97 8
 75 50 4 97 9
 100 55 5 100 8
     
Fall 2015 0 44 4 92 3
 25 54 3 97 5
 50 59 5 100 2
 75 63 5 98 4
 100 64 3 100 9
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  Sweet corn production for variable-rate fertilization with and without recycled waste product (mill mud).  s.e. is the standard error of the mean.
     
Harvest Time  Fertilization Rate Control s.e. Recycled Product s.e.
 % of IFAS Rate --------Relative Yield (%)---------- 
     
Spring 2014 0 20 2 39 2
 25 35 6 36 5
 50 41 7 69 8
 75 49 4 83 12
 100 70 6 100 12
     
Early Spring 2015 0 85 4 94 3
 25 82 2 91 2
 50 84 3 100 2
 75 92 4 99 3
 100 82 3 92 6
     
Late Spring 2015 0 84 4 89 2
 25 90 3 97 2
 50 90 2 91 3
 75 90 2 98 4
 100 93 2 100 1
     
Fall 2015 0 87 1 89 3
 25 88 3 91 3
 50 91 2 97 3
 75 93 3 94 4
 100 100 3 100 3
 
The use of byproduct significantly enhanced both corn and bean yields, and reduced the amount of supplemental fertilization necessary to produce optimal yield potential, especially for crops grown immediately after byproduct was applied in 2014.   Yields increased with increasing supplemental fertilization rates for both crops, as expected.  Even with byproduct application, the use of inorganic fertilizers is still needed to meet crop demands, especially soon after planting.  The slow-release of nutrients from byproduct likely enhanced its ability to improve yield relative to the commercial inorganic fertilizers, which can potentially leach from fields following heavy rainfall.  
Byproduct application increased nutrient retention in soil, which enabled it to provide a more consistent supply of nutrients to the growing crops under adverse weather conditions.  Byproduct had a greater effect on snap beans than sweet corn, likely due to the greater rooting depth of sweet corn and its ability to more efficiently scavenge nutrients from a greater volume of soil than snap beans.  Also, the time to maturity is greater for corn than beans, so corn has a longer time to make up for early-season nutrient deficiency.  Snap beans were more dependent on nutrients supplied by byproduct than corn.  
Based on results of this first trial in Spring 2014, it appears that optimal snap bean  yield was reached at 50% of conventional inorganic fertilization + byproduct, as there was no significant increase in yield by increasing conventional fertilization rates above 50% of the IFAS recommended rate.  For sweet corn, optimal yield was reached at 75% of conventional inorganic fertilization + byproduct.  
For the 2nd series of experiments in Fall 2014 and harvested in early Spring 2015, we were able to demonstrate the longer-term efficacy of using byproduct for snap bean production.  Similar to the Spring 2014 study, the optimal bean yield for the early Spring 2015 study occurred at the 50% inorganic fertilizer+byproduct treatment.  Similar to the previous study, byproduct application reduced the inorganic fertilizer requirements across all fertilizer application rates.  In contrast to the Spring 2014 study, however, there was minimal effect of inorganic fertilizer rate on snap bean yield in Fall 2014, as optimal yield was reached at the 50% inorganic fertilizer rate for the byproduct treatment, and at 25% for the unamended control. 
 Snap bean data from the 3rd experiment harvested in late Spring 2015 was very similar to results from the 4th experiment harvested in Fall 2015.  Byproduct still had a significant positive influence on snap bean yield, and optimal yield was obtained using less inorganic fertilizer for soils receiving byproduct than the unamended soils.   Even up 2 years after byproduct application, it still exerted positive effects on snap bean growth beyond its nutrient –supplying capacity.  Increasing the inorganic fertilization rate increased bean yield for unamended soil but not for the byproduct-amended soil in 2015, indicating that factors other than nutrient content in byproduct were responsible for regulating bean yield in 2015.  Byproduct has positive benefits such as improving soil water holding capacity, increasing soil depth above bedrock in the subsiding soils of the Everglades Agricultural Area, as well as other potential factors influencing soil chemical, physical, and biological characteristics which could explain this yield effect.
For sweet corn, byproduct application increased corn yield for all fertilizer rate treatments, which was similar to the previous study.  The optimal corn yield for early Spring 2015 occurred for the 50% inorganic fertilizer+byproduct treatment.  In Spring 2014, the highest yielding treatment was the 75% inorganic fertilizer+byproduct.  In contrast to Spring 2014, where there were major yield effects due to inorganic fertilizer rate, there were minimal yield effects due to inorganic fertilizer rate for early Spring 2015 either with or without byproduct application.  In general, sweet corn yielded higher regardless of byproduct application or inorganic fertilizer application for early Spring 2015.  In late Spring 2015 and Fall 2015, the optimal corn yields for the byproduct treatments occurred at the 25% and 50% of the recommended inorganic fertilizer rate, respectively.   The effectiveness of byproduct thus appears to decline through time for sweet corn, but the rate of decline in yield response was slower for snap beans.  
Overall, and considering the 4 seasonal studies, the optimal fertilization treatment for snap beans on unamended soils was 50-75% of the recommended initial fertilization rates, assuming the supplemental foliar fertilizer is made twice during the growing season.  For mill-mud amended soils, the optimal fertilization was generally less than 50% of the recommended rate.  The accumulation of fertilizers and nutrients in soil through time tended to lessen response to the initial starter fertilizer application rates.  Also, the proper timing of foliar fertilizers, which are typically applied to beans and corn, provided much needed nutrients for growth, and which also potentially lessened the response to the starter recommended fertilization rates.  Weeds, plant pathogens, and insect damage were monitored, but there was no effect of byproduct on weed infestation, sweet corn or snap bean diseases, or crop damage caused by insects for either the 2014 or 2015 experimental periods.  
Soil test data demonstrate a potential mechanism for stimulating snap bean and sweet corn yields.  At approximately 2 years after product application, most nutrient levels were still higher for byproduct amended soil than the unamended soil (Table 3).  Averaged across inorganic fertilization rates, most nutrient concentrations were significantly higher for the byproduct treatments.  Byproduct amended soils held slightly more water than unamended soils, while the loss on ignition (soil organic matter content) and soil pH were not significantly affected by the byproduct application.  The measures of P, including soil total P (TP), Mehlich 3 extractable P (M3-P), and Pw (water-extractable P) were all significantly higher under byproduct amendment.  
Snaps beans had a larger percentage increase in P concentrations than sweet corn probably because sweet corn has a higher nutrient demand which tended to extract these nutrients out of soil and into harvestable biomass to a greater extent than snap beans.  In contrast, plant available NH4 and K had higher percentage differences under sweet corn than snap beans.  These percentage differences demonstrate the long-lasting effects of byproduct application which tend to provide a more slower-release of nutrient compared to inorganic fertilization.  Some crop yield stimulatory effects would most likely extend beyond the 2-year duration of this project, and would further support the positive yield effects already observed within 2 years of byproduct application.
 
Table 3.  Percentage differences between unamended and byproduct-amended soils at 2 years after byproduct application.
 
 moisture LOI pH TN TP M3-P Pw NH4-N K
 % %  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
         
Snap beans 7.0 -1.5 2.1 6.5 129.7 445.6 212.5 12.3 61.9
Sweet corn 12.7 -3.6 1.3 3.5 86.6 217.1 12.6 53.3 114.2
  
 
 
Yield Differential
Table 3 compares the effects of byproduct on snap bean and corn yield across the four seasonal experiments.  Byproduct effects were positive for all crops and all experiments indicating a significant stimulation of crop growth and response to the one byproduct application.  Snap beans were more responsive to byproduct, with  a fairly consistent yield increase through time, with an average 49% difference in yield between unamended soil and byproduct-amended soil.  Corn was less responsive to byproduct, as the effectiveness of the byproduct in promoting a crop response clearly declined with time after the byproduct application.  After 1 year, there was minimal response of corn yield to byproduct application.  
 
Table 3.  Yield differential (%) increases between byproduct-amended treatments versus unamended treatments through time after initial application.
    
 2014 Spring 2014 Fall 2015 Spring 2015 Fall
    
Snap Beans 47 62 45 41
Sweet Corn 22 10 6 3
 
The Table 4 shows the optimal yield for each experiment, all of which occurred for the byproduct-amended soils.  Typically, byproduct reduced the amounts of inorganic P and K fertilizer required by both snap beans and sweet corn.  Table 4 shows that reductions in inorganic fertilizer use can be achieved through one-time application of byproduct.  The information from Table 4 was then used to calculate the decreases in total P fertilizer (as diammonium phosphate) and K fertilizer (as potash) needed on a per acre basis and on a per EAA basis.  
The Table 5 shows the reductions in quantities of diammonium phosphate and potash needed when byproduct is part of the crop management program.  Greater reductions  in P and K fertilizer requirements occurred for corn than beans likely due to higher fertilizer requirements for corn.  But it is important to note that inorganic fertilizer reductions through use of the byproduct are affected by the crop type.
 
 
 
 
 
 
 
 
 
 
 
Table 4.  P fertilization (lb P2O5/ac) and K fertilization (lb K2O/ac) rates for soils at experimental site (Dania soil series) receiving recycled waste byproduct. 
x signifies the optimal rates for which no further increase in yield was observed. 
     
 Fertilization Rate     
Crop % of IFAS Rate Spring 2014 Early Spring 2015 Late Spring 2015 Fall 2015
     
beans 0    
beans 25    
beans 50 x x  x
beans 75    
beans 100   x 
     
corn 0    
corn 25   x 
corn 50  x  x
corn 75 x   
corn 100    
 
Fertilizer and Cost Reductions
 
Table 5.  Reduction of inorganic P and K fertilizer inputs (lb fertilizer/acre) by utilization of recycled waste product over a 2-year period.
      
  Spring 2014 Early Spring 2015 Late Spring 2015 Fall 2015 Total
Diammonium Phosphate beans 87 87 0 87 261
Diammonium Phosphate corn 82 163 245 163 652
Potash beans 67 67 0 67 200
Potash corn 63 125 188 125 500
 
 
The Table 6 demonstrates the total fertilizer cost savings through implementation of byproduct application into a crop management program.  Assuming fertilizer costs of $475 and $370 per metric ton for diammonium phosphate and potash, we calculated the total cost savings through the reduction DAP and potash needed if the byproduct was applied.  There was a greater reduction in fertilizer input costs for corn than for beans due to byproduct application.  Over a two year period, approximately $225/acre could be saved for sweet corn and $90/acre for snap beans when the byproduct is applied once at the beginning of the two-year period. It is most likely that the financial advantages of using the byproduct extend beyond the 2-year time from of this project, as residual effects of the byproduct are still being observed, especially for snap beans.  So it is most likely that the cost savings observed are understated if this project were to extend for additional time.  
 
Table 6.  Reduction of inorganic fertilizer input cost ($) per acre (P + K fertilizers) by utilization of recycled waste product over a 2-year period.
     
 Spring 2014 Early Spring 2015 Late Spring 2015 Fall 2015 Total over 2 years
     
beans 29.98 29.98 0.00 29.98 89.95
corn 28.11 56.22 84.33 56.22 224.87
 
The Table 7 illustrates a wide-scale assessment of the implications of using the byproduct to reduce inorganic fertilizer use and input costs within the EAA acreages cropped to snap beans and sweet corn.  Total cost savings across the two-year period for the EAA were approximately $1 million for snap beans and $5.6 million for sweet corn.  Growers thus have a substantial incentive to adopt use of the byproduct to significantly reduce their P and K fertilizer input costs.  In addition, another benefit of using the byproduct is a reduction in the total amounts of P fertilizer applied within the EAA, which would have the ancillary benefit of potentially reducing P loads in agricultural drainage waters exiting the EAA and entering Everglades wetlands and stormwater treatment areas.   
 
Table 7.  Reduction in Fertilizer Usage and Cost Savings for Using Recycled Waste Byproduct over the 2-year period.
 
  Reduction in Fertilizer Usage   Cost Savings
  Tons Tons 
Crop Acres Diammonium phosphate Potash $ in EAA
    
Snap Beans 11000 1435 1100 989426
Sweet Corn 25000 8152 6250 5621739
Educational and Extension Activities
Numerous extension and education activities have been performed in 2014 and 2015, and are summarized below.
 
 South Florida Fair  
 
The University of Florida and Palm Beach County Extension constructed a nice display at the 2014 and 2015 South Florida Fair showcasing vegetable production in south Florida, and particularly sweet corn and green bean production.  Several thousand people passed through the display area each year.  For January 2015, we participated in the display area at the South Florida Fair showcasing how recycled waste materials can be used to reduce fertilizer use and costs, and improve the sustainability of sweet corn and snap bean production. We put together an Agriculture Extension Exhibit highlighting “grow-your-own” and “locally-grown” crops, particularly winter vegetable (sweet corn and bean) production in Palm Beach County at the  South Florida Fair, West Palm Beach. 
 
We created a display using shipping boxes from local packinghouses and informational posters highlighting the amount of corn and beans grown, harvested, and shipped from Palm Beach County. Visitors learned that nowhere else in the world produces the amount of sweet corn as Palm Beach County does. In fact, 500 million pounds of sweet corn was shipped out of south Florida in enough crates to reach Bangor, Maine if laid end to end. Attendees also learned that south Florida accounts for 62% of the national bean shipments.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4-H field trip to Bender’s Farm with an introduction to farming sweet corn and other vegetables
 
 Around 20 students were given a tour of a working vegetable farm. Most had never been on a farm before and none were able or at least willing to name a favorite vegetable. The 4-Hers participated in a discussion on the various vegetables grown on the farm and how math, science, and technology play a role in bringing crops to market.  Some of the important south Florida crops they observed were sweet corn, peppers, tomatoes, sugarcane, and eggplant. Specifically, we discussed the importance of water quality, available land, organic and inorganic fertilizers, pest management, and breeding for desirable traits. Everyone was pleased to leave the farm with a basket of hand-picked strawberries and tomatoes.
 
Career Day at Gove Elementary discussing sweet corn farming
 
 Two 4th-grade classrooms at Gove Elementary in Belle Glade were visited to introduce the 30 or so students to a career in agriculture. We discussed the various crops grown in the EAA and the many types of jobs done on the farm. I used the subject of our study as an example of how researchers collect information and share it with farmers to produce crops in a better and more profitable way.
 
Sweet corn variety field day
 
 28 people attended, discussed, and observed 20 high quality shipping corn at the fully mature stage. We discussed such characteristics as ear taste, shape, fill, and number of rows. We also discussed which were at the extremes ranges of disease tolerance and lodging.
 
Ag Literacy Day at Greenacres Elementary reading and discussing sweet corn and sugarcane farming
 
 The entire 2nd-grade class at Greenacres Elementary was assembled in the cafeteria to listen to a reading of Florida Farms at School. The 90 or so children also participated in a Q & A session at the end of the book which allowed me to emphasize the importance of math and science to agriculture. 
 
In support of this project, the UF-sponsored Students SOAR Program (Sharing Our Agricultural Roots) has partnered with school districts, the South Florida Fair, the American Heart Association, and the Florida Farm Bureau to educate our youth about the benefits of agriculture and recycling.  Through table-top displays, hands-on activities, and actual visits to the field, students have learned how snap beans, sweet corn, and other healthy vegetables grow, and how materials can be recycled to produce them in a sustainable manner. They have also learned the importance of eating vegetables to maintain a healthy diet.  By making lessons fun and relevant, students are much more likely to actually eat vegetables, instead of being exposed to something on paper, where it is quickly forgotten.  Specific activities, cooperating sponsors, locations, and numbers of participants are summarized in the attached table.  Letters of appreciation from cooperators and photos from some of the activities are also included. 
 
Extension Professionals Association of Florida Conference
 
 Palm Beach County Extension made a presentation titled ‘‘Recycling Sugarcane Waste Byproducts to Reduce Fertilizer Inputs for Corn and Beans’ to a group of county extension faculty and state specialists at the annual conference in August.  Approximately 500 attendees gained knowledge of how waste byproducts can be used to decrease the dependence on chemical inorganic fertilizers.
 
Youth Education Event during Halloween
 
 Palm Beach County Extension organized a display booth to educate children, and a few adults, who participated in the Spookyville Village as part of Halloween festivities at the South Florida Fairgrounds.  A display set up showcased a variety of vegetables and we educated consumers about sustainable vegetable production in south Florida.  Several thousand people attended the Spookyville Village events over three weekends in October.  
 
 
   
 
 
School Gardens and Youth Education
 
 We are working with 4 elementary and middle schools in planning and organizing school gardens and education programs.  Lessons to the school children include the importance of recycling and composting, insect management, and vegetable growing basics.  Many hands-on programs involve teaching children about insects living in gardens, how to identify good and bad insects, how to plant seeds and grow vegetables, and using composts and potting media.  Schools include Good Shepherd School in Pahokee, FL, Frontier Elementary in Loxahatchee, FL, H.L. Johnson Middle School in Royal Palm Beach, FL, and Gove Elementary in Belle Glade, FL.
 
 
 
Conservation in Action Tour
 
 We presented information about vegetable production practices in the Everglades Agricultural Area, nutrient and fertilizer management, and cultural farming practices to a diverse national group of over 150 farmers, agricultural retailers, members of agricultural and conservation organizations, governmental agency representatives, legislators, researchers, members of the media as part of the Conservation in Action Tour in October 2014.  The following poster was displayed, and oral presentations were made to the group.
 
 Attendees had the following comments:
 
 “Seeing the ways Everglades Agricultural Area growers, who may compete with each other in the marketplace, work together in applying best management practices was inspirational. The Everglades is unique and special, and the adjacent agricultural area has one-of-a-kind soil, water and wildlife. It’s important to acknowledge that different agricultural production systems have different environmental impacts. With modern agricultural techniques and careful management, a positive balance can be maintained between well-nourished crops and environmental protection.”
~Anita Foster, corporate responsibility manager for tour leader The Mosaic Company
 
Last week was very enlightening as I have never experienced the EAA, the respective conservation practices, or seen sugarcane and rice closeup! I could do that tour again and gain more knowledge. My experience was over the top, especially understanding the conservation efforts of the Everglades Agricultural Area Stormwater Treatment Areas and the sugarcane processes and field demonstrations in the afternoon. The partnerships were amazing between regulatory and growers. 
~Joan Kyle, Florida regional representative for the Nutrients for Life Foundation and member of the tour planning committee
 
I loved every second of the tour. Networking and meeting new people, experiencing the EAA, learning new facts and being inspired by the passion of the EAA researchers and growers all contributed to making the tour an incredible experience. I am so glad I was able to attend. I am already planning for next year!
~Bertrhude Albert, University of Florida doctoral student in agricultural education and communication
 
Source: Conservation in Action Tour website:  http://www.ctic.org/ciatours/PastTours/2014%20Tour/
 
 
 
 
 
 
 
 
 
 
 
Career Day at Gove Elementary 
 
We educated students about the importance of farming and agriculture within the Glades, and the role of agriculture in the community.  Students learned about soil and water quality and how to grow plants in the school garden.  
 
An additional presentation was made with two classes of approx. twenty-two students at Gove Elementary as part of Career Day. Topics typically addressed include; responsibilities, job likes/dislikes, required education/training, traits best suited for a career as an extension agent, as well as fielding open questions from the students. Locally grown vegetables and plant pests were brought in as visual aids. 
 
   
 
 
 
 
 
Agriculture Literacy Week
 
We addressed the 5th Grade Assembly at Greenacres Elementary as part of Ag Literacy Week.  Roughly 120 people attended a book reading focusing on Florida Agriculture. Topics such as favorite fruits and vegetables were discussed last year as well as the importance of eating fruit and vegetables as part of a balanced diet.
 
Sun Coast Church of Christ Health Fair
 
Participated in a demonstration booth at the Sun Coast Church of Christ Health Fair where garden vegetables like beans were featured as part of Farming your Backyard. (100 contacts).
 
Master Gardener Training
 
We taught  the Master Gardener – Vegetable Gardening in south Florida featuring corn and beans. (30 contacts)
 
Composting Workshop
 
Conducted a commercial composting workshop which included how composted material can be utilized in production of vegetables, ornamentals, and turf. (10 attendees)
 
 
 
Experimental Farm Field Tour
 
Led a tour group at the Everglades Research & Education Center to a group of German farmers which featured discussions on utilization of sugarcane by-products in vegetable production and mitigation of subsidence. (20 attendees)
 
News Interview
 
We were interviewed by Channel 25 WPBF for an assessment of sweet corn and bean crop damage following a night of below freezing temperatures.
 
Everglades Research & Education Center Field Day
 
A large field day was held in the Spring of 2015 to showcase experimental trials at the Everglades Research & Education Center in Belle Glade, FL.  Approximately 200 attendees learned about the use of soil amendments and composts for vegetable production, and how they can be used to enhance crop growth and minimize adverse effects on aquatic systems.
 
 
 
Vegetable Advisory Committee Meetings
 
Several meetings were held with vegetable growers, including corn and bean growers, chemical industry representatives, extension agents, and University scientists to discuss recent events affecting agriculture in south Florida.  We discussed the use of soil amendments for agriculture and their potential for lessening dependence on commercial inorganic fertilizers. 
 
 
Education and Outreach through SOAR (Sharing our agricultural roots)
 
In support of this project, the UF-sponsored Students SOAR Program (Sharing Our Agricultural Roots) has partnered with Palm Beach district schools, the South Florida Fair, and the Florida Farm Bureau to educate our youth about the benefits of agriculture and recycling. Through table-top displays, hands-on activities, and actual visits to the field, students have learned how snap beans, sweet corn, and other healthy vegetables grow, and how materials can be recycled to produce them in a sustainable manner. They have also learned the importance of eating vegetables to maintain a healthy diet. By making lessons fun and relevant, students are much more likely to actually eat vegetables, instead of being exposed to something on paper, where it is quickly forgotten. Specific activities, cooperating sponsors, locations, and numbers of participants are summarized in the attached table. Letters of appreciation from cooperators and photos from some of the activities are also included.
 
 
 
High School Tour – Managing Fertilizers and Soils 
 
 During Fall 2015, we gave presentations about vegetable production in Florida, and the benefits of using recycled waste products for agricultural use, to a group of 13 high school students as part of the Treasure Coast Education, Research, and Development Authority’s program to support the Advanced Placement Environmental Science program at Ft. Pierce Westwood High School.  Students learned about how fertilizers and nutrients are managed for sweet corn production, and the role that organic amendments, such as compost and recycled agricultural waste products, have in producing food while minimizing nutrient losses to aquatic systems.
 
Vegetable Crops Field Day
 
 In Fall 2015,  presentations were made to 35 participants as part of a vegetable crops field day near Ft. Pierce, FL.  Attendees learned about fertilizer and nutrient management and the importance of soil amendments to alleviate inorganic fertilizer use.  
 
Lettuce Advisory Committee Meeting
 
 This educational opportunity in Fall 2015 was used to discuss nutrient management for vegetable crop production in the Everglades Agricultural Area.  The utilization of slow-release fertilizers, composts, and other organic amendments such as mill mud, was compared to conventional inorganic fertilizers.  Approximately 30 vegetable growers, chemical companies representatives, scientists, and extension agents participated in this meeting.
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Survey of EAA Sweet Corn and Snap Bean Growers  
 
As part of a USDA specialty crops grant awarded to the Everglades Research & Education Center and Palm Beach County Extension for 2014 - 2015, research and extension activities specifically for sweet corn and snap bean production within the Everglades Agricultural Area (EAA) were conducted. This survey was designed to gauge the status of sweet corn and snap bean production, identify the issues and problems facing the industry, and determine ways that the University of Florida Institute of Food and Agricultural Sciences (IFAS) extension agents and specialists can work with growers to address these problems.  Also, there is a need to predict future issues that may affect the industry.  It is important to document the current state of the sweet corn and snap bean industry and again after completion of this project so that we can assess the effectiveness of research and extension efforts in meeting the needs of growers.  An example of this survey is provided below.
 
 
 
 
Goals and Outcomes Achieved
 
Goal 1: Optimize nutrient management by evaluating ne
 
	txtGoals4: Goal 1: Optimize nutrient management by evaluating new fertilization strategies for sweet corn and green beans
 
Measure 1: Determine optimal rate  and combination of chemical fertilizers and organic byproducts. Use field research results to calculate the % reduction in fertilizer application and cost savings for byproduct usage compared to conventional practices.
 
Benchmark 1: Chemical fertilizers typically supply the crop nutrient requirements.
 
Target 1: It may be possible to reduce chemical fertilizer use by 25% using byproduct, with a cost savings of approximately $25-100/acre.
 
The Table 4 below demonstrates the optimal combination of byproduct+inorganic fertilizers that produced the optimal yield for different seasons after byproduct application.  Our research indicated that inorganic fertilizer usage could be decreased by approximately 50% for snap beans and from 25-75%, depending on season, for sweet corn by using the byproduct.  This result was greater than the 25% reduction that was anticipated before the project began.  The Table 6 below demonstrates the reduction in inorganic fertilizer input costs from using the byproduct.  Over the two-year period, the use of the byproduct saved snap bean growers $90/acre and sweet corn growers $225/ac in inorganic fertilizer costs.  This reduction in grower input costs was greater than the $25-100/acre that was expected before the project began.
 
Table 4.  P fertilization (lb P2O5/ac) and K fertilization (lb K2O/ac) rates for soils at experimental site (Dania soil series) receiving recycled waste byproduct.          
X signifies the optimal rates for which no further increase in yield was observed.                  
                                                      
         Fertilization Rate                                              
Crop         % of IFAS Rate         Spring 2014         Early Spring 2015         Late Spring 2015         Fall 2015         
                                                      
beans         0                                             
beans         25                                             
beans         50         x         x                  x         
beans         75                                             
beans         100                           x                  
                                                      
corn         0                                             
corn         25                           x                  
corn         50                  x                  x         
corn         75         x                                    
corn         100                                             
 
 
Table 6.  Reduction of inorganic fertilizer input cost ($) per acre (P + K fertilizers) by utilization of recycled waste product over a 2-year period.         
                                                      
         Spring 2014         Early Spring 2015         Late Spring 2015         Fall 2015         Total over 2 years         
beans         29.98         29.98         0.00         29.98         89.95         
corn         28.11         56.22         84.33         56.22         224.87         
 
 
 
Goal 2: Management of plant pathogens, weeds, and insects
 
Measure 2: Determine numbers of weeds, insects, and diseased plants for sites receiving organic waste byproducts compared to conventional commercial practices.  Ensure that application of byproduct does not aggravate existing pest problems and evaluate its role in suppressing pests. 
 
Benchmark 2: Pest and disease control through chemical applications is the standard commercial practice. 
 
Target 2: No reduction in crop yield due to pests and disease for byproduct-amended sites compared to conventional commercial practices.  
 
Weed, insect, and pathogen pressure were monitored and visual symptoms of plant damage were assessed.  The use of the byproduct had no ill effect on crop production practices, and did not cause any weed infestation or control issues, did not adversely increase plant pathogen populations or damage to crops, and did not increase insect damage to crops.  There was no difference in pest pressue and damage between unamended control treatments and the byproduct-amended treatments.  The conclusion then is that the use of by byproduct does not alter pest mangement practices.
 
 
Goal 3: Increase consumer awareness of sweet corn and greens beans
 
Measure 3: We will work with youth groups to promote these specialty crops.  Presentations, displays, and activities at primary and secondary schools using SOAR (Sharing our Agricultural Roots), the Palm Beach County Fair, 4-H clubs, and the FFA will help to promote these crops and educate the youth and public.  
 
Benchmark 3: Schools and fair activities are used to educate consumers and students. 
 
Target 3: An estimate of 10,000 persons will be educated regarding the use of recycling waste-byproducts for sweet corn and green bean production through SOAR, the Palm Beach County Fair, and other outreach activities.
 
Numerous education and extension activities were performed during the project duration which are described in the Project Approach section.  Our goal of educating 10,000 persons was achieved through participation in the South Florida Fair, Sharing Our Agricultural Roots (SOAR) program, and other field days, training sessions, and school activities.  Participants in these events learned about sweet corn and snap bean production, and how different crop management practices can be used to improve crop yield while minimizing adverse effects on the environment.  Through the hands-on activities and programs, as well as lectures, informal meetings, and displays, were we able to improve the knowledge of participants in these programs based upon  pre- and post-project surveys, and surveys conducted at each event. Changes in grower behavior have been observed in that many growers now want to apply the recycled waste byproduct for their cropping system.  
 
 
 
 
	txtBeneficiaries4: Sweet corn and green beans are grown on approximately 51,000 and 46,000 acres, respectively, in Florida.  For Florida, the 2011 economic values were $174,000,000 for sweet corn and $132,000,000 for green beans.  There are approximately 15-20 sweet corn growers and a similar number of green bean growers within the EAA.  Fertilization of these crops typically involves N, P, K, and micronutrient application, where rates are based on soil nutrient tests.  Costs of fertilizer vary significantly year to year based on many market factors, soil types, and environmental conditions, but estimates are $100-400/acre for sweet corn and green beans.  
 
The sugarcane industry in the EAA produces large amounts of organic waste products, also referred to as mill mud, as a result of sugarcane processing.  This material is generally field applied back to sugarcane fields located within approximately 15 miles of the processing facility.  Potential exists for using this organic waste product as a soil source for sweet corn and green bean production.  Benefits to the vegetable growers include a potential decrease in the amount of traditional chemical fertilizer application, and a decrease in the total amount of fertilizers applied.  The organic waste byproducts would serve as a form of slow- release nutrients to the crops, which would in turn lessen the potential for leaching and runoff of nutrients to nearby canals and waterways.  Thus, an extra benefit to growers would be increased potential for nutrients staying in the fields and enhancing the likelihood of growers remaining in compliance with water quality regulations.  Furthermore, use of these organic byproducts is an option for the mandatory best management practices (BMP) program established for EAA farms, so growers would receive credit for byproduct utilization to count toward their total points.  Sweet corn and green bean growers could potentially receive substantial benefit if widespread utilization of byproducts were implemented.  
 
We also intend to educate consumers about these crops and new management practices through our participation and exhibits at the Palm Beach County Fair, field days, tours, community gardens, and participation in youth education programs at local schools.  These existing outreach activities would be expanded to included education about recycling waste materials for sweet corn and green bean production in Florida.  Thousands are educated by these programs annually, and a new focus on sweet corn and green bean production would increase consumer awareness of issues, and hopefully increase consumption of these vegetables.
The primary beneficiaries of this project included growers of snap beans and sweet corn in Florida who benefitted through a demonstrated reduction in the amount of inorganic P and K fertilizers needed for optimal crop production, and a reduction in inorganic fertilizer inputs costs when using the recycled waste byproduct (Table 7).  A significant reduction in the amounts of P and K fertilizers needed for optimal crop production was achieved using the byproduct.  Subsequently, a cost savings was demonstrated to growers.  For the approximately 11,000 acres of snap beans grown in the Everglades Agricultural Area, a cost savings over the 2-year period from using the waste byproduct was almost $1,000,000.  The benefit was even greater for the growers of 25,000 acres of sweet corn within the Everglades Agricultural Area, as the reduction in P and K fertilizer costs approximated $5,600,000.  
In addition to the reduction of fertilizer inputs costs incurred by growers of snap beans and sweet corn, there is another major benefit of using waste byproducts, and that is the environmental benefit of decreasing the tonnage of P and K fertilizers entering the Everglades ecosystem.  It is most likely that a decrease in fertilizer inputs into the EAA, especially for P, would have the effect of decreasing P concentrations in drainage water exiting the EAA and entering Everglades wetlands.  This likely improvement in water quality from using the recycled waste byproduct to reduce inorganic fertilizer inputs into the EAA thus benefits all citizens of Florida through better water quality
 
Table 7.  Reduction in Fertilizer Usage and Cost Savings for Using Recycled Waste Byproduct over the 2-year period.         
                                             
                  Reduction in Fertilizer Usage                   Cost Savings         
                  Tons         Tons                  
Crop         Acres         Diammonium phosphate         Potash         $ in EAA         
Snap Beans         11000         1435         1100         989426         
Sweet Corn         25000         8152         6250         5621739         
 
 
	txtLessons4:  
 There were no delays or impediments to the project.  The field experiments and education and extension activities progressed as expected.  The weather cooperated well and produced good crop growing conditions, thus the results should be application to a broader scale.  Much grower interest in this project was expressed in their desire to expand the scope of the byproduct and utilize it for different crops grown in south Florida.  
 
The benefits of using the waste byproduct exceeded our expectations, in that a much greater proportion of the inorganic fertilizer requirements were offset by the byproduct.  We also learned that the beneficial aspects of the byproduct include not only its slow-release nutrient-supplying capacity, but also improvements in soil physical and chemical properties.  The yield responses to the byproduct were much higher than expected, so the byproduct likely improved many soil properties other than nutrients.  This result indicates a need to further evaluate these soil properties to better identify the exact mechanisms for which such a great yield response occurred.  Further studies, and for different crops and cropping systems, would enable us to better make recommendations for the byproduct use across Florida.
 
The growers, farm managers, students, and the public were very supportive of this research.  The school children receiving education and training about recycling and vegetable production in Florida were especially excited about the many hands-on activities they participated in, and were very eager for more activities.  
 
The contact numbers who were trained/educated/etc for this 2-year project, with 3,000 attendees walking through the extension exhibit of the South Florida Fair each year we had the display, then total number of contacts for all school, education, training, and extension events is 9,623.  All of these contacts would have benefitted through knowledge gained.  
 
	txtContact4:  
 
 Contact Person
 
Sonia Tighe
Florida Specialty Crop Foundation
P. O. Box 948153
Maitland, FL 32794
321-214-5245
sonia.tighe@ffva.com
 
 
 
Alan Wright
University of Florida
Indian River Research and Education Center
2199 South Rock Road
Ft. Pierce, FL 34945
Email:  alwr@ufl.edu
Phone: 772-577-7410
 
 
	txtProjectTitle: Improving yield and profit of greenhouse production of citrus trees for outplanting
	txtPartners: Primary - University of Florida, Mid-Florida Research and Eduction Center - Apopka
Partners: Florida Nursery Growers Landscape Association 
	txtSummary: Since the spread of contagious citrus canker, production of budded citrus trees for out-planting in groves has been restricted to enclosed, phyto-sanitary greenhouse for disease-free stock.  This forced, rapid transition threw nursery stock producers into the unfamiliar world of greenhouse production that they were struggling to understand and optimize.  Concurrently, realization of a shortened life span for existing citrus groves and replanting efforts of cleared groves had increased demand for out-planting trees.  This project sought to increase producer knowledge of greenhouse production and container-based horticulture and increase the efficiency of production.  It also sought to provide guidance to optimize planned new production space and improve profits by determining the combination of best container spacing and irrigation system.  
When this project was initiated, there was little to no information of best management practices for irrigation of citrus nursery greenhouse production.  Trees were irrigated by hand, overhead sprinkler and drip irrigation.  Fear of canker contamination by overhead irrigation was a constant and expensive threat.  This project has provided vial information to these growers in terms of water consumption and resulting growth that has been put into practice as these operation have expanded to meet grove owner needs.  With the coupling of container spacing  and different irrigation systems, we were able to determine the best combination for maximum growth.  By linking this with the economic evaluations of the different irrigation systems and spacings, we have recommended the combination that produced the most profit over a production cycle and still produced acceptable numbers of trees for outplanting.  
	txtApproach: Early in 2014, 30 tables, 4 x 7.5 ft were assembled and placed in the greenhouse. Each was outfitted with irrigation and water meters.  Concurrently a computer controlled system was fabricated to automatically apply irrigation as needed.  Properties of different substrates were determined.  The common Canadian peat: perlite blend was chosen due to its wide spread use and excellent properties of water retention and aeration. Research was began into determining the best budget-based model for evaluating the economic value of each irrigation system x pot spacing.  Later in the spring, a survey was conducted of growers to determine the baseline practices and sales.
In  June, 5,177 root stocks were obtained and potted into 4 x 13 inch standard citrus containers.  These were randomly placed on the 30 identical tables using 10 different combination of irrigation (overhead, flood, drip and Aquamat irrigation) and spacings (checker board, an experiment spacing, 2 rows-skip 1, diagonal 3 skip1(Apopka spacing), tight-fixed, tight-shifted.  Later in July, application of a water soluble form of iron killed about half the rootstocks.  These were replaced in July/early August. In early November, all root stocks were budded.  Tree growth was very slow  (normal for greenhouse citrus) during the winter, but accelerated in mid-March.  From then until early November 2015, trees were subjected to common nursery practices of staking, pruning and general maintenance. Budded shoot caliper measurements were began in early June, and continued to early December.  During this period, tree height and the budded shoot diameter were measured generally every 3 weeks. When 80% of the surviving trees obtained 3/8th inch in trunk caliper, a table replication was determined to be ready for harvest and no longer measured. When all 3 replications of an irrigation x spacing treatment achieved size, the combination was considered finished and were assumed to have been sold. This continued until 13.5 months after budding.  During this time, an economic model to evaluate the data was established and vetted.  
By January 2016, all horticultural data had been collected. Replications were compiled under treatments and plant growth and percentage of trees achieving marketable size were summarized. At this point, Dr. Khachatryzan and the graduate economic student were provide all the processed data to complete the economic analyses using enterprise budgeting models.
 
Economic Analysis:
To investigate the economic feasibility of different production practices, an enterprise budgeting model was used to analyze the data from the treatments. This allowed for the comparison of potential profits that could be obtained by the industry if they replicate the experimental treatments considered by the project. The enterprise budget model uses a combination of primary information of experimental data and secondary information of industry data, in order to construct budgets that reflect the experimental results and also represent the situation of growers. The business model assumed for the analysis focused on buying citrus seedlings, budding and growing them until reaching commercial/marketable size. This model was used because the treatments used during the experimental phase were applied in the grown seedling and, therefore, the results are mainly relevant for this stage of the production cycle. The variable that has the biggest impact in profit is the yield of the different treatments. Yield is understood in this case as the number of trees that reached commercial sale in the ten months between budding and final measurements. The profit that could be obtained by an individual or a company operating a greenhouse with the characteristics of the one used in the experiment, and under the assumptions previously stated for the model, was presented in the "profitability comparison of treatments" section of the analysis. 
	txtGoals: Measure 1: Percentage of marketable trees 10 months after budding for each spacing/irrigation regime.  Awareness by the citrus nursery growers that there may be more productive practices than what they are using, with a shift to more productive practices.  Increase in the number of citrus nurseries who attend the annual meeting and planned field day at MREC.
Progress: Of the 10 combinations of irrigation systems and pot spacing, 6 achieved 80% or better marketable size by 10 months after budding. These were flood irrigation using checker board or the experimental spacing, overhead irrigation with pot tight spacing and no shifting of trees and all drip irrigation combinations.  Drip irrigation was successful using spacings of 2 trees, then skip a row; and pot tight (4 pots, open row for irrigation, 2 pot, open row for irrigation, then 4 more pot on the other side; 4-2-4 spacing).  It did not make any different if drip irrigated trees were shifted from inside to outside half way through the production cycle. Since the results have only been available since 26 April 2016, changes in commercial practice have not occurred.  However, attendance at the citrus nursery updates grew to around 60 participants from around 40 prior to the beginning of this project.  It was estimated by the Florida Citrus Nursery Greenhouse Division that representatives at the April 26, 2016 meeting comprised nearly 90% of all young budded tree production in the state of Florida.
Measure 2: A table calculating overhead and other cost per tree unit for each spacing/irrigation regime.  Changes in production practices that lower the overhead cost and produce high numbers of marketable trees on an annual basis.
Progress: Through the efforts of Dr. Khachatryan and our graduate student, Mr. Carlos Solis, a MSc. thesis an  EDIS publication (currently under review) was prepared that analyzed the effects of spacing and irrigation systems on profitability.  This included a all material cost, labor by task compiled during the production period and profit/lost depending on using of existing or new facilities.  Profitability was also calculated at a range of potential prices. This UF IFAS publication will be available in late summer 2016.
Measure 3: In the beginning of the project, a survey will be conducted to measure grower awareness of more productive growing practices. Approximately 4 months after presentation of the project results at the growers' annual meeting, a follow up survey will be conducted to measure grower's adoption of new pot spacing practices and plans to implement new spacing practices at the beginning of the next production cycle.
 
Progress: The preliminary survey of growers participating in the FNGLA biennial citrus conference showed that almost all growers needed economic return-related information about alternative/more productive citrus tree production methods.  Approximately 50% of the growers indicated that they were willing to utilize new production practices in their operations. The final production data became available in January 2016.  The economic feasibility of each production method was presented to a large group of citrus nursery growers attending the FNGLA Annual Spring Citrus Nursery workshop on 26 April, 2016. Approximately 70% of the growers indicated increased awareness and intent to try to implement the recommended techniques in their operations.  
	txtBeneficiaries: Florida Citrus Nursery Greenhouse Growers.  This group comprises of around 90% of all production of young, budded citrus trees produced in Florida.  The research provided to this group is beginning to be put into practice by changes in irrigation systems, mainly as these firms expand growing operations.  These growers, early adopters, began changes in  2015 as preliminary growth data was presented at semi-annual meetings of the FNGLA Citrus Greenhouse Nursery Division, in April and November. At these meetings, growers were invited to tour the greenhouse research facility and discuss/question the experiments in progress. At the last 2 meetings, in December 2015 and April 2016, there were around 60 people at each meeting.
It is anticipated that as the results are published over coming year, these results will be available to citrus nursery growers in other citrus producing states, mainly California and Texas.  Other smaller citrus producing states may also benefit from this research.
 
The principal result is that 4-2-4 spacing used for the maximum density of trees using drip irrigation produced the most projected profit. This spacing required sunlight to only need to penetrate through plant canopies only 2 plants deep, producing rapid shoot growth.  this spacing also permitted the second highest number of trees per 28 sq. ft.  
 
 
	txtLessons: The project started on time, however application of a soluble source of iron killed nearly half the rootstocks already potted.  This delayed the planned budding of the trees by about 2 months.  However with substitute root stocks donated by the industry, the project was completed on time.
 
The main lesson learned was to ask if unsure, and search out second and sometimes third opinions. This would have prevented the loss of nearly half the rootstock before they were budded and allowed the research to be finished several months ahead of schedule.
 
It was hypothesized that the widest spacing would produce marketable size trees the fastest and would produce the most profit.  The hypothesis was half correct.  The greater the spacing between trees, the faster they grew.  However to achieve this, fewer trees were produced in the same production space.  Despite faster growth at the wider spacing, this growth response did not make up for a larger number of trees  achieving market size at slower growth pace. There were more percentages of unmarketable trees at higher tree densities, but total number of marketable trees still exceeded those grown faster at lower densities.  Due to low cost inputs such as pots, substrate, trees and labor; high output value and greater numbers of trees were more important than the percentage of marketable trees.  
 
Despite unanticipated set backs, the clear, best spacing is a 4x2x4, leaving one row open on both sides of the 2 rows in the middle.  This is appropriate not only for drip irrigation, but also for flood, capillary mat and overhead.
 
	txtContact: Dr. Richard C. Beeson Jr.
352-406-3657 cell
407-814-6172 work
rcbeeson@ufl.edu
	txtProjectTitle06: Smart Apps for Smart Farmers (Kati Migliaccio, Kelly Morgan, Clyde Fraisse, Lincoln Zotarelli – University of Florida)
	txtPartners06: University of Florida
	txtSummary06: Despite an annual rainfall over 1400 mm, crops in Florida require irrigation to compete in the market place due to most rainfall occurring between June and October, high rainfall intensity which reduces the amount of effective rainfall (or rainfall that can be used by plants), and low water-holding capacity of the soils. Meanwhile, water supplies are increasingly strained due to factors such as population growth and climate change. Use of science-based, easily to access technology provides a method to assist producers with real-time data in making sustainable irrigation decisions. Irrigation apps would provide users with information on their smart phones/tablets to better estimate crop water needs using real-time data from the Florida Automated Weather Network (FAWN) and forecast data from the National Weather Service (NWS). These apps would assist growers in providing the right amount of water for their crops at the right time without having to keep records or make extensive hand calculations. 
 
Avocado, cabbage, and tomato crops were identified for app development. Avocado was selected because it is Florida’s second largest fruit crop (Crane et al., 2007), sufficient irrigation is necessary for optimum fruit size, and improvements in irrigation management may reduce plant stress and thus reduce susceptibility to the ambrosia beetle vectors of the laurel wilt pathogen (Crane et al., 2008; Evans et al., 2010). Additionally, south Florida avocado research has shown that more efficient irrigation scheduling using evapotranspiration methods resulted in significant water savings (Kiggundu et al., 2012). Cabbage was selected due to the current shift in irrigation from seepage to drip, its increasing acreage, and its economic importance in northeast Florida. Currently, most Florida cabbage production is cultivated under seepage irrigation, which has low irrigation efficiency (<50%).  An awarded Block Grant Project (Contract# 00085482), entitled “Development of an Integrated Vegetable Cropping System (Cabbage/Cucurbit) to Improve Irrigation and Fertilizer Use Efficiency”, is currently evaluating and demonstrating the potential use of plasticulture on production of cabbage as an alternative irrigation practice with potential to increase vegetable yields and reduce irrigation and fertilizer inputs. We are confident that the development of easy methods to help growers with irrigation scheduling like the proposed apps will leverage drip irrigation adoption. Tomato was selected as it is grown on 300,000 acres throughout the state and has faced sustainability issues due to its high water demand and production cost. Florida vegetables are typically produced on soils with low water holding capacities (Dukes et al., 2006), commonly with plastic mulched raised beds, and drip or seepage irrigation. The potential to attain high water use efficiencies (Simonne et al., 2004) and fertilizer use efficiencies (Dukes et al., 2010) has been demonstrated within these intensively managed systems. However, improper management results in excessive water use and excessive nutrient loss, which are wasteful economically for the producer, environmentally damaging, and a drain on water resources. All three crops require irrigation to ensure profitable yields. The potential water savings from using the apps would result in a more sustainable production system by reducing fertilizer leaching and irrigation costs (i.e., fuel). In turn, conservation of fresh water is a benefit for all Floridians and our ecosystems.
 
Project objectives are to expand the SmartIrrigation apps suite of agricultural tools to include water-conserving irrigation apps for Florida avocado, cabbage, and tomato production; test the apps with field demonstrations; seek stakeholder input and attempt to incorporate stakeholder suggestions; and engage with stakeholders in training and app use. 
 
This proposal has not been submitted or funded by other State/Federal programs. However, this proposal will help build on the SmartIrrigation apps suite (http://www.nespal.org/smartirrigation/) that has been funded by previous Federal grants. Previous funding resulted in developing the framework for specific Florida and Georgia crops (namely citrus, cotton, strawberry, and lawn turf). We envision SmartIrrigation apps to become a leader in agricultural user-friendly science-based apps in crops for the southeast USA. Our longer-term vision is for SmartIrrigation to be a component of a sustainable app family that is composed of irrigation, environmental sustainability (carbon and water footprints), nutrient management, and disease/pest apps. Thus, we would maintain these apps after project completion. 
 
	project approach06: 1. Year 1-2. Formed an advisory team for each commodity group: avocado, cabbage, and tomato (first 2 months of the project). Each advisory team met throughout the project as needed, but at least two times. Dr. Crane led efforts with the avocado team, Dr. Zotarelli led efforts with the cabbage team, and Dr. Morgan led efforts with the tomato team. The advisory teams served to review the apps and provide feedback.
 
2. Year 1. An app designer was hired to develop the apps focusing on iPhone, iPad, and Andriod systems. The app designer worked with a subset of the team on each app. Dr. Migliaccio led development of the avocado app; Dr. Zotarelli led development of the cabbage app; and Dr. Morgan led development of the tomato app. The project team reviewed each app and provide feedback to the designer. Dr. Fraisse provided technical support and expertise in weather data integration into the apps.
 
3. Year 2. The apps were tested in field studies. Field studies consisted of fields/orchards that implemented the app in their irrigation scheduling and fields/orchards that used standard irrigation scheduling (as determined by the advisory teams or particular grower). The sites were compared considering water volumes applied, crop yield, soil moisture maintained in the field, and water use efficiency. Water use efficiency was determined by number of fruit or vegetable and weight of fruit or vegetable per unit of water applied. Sites were located near FAWN stations or in fields with on-site weather stations that transmit their data to FAWN for accessing their high quality weather data. Site specific rainfall was also collected. FAWN data were provided at no cost. Data analyses were performed by the MS graduate student. In addition, the student assisted with app testing. Field work was managed by Drs. Migliaccio, Crane, Zotarelli, and Morgan.
 
The avocado field study was conducted at the UF IFAS Tropical REC in Homestead, FL and in local grower orchards. 
 
The cabbage field study was conducted at the UF IFAS, Florida Partnership for Water, Agriculture & Community Sustainability (FPWACS) in Hastings, FL, and two commercial cabbage fields in northeast Florida.
 
The tomato field study was conducted at the UF IFAS Southwest Florida REC in Immokalee, FL and local growers in the Immokalee area.
 
4. Year 2. The apps were modified based on user and researcher testing to improve their functionality.
 
5. Year 2, Qtr 2-4. Demonstration field days were held for each commodity in coordination with local extension agents. A virtual extension field day was developed from the demonstration field days and additional materials. The virtual field day is available through the UF IFAS website (http://www.abe.ufl.edu/faculty/kwm/apps.html) and includes presentations, handouts, and videos. This is a source for extension agents, producers, and others interested in irrigation scheduling. Findings were further disseminated through newsletters; UF Electronic Data Information Source (EDIS) publications, and extension workshops. Apps are housed on the SmartIrrigation website (http://www.nespal.org/smartirrigation/) as funding allows. Alternatively, they are hosted by UF IFAS, FAWN and/or AgroClimate and linked to the main UF/IFAS Extension website SolutionsForYourLife.
 
6. Year 2, Qtr 3-4. Extension impacts were measured using pre- and post-tests (for both the face-to-face and virtual events), and the number of apps downloaded. 
 
7. Year 2, Qtr 3. Project results and app demonstrations will be presented at the Extension Professional Association of Florida (EPAF) meeting for training county extension agents and state specialists and annual meeting of the Florida State Horticulture Society.
 
8. Year 2, Qtr 4. Results will be published in professional journals.
 
9. Year 3 (post project). Longer-term impacts will be assessed by the number of app users and their feedback. A notification will be sent to app users requesting their completion of a short survey. Survey answers will be collected and reported by commodity. Thus project activities will not end at the end of project funding and maintenance of the apps will be continued. 
 
	txtGoals06: Goal 1: Develop three irrigation smartphone/tablet apps: avocado, cabbage, and tomato. The app developer (to be hired) will work with team members to design these apps (Migliaccio and Crane for avocado, Zotarelli for cabbage, and Morgan for tomato). Dr. Fraisse will oversee and review all apps and assist with weather and climate data integration.
 
Performance measure 1: The measure of performance will be the successful development of three new apps and downloading of these apps by producers to their smartphones and/or tablets. Quantitatively, performance will be measured by the number of downloads for the apps and the follow-up survey of app use.
 
The apps have been developed and are available for users through the Google Play and iTunes stores. The number of app users of the new apps are between 25 and 50 to date. A follow up survey of users is planned to gauge usability and to assess how we can increase user numbers.
 
Goal 2: Field test three irrigation smartphone/tablet apps: avocado, cabbage, and tomato (Migliaccio/Crane for avocado, Zotarelli for cabbage, Morgan for tomato). Soil water content, rainfall, irrigation, and yield data will be collected to verify the apps and if needed, modify the apps. 
 
Performance measure 2: The performance of goal 2 will be measured by the quality of data collected in field studies and comparison results (field irrigation scheduling with and without the apps) for each commodity.
 
Field studies were conducted for cabbage, tomato, and avocado. All studies included measurement of water balance variables and yield. Results showed the apps provided water savings for tomato and avocado compared to standard irrigation scheduling practices.
 
Goal 3: Engage stakeholders to adopt irrigation smartphone/tablet apps. Extension Professional Associations of Florida conference presentation will be given to train extension agents/specialists. Field day demonstrations will be held; a virtual field day will be developed; and extension publications/newsletters will be published.
 
Performance measure 3: Performance measures include awareness of county agents and stakeholders of the apps, completion and availability of virtual field day website, and acceptance of manuscripts for publication which will be quantified using attendance and pre- and post- tests/assessments, number of hits, number of downloads, and follow-up survey of app use.
 
Publications have been submitted and are in review considering use of the apps. Extension publications have been published for the avocado app; tomato and cabbage are in development. Videos have been developed on using the apps and are available on UF IFAS websites and youtube channel. Numerous training events have been held throughout the state to advertise the new apps and provide training on how to use the apps.
	txtBeneficiaries06: The project will benefit avocado, cabbage, and tomato producers directly through lower water volumes being applied resulting in lower fuel costs and reduced fertilizer leaching. 
 
Florida avocados are produced on 7,500 acres with a farm-gate value of $23 million (USDA NASS, 2013) and wholesale and economic impact value of over $30 and $54 million, respectively (Evans et al., 2010). There are 951 avocado producers and mean farm size is nine acres (USDA Census, 2007). Avocado production is year-round and over 95% of the avocado acreage is irrigated (J.H. Crane, personal communication). 
Cabbage acreage in Florida has increased since 2003 (7,800 acres) to 10,500 acres in 2010. In 2009-2010, average yield was 30,000 pounds per acre, and total production was 291 million pounds. The value of Florida’s cabbage crop in that year was $0.24 per pound, with a total value of $70.13 million. Total value of Florida’s cabbage crop over the past decade has ranged from $43.4 million in 2008 to $60.3 million in 2009 (USDA NASS, 2011). The cabbage produced in Florida during late fall, winter, and early spring months is exclusive for fresh market.
 
In 2012, Florida had 30,000 acres in fresh-market tomato production corresponding to a US farm value of $268 million (USDA ERS, 2013). Tomato growing seasons are 16 to 20 weeks in the fall, winter, and spring. The spring planting seasons are typically drier (67.6 mm/month) than the fall seasons (103.8 mm/month) (Fraisse et al., 2010; Ozores-Hampton et al., 2006).  Therefore, the risk of temporary flooding and nutrient loss from sandy soils is greater in fall seasons because of the increased risk of leaching rainfall. With the exception of the early fall, tomato production is dependent on irrigation. Drip irrigation is slowly replacing seepage irrigation to allow for more efficient use of water and nutrients. However, high rainfall or over irrigation can increase nutrient leaching, lowering grower’s net return between $400 and $800 per acre depending upon market conditions (Ozores-Hampton et al., 2012).
 
These specialty crop producers will benefit from the real-time and forecasting irrigation apps such that they can better target irrigation to meet plant water needs, reducing water waste and agrochemical leaching, and lowering fuel costs. Previous research with these crops have shown that improved irrigation scheduling could result in 80% reduction in water use while maintaining yields and a 75% reduction in total phosphorus leaching for avocado (Kiggundu et al., 2012). Better irrigation technology is estimated to result in a 20% reduction of irrigation water application for cabbage with drip irrigation systems (preliminary data, Zotarelli, unpublished data, field observations) and a 15 to 51% reduction for tomato (Zotarelli et al., 2008). Thus, a conservative estimate of economic impact would be to reduce grower irrigation rates by 15 to 20% using a more targeted approach with the irrigation apps. This would result in annual savings of over 40 million gallons of water for avocado corresponding to $6 million savings in fuel costs (Migliaccio, unpublished field data calculations). Cabbage producers would save over 1 billion gallons per year with 20% adoption of the technology. The proposed irrigation scheduling app will increase water and nutrient efficiency, which can be translated in a reduction of fertilizer usage by at least 20%, representing savings of $5.8 million annually (~$100 per acre) for cabbage operations. Tomato drip irrigation water use is approximately 500,000 gal per acre or 150 billion gallons per year. A 20% reduction in water use would be a savings of 30 billion gallons annually.
 
The water savings created by this project will not only benefit the specialty crop producers but also all Floridians by conserving fresh water resources.
 
	txtLessons06: One lesson learned is that it takes more time than anticipated to advertise/market the app so that users know about it and use it correctly. I think more effort/funding should have been allocated to this side of the project so that we could increase use at a faster pace. We are still promoting the apps in our programs and gradually increasing user numbers.
 
The field trials provided solid research evidence of the irrigation schedules generated by the apps which is critical to get grower buy-in. This was an essential part of the project and was done very well by the project team.
	txtContact06: Kati Migliaccio
klwhite@ufl.edu
352-392-1864
 
ADDITIONAL INFORMATION:
Websites: http://smartirrigationapps.org/ and http://abe.ufl.edu/faculty/kwm/apps.html 
 
Extension publications:
http://edis.ifas.ufl.edu/ae513
 
Paranhos, L.G. et al. 2017.  Irrigation scheduling for plasticulture cabbage (in progress)
 
 
Research publications submitted:
Mbabazi, D. et al. 2016. An irrigation schedule testing model for optimization of the Smartirrigation avocado app Agricultural Water Management (in revision)
 
Mbabazi, D. et al. 2016. Evaluation of Weather-based Irrigation Scheduling Methods in Avocado (Persea americana Mill.) Orchards in South Florida Transactions of ASABE
 
Paranhos, L.G. et al. 2017.  Irrigation scheduling strategies for cabbage grown under plasticulture. Florida State Horticultural Society Annual Meeting of 2017 (in progress)
 
Ajankojo et al. 2017 The use of smartphone applications (SmartIrrigation Vegetable) for Irrigation scheduling in tomato production. Florida State Horticultural Society Annual Meeting of 2017 (in progress)
 
 
 
 
 
 
	txtProjectTitle08: Local Positioning of Fla. Specialty Crops through Messaging and Media Strategies
 
Local Positioning of Fla. Specialty Crops through Messaging and Media Strategies
 
 
	txtPartners08: ·         UF/IFAS Center for Public Issues Education (PIE Center) 
·         Florida Specialty Crop Foundation 
·         Florida Fruit and Vegetable Association 
 
	txtSummary08: The purpose of this project was to develop effective messaging and media strategies for the promotion of local specialty crops in Florida. Research completed by the PIE Center as part of the 2011 SCBG that worked toward positioning Florida-grown specialty crops as a “local” choice revealed a need for increased advertising, marketing and availability of local food. Several consumers in component two of that grant discussed that they did not buy local food because “it was hard to find” and because they lacked exposure to it. A participant said “If they are advertising local stuff, sure, I'll buy it, but it's not first and foremost on my mind to look for it.” Other participants indicated that marketing influences their food purchasing decisions saying “marketing works on me.” Additionally, the Citrus Industry trade publication noted the Florida Department of Agriculture and Consumer Services (FDACS) initiated efforts to expand the marketing of the Fresh From Florida brand to increase the exposure of Florida-grown food and combat the increasingly competitive global food market.
 
In the previous SCBG study favorable message attributes were discovered. In this study, those attributes were used to inform the development of an effective specialty crop message. Additionally, different media strategies were tested. Neither complete messages or media strategies were tested in the first study.
 
This project was important and timely as both previous research as well as the increasingly competitive global food markets indicated a need to create effective messaging and media strategies to promote local specialty crops within the state of Florida. Through effective promotion of specialty crops, consumers are likely to differentiate and prefer Florida-grown food as compared to food from other countries, thus decreasing the pressures of the global food market on Florida specialty crop producers. This project addressed priorities identified in the Federal Register (USDA AMS) Specialty Crop Block Grant Program because it:
 
• Provided immediate benefit to the public/industry
• Addressed messaging and media barriers to increase access, availability and consumption of Florida grown specialty crops 
• Provided research and training that could increase the sales and marketability of Florida commercially grown specialty crops
 
	txtApproach08: Component 1: Test the effectiveness, identify consumer reactions to, and confirm previously developed local specialty crop messages and attributes through six focus groups with consumers.
Activities
·         PhD Student was hired
·         Moderators guide was written, gained approval by a panel of experts, and IRB approval
·         Six focus groups were completed in the spring of 2014
·         Transcription of the focus groups was completed
·         Analysis of the focus groups data was completed
·         A report of the findings was completed
Significant results/accomplishments/conclusions/recommendations
·         When evaluating the message “Fresh from Florida,” consumers liked the catchy alliteration of the message. They also equated the message as trustworthy, but there was skepticism in the truth of the message.
·         When evaluating the message of “Fresh to you from Florida Farmers,” consumers liked the personal reference and focus on farmers. They also thought it could be limiting in its use.
·         When evaluating the message “Why I buy food from Florida,” consumers thought the message was vague and could vary based on each person. They also thought it lacked trustworthiness.
·         When evaluating the message “Florida food, local and nutritious,” consumers thought it was repetitive and not completely positive. 
·         Consumers thought print advertisements were effective at visually depicting a message with few words. However, some consumers mentioned not paying attention to print advertisements.
·         The consumers mentioned even though a TV advertisement was entertaining, they may not be able to recall the specific product associated with the advertisement, and mentioned fast forwarding or skipping commercials all together as disadvantages to using TV advertisements. 
·         Interactive websites allowed consumers to interact and engage with the content and use relevant information. The consumers mentioned interactive websites were relatable and preferred for receiving information. Also, the consumers who viewed websites were invested in searching for the information. 
·         The consumers thought when creating a message about buying Florida-grown food, communicators should put a face with the farmer, focus on freshness, and emphasize supporting the local economy.
 
Component 2: Deliver the resulting effective message(s) and attributes from component one through different media strategies to a panel of approximately 600 Florida consumers through survey methodology. 
Activities
·         A video, print, and web media component were created for testing in the survey. Each component featured the message “Fresh to you from Florida farmers.”
·         The survey instrument was drafted and finalized         
·         Data was collected in October of 2014
·         1122 individuals provided complete responses to the survey
·         A report of the findings was completed
Significant results/accomplishments/conclusions/recommendations
·         Consumers' past experience buying local food was predictive of their intent to buy local specialty crops
·         Consumers' self-identity/moral obligation was predictive of their intent to buy local specialty crops
·         Consumers' perception of the message was a significant predictor of their intent to buy local specialty crops
·         In regard to the media channels, while one specific media channel was not always predictive of respondents' intent to buy local food, the web media channel was slightly higher, and in some cases a significant predictor, of respondents' intent to buy local food. However, the lack of strong significant results indicates that the message was more important than the communication channel in this research. 
 
Component 3: Develop research-based strategic recommendations and a messaging and media strategies tool to aid specialty crop producers in the promotion of their products.
Activities
·         A webinar sharing findings and recommendations from the research was held in May of 2015. The webinar was attended by 18 individuals representing small farming operations, commodity organizations, communication professionals, and university personnel.
·         A student working on this project completed her dissertation on component 2 of this research. The dissertation provides strategic recommendations based on the findings. The published dissertation can be found at this link http://ufdc.ufl.edu/UFE0047364/00001 
·         A research paper based on findings was presented at the 2015 Association for Communication Excellence in Agriculture, Natural Resources, and Life and Human Sciences Conference. The paper was titled “The Message or the Channel: An Experimental Design of Consumers' Perceptions of a Local Food Message and the Media Channels Used to Deliver the Information.”
·         For the tool to aid specialty crop producers in the promotion of their products, the researchers identified a need for specialty crop producers to have access to materials that cover a wide array of topics covering marketing, communication, and promotion. Therefore, a curriculum was developed and was designed to be delivered by Extension agents or industry organizations to specialty crop producers. 72 curriculum booklets were distributed to Extension and industry personnel working with specialty crop producers. The curriculum is also available for specialty crop producers to access at their leisure. The full six module curriculum that was developed based on the research findings in order to aid specialty crop producers in communicating about and marketing their local specialty crop products can be found at http://www.piecenter.com/training/local/ 
·         The topics covered in the curriculum include: understanding what consumers' think about local specialty crops, understanding what influences consumers' decisions to buy local specialty crops, best words and images to communicate with consumers about local specialty crops, how to deliver communication messages to consumers, and how to talk to consumers about specialty crops. At the completion of all 6 modules, producers will have a promotional plan for their farm and specialty crop products.
·         A paper titled "The Message or the Channel: An Experimental Design of Consumers' Perceptions of a Local Food Message and the Media Channels Used to Deliver the Information" was published in the Journal of Applied Communication, Year 2015, Volume 99, Issue 4. The publication can be found at http://journalofappliedcommunications.org/. This paper was previously presented at the 2015 Association for Communication Excellence in Agriculture, Natural Resources, and Life and Human Sciences Conference and is based on data from component 2. 
·         A presentation and overview of the curriculum was given at the Florida Farm Bureau Federation's Annual Meeting to specialty crop producers. Unfortunately, only 3 specialty crop producers attended the session. 
·         A presentation and overview of the curriculum was given to Class IV of the Florida Fruit and Vegetable Association's Emerging Leader Development Program. The participants of the class included 11 individuals involved in the Florida fruit and vegetable industry.
·         A 4-page insert featuring research from components 1 and 2 and providing an overview of the curriculum was published in the January 2016 issue of the Florida Grower.
o         Florida Grower is a publication aimed at reaching vegetable and citrus growers in the state as well as industry leaders. The publication reaches 12,000 subscribers (Meister Media Worldwide, 2013).
o         Multiple reprints of the insert were sent to all 67 of Florida's County Extension offices to inform both the Extension Agent's and their clientele. 
o         Issues featuring the insert were also distributed at the Florida Citrus Show in late January of 2016.
·         A project description as well as the project reports, webinar, and dissertation associated with this project can be found at http://www.piecenter.com/issues/food/local-food/ under the “Local food messaging & media strategies” tab
·         Promotion, dissemination, and implementation of the curriculum will continue after the close of the grant. A webinar will be held on April 21, 2016 as well as a 2-day workshop June 13-14, 2016. Both events will prepare extension agents and industry communicators to use the curriculum to help specialty crop producers to effectively promote their products.
 
Favorable or Unusual Developments
·         Throughout the course of this project many challenges were faced. The original PI took a new role mid-project and stepped down from the grant. Additionally, in preparation for the first component of the study the researchers realized that the term “specialty crop” meant very little to a consumer audience and many were unfamiliar with the term. Therefore, general messages about Florida produce were tested so that application could be made to any specialty crop. In the survey, the general message was accompanied by visuals and supporting information for Florida blueberries, thus the message was tested in association with a specialty crop. The message and strategy tested can be applied to any specialty crop. Lastly, the tool development in component 3 evolved into the development of curriculum based on the needs identified in the project and through correspondence with industry partners. The development of the curriculum took longer than anticipated and has been disseminated, but not enough time has passed since dissemination to gather impact data. However, despite these challenges much has been learned about effective messages and strategies to promote specialty crops and the curriculum has been well received by those who received it thus far.
Overall Scope
The general message developed in the research could benefit both local specialty crops and local non-specialty crops alike. To ensure that the funds for this project were solely used to benefit specialty crops, the survey used the message in a specialty crop context and the curriculum was developed with an emphasis placed on specialty crops. 
 
Significant contributions and role of project partners
·         The PI and research staff has planned, developed, and executed the research. The original PI, Tracy Irani, changed positions and elected to step down from the grant. Dr. Joy Rumble (Goodwin) assumed the role of PI on this project, while Dr. Telg filled Rumble's previous role as co-PI. The PIE Center outreach coordinator joined the research team in the development and execution of component 3 (Develop research-based strategic recommendations and a messaging and media strategies tool to aid specialty crop producers in the promotion of their products).
·         The Florida Specialty Crop Foundation was instrumental in helping manage the grant and providing feedback on grant components. 
·         Industry representatives were sought out to provide feedback and input on the research components. 
 
 
 
 
	txtGoals08: Goals and Outcomes Achieved
 
Goal 1
·         Goal: To determine the most effective messages and attributes of local specialty crops.
o         The most favorable message identified in the focus group was “Fresh to you from Florida farmers.” The participants liked the personal reference and focus on farmers and expressed the desire to know who grow and produce their food. (NOTE: Please see explanation of message choices in the favorable or unusual developments section)
o         Freshness, quality, and taste were attributes that the participants connected to local specialty crops.
·         Performance Measure: Researchers will test and confirm 3-7 previously developed messages and accompanying attributes with approximately 60 consumers through six regional focus groups. Additionally, a detailed report outlining the most effective messages and attributes of local specialty crops, as determined by Florida consumers will be developed.
o         4 messages were tested in 6 regional focus groups with 51 consumers. A report detailing the most effective messages and attributes to be applied to communication about specialty crops was developed.
·         Target: Identification of a local specialty crop message and local specialty crop attributes that are perceived as favorable by 80% of consumer participants. 
o         Participants in the focus groups discussions perceived the message “Fresh from you to Florida Farmers” most favorably. Twenty-four out of 51 participants, or 47%, discussed this message as favorable. Freshness, quality, and taste were attributes that 74.5% focus group participants connected to local specialty crops.
o         The target for this goal was not met. The low favorability (47%) associated with the most liked message may suggest that further segmentation of audiences is needed to target message attributes to specific audiences rather than trying to use one message to reach a diverse audience. The most favored attributes came in just slightly below the 80% target.  
 
Goal 2 (As revised in the 2014 annual report)
·         Goal: To identify effective media strategies to communicate the local specialty crop message and attributes identified in Research Component 1.
o         All media channels resulted in positive intentions to buy local specialty crops. 
·         Performance Measure: Track consumer participants' intentions to buy local specialty crops throughout the survey for each media strategy.
·         Target: As detailed in the 2014 annual report, this target was revised: Due to concerns with question sensitization that could occur by asking participants about their intent before and after the message treatments, the researchers elected to only ask about intent after the participants saw the message. If the pre and post test design was kept, changes in intent could have been due to familiarity with the questions rather than actual changes in intent. Therefore, the target was revised to “70% of respondents who report intent to buy local specialty crops after seeing their assigned message treatment.” 
o         After seeing the media strategies for Florida blueberries, over 80% of respondents for each media strategy (84% print, 86% video, 83% web) indicated that they intended to buy Florida blueberries when available. Thus, the target of 70% was exceeded. 
o         In addition, at the beginning of the survey 54% of respondents indicated that they buy local food weekly (local food used because specialty crop is not a familiar term to consumers). Intent to buy local food weekly after the media strategies were presented was between 54% and 57%. This shows that the media strategies had very little impact on intent to buy local food in general, but when asked about the specific specialty crop featured in the media strategies, intent to buy that specialty crop was high. Thus, the results show that a general message tailored to a specific commodity with additional information and a visual of that commodity can be effective in increasing intent to buy that commodity. 
 
Goal 3
·         Goal: Promote effective messaging and media strategies, recommendations, tool, webinar, website and workshops to Florida specialty crop producers. 
·         Performance Measure: The PIE Center team will track the use of the tool and website and also track attendance for the webinar and workshops. An evaluation of the tool will also be conducted at the workshops to measure specialty crop producers' intent to implement the research-based recommendations and strategies.
·         Target: 10% of specialty crop producers express intent to implement recommendations and strategies, workshops attended by 25 specialty crop producers and industry representatives, website visited by 100 people in first month, webinar attended by 50 specialty crop producers and industry representatives, tool accessed online by 25 people.
o         The live webinar attendance did not meet the goal of 50 specialty crop producers and industry representatives (n = 18). However, the webinar is archived and website visitors are able to view the webinar. To date 31 people have viewed the archived webinar. Data is not available to classify the type of people viewing the webinar.
o         Of the 14 individuals who were presented with the overview of the curriculum so far, 13 (92.9%) have indicated that they plan to implement something they learned from the presentation and 11 (78.6%) plan to attend a workshop that presents the full curriculum. 
o         The webpage hosting the curriculum went live on March 15, 2016 - http://www.piecenter.com/training/local/. In the two weeks since then, the curriculum webpage has been visited 103 times, exceeding the goal of 25. The average time spent on the curriculum webpage is 6 minutes and 10 seconds, which would allow sufficient time for visitors to download the materials. 
o         The webpage that hosts the project research reports, under the “Local food messaging & media strategies” tab has been viewed 86 times since February 1, 2016. Due to a restructuring of the host website accurate numbers since the posting of the project are not available. While it cannot be guaranteed that webpage has been visited by 100 people, it is expected that it has been accessed by more than 100. http://www.piecenter.com/issues/food/local-food/
o         The target of workshops being attended by 25 specialty crop producers and industry representatives has not been met as only 14 individuals have attended thus far. However, promotion, dissemination, and implementation of the curriculum will continue after the close of the grant. A webinar will be held on April 21, 2016 as well as a 2-day workshop June 13-14, 2016. It is anticipated that between the two events 40 people will be reached.
o         Despite the delay in the curriculum release, since the release many individuals have expressed interest in the curriculum. The researchers have been approached by an industry organization who would like to sponsor workshops with specialty crop producers in late fall 2016, or early spring 2017. In addition, six extension faculty have contacted the researcher to inquire about the curriculum and have expressed intent to incorporate the curriculum into their programming with specialty crop producers.
 
 
 
	txtBeneficiaries08: Beneficiaries of this project outlined in the proposal included Florida specialty crop producers, specifically fresh market vegetable and melon producers and fresh market citrus growers. Consumers are an additional beneficiary of the project.
 
Specialty Crop Producers
Florida's specialty crop producers, including, the some 447 fresh market vegetable and melon farms (Source: 2007 Census of Ag), and the fresh market citrus growers who produce over 16 million boxes of citrus (Source: Citrus Administrative Committee) have benefited from this research by increased understanding consumer perceptions of communication about local specialty crops and how to effectively communicate and promote their farms and products. In addition, producers have the potential to benefit from a promotional plan developed for their farm as a result of the curriculum. Specialty crop producers were made aware of the project results through the mailing of the insert in the Florida Grower, distribution of the inserts at industry events, through the project webpage, through the curriculum webpage, presentations at FFBF and FFVA, webinar, and through the Florida Specialty Crop Foundation. In addition, it is anticipated the specialty crop producers will continue to be reached by the research and curriculum through planned workshops to be conducted later in 2016 as well as localized extension programming.
 
Consumers
Consumers indirectly benefited from this research. Through increased understanding of consumer perceptions and how to communicate with consumers about local specialty crops it is anticipated that the number of consumers aware of opportunities to purchase local specialty crops will also increase. This will benefit consumers looking for local specialty crops. 
 
	txtLessons08: Throughout the course of the project the research team experienced the following problems or delays. 
·         The original PI, Tracy Irani, changed positions and elected to step down from the grant. Dr. Joy Rumble (Goodwin) assumed the role of PI on this project, while Dr. Telg filled Rumble's previous role as co-PI.
·         Researchers were unable to use the term “specialty crop” in message testing due to unfamiliarity and/or lack of meaning of the term among a consumer audience. Consumers are unable to identify a specialty crop from a non-specialty crop. As a result general messages about Florida produce were tested so that application could be made to any specialty crop. In component 1 the messages were tested to identify the effectiveness and attractiveness of the words only. In component 2, the most favored message was incorporated into different media (video, print, and web). All three media included visuals of and supporting information for Florida blueberries, thus the message was tested in association with a specialty crop. The message and strategy tested can be applied to any specialty crop. Since the approved project did not specify a specialty crop to focus on, the researchers chose to develop and test general messages that could be used for a variety of specialty crops through the incorporation and images and supporting information relative to that specialty crop.
·         The target for Goal 2 was “A 20% increase, from the beginning of the survey to the end, in consumer participants' intentions to buy local specialty crops as a result of an effective media strategy.” Due to concerns with sensitization through asking participants about their intent before and after the message treatments, the researchers elected to only ask about intent after seeing the message. Therefore, the target was revised to “70% of respondents who report intent to buy local specialty crops after seeing their assigned message treatment.” 
·         Due to a delay in the curriculum development and dissemination a no cost extension was submitted and the project was extended. This extension allowed researchers to finalize the curriculum and begin dissemination of the curriculum. The researchers underestimated the time required to develop and disseminate the curriculum.
 
The project team learned that the importance of being flexible and being persistent in the discovery process. Flexibility and persistence was important in the development of the messages as well as the curriculum. In regards to the curriculum specifically, the project team learned that to get an ideal product many revisions and patience is needed. The curriculum evolved and changed throughout development, but the end product represents the project well, is easy to follow, and provides recipients of the curriculum with several take-away points and resources to improve their operation and promotion of their products. Although, we fell short on some of our dissemination measurable outcomes, we learned that the work done in a grant project should not just end with the grant, but should continue to be shared and disseminated as long as it is relevant. Continued dissemination is planned for the curriculum. 
 
Unrelated to the challenges faced, the project team learned that “specialty crops” is not a term that resonates with consumers. They also learned that TV advertisements no longer resonate with many consumers as technology allows them to skip the advertisements or stream television without commercials. Additionally, the research team learned that the actual message being communicated about a specialty crop product is more important than the media channel. The message can be general in nature, but the imagery and supporting context should be specific to a certain specialty crop. When this is done, intent to purchase the highlighted specialty crop increases. On the other hand, intent to purchase local produce in general does not increase under these circumstances. Therefore, in communication the message can be general, but the context and imagery should be specific to a specific specialty crop commodity. All of these lessons and more have been incorporated into the curriculum to help specialty crop producers better communicate with their customers. 
 
 
	txtProjectTitle09: Reducing Costs with Cultivars and Production Systems for Compact-growth Tomato
	txtPartners09: University of Florida:
Gulf Coast Research & Education Center
Horticultural Sciences Department
 
Florida Specialty Crop Foundation
 
 
	txtSummary09: Tomato Production and Hand Labor Costs. Tomato production in Florida occurred in about 30,000 acres, reporting average gross sales of approximately $440 million over the last seven years. The tomato industry is facing tremendous pressure from foreign competition, particularly from Mexico. An important competitive advantage of Mexican produce lies in its low labor cost. In addition, labor shortage is another serious issue threatening the industry. Over the past decades, vegetable farms have relied on foreign workers for the field work. However, Mexican worker supply is tightening and the U.S. is facing dwindling foreign labor supply, which is shrinking the available pool of Mexican and other farm workers. This situation is posing serious threats and challenges to the industry, and it is sending a message that cost-effective labor solutions are vital for the industry survival. A likely solution is to use less labor by investing in labor-saving technologies. A large share of the production costs of round tomato is devoted to practices, such as tying, staking, pruning, and harvesting. These activities require significant hand labor, which is estimated in $150-$250/acre for pruning, tying, and staking, and $5000-$6500/acre for harvesting. 
 
Mechanical Harvest and Compact-Growth Habit Tomato Cultivars. Mechanical harvest of tomatoes was first tested in the state in the early 1970’s upon the release of ‘Florida MH-1’ (MH-1) by the University of Florida (UF) tomato breeding program. MH-1 was not a compact-growth habit (CGH) cultivar, but was amenable to mechanical harvest because it combined fruit firmness together with jointless pedicels in a somewhat concentrated fruit setting background. The UF tomato breeding program has maintained an effort to develop new cultivars that require lower inputs. A project to breed for ground tomatoes, which would require no staking or tying, began in the late 1980s. In 1997, the direction of the ground tomato project shifted towards a CGH vine. Also, CGH tomatoes require no pruning and vines cover the polyethylene-mulched bed without growing into the row middles. To our knowledge, the UF tomato breeding program is the only program in the world that is pursuing the goal of developing CGH, mechanically-harvestable tomatoes. 
Many of the early jointless CGH lines were susceptible to the physiological disorder “graywall”, and although progress is being made toward developing improved CGH inbreds with graywall resistance, this sensitivity is a problem that needs to be addressed. Additionally, the jointless-pedicel trait brings along with it a number of breeding challenges, including poor fruit set under warmer temperatures. For this type of tomato to be successful in the early fall Florida season, heat-tolerant setting ability needs to be improved. 
 
The CGH trait is conferred by the gene, br, which results in vines that have a 50%-60% reduction in internode length and more branching than normal-growth habit cultivars. Furthermore, the UF tomato breeding program has sought to develop CGH tomatoes with concentrated fruit setting and jointless pedicels for mechanical-harvest, which do not require pedicel removal after harvest. Jointless pedicels are essential for mechanical harvesting to avoid fruit being punctured or bruised by stems that remain attached to fruit during harvesting, transportation, and packing. Currently, more promising CGH lines emerged including Fla. 8916 and the sister lines Fla. 8916a and b, which have had yields similar to those obtained with the staked, commercial ‘Florida 47’ tomato in preliminary tests at GCREC and on a grower farm. 
One advantage of this approach is that there are already commercially-available harvesters in the U.S. that may be adaptable for CGH tomato cultivars (http://www.tomatoharvester.com and http://www.ramsayhighlander.com). Therefore, this project will enable growers to make a rapid transition to this technology.  
 
This proposal satisfied the following Florida SCBGP priorities (see ‘Potential Impact’):
a) Immediate benefit to the public/industry.
b) Increase the sales and marketability of Florida commercially grown specialty crops. There is a need to develop tomato cultivars that are suitable for machine harvesting. Therefore, the overall goal of the project is to develop commercial, economically-feasible CGH tomato cultivars and the cultural practices associated with them. 
 
The specific objectives were:
1. Improve jointless-pedicel CGH tomato germplasm;
2. Determine the most appropriate cultural practices (e.g. fertilization, planting densities) for CGH tomato lines;
3. Assess the labor efficiency during mechanical harvest of CGH cultivars; and
4. Evaluate the feasibility and profitability of adopting CGH cultivars and mechanical harvesting technology.
	txtApproach09: Objective 1. Improve jointless-pedicel CGH tomato germplasm. 
Activity 1.1. Development of improved CGH parents and hybrids for use in mechanical harvesting. 
During the course of this project, more than 1,000 breeding lines were developed and evaluated in the field at GCREC and/or on a grower farm in Homestead. Lines with better horticultural characteristics were selected and advanced to the next generation. Several advanced selections performed well with respect to yield of extra-large, defect-free fruit and were/are being used for hybrid development. Included among these is the inbred line, Fla. 8924, which is among the top CGH lines developed in the breeding program to this date so far.
A mapping study to locate the br gene was begun in spring 2014. This study was successful in locating the br gene on chromosome 1. Molecular markers linked to the br gene have been developed, and fine-mapping of this gene is currently being completed.
Sequencing of several jointless pedicel breeding lines allowed the development of a molecular marker linked to the j2 gene for control of jointless pedicels. This marker has been successfully utilized in the breeding program since spring 2015 as a marker assisted selection (MAS) tool to aid in the development of jointless pedicel CGH inbreds and hybrids. 
 
Activity 1.2. Development and testing of CGH hybrids. 
 
More than 150 new CGH testcross hybrid have been made and evaluated in the field at GCREC and in Homestead during the course of this project. Although some of these hybrids have performed well at times, none have consistently demonstrated acceptable yields. This demonstrates some of the challenges with breeding CGH, j2 tomatoes, and it highlights the need to continued breeding efforts to identify inbreds and hybrids with resilient performance. 
 
Activity 1.3. Integration of desirable traits into hybrids
Marker assisted selection (MAS) was used in a parallel backcrossing scheme to incorporate the following resistance genes into Fla. 8916 and Fla. 8924 CGH backgrounds: Ty-1, Ty-3 and Ty-6 for TYLCV resistance; Frl for resistance to Fusarium crown rot; and Sw-5 and Sw-7 for resistance to TSWV and other tospoviruses. MAS was also used to select for combinations of these resistance genes during the development of other CGH breeding lines. Currently, one or more of these key disease resistance genes have been advanced into nearly 50% of the UF/IFAS CGH breeding materials. These resources are currently being used for continuing UF/IFAS CGH breeding efforts. 
To investigate genetic control of graywall resistance, we conducted a large trial for evaluation of three recombinant inbred line (RIL) populations, each segregating for graywall resistance. The trial was conducted in South Florida in winter 2014-2015. Severe graywall pressure in the trial enabled us to successfully phenotype and evaluate graywall incidence and severity and to select 123 RILs (72 resistant and 51 susceptible RILs) for genotypic analysis and mapping of resistance loci. Genotyping of these populations has identified a resistance locus that is effective in one of the three populations. Efforts to fine-map this locus have begun, and research to identify the controlling locus/loci in the other populations is continuing. These results will provide a tremendously useful resource to tomato breeders in Florida --where resistance to graywall is important for both CGH and conventional tomatoes, alike. 
 
Objective 2. Determine the most appropriate cultural practices for CGH tomato lines.
Activity 2.1. Evaluation of optimum in-row distances. 
We established field trials in four seasons from Fall 2014 to Spring 2016 to test three in-row distances (12, 18, and 24") under the drip fertilization system on the performance of two CGH inbred lines (Fla. 8916 and Fla. 8924) and one commercial cultivar (Florida 47). All plants were grown unstaked. With 12" in-row spacing, both cultivars showed more elongated shoot growth than wide plant spacing. In all seasons, regardless of in-row spacing, Fla. 8916 and Fla. 8924 had higher yields than Florida 47 by up to 45% and 91%, respectively. Although reducing in-row spacing decreased yield per plant basis, it increased yield per area basis by up to 65% for Fla. 8916 and 58% for Fla. 8924. The maximum yield of Fla. 8916 and Fla. 8924 was 80 and 91 t/ha, respectively, demonstrating high productivity even when grown unstaked. In addition, the results suggest that both CGH inbred lines can be adapted to close in-row spacing to maximize yield per area basis and resource use efficiency.
 
Activity 2.2. Assessment of early nitrogen rates
We established field trials in four seasons from Fall 2014 to Spring 2016 to test five nitrogen (N) fertilization rates ranging from 50 to 320 lb/acre on the performance of two CGH inbred lines (Fla. 8916 and Fla. 8924) and one commercial cultivar (Florida 47). Different amounts of N were applied via pre-plant band application or drip injection. All plants were grown unstaked using 18" plant spacing. At the fruit setting stage, plant height was generally unaffected by N rate, whereas leaf chlorophyll index increased linearly with increasing N rate. Similarly to the in-row spacing study, two inbred lines had higher fruit yields than Florida 47. Fla. 8924 showed the highest yield increases with increasing N rate in a linear fashion, whereas Fla. 8916 and Florida 47 showed limited yield increases or even yield reductions at higher N rates in some seasons. Furthermore, yield was more responsive to N rate when applied via drip injection compared with pre-plant band application. These results suggest that the best fertilization practice to maximize fruit yield of CGH inbred lines is to apply at least 270 lb of N/acre via drip injection during the growing season. Fla. 8924 consistently showed higher yield potential than Fla. 8916 especially at higher N fertilization rates.
 
Fruit ripening rates and selected quality parameters were determined at table-ripe stage over two seasons.
 
Objective 3. Assess the labor efficiency during mechanical harvest of CGH cultivars.
Activity 3.1. Comparison of harvesting efficiency using machinery and hand labor. 
To achieve this objective, we conducted timing studies during the project period to determine labor efficiency of harvesting conventional and CGH tomatoes. 
 
We first conducted timing studies for harvesting conventional round tomatoes to determine workers' efficiency. Tomato quantities and size are different depending on harvest times, which affect picking efficiency. Therefore, we visited farms at different times to cover all four harvests for one season on a commercial farm in Southwest Florida. We recorded the times for workers to fill the picking bucket, walk to the truck to have the bucket dumped, and return to the picking place in the row. The harvesting efficiency of the entire crew was recorded. Timing data for all four harvests were summarized and compared.
 
We continued conducting timing studies for compact tomato harvest. The harvest was observed on the trial field at the Gulf Coast Research and Education Center. 6 pickers for commercial farms were hired to harvest. Like harvesting conventional round tomatoes, we recorded the times for workers to fill the picking bucket, walk to the truck to have the bucket dumped, and return to the picking place in the row. The harvesting efficiency of the entire crew was recorded. 
 
We compared labor efficiency between hand-harvesting compact vs. conventional tomatoes. The time for each harvest step (fill the picking bucket, walk to the truck to have the bucket dumped, and return to the picking place in the row) and total time of each cycle are compared respectively for these two tomato varieties. 
 
Objective 4. Evaluate the feasibility and profitability of adopting CGH cultivars and mechanical harvesting technology.  
Activity 4.1. Conduct a survey on cost structure. 
To achieve this objective, we conducted survey and applied economic approaches to evaluate the feasibility and profitability of adopting CGH cultivars.
 
Activity 4.2. Determine the cost and benefit relationship. 
We updated an earlier study by VanSickle (2009) on the cost structure of tomato production by adjusting for inflation. The updated data and the cost information from growers and extension agents were summed up to estimate the budget expense categories and
total estimated production costs per acre.
 
Activity 4.3. Evaluate the capital investment. 
Since the new cultivars will save labor costs, we focused on collecting labor data for the conventional cultivars. We visited commercial farms in the harvesting season to record labor input and interviewed farm managers on wage rates. Picking labor costs, the general labor costs, were estimated. Labor costs during other operation practices are also estimated. We compared labor costs of producing conventional vs. compact growth tomatoes.
 
	txtGoals09: Goal 1: Objective 1. Improve jointless-pedicel CGH tomato germplasm.
 Performance Measure: Progress will be made toward the development of second generation hybrids with value added traits but time will not permit this. Secondary breeding goals will be to develop molecular markers linked to brachytic, jointlessness, and graywall resistance. These markers will be useful for future development of improved CGH and other types of tomato cultivars.
 
Benchmark: The major breeding goal is to develop a commercially-acceptable tomato hybrid that can be once-over mechanically harvested. This will require the development of parental inbreds to make such a hybrid. Inbred Fla. 8916b provides a benchmark for once-over yield in a GCREC experiment and on a grower farm.
 
Target: During the course of the grant, the inbreds will be used in experiments to determine the best production practices in different locations (Dade and Hillsborough counties) and seasons. The inbreds will also be grown in rather large grower trials to evaluate their performance under commercial conditions.
 
The long term goal of this project was the development of commercial CGH tomato hybrids. Although we did not succeed in identifying CGH hybrids that are ready for commercial release, very significant progress toward this outcome was achieved:
1.  Development of Fla. 8924 --a CGH inbred line that is among the very best of all CGH materials developed so far (for yield, concentrated fruit set, and fruit size), and which has demonstrated good combining ability in hybrid testing. 
2.  Significant progress was made toward the development of other improved CGH parental inbreds --specifically through the incorporation of resistance genes for several important diseases (i.e. Ty-1, Ty-3, Ty-6, Frl, Sw-5, Sw-7). These materials are currently providing a valuable resource for ongoing CGH breeding efforts. 
3.  The br gene controlling the compact growth habit trait was successfully mapped, and linked molecular markers have been developed. These markers will be useful for accelerating the selection of plants carrying the CGH trait.
4.  Markers linked to the j2 gene controlling jointless pedicels were developed and are now being used to select seedlings that carry this trait. This improves breeding efficiency by up to four-fold, since j2 is a recessive gene, and only 25% of the plants from segregating populations express the trait; typical breeding approaches rely on selection for this trait at crop maturity, but we can now identify plants carrying the trait prior to field planting.
5.  A trial for evaluating response to graywall (GW) in three mapping populations was successfully conducted. One GW resistance gene has been located, and research to locate a second gene is underway. The identification of these genes represents a major accomplishment which will provide a tremendous benefit to tomato breeders ion the development of both CGH and conventional varieties.
Goal 2: Determine the most appropriate cultural practices for CGH tomato lines.
Performance Measure: Data from three studies will be collected and analyzed to assess the best cultural practices to maximize the genetic potential of the lines, and at least one presentation in a growers' meeting and one outreach paper will be prepared and delivered.
 
Benchmark: Preliminary studies conducted in 2011 and 2012 with diverse CGH tomato lines have shown that each promising breeding line is unique and it needs to be studied in detail to determine the appropriate in-row distances and early irrigation and nitrogen fertilization to ensure fast establishment and initial growth.
 
Target: The promising CGH lines will be studied prior to release to the public.
 
We determined the most appropriate in-row spacing and N fertilization practices for CGH tomato lines. The following recommendations were developed based on marketable and X-large size fruit yields.
1.  Field trials under different cultural practices identified that Fla. 8924 has higher yield potential than Fla. 8916 especially at higher N fertilization rates.
2.  CGH inbred lines were identified to be adapted to narrow in-row spacing. As opposed to traditional plant spacing ranging from 18 to 24”, transplants of CGH inbred lines can be planted at 12” spacing to maximize fruit yield and resource use efficiency.
3.  Nitrogen fertilization recommendations for CGH inbred lines were developed. The optimum N rate is 270 to 320 lb/acre. Drip injection is more effective than pre-plant band application to increase fruit yield by increasing N fertilization.
4.  There were no significant differences in ripening rates and table-ripe fruit quality due to the treatments.
 
Effects of cultural practices on tomato fruit quality. 
Three tomato cultivars (8924, 8961B and Florida 47) grown under two nitrogen regimes (60 and 240 lb/A) were harvested at mature green stage on December 9th, 2014 and May 6th, 2015 from UF/GCREC.  There were 4 field plots per cultivar and nitrogen rate.  About 15 tomatoes from each plot were harvested into bags and transported to the UF Postharvest Laboratory in Gainesville for quality analysis. Tomatoes were immediately transferred into mesh bags and placed in ripening chambers (100 ppm ethylene) for 3d at 20°C.  After ripening was initiated, tomatoes were removed from the mesh bags and sorted by color stage then placed at 20°C until they reached full red stage.  At full red stage firmness was measured using a deformation meter (1 kg-force applied for 5 seconds at the fruit equator) then tomatoes were placed back at 20°C.  After tomatoes reached red/soft stage color was measured, then tissue was frozen for analysis of total soluble solids (°Brix), total titratable acidity (citric acid %) and pH.
 
1.  The majority of tomatoes from all cultivars and nitrogen rates reached full red stage by 8 to 9 days after harvest (DAH) and soft stage by 10 to 12 DAH. 
2.  Deformation readings ranged from 8.5 to 11.3 (in 1/100th inch; the larger the value, the softer the fruit) at 8 DAH and 6.5 to 11.0 at 10 DAH in 2014 and 5.43 to 7.86 at 7 DAH and 5.83 to 7.67 at 9 DAH in 2015. 
3.  External and internal a* color was similar for all treatments in 2014 at 10 DAH (external =23.93 and internal =21.70) and in 2015 at 12 DAH (external =28.98 and internal =25.66). 
4.  Compositional analysis results were similar for all treatments.  The following values represent the mean for 2014 and 2015 respectively; °Brix=3.8, TTA=0.35 and pH=4.4; °Brix=4.4, TTA=0.27 and pH=4.4. Overall, the 2014 and 2015 tests had similar results with no effect from cultivar or nitrogen rate on ripening and tomato fruit quality.
 
Goal 3: Assess the labor efficiency during mechanical harvest of CGH cultivars.
Performance Measure: Data from the studies will be collected and analyzed to assess the harvesting efficiency of the machine in comparison with hand picking, and at least one presentation in a growers' meeting and one outreach paper will be prepared and delivered.
 
Benchmark: Preliminary studies conducted in 2008 and 2012 with harvesting-aid machinery with tomato and bell pepper determined that harvesting efficiency increases between 30% and 45%.
 
Target: Those machines still require labor utilization and do not provide the almost-total hand labor replacement that mechanical harvest machines offer. Therefore, it is expected that more savings will occur. One of the mechanical harvest machines will be brought from one of the California suppliers and tested at least three times.
 
We conducted four harvest timing studies during conventional harvest of round tomatoes on the same commercial farm in Southwest Florida. The picking timing includes the times for workers to fill the picking bucket, walk to the truck to have the bucket dumped, and return to the picking place in the row. Data on labor efficiency of hand-harvesting conventional tomatoes have been analyzed and summarized. 
 
The time of completing one picking cycle increases over harvest times. Pickers need 74, 84,122, and 140 seconds to complete one picking cycle in four harvests, respectively. Male pickers are more efficient than female pickers, and the difference narrowed down in later harvests. Male pickers need 73, 82, 119, and 139 seconds to complete one picking cycle in four harvests, while female pickers need 78, 87, 133 and 142 seconds. In the first three picks, picking cycle of male workers is 8% less than that of female workers. But in the last pick they had similar picking speed because there were fewer (and smaller) tomatoes to be picked. Pickers closer to the truck spend less time in walking. Non-filling times (walking to truck and returning to the row) were compared for pickers at closer, middle, and farther rows and for different harvests. 
 
For the compact growth tomatoes, all tomatoes were harvested only once. Since tomatoes stayed on the beds, it took pickers longer time to finish one picking cycle. On average, it took pickers an average of 131 seconds to fill the picking bucket, while the total picking cycle took 149 seconds. Similarly, pickers closer to the truck spend less time in walking. Non-filling times are different  for pickers at different distances away from the truck. 
 
The research results show that compact growth tomatoes take longer time to pick than conventional tomatoes, suggesting hand-harvesting compact tomatoes is less efficient than harvesting conventional tomatoes. The report has been prepared for submission to the UF/IFAS EDIS system.
 
Goal 4: Evaluate the feasibility and profitability of adopting CGH cultivars and mechanical harvesting technology.
Performance Measure: The increased efficiency, labor productivity, and profitability are all measureable. The results from this research will be published in at least one peer-reviewed journal and presented in a grower-oriented event.
 
Benchmark: As a result of Objective 3, the project will reduce labor requirement.
 
Target: It is expected that labor use will be reduced by 33%-50%, which will not only address labor shortage, as well as reduce demand for and use of illegal labor, but also increase the efficiency and profitability of tomato farms.
We completed the cost structure report. The information was presented at the Ag Expo extension event in November 2015. We estimated production costs of round tomatoes. Cost savings of adopting CGH cultivars were derived. Two main cost savings are material saving and labor saving. Materials savings include those on stakes, plastic strings, fertilizers and pesticides. The material cost saving is about $500. Labor saved includes labor used for driving stakes, pruning plants, tying plants, disposing strings and stakes. The savings on labor (excluding picking) are about $490.
 
However, hand harvesting costs of CGH tomatoes are higher than those of conventional tomatoes since the former's harvest efficiency is lower. Data in timing studies suggest that in one typical workday a standard picking crew can pick Harvest 1: 4,752, Harvest 2: 4,320, Harvest 3: 2,880, and Harvest 4: 2,448 buckets of conventional tomatoes and receive payment of H1: $3,071, H2: $2812, H3: $2,380, and H4: $2,056.  We assumed a 30% cull rate. Therefore, to produce 1,500 cartons/acre (25 lbs of marketable tomatoes per carton), with 700, 500, 200, and 100 boxes from four harvests, growers would have to pay workers a total of $1,220. 
Overall, hand harvest of compact growth habit tomatoes could save $850 in terms of production costs over conventionally grown, staked tomatoes.
 
 
	txtBeneficiaries09: This project would impact the whole round tomato industry in the state (30,000 acres), which represent an average of around $440 million per year in gross sales based on statistics from the last seven years. This project would also disseminate its results through presentations and demonstrations of the technologies in growers' conferences and fields. Specifically, the project would:
 
a) Reduce hand labor inputs for tomato production: Using CGH tomato cultivars and harvesting machinery is expected to drastically reduce labor needs, while also eliminating the need for staking, tying, and pruning (current costs = $150-$250/acre).
 
b) Reduce costs and environmental carbon footprint during production season due to pesticides, fertilizers, and irrigation: CGH cultivars have shorter seasons than conventional round tomato, needing about 8 to 9 weeks to harvest in comparison to 12 to 13 weeks. It is estimated that this would save approximately 3 to 5 weekly applications of fungicides and insecticides ($30-$50/acre per application), about 100 lb of fertilizer ($30-$50/acre), and between 3 to 5 weeks of daily irrigation (20,000-30,000 gal/acre per week of water) with Diesel or electric pumps ($20-$30/acre per week of fuel).
 
c) Improve land utilization and production efficiency: Because of the shorter growing season of CGH cultivars, growers would be able to plan their production more flexibly at times when prices are expected to be the highest. For instance, tomato growers currently plant tomato in west-central Florida in mid- to end of January, when the coldest temperatures are expected, in hope to catch early markets but risking losing plants to a freeze. With CGH cultivars, growers could wait 2 to 3 weeks later to plant and still harvest for the same market window.    
 
d) Reducing material and hand labor inputs for tomato production: Using CGH tomato cultivars is expected to reduce material and related labor costs since the need for staking, tying, and pruning is eliminated. Material cost is estimated to be $127 lower and labor cost is $490 lower. 
 
e) Reducing costs and environmental carbon footprint during production season due to pesticides and fertilizers: CGH cultivars have shorter seasons than conventional round tomato, needing about 8 to 9 weeks to harvest in comparison to 12 to 13 weeks. It is estimated that this would save approximately 3 to 5 weekly applications of fungicides and insecticides ($30-$50/acre per application), about 100 lb of fertilizer ($30-$50/acre). The total cost saving is estimated at $375 per acre. 
 
Total beneficiaries: 800 (Ag Expo) + 150 (Tom Institute) + 150 (Tom Institute) + 40 (FL Seed Assoc) + 20 growers = 1160 throughout life of grant.
 
	txtLessons09: Cool temperatures early in the spring 2014 season resulted in severe blossom-scar defects and a high percentage of unmarketable fruit among many of the advanced CGH breeding lines. Similarly, a fall season with very heavy graywall pressure resulted in very high percentages of unmarketable fruit among CGH breeding materials that lacked resistance. These incidents taught us that there is minimal tolerance for fruit defects in CGH materials with concentrated fruit setting. 
 
Observations made from grower trials indicated that performance of CGH inbreds and hybrids was occasionally good but highly inconsistent. It was often the case that plants were excessively vegetative and lacked adequate fruit set. Together with our results from experiments testing different fertilizer rates, this illustrated that CGH tomatoes are particularly sensitive to over-fertilization. Thus, maintaining a prper balance between vegetative and reproductive growth early in the season is critical for CGH tomatoes.
 
Excessive rainfall in Homestead during winter 2015-16 and herbicide injury at GCREC in spring 2016 resulted in our inability to obtain very useful information or make meaningful progress with CGH breeding efforts. These simply illustrate on of the challenges with working with field-grown crops, and we have no solution for avoiding such problems in the future. 
 
The field trial conducted in Fall 2015 to evaluate different N fertilization rates under the seepage irrigation system did not provide reliable data, as there was a movement in N applied via pre-plant band application   across treatment plots because of raised water table. Fertility trials under the seepage irrigation system need to be designed in a large scale to prevent this treatment contamination.
 
For objectives 3 and 4, since mechanical harvesters were not available for the project, we could not compare harvesting efficiency difference between machinery and hand labor. Hand harvesting compact tomatoes has no efficiency advantage and therefore will not reduce labor costs for the same amount of picked tomatoes.  We expect that mechanical harvesting technology will be critical for adoption of CGH cultivars. Use of harvest assist platforms (harvest aids) are an intermediate means for reducing harvest labor costs while true mechanical harvesters are being developed for tomato. In the future, research should focus on harvest efficiency of machinery as it becomes available and resultant cost savings. 
 
	txtContact09:  
For Florida Specialty Crop Foundation:
Sonia Tighe, Executive Director, Florida Specialty Crop Foundation and Project Manager
Office: (813) 975-8377
Sonia.Tighe@ffva.com
 
For University of Florida:
Steven A. Sargent, Ph.D. and P.I.
Office: 352-273-4780
sasa@ufl.edu
 
 
Additional Information:
  
The annual Tomato Breeders Roundtable Conference was attended in Mills River, NC on September 14-17, 2014.  Hutton's presentation, entitled `Progress toward developing mechanically-harvestable, fresh market tomatoes,' provided an update on development of CGH parents and hybrids. Postdoctoral researcher C. Kennedy's presentation, entitled `Progress in the mapping of traits important to the mechanical harvesting of compact growth habit tomatoes,' informed academic and private sector breeders about mapping of the br gene, and progress toward developing markers for the j2 gene and for graywall resistance.
 
At the Florida Ag Expo, in November 2014, over 50 growers and participants were educated on the development of cultural practices for CGH tomatoes in the field tour.
 
At the Florida Ag Expo, in November 2015, over 100 growers and participants were educated on opportunities and challenges associated with the development of CGH tomatoes for mechanical harvest. 
 
On June 8, 2016, an overview of CGH tomato breeding efforts and results from the spring 2016 CGH hybrid trial were presented to 50-60 growers, seedsmen and vegetable/agronomic crop reps at the Florida Seed Association seminar.
 
	txtProjectTitle10:  Mechanism and control of citrus preharvest drop related to HLB
 
	txtPartners10: 
	txtSummary10: Citrus trees have a natural preharvest drop that varies year to year presumably due to weather and tree conditions. The relative amount of drop is set before harvest and drop continues as harvest is delayed. This past citrus harvesting season preharvest drop reached unprecedented levels, presumably due to the huanglongbing (HLB) disease caused by Candidatus Liberibacter asiaticus (Clas), and the National Agricultural Statistical Service had to  reduce its yield estimate by 11% (150 mil. USD). This loss is expected to increase as more Valencia fruit drops. Not all grove blocks have been dropping excessive amounts of fruit. Almost all grove owners use some kind of enhanced spray program. The reasons for some blocks not having excessive drop need to be determined. Citrus fruit usually drop due to some stress which triggers ethylene production that causes fruit abscission.  Possible reasons for this include water stress, reduced carbohydrates or some toxic agent from Clas. Grower production practices that may account for variation in drop include irrigation, fertilization, weed control and ingredients in their foliar spray program.  All of these factors will be evaluated to provide growers with solutions to the excessive fruit drop problem, which is significantly reducing yields and their profits.
Preharvest fruit drop reached unprecedented levels during the 2012-2013 citrus growing season; presumably due to the effects of huanglongbing (HLB, a.k.a. "citrus greening") a rapidly spreading bacterial disease caused by Candidatus Liberibacter asiaticus (Clas) and spread by the non-native Asian Citrus Psyllid. These diseased trees are in all FL counties producing citrus and almost all grove blocks have shown declines in overall yields. Yield reductions are expected to increase in 2013 as more fruit is dropping to the ground in late harvest Valencias.  Citrus trees have a natural preharvest drop that varies year to year presumably due to weather and tree conditions.  The relative amount of drop is set before harvest and drop continues at a more or less constant rate as harvest is delayed.
 
	txtApproach10: Trees showing the most severe HLB symptoms usually have the greatest amount of drop. Frequently these trees often may have more diseases than just HLB, including citrus blight which is a serious disease affecting many of the HLB positive trees. The combined effects of these two diseases, as well as the effects of each disease on its own, should be determined to fully assess the amount of fruit drop caused just by HLB. All test trees need to be diagnosed to be sure that HLB effects are being corrected and not those of another disease. Historical data is available from NASS for preharvest drop rates over the past 20 years. These can be evaluated against weather and bloom data to determine what factors have lead to high and low preharvest drop years in the past. Preliminary evaluation of the past 6 years suggested that early bloom and hotter fall temperatures lead to higher preharvest drop. It is important to have a baseline for how much preharvest drop should be expected without the effects of HLB. Our current understanding of fruit drop in healthy trees shows that the process begins with the development of an abscission zone at the stem end of the pedicle. This is stimulated by stress induced ethylene (C2H4)which upregulates cell wall dissolving enzymes within the abscission zone. Various stresses which may cause ethylene production in the peel of the fruit, include reduced or damaged root systems, a common symptom of HLB which could lead to water stress. Variability in irrigation practices between growers could significantly impact the health of the root system, and presumably fruit drop.  Herbicides, depending on type, amount, and frequency could impact the already reduced root system leading to stress.  HLB causes blockage of the phloem and build up of starch due to inadequate transport from the leaves to fruit and roots.  This carbohydrate imbalance within the tree and deficiency in the fruit could cause stress and ethylene production, while diminished root function could reduce production of essential plant hormones and water and nutrient uptake. The causal agent of HLB, Clas may also be producing toxins that could directly lead to stress induced ethylene production.
Further, field tests will determine if preharvest fruit drop can be reduced by plant growth regulators and some of the apparent physiology behind the heavy preharvest drop.
 
	txtGoals10: Goal 1: Determine relationship of historical drop rates to bloom dates, weather and other data using recorded citrus growing seasons (53 years).
         The historical fruit drop data is in spread sheets appropriate for multiple regression analyses with two additional variables, bloom date and yield per mature equivalents.  In the first half of this year analyses were run for Hamlins without the two new variables for the 1989 to 2010 data. There are now 29 and 115 cases for the 1960-1988 and 1989 to 2011 data sets for each cultivar with 55 or 58 variables per set. The complete analyses will be in the project final report.
 
January drop was related to The model R-squared was 0.88, but December drop rate is related to that in January and the data had to Maximum temperature in November, Minimum temperature in, rainfall in February and rainfall in January of harvest.  The R-squared value is 0.418 or about 42 % of the variaqbility in fruit drop was accounted for by 4 variables.  No data were deleted due to freezes or hurricanes. The following model was produced for fruit drop rates.
 
Step         Variable         Number         Partial         Model         C(p)         F Value         Pr > F
         Entered         Vars In         R-Square         R-Square                           
1         MaxCN         1         0.196         0.196         34.8         25.8         <0.001
2         MinCF         2         0.132         0.328         14.0         20.7         <0.001
3         RainF         3         0.058         0.385         6.0         9.8         0.002
4         RainyrPJ         4         0.032         0.418         2.5         5.7         0.019
 
The slopes of all these variables are positive except rainfall in January.   Max temperatures in November would be expected to accelerate fruit drop for early maturing Hamlins by resulting in more water stress.  The reason that early min temperatures in February reducing stress may relate to delaying maturation so that the fruit is not as senescent by January.  More rain in February would benefit flower development, but would need to translate into stronger fruit to effect fall-winter fruit drop.  More rain in January of harvest would seem too late to effect drop counts collected in the same month, but it was negative which suggests less rain, more drought stress, increase fruit drop.   More information about dates on which counts were made is needed to verify the validity of this variable.  An altered run produced an R2 of .52 for early-mid season oranges.  Similar runs appear to provide R2 values of .88 to .90 for late season, Valencia, fruit drop data.  These are still without completed balanced yield data and bloom dates, but still appear to account for over 85 % of the variation in drop data.
Paper in press:  Seasonal Variation in Preharvest Fruit Drop of Florida Oranges in Relationship to Weather and Other Factors. L. Gene Albrigo* and T.A. Ebert. 2016. Proc. Fla. State Hort. Soc. 129:
Goal 2: Determine if and how ethylene is generated above levels in healthy trees and fruit in HLB affected trees.
         Ethylene is generated by the action of water stress on the plant. Although there was a clear effect of HLB tree decline on water stress last year, this year stem water potentials of more declined trees usually were nearly equal at both test sites.  The stress levels were uniformly lower, 12 to 16 bars, while the more declined trees were 20 or more bars the previous year.  This probably reflects the higher rainfall and better irrigation management this year.  The difference in drop rates also reflect this as there was only a 2 % difference in fruit drop compared to the 14 % fruit drop difference between healthier and moderately declining trees the previous year.
 
  Figure 1. Stem water potential data showing that stem water potentials of declining HLB trees were similar to healthier trees.
 
Goal 3:  Test plant growth regulators (PGRs), such as 2, 4-D and GA3, to see if they can reduce the amount of preharvest drop.
         The 2013-14 and 2014-15 season PGR trials were analyzed and the data prepared into a paper submitted to HortTechnology.  The paper was accepted and should be published this month (December, 2015)
         In 2014-15 the `Hamlin' tests were pooled and data showed a significant 5% reduction in total crop drop for GA plus 2, 4-D and significant reductions with these PGRs alone but in only one case with the fungicide Headline treatment. When all tests on `Valencia' were combined, 2, 4-D reduced drop significantly but only by 2% of the total crop (14% drop versus 16% drop), but fruit drop in `Valencia' blocks was near the historical average in control trees, 16 versus 9 to 11 % drop in years previous to HLB. Hamlin drop levels were twice this amount.  Frequent low concentration sprays (6 sprays during growth season) of 2, 4-D plus Maxcel (NAA) significantly reduced fruit drop also.
         A 5 % reduction in drop on 400 boxes/ac yield translates into about $200 increased income per acre before costs of the PGR materials.  However many groves are yielding only 200 boxes per acre which equals only a $100 return for the sprays.
         Two additional PGR tests are being run this fall on Hamlin blocks to re-evaluate GA + 2, 4-D, Headline, and another compound and data plus harvest is being collected.  This year the low concentration spray treatments did not produce a reduction in preharvest fruit drop in Hamlin trees.
Paper Published: Effect of Plant Growth Regulators and Fungicides on Huanglongbing-related Preharvest Fruit Drop of Citrus. Leo G. Albrigo and  Ed W. Stover. Dec., 2016. Hort Technology vol. 25  no. 6  785-790
Goal 4: Determine what factors in grower's production practices and groves are affecting preharvest fruit drop and verify these in controlled experiments and disseminate this information to growers.
         Many growers were irrigating more frequently in the 2014-15 crop season as we had been advocating.  Several are irrigating more frequently this fall. The fall 2014 rainy season lasted longer than in the previous two years and more rain occurred in the spring period.  The heavy preharvest drop in Hamlin blocks was delayed about one month due to the extended rainy period, but eventually was near the drop rate for the previous two years. However the drop rate in Valencia trees was noticeably lower than the previous two years.  
         In the fall of 2015 temperatures were much hotter than normal and fruit drop in Hamlin blocks started earlier and was fairly severe.  In low concentration trials drop rates ranged from 14 to 23 % through November with treatment drop rates usually only 2 or 3 % less than the untreated controls.
         Grower were visited and the fruit drop problem and our results discussed at meetings in Ft. Pierce, the International HLB meeting (Orlando, FL), the Citrus Expo, Ft. Myers and will be covered at the Citrus Show in Ft. Pierce in January 2016..  Three presentations occurred in January and February 2015. An article on PGR tests and the recommendations for better irrigation management was written for the July 2015 Citrus Industry Magazine issue. 
 
	txtBeneficiaries10: Florida citrus growers gained valuable information in the knowledge that plant growth regulators are not a good choice for reducing preharvest fruit drop.  Although overall they could reduce fruit drop 5 %, they were unreliable on a block to block basis.  On the other hand, better irrigation practices in the fall, reduced volume but daily applications, did reduce preharvest fruit drop.  Other improved nutrition and reduced irrigation and soil pH also improved tree condition and lowered fruit drop.  However, overall yields continued to decline from reduced average fruit loads on the trees.
 
	txtLessons10: The interaction of the citrus tree with the Huanglongbing disease results in complex plant-disease interactions.  The hope for a simple solution the heavy preharvest drop loss of fruit by application of plant growth regulators that had been successful with healthy trees was perhaps naïve.  Basic limitations on carbohydrates and other supplies for proper fruit development plus likely direct disease bacterial affects could not be so easily overcome.
General improvement of plant health is needed to increase yield potential and reduce excessive loss from stressed fruit.
 
 
	txtContact10:  Dr. L. Gene Albrigo, UF IFAS Citrus Research and Education Center
863 956-8707; albrigo@ufl.edu
 
 
 
	txtProjectTitle11: Enhancing Bacterial Leaf Spot Resistance in Lettuce for Sustainability
	txtPartners11:  
primary organization: Florida Specialty Crop Foundation
 
partner organizations: University of Florida EREC; Duda Farm Fresh Foods; Roth Farms
	txtSummary11: Lettuce, which is mainly grown in the Everglades Agricultural Area (EAA) in Florida, is an economically important vegetable crop in Florida. Growers annually plant about 11,000 acres of lettuce with approximately 50% being crisphead lettuce (also called iceberg lettuce), 40% being romaine lettuce (also called cos type), and 10% baby lettuce (green leaf, red leaf, etc.), and with a total farm gate value of $40 to $50 million. The growing season starts in the middle of September and ends in early May. During the growing season, lettuce is frequently faced with a number of biotic and abiotic stresses such as diseases and freezes that can reduce yield and quality and thus result in economic losses. Among the diseases, downy mildew caused by Bremia lactucae, lettuce drop caused by Sclerotinia sclerotiorum and S. minor, and bacterial leaf spot (BLS) caused by X. campestris  pv. vitians are economically important in Florida. Downy mildew and lettuce drop can be effectively controlled by fungicides, but there are no chemicals available for effective control of BLS.
 
A widespread and damaging outbreak of BLS was first observed in Florida in the winter of 1992-1993. This disease has become problematic in Florida’s lettuce production in recent years. The most recent widespread outbreak causing significant crop damage and million dollars of losses in Florida occurred in 2010 (the same disease totally wiped out the baby lettuce crop in the field of the VegPro Company in Canada in August of 2011 and thus is a problem worldwide). An extensive outbreak like the one in 2010 is so damaging that even the plants near harvest (a few days to one week before harvest) are infected and become unmarketable. If the plants having a few symptoms on outer leaves are harvested, customers usually find that the inner leaves have red or black lesion spots and taste bitter. Because BLS showed in growers' fields nearly every year, it is highly possible that extensive outbreaks like the one in 2010 will occur again in future.    
 
Due to lack of chemicals for controlling BLS, host-plant resistance is highly desirable to battle against this devastating disease of lettuce. Several laboratories in the world have done research to attempt to discover resistance in lettuce but had limited success and found only one resistant source named ‘Little Gem’. The progress of identifying resistance is slow because the existing screening methods allow only a small number of germplasm lines to be evaluated and are time consuming. ‘Little Gem’ is moderately resistant to the disease and it exhibited BLS in the experiments of Bull et al. (2007) and our preliminary studies. The resistance in ‘Little Gem’ may not provide sufficient protection of lettuce if BLS epidemic is severe. Recently, we developed a new screening method for fast and accurate evaluation of a great number of lettuce lines in a short period of time (6-7 weeks) (HortScience, 2013: 171-174). Using this method, we screened 258 lettuce germplasm lines and found one source of high resistance. Our preliminary experiments showed that high resistance is rare but present in lettuce germplasm (1 of 258 lines).  Objectives of this project are (1) to test approximate 500 germplasm lines for additional sources of high resistance using the new screening method, (2) to determine gene(s) for high resistance in the previously identified resistant line and make 20 crosses per year between this line and cultivars to transfer the high resistance to the adapted cultivars for commercial use, and (3) to investigate effect of fertilizers N, P, K on resistance in a number of lines ranging from high resistance to susceptibility.
	txtApproach11: The projected plan of work that is designed to be performed at the University of Florida consists of three parts as stated below: 
 
Part 1. Genetic analysis of the BLS resistance in the resistant line and transfer of the resistance to adapted cultivars
 
Work plan: An F2 population and its F3 families will be developed from a cross between the resistant line and `Tall Guzmaine' for inheritance analysis of the resistance and for determination of the resistance gene(s). `Tall Guzmaine' is a romaine lettuce and susceptible to BLS. The cross has been made and the F2 population will be available for use in the spring of 2014. The F2 population, which will be composed of 200 F2 plants, and the two parents will be screened with the X. campestris pv. vitians for determination of their responses to X. campestris pv. vitians. If the segregation of the resistance among the 200 F2 plants indicates a qualitative inheritance, the chi-square (χ2) test will be performed to confirm one gene or two genes of inheritance of the resistance. Then the F2 plants will be used to produce F3 families which will be screened with X. campestris pv. vitians for confirmation of the inheritance of the resistance discovered in the F2 population.
 
The resistant line will also be used for crossing with adapted cultivars to develop populations segregating for BLS resistance, yield performance, and other characteristics. In each growing season, we will make 20 such crosses that more than 30% of the crosses made each year will contain the resistance. Plants will be selected from the subsequent segregating populations generated from these crosses for development of resistant cultivars. If the genetic study shows that the resistance is controlled by a single gene as in the cv `Little Gem'. One to two cycles of backcross will be performed to speed up transfer of the resistance to the adapted cultivars while retaining good yield and horticultural characteristics that the adapted cultivars possess.
 
Activities performed and accomplishments: The segregating population derived from a cross between the bacterial leaf spot (BLS) resistant line and the susceptible romaine lettuce variety `Tall Guzmaine' was used for inheritance analysis of the resistance and for determination of the resistance gene(s). About 230 F2 seeds were planted and 187 germinated to form a F2 population. The F2 population was screened for BLS-resistant plants with bacterium Xanthomonas campestris pv. vitians (Xcv). Of 187 F2 plants inoculated, 142 were resistant and 45 were susceptible. Segregations among the 187 F2 plants conformed to 3(resistance) : 1 (susceptibility) ratios (χ2 = 0.086, P = 0.769), indicating that a single dominant gene controls BLS resistance in the resistant line (Table 1 in the additional document). The individual F2 plants were then selfed to produce F3 families. A total of 162 F3 families were generated. The segregation ratio of reaction to disease by seedling inoculation with Xcv L7 strain in the F3 families was showed to be 32 homozygous resistant: 82 heterozygous: 48 homozygous susceptible, fitting to 1:2:1 (n=162, χ2=3.19, p=0.20), a confirmation of a single dominance gene inheritance (Table 2 in the additional document). The resistant gene was named Xcvr. 
Genomic DNA was extracted from leaf tissues collected from 124 randomly selected F2 plants for molecular mapping of the resistance gene. The F2 population was genotyped with more than 6,000 AFLP, 12 SSR, and 2 CAPS markers. The resistant gene Xcvr was mapped to linkage group 2 (LG2) with the closest molecular marker being13.5 cM from the gene (Figure 1 in the additional document). An association analysis was also conducted to identify molecular markers that are associated with resistance using additional 179 germplasm lines and 384 single nucleotide polymorphism (SNP) markers. We found one marker (QGB19C20.yg-1-OP5) to be associated with disease severity. Two additional SNP markers (Contig15389-1-OP1 and Contig6039-19-OP1) were associated with the resistance in the germplasm line that has been used for development of the segregating population described above. Combining the results of inheritance analysis with those of linkage mapping and association analysis, we found that the chromosome 2 carries a single dominant gene (i.e. Xcvr) for high resistance in the germplasm line with high level of resistance. Due to the nature of a single gene inheritance in the high resistant line, this resistance should be transferable from the resistant line to adapted cultivars for commercial use in lettuce production in Florida.
 
In order to develop more molecular markers that will be useful in marker-assisted selection for improvement of lettuce for BLS-resistance, additional markers were tested to map in the mapping population. Seventy one markers that are known to be located at 0  - 40 cM on the linkage group 2 were screened against the two parents. Only 4 were polymorphic and thus were mapped in the entire population. The locations of the four markers were showed in Figure 1in the additional documents. This work was performed during November 20, 2015 and February 14, 2016.   
In 2014, 20 crosses were made between the resistant line and adapted cultivars and breeding lines. In 2015, we made another 20 crosses between the BLS resistant line and different adapted cultivars and breeding lines. A total of 40 such crosses have been made during 2014 and 2015 while 65 other crosses without involving the resistant line were made. Therefore, about 38% of crosses contained the resistant gene. In spring 2015, 35 F3 lines with resistance and romaine performance were selected, indicating that the resistance has been successfully incorporated into romaine letter which is predominate lettuce type grown and consumed in the U.S. Seeds (F4 generation) produced from the 35 F3 lines were planted in fall 2015 in a local lettuce grower's field for observation of yield potential and horticultural performance in these F4 lines and also for continuing plant selection for development of commercial cultivars with resistance. In addition, 10 of the 35 F4 lines were compared with `Manatee', a major commercial variety used in Florida lettuce production, for yield and other characteristics in fertilizer experiments in fall 2015. Some of the F4 lines had yield potentials higher than or similar to that of `Manatee' (see details in Part 3). These results suggest that the BLS resistance and high yield can be combined in a variety through breeding and plant selection.
 
In September 2015, a total of 17 crosses between the resistant line and adapted cultivars or breeding lines were planted in the 10 inch pots to produce F2 segregating populations for development of resistant cultivars. The pots were kept in the greenhouse under automatic irrigation system. In January 2016, all plants matured and seeds were harvested and cleaned. These F2 seeds were stored for future use in cultivar development.     
 
Part 2. Screening additional lettuce germplasm for new sources of BLS resistance
 
Work plan: A total of 500 additional lettuce germplasm representing crisphead, romaine, butterhead, and leaf types have been obtained from the USDA-ARS' Western Regional Plant Introduction Station at Pullman, WA. These germplasm lines will be evaluated for response to X. campestris pv. vitians using the new screening method we recently developed (HortScience, 2013: 171-174). It is our expectation that one to two new sources of high resistance will be discovered from this round of screening. This will increase the genetic diversity of resistance which is desirable in a breeding program. 
 
Activities performed and accomplishments: We obtained 437 germplasm from the USDA-ARS' Western Regional Plant Introduction Station at Pullman, WA, and selected 196 breeding lines from our own breeding program (a total of 633 plant materials) for the planned screening. The 196 breeding lines were evaluated for BLS resistance in spring 2015 with the line `Little Gem' as the resistant control. Five breeding lines exhibited BLS resistance higher than `Little Gem' (disease severity 0 in breeding lines vs. 0.5 in `Little Gem') (Figure 2 in the additional document).  In fall 2015, the 437 USDA-maintained germplasm were screened for resistance with the resistant line (PI358001-1) as the resistant control. Among the 437 germplasm, 109 did not germinate and 100 of the remaining germplasm (338 germplasm) had no disease symptoms (Figure 3 in the additional document). PI358001-1 (the resistant control) did not have  disease. The high percent (29.5%) of germplasm having no disease may have been due to the warm temperatures in southern Florida in fall 2015 that had adverse effect on development of the bacteria inside the plant materials. Nevertheless, evaluation of the 633 germplasm/lines has allowed us to detect the germplasm or breeding lines that may be the potential new sources of BLS resistance.     
 
 
Part 3. Investigating effect of fertilizers on expression of the resistance in the field
 
Work plan: Ten lettuce genotypes ranging from BLS susceptibility to resistance will be used in these experiments. Effect of N, P. K will be evaluated separately in the field using a randomized complete block design with four replications and will be repeated in two growing seasons (2013-2014 and 2014-2015). We will use four rates for each fertilizer with 25, 50, 75, and 100 lbs/acre for N, 100, 200, 300, and 400 lbs/acre for P, and 100, 200, 300, and 400 lbs/acre for K. One month before harvesting, the plots will be treated with X. campestris pv. vitians and the controls will not be treated. At maturity, plants in each plot will be harvested for measurement of total yield and marketable yield. Data will be subjected to statistical analysis to determine if fertilizers have an effect on the expression of the resistance and what percent of plants are protected by the host-plant resistance.  (See attached work plan chart.)
 
Activities performed and accomplishments: Ten resistant families and one susceptible variety (`Manatee') were compared in these fertilizer experiments in fall 2015. The 10 lines were randomly selected from the 35 resistant lines that were described in Part 1. Because the resistant lines were not ready for testing in 2014, the 2013-2014 season test was not conducted. In fall 2015, these 11 genotypes were grown in EREC field to evaluate effects of N, P, and K fertilizers on resistant families and the susceptible variety using a randomized complete block design with three replications. The rates for each fertilizer were 25, 50, 75, and 100 lbs/acre for N, 100, 200, 300, and 400 lbs/acre for P, and 100, 200, 300, and 400 lbs/acre for K. Because the field inoculation of X. campestris pv. vitians is prohibited (local growers have concerns on possibility of spread of the damaging disease to their lettuce production fields), the plant materials grown in the field were not inoculated with X. campestris pv. vitians. Instead, data collected in the tests conducted in the greenhouse were used to compare the resistant families with `Manatee' for response to infection of X. campestris pv. vitians. 
 
The results for the fertilizer experiments were presented in the Tables 3-8 in the additional document. Applications of different rates of N fertilizer to plots did not change the overall yield of the 11 lettuce genotypes (Table 3 in the additional document).  Genotypes yielded significantly different in the N fertilizer experiment (Table 4 in the additional document). `Manatee' was consistently among those that had the highest yield (Table 5 in the additional document). The resistant line UT23 had yield similar to or higher than `Manatee', suggesting that the BLS resistance and high yield potential has been combined in this line. The resistant line OU9 also yielded similarly to `Manatee', whereas the resistant line UT8 tended to yield low in all N fertilizer applications. In P fertilizer trial, genotypes responded significantly differently to applications of different P fertilizer rates. Average yield of the 11 genotypes was significantly higher at the rates of 300 and 400 lbs/acre than at the rates of 100 and 200 lbs/acre (Table 5 in the additional document).  Like in the N fertilizer trial, the commercial variety `Manatee' consistently yielded high at all P fertilizer rates (Table 6 in the additional document). UT23 also yielded high at all P fertilizer rates except for at the rate of 100 lbs/acre. This indicates that UT23 is sensitive to P fertilizer and requires higher rates (200 lbs/acre or higher) for high yield. OU9 also responded positively to higher rates (300 and 400 lbs/acre) of P. The resistant lines UT8 and UT2 yielded low at all P rates except that UT2 had yield similar to that of `Manatee' at 400 lbs/acre. It is interesting to note that all resistant lines yielded significantly lower than `Manatee' when the P rate was 100 lbs/acre while 8 of the 10 resistant lines had yield that was not significantly different from `Manatee'. It seems that there is a trend that the lines with resistance require higher rates of P fertilizer to yield well. On average, genotypes did not respond to different rates of K fertilizer (Table 7 in the additional document). Genotypes differed significantly in yield and `Manatee' had higher yield in the K fertilizer trials (Table 8 in the additional document). UT23 and OU9 performed well in yield, while UT8 and OU10 had low yield.  
 
Because field inoculation of Xanthomonas campestris pv. vitians on lettuce plants is prohibited, the disease data of the resistant lines and `Manatee' were obtained in the greenhouse experiments. In one experiment, 100% of `Manatee' plants had disease symptoms with an average disease severity of 3.2 (3 = lesions of greater than 3 mm in size) (Lu and Raid, HortScience, 2013, 171-174). In another experiment, 100% of `Manatee' plants had disease with a disease severity of 3.0 (Lu's lab, HortScience, 2015, 650-655). The interpretation is that 100% of `Manatee' plants will be infected and will not be marketable if an extensive outbreak of the disease like the one in 2010 occurs. In contrast, the resistant line PI358001-1had no symptoms in one experiment (Lu et al., Molecular Breeding, 2014, 997-1006) and about 25% of its plants had symptoms with a disease severity < 0.5 (0 = no symptoms and 1 = 1 to 10 lesions of less than 3 mm in size in a plant) in another experiment ( Lu's lab, HortScience, 2015, 650-655). This suggests that PI358001-1 will have no symptoms or very light disease and will be marketable if Xanthomonas campestris pv. vitians is present in the field. Because our research has shown that only one resistant gene (i.e Xcvr) is responsible for BLS resistance in PI358001-1, it is predicted that lettuce lines carrying this gene will be protected if the disease is epidemic on susceptible varieties.  In these experiments, the inoculum was made of Xanthomonas campestris pv. vitians isolate 7 (L7). Our data indicate that 75%-100% of the resistant plants will be protected under otherwise severe disease conditions.   
 
In addition, we investigated responses of 29 different lettuce genotypes to 3 Xanthomonas campestris pv. vitians isolates recovered in different years from the Everglade Agriculture Area (EAA) of Florida. Significant differences were shown in both the BLS incidences and disease severities among the three Xcv isolates. Isolate L7 was the most virulent Xcv isolate, causing symptoms on 81.1% of plants in trial 1 and 87.6% of plants in trial 2. Plants had an average disease severity of 1.75 in trial 1 and an average disease severity of 2.91 in trial 2. Disease incidences were 69.0% in trial 1 and 74.0% in trial 2 and disease severities were 1.16 and 1.94 in the two trials when plants were inoculated with Xcv isolate JF196. The Xcv isolate NF1 caused symptoms on 36.5% of plants with an average disease severity of 0.62 in trial 1 and 57.9% of plants with a disease severity of 1.27. These results suggest that the pathogenic variations of the isolates may have been associated with the epidemic outbreaks of BLS in EAA.
 
All work described above were performed in Huangjun Lu's laboratory, greenhouse, and field. Dr. Lu's team including Dr. Huangjun Lu (PI), his postdoc, a biologist, an undergraduate intern, and a technical helper (OPS) conducted these researches. 
 
Dr. Alan Wright conducted a research on the effects of ecoAgra 300 on romaine lettuce production on muck soils. The experimental site was located near the Everglades Research & Education Center in Belle Glade, FL on shallow Dania muck soil under typical grower conditions. The experimental design included one crop (romaine lettuce), one soil fertilization rate (100% of the grower standard rate), and a product test (with and without product, and product with grower foliar micronutrients), with 8 field replications per treatment. Each field plot measured 2 beds (4 rows) by 20 feet, with a total of 24 field plots. Soil plant-available nutrient concentrations declined during the experiment as soil nutrients were taken up by lettuce plants.  Lettuce nutrient concentrations were measured from leaf tissue collected 2 days after the 2nd production application, and concentrations did not exhibit statistically significant differences between treatments, with all nutrient concentrations in an optimal range. There were no significant differences in P concentrations in soil between treatments, but application of the product significantly decreased K concentrations below the grower control. There were no significant differences between treatments for lettuce yield or root biomass. Because of no occurrence of BLS disease in field in 2015, the effect of the product on protection of lettuce plants in BLS condition was not able to evaluate. The horticultural extension specialist David Liu conducted a preliminary study of the phosphorus use efficiency in lettuce and will report the results in future.
 
 
 
Work plan: Growers will be invited to field days and other outreach activities to gain the first-hand experience on how the host plant resistance can combat this damaging disease and protect their crop. Training documents such as manuscripts, extension facts sheets, and handouts will be prepared and distributed to every grower. Presentations at the meetings/conferences and face-to-face interactions are the main means to communicate with growers about the research findings from this project.
 
On the field days, growers will observe the performance of the resistant lines under the disease pressure. At the annual Lettuce Advisory Committee Meeting, a survey will be conducted in association with a presentation on the results of the project to determine by how much growers knowledge has increased. We anticipate that growers that have attended these activities fully know the advantages of use of the resistant lettuce when disease is severe on the susceptible cultivars. 
 
The fertilizer experiments will be conducted in the fields of the EREC and the lettuce growers. Evaluation of disease on the resistant lines and susceptible cultivars will be performed in the field of EREC in Belle Glade and in the field of University of Florida main campus in Gainesville. The scientists and the postdoc will travel back and forth to these sites to grow plant materials, do disease inoculation, and collect data. In addition, Dr. Lu and the postdoc will attend the annual ASHS Conference to exchange the research data with scientists from other states such as California and to discuss the technologies with the scientists that can facilitate development of resistant cultivars.
 
Activities performed and accomplishments: The extension and other outreach activities that were performed during 2014-2015 included field visits, face-to-face talks, meeting presentations, etc. Field trips were conducted by Huangjun Lu, PI of the project, to observe the BLS outbreaks in an attempt to learn more about the epidemiology of the diseases and to communicate with growers on progress of the breeding effort to develop resistant varieties.  In 2014, he traveled to the fields of the Florida lettuce growers Roth Farm and TKM for 7 times. In 2015, he made trips to Roth Farm for 5 times, TKM for 2 times, and GMI for 6 times. In one visit to TKM he made in the spring 2014, he observed the diseased lettuce plants in a field and collected leaf samples for further study of the pathogen and the pathogen-plant-interactions. The diseased plants were indeed infected by Xcv. He made presentations on status of BLS in lettuce production in Florida and the progress of breeding lettuce for BLS resistance at the Florida Lettuce Advisory Committee Meeting in Belle Glade, FL for three times (oral presentations) during 2014-2015 (Mar. 19,  2014, Nov. 5, 2014, and Mar. 11, 2015) with 112 people attended, the 2014 Florida State Horticultural Society Conference held on June 1-3, 2014 in Clearwater, FL with 27 attendees (oral presentation), and The International Conference on the Status of Plant & Animal Genome Research in San Diego, CA for two times (poster presentations) (Jan. 11-15, 2014 and Jan. 10-14, 2015). He also gave an informal talk about the BLS resistant lettuce breeding effort at the Palm Beach County Vegetable Advisory Committee Meeting on Feb. 25, 2014 in West Palm Beach, FL. He face-to-face talked with 57 lettuce growers and workers to know their lettuce production and problems, and their expectations on future cultivars in 2014-2015.  The postdoc working in this project in Dr. Lu's lab gave an oral presentation at the 2015 American Society for Horticultural Science Conference held on Aug. 4-7, 2015, in New Orleans, LA with 18 attendees.
 
Dr. Alan Wright also visited the TKM farm several times and face-to-face talked with growers. He gave an oral presentation to visiting scientists, farmers, and chemical industry representatives (Conservation in Action Tour) about lettuce production practices related to nutrient management. Attendance was about 150 total. A poster was also made and presented to this group. 
 
One important part of our extension and outreach activities has been to monitor the BLS disease in the Florida lettuce production and kept growers updated on the status of the disease. In February 2014, a BLS outbreak was reported in a 36-acre field in which an iceberg variety and a romaine variety were grown. When the disease outbreak occurred, the iceberg cultivar had matured and was thus harvested, but the romaine lettuce was not at the maturity stage and was disked to destroy the pathogen inoculum that could further spread to other lettuce fields. In addition, there were more than 100 acres of field nearby left without planting any lettuce since then due to presence of the pathogen in the adjacent field. The total (direct and indirect) economic losses were estimated to be over $500,000. In late April, disease was spotted in another field about 30 miles from the first outbreak field. This occurrence of the disease did not result in economic losses because it was the end of the lettuce growing season and nearly all lettuce had been harvested at that time. These two disease incidents indicate that the bacterial pathogen can be in the lettuce fields to cause BLS anytime in spring. However, there has been no BLS outbreak reported in 2015. This was the first time we did not hear report on occurrence of BLS in lettuce production since its extensive outbreak in 2010. It is necessary to continue monitoring this damaging disease of lettuce.
 
Conclusions and recommendations: We have found that the BLS resistance in germplasm line PI358001-1 was controlled by a dominant gene. This gene has been mapped to the LG2 with molecular markers and has been successfully transferred to romaine lettuce, a widely grown lettuce type in Florida. It is also being transferred to iceberg lettuce. Some of the resistant lines in F4 generation developed in our program such as UT23 and OU9 showed yield potentials higher than or similar to commercial variety `Manatee'. The resistance in these lines is stable and will be inherited from generation to generation because the lines are homozygous for resistance. The other traits are still segregating and thus continuing selection is necessary until the traits are stable and plants in a line are uniform. Fertilizer experiments showed that the resistant lines responded to the P fertilizer. When resistant varieties are developed and ready for release for commercial use in the future, trials should be conducted to determine the rate of P fertilizer for best yields of the varieties. In this project, we screened 633 germplasm/lines for BLS resistance and found 105 genotypes to have no disease. This number was higher than we initially anticipated, but it provides useful information for identification of new sources of resistance by further testing the 105 genotypes.     
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	txtGoals11: Goal 1: Identification of the BLS-resistant gene(s).
Performance Measure: One to more resistant genes will be discovered in this project.
Benchmark: There is no report on high level of BLS-resistance in lettuce in the world. At the present time, no resistant cultivars are available.
Target: At the completion of the project, the resistance gene(s) in the resistant source will be identified. As a result of that, the suitable plant breeding method will be determined.
Achievements: We found that the high BLS resistance in the germplasm PI358001-1 was controlled by a dominant gene. We designated it as Xcvr gene. Therefore, goal 1 has been achieved. Furthermore, the gene was mapped to LG2 using AFLP, SSR, and CAPS markers. Due to the nature of a single dominant gene inheritance, this gene should be readily transferred to cultivated varieties through breeding. Cross followed by pedigree selection, backcross, and marker-assisted selection could be used for transfer of the gene from the germplasm to varieties.   
 
Goal 2: Use of the gene(s) for resistant cultivar development.
Performance Measure: Twenty lettuce populations carrying the high resistance will be produced each year.
Benchmark: Currently, there are no lettuce populations having BLS-resistance in our breeding program.
Target: At the completion of the project, more than 30% of the lettuce populations in our breeding program will carry the high resistance.
Achievements: Forty crosses were made between the line PI358001-1 and varieties/lines, which accounted for 38% of total crosses made in 2014-2015. These crosses are current being used to produce segregating populations for single plant selection for resistant cultivar development. We have selected 35 F4 resistant lines and evaluated some of the lines for yield performance in field in fall 2015. Some lines such as UT23 and OU9 yielded similarly to the commercial cultivar `Manatee', suggesting that high resistance can be combined with high yield potential. Therefore, goal 2 has been achieved. Because breeding cultivars is a continuing process and it takes 7-10 years to develop a cultivar, we will continue to select plants in the coming years until plants in a line are uniform in traits. All 35 resistant lines are currently growing in the grower GMI's field for plant selection for development of resistant varieties. 
 
Goal 3: Development of a fertilizer management program to maximize the benefit of use of resistant cultivars in Florida lettuce production.
Performance Measure: Comparisons of different fertilizer application methods will lead to determination of the best fertilizer application method for the BLS-resistant lettuce.  
Benchmark: Because there are no resistant lettuce cultivars at the present time, a specific fertilizer management program for resistant cultivars is not available.
Target: At the completion of the project, a fertilizer management program that maximizes the benefit of use of resistant cultivars will be established and introduced to Florida lettuce industry.
Achievements: Our data from the fertilizer trials showed that the resistant lines responded only to P fertilizer. A higher rate (200 lbs/acre or higher) of P fertilizer was required for the lines to have high yield. The resistant lines and commercial cultivar `Manatee' needed similar rates of N and K fertilizers. These results indicate that, when the resistant varieties are ready to be used in lettuce production in future, the rate of P fertilizer needs to be determined for best yield of each resistant variety as individual varieties may need specific rates of P fertilizer.  Goal 3 was achieved.  
 
Goal 4: The results from the inoculated plots will be compared with those from the control plots (no inoculation) to determine the percentage of crop damage when the susceptible cultivars are infected with the disease and the percentage of crop protection when the resistant and partially resistant lines are infected with the disease.
Performance Measure: The amounts of crop damage in susceptible cultivars and crop protection in resistant lines will be changed into dollar amount in loss in susceptible cultivars and dollar amount to save in resistant lines. These estimates should provide an insight on the potential benefits that growers will have if the resistant cultivars are used.
Benchmark: Based on previous results from BLS outbreaks such as the ones in 1992 and in 2010 in Florida, crop losses will be about $4 million for each extensive outbreak.  
Target: Since there were no disease symptoms observed on the resistant line, it is expected that the resistance will save 70% or higher percent of crop plants. A survey will be conducted in association with a presentation at the Lettuce Advisory Committee Meeting. We anticipate that growers knowledge will increase by over 80% based on the project results.
Achievements: In the field experiments without disease pressure, the best yielding resistant lines UT23 and OU9 had yield higher than or similar to the widely grown variety `Manatee'. When inoculated with Xcv, all of `Manatee' plants had severe disease symptoms whereas only 0-25% of plants carrying the resistant gene Xcvr had light disease. These results indicate that 75%-100% of lettuce plants having resistance will be protected under otherwise severe disease conditions. Crop losses caused by each extensive BLS outbreak were about $4 million in 1992 and 2010. A minor BLS occurrence in 2014 resulted in an estimated loss of $500,000. Therefore, if the disease outbreak occurs again in future, use of the host-plant resistance will provide at least 75% of protection of the lettuce crop and can save hundreds of thousands to millions of dollars. Growers have been kept updated about the disease status and our breeding effort on development of resistant cultivars through presentations and face-to-face talks. They understand that there are no chemicals for effective control of the disease and they desire to have resistant varieties available to them in near future. Therefore, goal 4 has been achieved.
 
	txtBeneficiaries11: The first extensive outbreak of BLS in Florida occurred in the 1992-1993 growing season, causing approximately $4 million in losses. Since then, the disease has been a problem in the lettuce production in Florida. The most recent epidemic was in the spring of 2010 and also caused millions of dollars in losses. There was a minor outbreak in February 2014. Disease symptoms were observed on some lettuce plants every year except for 2015. Due to lack of chemicals, or cultural practices, or biological methods for effective control of BLS, it is definite that the damaging outbreaks of the disease will occur again in the future.  BLS epidemic is weather-dependent. Wind, rain, and cool temperature speed up the spread of the X. campestris  pv. vitians from plant to plant and from field to field. Because the presence of pathogen and the favorable weather conditions are prerequisites for BLS outbreak, this disease is highly unpredictable. In order to protect the lettuce crop from damage by BLS and to secure sustainability of the Florida lettuce industry under the epidemic conditions, resistant cultivars need to be developed for use in lettuce production.
 
One source of high BLS resistance was identified in lettuce in Dr. Huangjun Lu's lab. The resistance was found to be conferred by a dominant gene which we named Xcvr. The resistance was mapped to the chromosome 2 and has been successfully incorporated into romaine lettuce. New resistant lines UT23 and OU9 selected from our breeding program showed high yield potentials in field trials. Continuing plant selection is being conducted to improve other traits until all traits are genetically stable. It is anticipated that the resistant varieties will be available for growers to use in the near future. With the support of this grant, we screened 633 germplasm/lines for resistance and found that 105 germplasm/lines had no symptoms of disease. These 105 germplasm and lines will be further evaluated to confirm the resistance. Up confirmation of resistance, the new sources of resistance will be used in our breeding program to increase genetic diversity of resistance in cultivar development. Fertilizer experiments suggest that the resistant lines need the same fertilizer management on N and K as the commercial variety `Manatee” does. However, results showed that the resistant lines required higher rates (200 lbs/acre or higher) of P fertilizer for high yield. 
 
The Florida lettuce production is mainly in the Everglades Agricultural Area (EAA).  There are 4 growers with large scale farming (TKM, GMI, Duda, and Roth) who grow a total of 10,000 acres of lettuce annually and a number of farmers with small scale of farming who grow less than 50 acres of lettuce per farmer each year. The extensive BLS outbreaks in 1992 and 2010 were in this area. As a result, growers have had knowledge on how the disaster could be to them if an extensive epidemic occurs again. They also understand that no chemicals are available for controlling this damaging disease. The growers have benefited from this project by learning new knowledge about the disease resistance. They have had experience about yield performance of the resistant lines in field conditions and desire to grow the resistant varieties to protect the lettuce crop when resistant varieties become available. 
 
An additional but important discovery from this project was that the pathogen isolates recovered in different years in EAA region had significantly different virulence. The isolate L7 recovered in 1992 with an extensive BLS outbreak was the most virulent, whereas NF1 isolated in 2014 with a minor BLS occurrence had the weakest virulence ability. This may explain why major outbreaks occurred in some years but not in other years as the pathogen has been found to be present in fields almost every year. Growers have known this new finding through the presentation Dr. Huangjun Lu made at the Florida Lettuce Advisory Committee Meeting in March 2015 and other outreach activities. The current strategy of growers is to disk the field having diseased plants and leave the surrounding fields unplanted to isolate the source of pathogen from the other fields. This strategy may be changed in future to minimize losses if the virulence of the pathogen can be quickly determined.  
	txtLessons11: The project was executed as planned and all goals were achieved. There were no major problems or delays encountered. 
	txtContact11: Name: Sonia Tighe
Phone: 813-975-8377
email: sonia.tighe@ffva.com
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Dr. Hugh Smith, Entomologist, Gulf Coast REC, IFAS, Univ. of Florida.
Dr. Lisa House, Director, FL Agric. Market Research Center
Dr. Shinsuke Agehara, Horticulturist, Gulf Coast REC, IFAS, Univ. of Florida.
Dr. William Castle, Professor Emeritus, Citrus REC, IFAS, Univ. of Florida.
Dr. Zhanao Deng, Plant Breeder, Gulf Coast REC, IFAS, Univ. of Florida.
Dr. Zhengfei Guan, Agricultural Economist, Gulf Coast REC, IFAS, Univ. of Florida.
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Sonia Tighe, Florida Specialty Crop Foundation, Maitland, Florida.
Cindy Weinstein, Florida Pomegranate Association.
Miguel Talavera, Pacific Tomato Growers.
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Robert Hochmuth, Suwannee County Extension, IFAS, University of Florida.
 
	txtSummary12:  
 Pomegranate and blackberry are two emerging fruit crops in Florida with very high nutritional value. There are 35,000 acres of pomegranate in the U.S. One pomegranate has about 100 calories and is low in carbohydrates. It is an excellent source of antioxidants, such as polyphenols, flavonoids and tannins, vitamin C and K, and fiber. On the other hand, many blackberry species are native to North America and wild species are abundant in Florida and treated as weeds. In the U.S., there are 10,000 planted acres. Blackberry is high in dietary fiber, and lowers “bad” cholesterol. It is rich in vitamins A and C, and anthocyanins. There is increasing awareness of consuming both fruit due to their nutritional value, and they have considerable potential as a small and/or organic farm crops, and as alternatives to the citrus industry. 
Local knowledge on growing and marketing both crops was severely lacking. This project has addressed the most important issues on: a) breeding accessions of pomegranate and screen varieties of both crops; b) disease and arthropods identification and management strategies for pomegranate; c) profitability and market opportunities for pomegranate; and d) preparing educational activities and documents.
Fruit rot and mummification, fruit spots, stem canker and stem blight, and leaf spots were identified as the major disease problems limiting pomegranate production in Florida.  Losses to fruit rot, stem blight and die back, leaf and fruit spots were typically observed towards mid to late season. Our research efforts focused on surveying the primary diseases occurring on Pomegranate in Florida and the causal pathogens involved to further research on disease management. Based on culture morphology and DNA sequencing of conserved genes, several fungal pathogens were identified, including two pathogens belonging to the Botryosphaeriaceae family (Neofusicoccum parvum and Lasiodiplodia theobromae) that were isolated from fruits and stems; two Colletotrichum species that were isolated from leaves and fruits. Fruit rot and leaf spot causing pathogen, Pilidiella granati and a pathogen in Diaporthales order were also frequently isolated from diseased tissues. While these pathogens were recovered from plant tissues throughout the season, disease symptoms were typically observed in May coinciding with Florida's seasonal summer rains.  
Towards disease management, the orchards were regularly monitored throughout the growing season in 2015. Nearly 500, symptomless flower buds were collected from throughout Florida. The flowers were then incubated at optimum conditions for the pathogens development. All six pathogens were recovered even from the flower buds at initial stages of development. In orchards, the first symptoms appeared as circular spots on leaves, browning of leaf tips and sepals. With increasing temperature and precipitation during June, July, and August, the disease progressed rapidly causing severe foliage and fruit drops. Fruit rot and mummification also became severe at the end of the season leading to 80-90 % fruit loss. 
Fungicides trials were initiated in 2014 and continued in 2015 in three different locations in Central Florida. Five fungicides (Cabrio, Switch, Scala, Penncozeb, and Luna Experience) were tested for their efficacy to reduce foliar and fruit diseases. Three fungicides Cabrio, Penncozeb, and Luna Experience significantly reduced the disease incidence in all three locations, while Switch, Scala, Cuprofix, Endura, and Topsin had little to no effect on controlling these diseases. The information on disease identification and management developed from this project is instrumental in developing a long-term disease management program for pomegranate production in Florida. 
To assess the feasibility of blackberry production in west-central Florida, we evaluated three cultivars using a commercial trellis system. In addition to cultivar screening, we compared two production systems, high tunnel and net house. Based on fruit yield and quality, we identified that `Natchez' is the most suitable cultivar in our climate mainly because of its low chilling requirements. It had high yields (more than 9,000 lb/acre) comparable to the average blackberry yield in the U.S. with good Brix value and flavor. We optimized irrigation and fertilization practices to achieve this high blackberry yield. The use of high tunnels is not recommended for blackberries as it promotes the build-up of mites and thrips. By contrast, the use of shade cloth can reduce heat stress in blackberry plants and promote healthy cane development. We identified that the major disease for blackberry in Florida is Cephaleuros virescens, which causes Orange Felt (Orange Cane Blotch). To minimize the development of Orange Felt, excessive irrigation especially by sprinkler or spot-spitter irrigation that wet canes should be avoided. Our data suggest that, with optimal management practices and suitable cultivars, high yields of good quality blackberries are feasible in west-central Florida. 
Additional Information 
·         Information generated from this project has been regularly updated in University of Florida, UF/IFAS Citrus Extension website at: http://www.crec.ifas.ufl.edu/extension/pomegranates/
 
·         Two disease notes were published in Plant Disease Journal:
KC, A. N., and Vallad, G. E. 2016a. First report of Neofusicoccum parvum causing shoot blight and stem on pomegranate in Florida. Plant Dis. http://dx.doi.org/10.1094/PDIS-01-16-0067-PDN
KC, A. N.,  and Vallad, G. E. 2016b. First report of Pilidiella granati causing fruit rot and leaf spots on pomegranate in Florida. Plant Dis. 100:1238
 
·         Several presentations were made on Florida Pomegranate Association growers meetings
University of Florida, Pomegranate Grant:  Update (October 10, 2014)
Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center
Exciting Results from the UF/CREC Pomegranate Project (October 10, 2014)
Bill Castle, Horticulturist, UF/Citrus Research & Education Center
Pomegranate Economics  - Pomegranate taste test (February 28, 2015)
Armand Kapllani, and Zhengfei Guan, Economist, UF/Gulf Coast Research & Education Center
Pomegranate Entomology (February 28, 2015)
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center
Pomegranate Pathology (February 28, 2015)
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center
Pomegranate Breeding (February 28, 2015)
Zhanao Deng, Plant Breeder, UF/Gulf Coast Research & Education Center
Pomegranate Fertility and Irrigation (February 28, 2015)
Shinsuke Agehara, Horticulturist, UF/Gulf Coast Research & Education Center
Future Pomegranate Research Efforts and GCREC Pomegranate Orchard (February 28, 2015)
Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center
Pomegranate Research Update: Diseases (August 28, 2015)
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center
Insect Pests of Pomegranate (August 28, 2015)
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center
Consumer Survey (August 28, 2015)
Armand Kapllani, and Zhengfei Guan, Economist, UF/Gulf Coast Research & Education Center
Future Direction for Pomegranate Research (August 28, 2015)
Gary Vallad, and Zhanao Deng, Plant Pathologist, and Plant Breeder, UF/Gulf Coast Research & Education Center
Update on the UF Pomegranate Grant (October 23, 2015)
Gary Vallad, and Achala N KC, Plant Pathologist, UF/Gulf Coast Research & Education Center
Pomegranate Breeding and Variety Trials (March 4, 2016)
Zhanao Deng, Plant Breeder, UF/Gulf Coast Research & Education Center
Pomegranate Diseases: What Do We Know and Where Are We Heading? (March 4, 2016)
Achala N KC, and Gary Vallad, Plant Pathologist, UF/Gulf Coast Research & Education Center
Survey of Arthropods Associated With Pomegranate in Florida (March 4, 2016)
Hugh Smith, Entomologist, UF/Gulf Coast Research & Education Center
Pomegranate Fertilization Overview and Future Projects (March 4, 2016)
Shinsuke Agehara, Horticulturist, UF/Gulf Coast Research & Education Center
 
	txtApproach12:  Per Objective 1:
Twenty-two pomegranate varieties were collected. Sixty crosses between 14 pomegranate varieties were designed for breeding. A total of 262 pomegranate flowers were emasculated and hand-pollinated with pollen from 14 pomegranate varieties. The pollinated flowers produced 151 young fruit, and a large percentage of the young fruit dropped due to diseases. About 30 fruit were harvested in August 2014. More than 8,000 seeds were extracted and processed for 16 crosses. These seeds produced nearly 2,500 young pomegranate seedlings in containers. Based on plant growth and apparent resistance to leaf spotting diseases, 1990 seedlings were selected. These seedlings were transplanted in late October 2015 to a newly developed pomegranate orchard. All young plants have been established and they are growing well in the orchard. Significant differences have been observed among seedlings in plant vigor, growth, and branching habit. Seedlings from several crosses were growing much better than those from other crosses. In addition, 116 plants of 44 pomegranate cultivars were transplanted to the orchard in late October 2015. 
We developed a spray inoculation method using detached leaves to screen available pomegranate germplasm for resistance to Colletotrichum spp. and a Diaporthales species. Fifteen varieties were evaluated for their resistance/tolerance to Colletotrichum and five varieties for Diaporthales. Among these, four varieties Angel Red, Vikutsnyi, Al Sirin Nar, and Don Somner North exhibited tolerance to Colletotrichum compared to other varieties. The varieties Padget and Don Somner North were more tolerant to Diaporthales compared to other varieties.  A point inoculation method was also developed to screen available germplasm for resistance to Neofusicoccum parvum. Ten pomegranate varieties, Desertnyi, Cranberry, Don Somner North, Gisarkii Rozovyi, Apseronski Krasnj, Parfiana, Christina, Wonderful, Vietnam, and Bala Miursal were tested and all were considered susceptible to N. parvum. Additional funding from FDACS was granted to continue screening of germplasm and breeding lines for resistance to these pathogens.
We evaluated growth and yield of three floricane blackberry cultivars, including `Natchez', `Navaho', and `Ouachita'. Plants were grown using a commercial trellis system. `Natchez' and `Ouachita' had more vigorous cane growth and produced higher number of canes than `Navaho'. We identified that `Natchez' is the most suitable variety in Florida yielding more than 9,000 lb/acre, which is comparable to the average blackberry yield in the U.S. Other two cultivars produced very small yields because of high chilling requirements. We also demonstrated good fruit quality for all tested varieties based on Brix (up to 10.5%). With respect to disease management, we identified that the major disease for blackberry in Florida is Cephaleuros virescens which causes Orange Felt (Orange Cane Blotch).
 
Per Objective 2:
To assess irrigation requirements for blackberry production, the same three blackberry cultivars described above were grown under three irrigation rates [100%, 80%, and 60% evapotranspiration rate (ETC)]. Plants were established in containers and grown in a high tunnel. Averaging across the irrigation rates, marketable fruit yield was 3,208 lb/acre for `Natchez', 45 lb/acre for `Navaho', and 55 lb/acre for `Ouachita', indicating the low chilling requirement of `Natchez' and its adaptability to the high tunnel production system. The yield loss by decreasing irrigation rate was more severe for `Navaho' (45-50%) and `Ouachita' (75-76%) than for `Natchez' (1-24%). Fruit Brix averaged 9.4 for `Natchez', 12.7 for `Navaho', and 12.3 for `Ouachita'. In general, decreasing irrigation rate increased fruit Brix by 3-19%. 
Nearly 40, two year old pomegranate trees were established under a high tunnel on October 2014. The trees were forced dormant by reducing irrigation frequency and fertilizers for three months starting in December 2014. Dead and diseased branches were pruned and fertilizers applied in early March to enhance new growth. In general, pruning and sanitation reduced the incidence and severity of leaf and fruit diseases on potted trees under high tunnel. A significant amount of flowering and fruit set were also observed on 25% of the trees. The same practice was repeated for 2015/2016 growing season. Pruning and sanitation reduced the incidence of foliar diseases from 80% in 2014 to 5% in 2016 growing season under high tunnel. Varieties such as Larkin, Padget, Girkanets, and Don Somner North bared at least 10 fruitlets per tree and remained disease-free throughout the growing season. 
 
Per Objective 3:
To address pomegranate disease problems, surveys were performed in 2015 and 2016.  Diseased buds, leaf, stem, pedicel, flower, and fruits were collected or were received from pomegranate growers throughout Florida.  Isolations from symptomatic tissues were made following standard laboratory protocols. The isolated fungal species were identified based on morphological characters and select sequencing of conserved fungal genes.  Attached and detached leaf assays and a detached fruit assay were conducted to demonstrate pathogenicity and aggressiveness of identified fungal species. 
Botryosphaeriaceae species, Neofusicoccum parvum, and Lasiodiplodia theobromae were isolated from pomegranate fruits and stems; two Colletotrichum sp. were isolated from leaves and fruits; a unique pathogen belonging to the order Diaporthales was isolated from leaves, stems and fruits; and the fruit rot pathogen Pilidiella granati was also isolated from fruits. Pathogenicity assays confirmed that these six pathogens were very aggressive on pomegranate fruits and leaves causing foliar spots and fruit rot in laboratory assays.  Additional isolates belonging to Lasiodiplodia spp., Nigrospora sphaerica, and Corynespora cassiicola were considered only weak pathogens of leaves.  Several additional fungi were also isolated and confirmed to be nonpathogenic on leaves and fruit; these included common saprophytic or weak opportunistic pathogen species, such as Epicoccum nigrum, Phyllosticta elongata, Pestalotiopsis clavispora, Nectria mauritiicola, and Fusarium spp.  Routine PCR amplification and sequencing of conserved sequences were used to confirm the identities of all fungal isolates; with the exception of those isolates belonging to the order Diaporthales.
For those Diaporthales isolates, twenty two isolates were subjected to further sequence analysis that included six primer pairs: β-tubulin (T1 and Bt-2b), ribosomal DNA (rDNA) internal transcribed spacer regions (ITS1 and ITS4; ITS1 and LR5; V9G and LR5; LSU1Fd and ITS4), and calmodulin (CAL-228F and CAL-737R).  PCR amplification of ITS4 and LSU1Fd failed for all isolates. Amplicons from the rest of the reactions were sequenced and based on sequence similarities known fungal specimens in NCBI GenBank database, suggest that the species is closely related to Amphilogia within the family Cryphonectriaceae. However, the morphological features of the identified species do not match with any published description for known species of Amphilogia.  Representative isolates have been forwarded to Dr. Pedro Crous at the CBS fungal biodiversity Center, Netherlands, for further taxonomic identification based on morphological features.
Similarly, 53 Colletotrichum isolates were subjected to sequence analysis of the rDNA ITS, Glutamine Synthase (GS), and β-tubulin. Preliminary data analysis identified that the two identified Colletotrichum species are grouped with Colletotrichum gloeosporioides and Colletotrichum acutatum, but appear to form a separate grouping of isolates.  This suggests that these isolates may be host specialized which will require additional host range studies.  These studies will be pursued in a subsequent grant funded by FDACS.
Field trials were initiated in late July of 2014 after disease had already progressed to epidemic levels at two field sites in Odessa and Plant City, FL.  Disease progress was monitored over 6 weeks with two fungicide applications made every 3 weeks.  Evaluated fungicides included Cabrio, Switch, Scala, Topsin, Endura, Penncozeb, Cuprofix, and Folicur.  At the Plant City site, limited availability of trees of a single cultivar forced us to spread the fungicide trials across 3 cultivars (Azadi, Christina and Don Somner North) with fungicide treatments randomly applied to each pomegranate cultivar (2 random trees/cultivar).  Uneven tree growth observed at the field site limited our ability to differentiate the effect of fungicides on disease.  However, pomegranate cultivar had a significant effect on disease, with Christina exhibiting the greatest disease tolerance, followed by Don Somer North and then Azadi.  At the Odessa site, limited availability of trees forced us to spread the fungicide trial over two cultivars (Granada and Gissarki Rozovyi), with fungicide treatments applied to 3 replicate trees per a cultivar.  Cultivar had no effect on disease, but the effect of fungicide treatment was significant, although high variability limited our ability to clearly differentiate fungicide treatments.  The fungicides Scala, Cabrio and Penncozeb performed the best.
In 2015, we continued our efforts to collect flower buds and fruits early in the season to monitor the prevalence of identified pathogens early in the season. Neofusicoccum parvum, Lasiodiplodia theobromae and Diaporthales were frequently isolated from flower bud samples. The Colletotrichum sp. were isolated from the calyx of fruits and fruits exhibiting early symptoms of fruit rot. 
Unlike 2014, field trials were initiated early in mid-February 2015.  Five fungicides (Cabrio, Switch, Scala, Penncozeb, and Luna Experience) were evaluated at three different pomegranate orchards located in Haines City, Plant City, and Odessa, FL until August, 2015.  Fungicides were applied every other week to trees using a backpack sprayer.  Data on disease severity of foliar spots and incidence on fruit were collected throughout the season. Based on area under disease progress curve (AUDPC) values, all 5 fungicides were effective at managing disease pressure at all sites.  The fungicides Cabrio and Luna Experience significantly reduced the disease incidence at all three locations, while Penncozeb performed well at 2 of the 3 sites.  The fungicides Switch and Scala also gave moderate level of disease control at all sites.  Research efforts will continue as a part of disease management project funded by FDACS to further develop fungicide usage recommendations for pomegranate production in Florida.  Field trial results have also been used to pursue labelling of several fungicides through the IR-4 Program. 
The Vegetable Entomology received about one arthropod sample each month from pomegranate growers for identification.  About half of the samples received to date are non-pest species.  Key pests of pomegranate that have been identified through this FDACS project include the citrus mealybug (Planococcus citri), the longtailed mealybug (Pseudococcus longispinus) and the little leaf notcher (Artipus floridanus).  In addition, the parasitic wasp Ooencyrtus has been reared from mealybugs on pomegranate.  
Three blackberry cultivars were grown under two production systems: high tunnel and shade house. Although our data suggest that blackberries can be grown in a high tunnel, there were increased populations of spider mites and thrips compared with the production in a shade house. In Florida, it is recommended to grow blackberries in open field or in a shade house.
 
Per Objective 4:
To achieve this objective, we conducted surveys during the project period to determine profitability and market opportunity of pomegranates in Florida. To determine the economics of the pomegranate crop in Florida, a survey was conducted in Oct-Nov, 2014. We first designed questionnaire for surveying the cost structure in Florida pomegranate production. Data to be collected include general information (such as locations, size and operator information), production practices, and inputs used and costs. After completed, we submitted the survey documents for IRB approval. We received IRB approval on September 17, 2014 and then started the survey activities. We visited commercial farms and collected data from growers. The results have been presented at a project meeting to the industry. A summary report of the survey was prepared.
To analyze market and consumers, we conducted a pomegranate taste test. This test was conducted in two phases at the University of Florida. The first phase was conducted on October 10, 2014 and 119 students, faculty and staff participated in the experiment. We tested four varieties of pomegranates; Lester, Afganski, Wonderful, and Salavaski. Before we conducted the first phase of the experiment we observed the characteristics of each variety and during the experiment we asked the subjects to scale from 1 to 9 each characteristic of the varieties. The characteristics that we included in the experiment are: appearance, color, overall linking, flavor, texture, sweetness, seed hardness, juiciness, sourness, and purchase intent. The second phase of the experiment was conducted on October 13, 2014 and 119 students, faculty and staff participated in the experiment. In the second phase we tested four new varieties; Al-Sirin-Nar, Jimmy, Nikitski, and Herbert. The subjects were asked to rank each characteristic of the varieties on a scale from 1 to 9. 
In addition, an online pomegranate survey for consumer behavior was conducted.  The online survey received 3,338 responses. The survey's questions were comprised of six different sections: screening, purchasing behavior, factors influencing purchase, consumption patterns, health information and general demographics. The purpose of the survey was to derive results for the purchasing behavior of consumers for pomegranates and identify factors affecting their purchasing behavior. In the survey consumers were presented eight pictures of the pomegranates used in the prior tasting test. The pictures showed the fruit from outside and inside and consumers were asked multiple questions regarding the fruit attributes. The survey also includes information regarding the health benefits of the pomegranates and questions on consumer awareness/knowledge on the benefit. 
 
Per Objective 5:
Grower's meetings were organized jointly by Gulf Coast Research and Education Center and Florida Pomegranate Association. Each meeting consisted of presentation by experts within University of Florida and invited guest speakers from pomegranate production areas such as California, Arizona, Georgia, and Uruguay. A pomegranate field day was organized by Gulf Coast Research and Education Center in 2015 in one of the fungicide field trials where information on fungicides and their efficacy to control pomegranate diseases were demonstrated. Growers also had in-field observation of fruit, leaf, and stem disease symptoms. Newsletter articles were published in Florida pomegranate magazine, `Aril' and a popular citrus magazine. Extension publication on pomegranate diseases in Florida has been prepared for submission to UF Electronic Data Information Source (EDIS). 
 
 
	txtGoals12:  Objective 1
Per objective 1, Twenty-two pomegranate varieties were collected. Sixty crosses between 14 pomegranate varieties were designed for breeding. A total of 262 pomegranate flowers were emasculated and hand-pollinated with pollen from 14 pomegranate varieties. The pollinated flowers produced 151 young fruit, and a large percentage of the young fruit dropped due to diseases. About 30 fruit were harvested in August 2014. More than 8,000 seeds were extracted and processed for 16 crosses. These seeds produced nearly 2,500 young pomegranate seedlings in containers. Based on plant growth and apparent resistance to leaf spotting diseases, 1990 seedlings were selected. These seedlings were transplanted in late October 2015 to a newly developed pomegranate orchard. All young plants have been established and they are growing well in the orchard. Significant differences have been observed among seedlings in plant vigor, growth, and branching habit. Seedlings from several crosses were growing much better than those from other crosses. In addition, 116 plants of 44 pomegranate cultivars were transplanted to the orchard in late October 2015.
Pomegranate germplasm was screened for various traits including disease resistance. However, we were only able to screen 15 accessions out of the initially proposed 100.  The limited availability of clean plant material and the complicated disease issues stifled our planned research efforts.  Regardless, we developed a process to clean up available germplasm and developed assays to screen pomegranate accessions.  Out of fifteen accessions screened so far for disease resistance, four varieties Angel red, Vikutsnyi, Al Sirin Nar, and Don Somner North exhibited tolerance to Colletotrichum spp. compared to other varieties. The varieties Padget and Don Somner North exhibited tolerance to Diaporthales. No resistance/tolerance to Neofusicoccum parvum was identified. A new project funded by FDACS will continue screening remaining accessions and developed breeding populations for resistance to these pathogens. 
Among the tested cultivars of blackberry, we identified that `Natchez' is the highest yielding cultivar in west-central Florida. Low chilling requirement is the most important phenotype to select cultivars suitable in our sub-tropical climate. In terms of fruit quality, `Ouachita' had the highest Brix value and good flavor.
 
Objective 2
Due to the disease issues surrounding pomegranate, we focused research efforts on cultural practices for production to only blackberry.  Blackberry production in a high tunnel is not recommended, due to increased infestations of mites and thrips. The use of shade cloth can reduce heat stress in blackberry plants, while keeping insects and diseases at a manageable level. Blackberry plants require relatively small amounts of fertilizers at the beginning of cane establishment and flowering, while insufficient irrigation can significantly reduce fruit yield depending on cultivars. Optimal and frequent pruning and training are very important to prevent excessive growth of canes and to produce large size berries.
 
Objective 3
Per objective 3, targets were to identify diseases and pest of pomegranate in Florida and develop disease management programs/ manuals for growers. Six economically important pathogens of pomegranate were identified in Florida. Two Botryosphaeriaceae species, Neofusicoccum parvum and Lasiodiplodia theobromae were isolated from pomegranate fruits and stems; two Colletotrichum sp. were isolated from leaves and fruits; one pathogen belonging to the order Diaporthales was isolated from leaves, stems and fruits; and a fruit rot causing pathogen Pilidiella granati was also isolated from fruits. These six pathogens were confirmed to be very aggressive on pomegranate fruits and leaves causing foliar spots and fruit rot in laboratory assays. Additionally, Nigrospora sphaerica, and Corynespora cassiicola were considered only weak pathogens of leaves, and Epicoccum nigrum, Phyllosticta elongata, Pestalotiopsis clavispora, Nectria mauritiicola, and Fusarium spp. were also isolated but determined to be either saprophytic or only weak opportunistic pathogens.  We did not recover Cercospora punicae during our survey. 
Towards disease management, fungicides trials were initiated in 2014 and continued in 2015 at a total of 4 different locations in Central Florida. The fungicides Cabrio, Switch, Scala, Penncozeb, Luna Experience, Topsin, Endura, Folicur, and Cuprofix were evaluated for their efficacy to reduce foliar and fruit diseases. Top performing fungicides included Cabrio, Luna Experience and Penncozeb; followed by Switch and Scala across locations. The fungicides Luna Experience and Merivon (contains similar active as Cabrio) are under consideration for labeling on pomegranate through the IR-4 program.  In addition to the use of fungicides, our findings indicate that orchard sanitation (clearing of leaf litters and fruit debris) will be critical to effective disease management.  
We identified that the major disease for blackberry is Cephaleuros virescens, which causes Orange Felt (Orange Cane Blotch). Excessive irrigation especially by sprinkler or spot-spitter irrigation that wet canes should be avoided to minimize the development of Orange Felt. 
Key pests of pomegranate that have been identified through this FDACS project include the citrus mealybug (Planococcus citri), the longtailed mealybug (Pseudococcus longispinus), the little leaf notcher (Artipus floridanus), and ambrosia beetles.  In addition, the parasitic wasp Ooencyrtus has been reared from mealybugs on pomegranate.  For blackberry, spider mites and thrips are the major pests, especially when grown in a high tunnel. Frequent scouting and insecticide sprays will be critical to manage these pests.  
 
Objective 4
We completed the cost structure report. The report is prepared for submission to the UF/IFAS EDIS system. The information was presented in growers meetings and field days and filled the knowledge gap of Florida growers. The test results were reported to the Florida Pomegranate Growers Association and presented in grower meetings. The report has been prepared for submission to the UF/IFAS EDIS system.
An online survey was conducted to collect information on consumer purchasing behavior, including consumption patterns, factors influencing purchase, consumers' knowledge on pomegranate health benefits, and general demographics. The data were analyzed and presented in the field day in 2015, and a paper has been drafted that identifies factors affecting consumption of pomegranates.   The paper has been presented at the 2016 South Agricultural Economics Association (SAEA) annual meeting, which we expect to submit to a peer-reviewed journal. 
 
Objective 5
Four grower meeting and two field days were jointly hosted by Gulf Coast Research and Education Center and Florida Pomegranate Association. Updates on all research progress including disease management, pest management, cultural practices, breeding, and consumer preferences were presented to participants. In addition, disease management results were presented at a pomegranate field day hosted by the Georgia Pomegranate Association in Alma GA in 2015. Florida Pomegranate Association's booths in Citrus Expo were supported three times and information on pomegranate production in Florida was delivered. Two articles on disease and pest identification and management were published on pomegranate grower's magazine, `Aril'. An article on pomegranate disease identification and management was submitted on Citrus Industry magazine. One extension publication on pomegranate disease identification and management has been prepared for submission to UF Electronic Data Information Source (EDIS). Four research abstracts have been published on annual and division meetings of American Phytopathological Society (APS). Two disease notes on the identification of Neofusicoccum parvum and Pilidiella granati were published on Plant disease journal. Three full research manuscripts are in preparation for submission to a peer-reviewed journal. 
 
 
 
	txtBeneficiaries12: This project directly benefited the pomegranate and blackberry growers in Florida, as well as growers in the neighboring states of Georgia, Alabama, North Carolina, and South Carolina. Diseases were identified as the main problem limiting commercial production of pomegranate in Florida and subsequent progress was still made on pathogen identification and disease management given the complicated disease complex we discovered.  Three fungicides were nominated through the IR-4 Program to receive labelling for use on pomegranate.  The information was delivered to growers in timely manner through grower's meetings and field days. The average attendance in each meeting was around fifty growers. Three Citrus Expo Meetings were attended to present information about pomegranate to citrus growers looking for alternative crops. Information on pomegranate production, varieties, major challenges, and market opportunities in Florida was delivered. Nearly 60% of the citrus growers attending Citrus Expo visited the pomegranate booth. 
 
 
2014 FL Pom Meetings  - 95
2015 FL Pom Meetings  - 93
2015 GA Pom Meeting  - 65
2016 FL Pom Meetings  - 117
2016 AL Pom Meeting  - 43
2016 FL Ag Expo  - 800
2016 Epcot Tour  - 32
2016 NARRC Tour  - 135
2016 Investment group  - 35
2016 China Research group  - 20 
2016 FRED tour - 20
Growers  - 35 
 
TOTAL  - 1,490
 
 
	txtLessons12:  
 When the original PI (Santos) departed from the University of Florida, a meeting was held between the remaining investigators (Castle, Deng, Smith, and Vallad) and project cooperators (Tighe, Weinstein, and Whidden), referred to as the Research Team, to discuss the proposal.  Several changes were agreed upon by the Research Team to better meet the immediate research needs of pomegranate and blackberry.  First, Dr. Vallad assumed the role of lead PI for the project.  Additional funds were allocated to Dr. Deng to better facilitate pomegranate breeding activities, and to take on additional responsibilities for evaluating blackberry varieties; including funds to help defray the costs to establish & maintain a pomegranate nursery at GCREC for pomegranate breeding efforts, and additional funds for the proposed blackberry irrigation studies. The Research Team felt that plant disease was the primary limitation to pomegranate production in Florida and that many of the observed disease issues were likely linked to cultural practices.  Therefore, funds were reallocated to better facilitate research into disease management and cultural practices to limit disease issues, integrating Activities 2.1, 2.2, 2.3, and 3.2. Funds were allocated to hire a postdoctoral researcher to assist Dr. Vallad with efforts to survey pomegranate nurseries for diseases, develop methodology to screen pomegranates for disease resistance (especially Botryosphaeria), develop disease management strategies (cultural and chemical), and to prepare educational activities and documents.  Additional funds were also reallocated to Guan to perform pomegranate market survey and public taste panel for marketing purposes, as part of objective 4; information that the Research Team felt was critically needed by the pomegranate industry.
Initial reports from Florida and Georgia suggested that Botrysphaeria and Cercospora were the principal fungal pathogens responsible for production losses in pomegranate.  However, our survey efforts identified at least six fungal pathogens of economic importance, which complicated our original proposed objectives to screen pomegranate accessions for disease resistance (objective 1.3) and to evaluate disease management strategies (objective 3).  In addition, nearly all of the pomegranate germplasm available was already diseased.  For perennial crops like pomegranate, availability of disease free plant materials for replicated trials, especially in view of the number of pathogens identified during surveys, is a major challenge. We moved potted pomegranate trees into greenhouse and protected high tunnels and used a program consisting of regular pruning, forced dormancy, and the removal of diseased stems, leaves and fruit to clean up trees.  Using detached leaves, we developed a spray inoculation and point inoculation for pathogens producing abundant spores (Colletotrichum sp., Diaporthales, and Pilidiella granati) and for pathogens not producing spores (Neofusicoccum parvum and Lasiodiplodia theobromae), respectively.  We were unable to assess fruit susceptibility, since the acquired plant materials currently in protected structures or in our pomegranate nursery are too juvenile to readily produce fruit, and disease-free fruit from mature orchard trees are rare.  The severe disease observed at many grower locations required us to initiate fungicide evaluations, as a primary means of disease control.  Our efforts identified several effective fungicides for managing diseases of pomegranate.  Two fungicides, Luna Experience and Merivon (contains similar active as Cabrio), are now under consideration for labeling on pomegranate through the IR-4 program.  We obtained two additional years of funding through the Florida Specialty Crop Block Grant Program to further our fungicide evaluation efforts, evaluate pathogen survival in debris, and to continue evaluation of pomegranate accessions with our developed disease assays.
 
 
	txtContact12:  
 If to Sponsor                                    Attn: Sonia Tighe
                                             Florida Specialty Crop Foundation
                                             800 Trafalgar Court, Suite 200
                                             Maitland, FL 32751
                                             Phone: 813-975-8377                         
 
If to University:                           Brian Prindle, Associate Director of Sponsored Programs
University of Florida
219 Grinter Hall, PO Box 115500
Gainesville, FL  32611-5500
         Email: ufproposals@ufl.edu 
 
If Technical Matter:         Dr. Gary Vallad or Dr. Zhanao Deng
         Gulf Coast Research and Education Center
         14625 County Road 672
         Wimauma, FL 33598
         Email: gvallad@ufl.edu or zdeng@ufl.edu
         Phone: 813-634-0000
 
	txtProjectTitle13: Development of citrus black spot sensing system using multispectral imaging  
	txtPartners13: Reza Ehsani,CREC,University of Florida
Pamela Roberts, SWFREC, University of Florida
Mark Ritenour, IRREC, University of Florida
	txtSummary13: Citrus black spot (CBS) is a fungal disease caused by Phyllosticta citricarpa [synonym Guignardia citricarpa]. CBS causes fruit lesions and significant yield loss in all citrus species. The most distinguishing CBS symptom is called hard spot which is a circular lesion with gray tissue at the center surrounded by a black margin. 
In the first experiment, the spectral characteristic of CBS lesions was investigated and compared with the spectral signature of healthy fruit tissue to determine the best distinguishing waveband. Healthy and CBS-affected samples presented similar reflectance below 500 nm and above 900 nm. However, healthy samples reflected more light between 500 and 900 nm, especially within the visible region. Also, spectral reflectance of the same symptomatic lesion was acquired six times over a 2-month period to determine the variation of symptom's spectral signatures over time after being harvested. A two-sample t-test was employed to compare each pair of consecutive repetitions. The results showed that the spectral signature of the CBS lesion did not change significantly over two months. The wavelengths between 587 and 589 nm were identified as the distinguishing band to develop a monochrome vision based sensor for CBS diagnosis. A support vector machine classifier was trained using the spectral reflectance data at the selected bands to identify CBS-affected samples in each repetition. The overall CBS detection accuracies varied between 93.3% and 94.6%.
In the second experiment, spectral characteristic of several CBS symptoms were investigated to determine the best spectral bands for diagnosis. Color images of CBS symptoms as well as healthy fruits were acquired using a digital single-lens reflex camera. Band selection was conducted with respect to spectral response of the camera. A set of color features were extracted from red, green, and blue channels of the color images for classification. A classification model was developed using various classifiers and k-fold cross validation which was able to accurately detect the CBS symptoms along with the level of severity. The results showed that the spectral analysis could provide useful information to develop an efficient color image classification algorithm for CBS detection. CBS-positive spots were classified with a 100% accuracy using this algorithm. CBS lesion type and the maturity of healthy fruits were also identified with accuracies of 69% and 98%, respectively.
In another part of this research, an affordable vision based sensing method was introduced that was able to detect the citrus fruit with CBS lesions under the field condition. It was shown in a previous study that CBS lesions could be identified with a 100% accuracy in a laboratory using only the color information in regular RGB images. Two DSLR cameras were modified to capture images in two NIR bands as well as red, green, and blue channels. Images of citrus trees were acquired in a grove near Immokalee, Florida, USA. An image analysis algorithm was developed to segment the potential spots on the citrus fruit and confirm if they were CBS lesions. Morphological features were extracted from the potential spots in all color components of the images. The algorithm was able to determine if a fruit were CBS positive or CBS negative. The results showed that acceptable accuracies using images were obtained by the proposed sensing system. The proposed imaging method is an affordable diagnosis method for CBS detection under the field condition.
One of the objectives of this study was to evaluate the potential application of an aerial-based detection system for detecting CBS symptomatic fruits. A multi-rotor unmanned aerial vehicle (UAV) equipped with a high resolution camera (Sony EXMOR 1/2.3" CMOS Sensor with 12 MP resolution) in the visible bands was used to capture top and side pictures of CBS-infected trees with symptomatic fruits. The pictures were able to capture images of the fruit visible on the side and top of the tree canopy with an average resolution of about 630 pixels/fruit. The outcome of the study indicated that although it is possible to get high resolution aerial images of trees with infected fruits, it is not possible to use those images alone for detection of the CBS-infected trees. Due to the fact that it is not possible to see all the occluded fruits from air, there is a great chance of missing symptomatic fruits. Plus, the existence of fruit with symptoms similar to CBS could cause a high amount of false positives. The results indicated that high resolution aerial imagery with UAV alone is not sufficient for detecting symptomatic CBS-infected fruit, and a more sophisticated approach would be needed.
The Robert's Plant Pathology program provided assistance in acquisition and identification of CBS positive fruit for use in the development of visual (spectral) identification models. Assistance in lesion classification and visual confirmation was also garnered from the program in May 2015. Their program liaised between grower and Dr. Lee's group for entry into a CBS infected grove. In February and March 2016, they escorted and aided Alireza Pourreza and a colleague in obtaining “on tree” and “within grove” images (visual and spectral) of fruit with CBS lesions and lesions that may be mistaken as CBS.
 
	txtApproach13: Spectral analysis
Healthy and CBS symptomatic citrus fruit of `Valencia' sweet orange, Citrus sinensis (L.) Osbeck, were collected from a citrus grove near Immokalee, FL in Apr. 2014. In order to conduct the spectral measurement, the citrus samples were transferred to the post-harvest laboratory in the Indian River Research and Education Center (IRREC), University of Florida, Fort Pierce, FL. A total of 134 citrus fruit including 104 CBS-positive and 30 CBS-negative samples were selected randomly for spectral measurement. Two or three CBS symptomatic hard spot lesions were selected and marked randomly on each of the CBS-positive samples to create the CBS-positive class. Also two CBS asymptomatic spots on each of the CBS-positive samples and two or three spots on CBS-negative fruit were selected to create the CBS-negative class.
A portable spectrometer (USB2000+; Ocean Optics., Dunedin, FL) with spectral resolution range of 0.28-0.38 nm and an optical resolution of 0.1 nm was used to measure the spectral reflectance of the target spots on the citrus fruit. A fiber optic reflection probe (QR600-7-SR-125F; Ocean Optics) with a core diameter of 600 µm was used to measure the spectral reflectance of the target spots. A reflection probe holder (RPH-1; Ocean Optics) was used to keep the same probe positioning to all the target spots at 45⁰ in all measurements. The light source (LS-1 Tungsten Halogen Light Source; Ocean Optics) of the spectrometer was turned on 45 min before measurement to ensure it reached its stable status. The optical reference standard was collected before each measurement using a certified 99% white reflectance standard (SRS-99-020; Labsphere, Inc., North Sutton, NH).
The measurement was repeated six times on Apr. 11, Apr. 18, May 2, May 15, May 29, and June 13, 2014. The CBS-negative samples were added to the dataset from the second repetition (Apr. 18). At the forth repetition of spectral measurement, a few samples began to decay. These decayed samples were removed before the fifth and sixth repetitions of spectral measurement. Color images of the citrus samples and the selected spots were taken as a reference of the sample status at the time of the spectral measurement. The citrus samples were kept at air temperature of 1 deg C and humidity of 70% during the experiment period. The spectral range of the spectrometer was between 340 and 1030 nm; however, the measured reflectance below 400 nm was very noisy. Therefore, the analysis was performed within the entire visible and part of near-infrared bands. In total, 1914 wavelengths between 400 to 1030 nm were available for the analysis process.
Two-sample t-test (Snedecor and Cochran, 1989) was used to determine whether there is any significant difference between the spectral signatures of different repetitions. The averages of spectral reflectance and their first derivatives were compared between every two consecutive repetitions and also between the first and last repetitions for each class. All data analyses were conducted using MATLAB (ver. R2011a, The MathWorks, Natick, MA).
In order to determine the most important wavelengths in CBS diagnosis, five feature ranking methods including t-test, Kullback-Leibler distance, Chernoff bound, receiver operating characteristic (ROC), and Wilcoxon tests were employed (Liu and Motoda, 1998; Theodoridis and Koutroumbas, 2009). The results of each method included a vector of coefficients corresponding to the features (wavelengths). These coefficients represent the level of relevance of each wavelength for the classification process. The coefficient ranges for each method varied since different factors were considered for different feature ranking methods. Therefore, the coefficients in each method were normalized by the maximum obtained coefficient that belonged to the top wavelength ranked with the corresponding method. To select the most relevant bands, a combination of the entire feature ranking results was used to appoint the best set of nominated wavelengths which were voted by all methods. For this purpose, all the wavelengths which had the coefficients greater than 0.99 in all methods were selected.
The selected bands were used to train a SVM binary classifier with two classes of CBS-positive and CBS-negative (Bishop, 2006). Classification was conducted for every repetition as well as the entire dataset. A 10-fold cross validation method was used in the classification process in which the dataset was randomly divided into 10 folds; nine folds were used for training while the other fold was used for validation. The classification was repeated 10 times until all the samples were included at least once in the validation set.
vision based sensing method
A customized Visible-Near Infrared (VIS-NIR) multispectral (MS) imaging system was developed using two modified mirrorless cameras (EOS M10, Canon Inc., Tokyo, Japan), a 2- camera mounting bracket, and a shutter controller. Any commercial digital camera is equipped with an infrared (IR) Cut Filter (ICF) that is positioned in front of the sensor to block the NIR. Otherwise, the color channels mix infrared and visible information. In order to enable the mirrorless cameras to capture light reflectance in the NIR range, the internal ICFs of the mirrorless cameras were removed and the cameras were modified so that one could capture blue, green, and NIR (680-800 nm), while the other one could acquire reflectance in green, red, and NIR (800-900 nm). Therefore, a combination of the two cameras provided us with a 5-band multispectral imaging system that included three visible bands and two NIR bands.
In-field MS image acquisition was conducted in early March 2016, in a grove including Valencia orange trees near Immokalee, Florida. The imaging sensor was mounted on an unmanned ground vehicle (UGV) for field inspection. The UGV drove between the rows of citrus trees, stopped in front of each tree, acquired images, and then went to the next tree. Image acquisition was conducted in two blocks of the citrus grove: first in a healthy block where no symptomatic fruit had been observed before; and second in a CBS infected block where oranges with CBS lesions were marked by red ribbons. Before the image acquisition, the cameras were calibrated using a white paper and their custom white balance capabilities. Both cameras were set on manual modes with the following settings: focal length: 15 mm; F-stop: f/8; exposure time: 1/640 sec; and ISO-speed: 800. The images were saved in a JPG format.
At the first step in image processing, six color components including blue, green1, NIR-1 (700-800 nm) from camera #1, and NIR2 (800-900 nm), green2, and red from camera #2 were extracted. A total of 80 citrus fruits including 40 samples with CBS symptoms (hard spot) and 40 samples with healthy peel were segmented manually from the background. Selected sample citrus fruits were in various illumination conditions such as uniformly illuminated by direct sunlight, partially in shade, and totally in shade. A histogram analysis was conducted for each single citrus fruit to determine a customized gray value threshold for segmenting the potential CBS spots on the citrus fruit peel. A customized threshold for each fruit was determined and used for segmentation. The potential segmented spots were then further analyzed morphologically to determine if they were CBS lesion or not. Basically, any potential spot needed to meet certain criteria that were found by experience and observation. The shape features used to validate a CBS-positive spots included area, minor to major axis ratio, solidity, extent, and centroid. If a segmented area passed all the five criteria, it was considered as a CBS lesion, otherwise, it might be a symptom of other disease or noise, but not CBS lesion.
These image analysis steps were applied to all 80 samples. If at least one CBS lesion was detected on citrus fruit, it was considered as a CBS positive, otherwise, the sample was categorized in the CBS negative class. This process was repeated for all six color components.
 
	txtGoals13: Determine important wavelengths in the visible and near-infrared regions to identify CBS symptomatic fruit 
In the first study, the spectral characteristics of CBS symptoms were investigated and compared to the healthy tissue. A spectrometer was employed to measure the spectral reflectance of two CBS-positive and two CBS-negative samples in six repetitions over two months. The results showed that there was no significant difference among the spectral signatures of the same spot measured during two months of data collection. The wavelengths between 587 and 589 nm were identified as a potential waveband to develop a customized monochrome image acquisition system for in-field CBS diagnosis purpose. A SVM classifier was trained with the spectral data from the selected waveband to classify the samples into two classes of CBS-positive and CBS-negative. The overall accuracies ranging from 93.3% to 94.6% were achieved for several repetitions of the experiment. Also an overall accuracy of 93.4% was achieved when all samples in the dataset regardless of their repetitions were used for the classification purpose. In this study, only one band was used for classification with an acceptable accuracy. 
In the second study, the main objective was to develop an image analysis algorithm for CBS diagnosis using the spectral characteristics of CBS symptoms. Spectral reflectance of various CBS-positive symptoms as well as mature and immature CBS-negative samples were measured and analyzed to determine the important wavebands for CBS diagnosis as well as lesion type identification. Then, the spectral band selection results were compared to the results of color feature selection to determine whether spectral analysis can justify the use of specific color information in an image classification algorithm and if it can help to develop a more efficient sensing system. The results showed that the features used in the classification model strongly support the band selection outcomes. For the step one of the classification model, the most valuable information was found within the green band which resulted in an accuracy of 100% for CBS diagnosis. Two important wavebands for the step two were located in the near-infrared band which was beyond the range of most DSLR cameras. Since the camera employed in this study was unable to capture information in this range, therefore valuable information was lost. By removing the NIR cutoff filter from the camera, this information can be captured and used to produce a more accurate classification. For the step three of the model, helpful information was mainly found in the red band which resulted in an overall accuracy of 98% for CBS-negative maturity determination.
Develop a ground-based detection system for symptomatic fruit
An affordable multispectral sensing system was developed for CBS detection under the field condition. The sensor was mounted on an Unmanned Ground Vehicle (UGV) for field inspection. A dataset including multiband images of 80 citrus fruits (CBS positive and CBS negative) was created and used to test the proposed diagnosis method. The result showed that the green and red color components of the multispectral images provided useful information that can be utilized for CBS detection under the field condition with an acceptable accuracy.
Develop an aerial-based detection system for symptomatic fruit
A multi-rotor unmanned aerial vehicle (UAV) equipped with a high resolution camera in the visible bands was used to capture top and side pictures of CBS-infected trees with symptomatic fruits. The pictures were able to capture images of the fruit visible on the side and top of the tree canopy with an average resolution of about 630 pixels/fruit. However, due to the fact that not all fruits are visible from air, many symptomatic fruits could be missed. Also, fruit with some other similar symptoms to CBS could interfere correct detection of CBS symptomatic fruits. The results indicated that high resolution aerial imagery with UAV alone is not sufficient for detecting symptomatic CBS-infected fruit, and a more sophisticated approach would be needed.
Adapt the developed systems for use in commercial citrus groves
The developed system was tested in a commercial citrus grove and yielded an acceptable detection accuracy. However, due to the difficulty in finding CBS infected fruit in the grove which in turn caused time delay of several months in the project execution, this objective was not completed within the project period.  
 
	txtBeneficiaries13: The overall citrus industry would be the beneficiaries of this project. Visual inspections conducted by the Department of Plant Industry in Florida could be replaced with the developed multiband camera system. Current ground scouting is very time consuming and labor intensive. The developed camera system could be used as an objective and accurate method for detecting CBS symptomatic fruit. 
Several articles were published from this project (please refer to Additional information) and made available for the general public. 
 Based on the 2012 Census, there were 3,639 citrus farms in Florida.
	txtLessons13: Citrus fruits with black spot lesion can be detected using the proposed sensing system under the field condition. Information in the near infrared band was not very useful, because this information helps in detecting the type of CBS lesion. However, most common CBS lesions are hard spot and cracked spot which can be detected using the spectral information in red and green bands. Therefore, a commercial RGB camera could be used for field diagnosis. 
One of the major difficulties was to obtain CBS infected fruit samples. During the field test in March 2016 in a commercial citrus grove, it was very difficult to find CBS symptomatic fruit. This is good news for the citrus industry in Florida, but not for this project. This difficulty delayed the execution of the project, and we ran out of the time to complete an on-the-go capability of the system. The current developed system is a multiband computer vision system with an operating software, which could be used as a handheld tool with a laptop.  The incomplete portion of the project is to implement a field-programmable gate array (FPGA) to expedite the image processing time for field use. Unfortunately, the time ran out and this portion was not completed due to the scarcity of CBS symptomatic fruit. 
The UAV generated a windy condition when flying at low altitude which made it hard to capture sharp images because the wind made heavy vibrations especially for leaves. Moreover, the citrus fruit samples were not very visible from the top view. Capturing side view images of trees using UAV was not feasible. Because there was not enough space between the rows in the grove so that the UAV couldn't fly in a lower altitude between the rows to acquire side view images.
Overall, spectral signatures of CBS symptomatic fruit as well as significant wavelengths were identified to detect CBS symptomatic fruit, and a multiband camera system was developed for ground-based detection with an acceptable accuracy. 
 
	txtContact13: Dr. Won Suk "Daniel" Lee
Professor
Agricultural and Biological Engineering Dept. 
University of Florida
Gainesville, FL 32611
 
Tel: 352-392-1864 Ext. 207
Email: wslee@ufl.edu 
 
 
	txtProjectTitle15:  Stimulating Resveratrol Production in Muscadine Grapes to Ensure Health Value and Boost Market Potential
 
	txtPartners15: 
	txtSummary15:  Muscadine grapes are widely grown in the South for fruit and wine production. The stilbenes, resveratrol and its analogs found in Muscadine grapes are responsible for their superior nutraceutical properties and health benefit. Resveratrol is known to possess antioxidant, antihypertensive and anticancer activities. Stilbenes are phytoalexins and induced in response to various abiotic and biotic stresses. Under non-stress conditions most muscadine grape genotypes produce little to no resveratrol making their stilbenes content unreliable and health value questionable. Thus, berry resveratrol content can vary greatly depending on genotype and exposure of grapevine to varying levels and types of stresses. These external factors result in inconsistent amount of resveratrol in the berry which would affect its nutraceutical value. To promote muscadine grape as a nutraceutical plant product and sustain production, its phytochemicals content and nutraceutical value has to be guaranteed through producing grapes that consistently contain desirable level of resveratrol/stilbenes. Thus the overall goal of this research was to evaluate and identify naturally high-stilbene producing muscadine genotypes, and to develop postharvest induction techniques for increasing berry stilbenes content to guarantee its stilbenes amount, and thus its health value. This requires development of novel techniques for pre-/post-harvest induction of resveratrol in muscadine grape by applying external elicitors. Application of postharvest elicitor treatment to berry will increase resveratrol production in muscadine grape, and help guarantee its phytochemicals content and health value. With this understanding this research was designed to evaluate muscadine genotypes for determining genetic differences in their stilbenes content as well as assess the ability of select abiotic elicitors to increase resveratrol production in muscadine grape. The specific objectives of this investigation were to: (1) determine genetic variation in resveratrol content and composition among muscadine genotypes, (2) evaluate abiotic stress agents for their ability to induce resveratrol in muscadine berry, (3) validate resveratrol induction by confirming expression of stilbene synthase gene, and (4) Confirm consistent expression of stilbenes by muscadine genotypes and elicitor-induced resveratrol enhancement using grape berry from two different seasons. The research work plan was thus designed to define genetic variation in resveratrol content and composition of muscadine genotypes, and identify external elicitor/s capable of inducing resveratrol in the berry as a means to overcome deficiency in constitutive stilbenes expression by the berry. In addition to resveratrol, the content and composition of other stilbenes such as piceid, €-viniferin, pterostilbene, etc., were also studied since they are known to act in concert with resveratrol to promote consumer health. Identification of genotypes capable of naturally producing high level of resveratrol or have the ability to overexpress stilbenes in response to external elicitor treatment will be useful for establishing new vineyards with promising genotypes to produce muscadine grapes with high nutraceutical value. This would help diversify muscadine grape use by enabling production of high value food and pharmaceutical products using high-resveratrol producing grape genotypes. It would also enhance collaboration between growers and researchers and provide experiential learning to students in various biochemical techniques.
 Additional Information
 
Publications
Devaiah Kambiranda, Mehboob Sheikh (2016) Genetic Variation in Stilbene Content and Composition among Muscadine Grapes (Manuscript under preparation)
Devaiah Kambiranda, Mehboob Sheikh (2016) Standardization of UV Treatment in Muscadine Grapes for Elicitation of Stilbene Content (Manuscript under preparation)
 
 
 
 
 
 
 
 
	txtApproach15: Briefly summarize activities performed and tasks preformed during the grant period. Whenever possible describe the work accomplished in both qualitative and quantitative terms. Include the significant results, accomplishments, conclusions and recommendation's. Include favourable and unusual developments
The primary goal of this project was to identify muscadine genotypes capable of naturally producing large amounts of stilbenes, and evaluate application of external elicitor/s for inducing resveratrol production postharvest in black and bronze muscadine grape genotypes. To investigate genotypic variations among muscadine genotypes, fully ripe berry samples were collected from the 2014 and 2015 seasons crop and used as follows. The berry samples were ground to a powder with liquid nitrogen, stilbenes extracted using methanol:ethyl acetate, centrifuged and supernatant concentrated by drying in a vacuum concentrator. The dried extract was dissolved in methanol, filtered and used for determination of its stilbenes content and composition using HPLC following the protocol we had optimized for muscadine grape. The column eluates were monitored at the maximum absorption (285 and 306 nm) for detection of stilbenes. Stilbene standards viz. piceid, resveratrol, pterostilbene and viniferin were obtained from Sigma Chemical company, diluted to 1-6 ng concentrations and subjected to HPLC. Stilbene peaks were identified in the sample HPLC chromatograms by comparing with stilbene standards and quantified using calibration curves generated with the stilbene standards. Stilbenes analysis of berry samples from 2014 and 2015 seasons revealed that muscadine grape contained four major stilbenes viz.  piceid, resveratrol, pterostilbene and viniferin. However, the content and composition of these stilbenes varied greatly among these genotypes.
For external elicitor evaluation study, berry samples of Bronze and Black muscadine grape genotypes were collected during the 2014 and 2015 seasons and exposed to short and long UV wavelengths (256 nm, 310 nm and 360 nm). After UV exposure, berry samples were incubated for 2 to 120 h to promote stilbenes production and optimize post-treatment conditions for maximum stilbene expression in grape berry. Stilbene analysis data showed that a 15 min post-harvest exposure of ripe grape berries to UV (254nm) is necessary for initiating stilbenes production in grape berry but longer UV exposure periods of 90 to 120 min is required for maximum resveratrol induction. In addition, this study also showed that stilbenes accumulation started after an 8 h post-UV exposure period which increased continually up to 48 h and then decreased gradually. Postharvest UV treatment conditions were standardized for muscadine berry using different lengths of UV exposure, berry sizes and colors. HPLC analysis of berry extracts showed resveratrol as the major stilbene induced following UV exposure in all the muscadine varieties tested. Stilbenes analysis also revealed that a minimum of 15 min post-harvest exposure of ripe berries to UV is necessary for stilbenes induction. In addition, the results also showed that UV exposure duration of 90 to 120 min is necessary to obtain maximum stilbenes induction in muscadine berry. 
Quantitative data presented below is the mean concentration of two seasons data which was used to identify muscadine grape genotypes producing high and low amounts of stilbenes:  
1.         Piceid was detected in all 44 muscadine cultivars tested and its concentration ranged between 1.52 to 236 µg/g-1 of ripe grapes (Figure 2A)
2.         Resveratrol was detected in 44 muscadine cultivars and its concentration ranged between 0.05 to 10.02 µg/g-1 of ripe grapes (Figure 2B)
3.         €-Viniferin was detected in 43 muscadine cultivars and concentration was between 
0.3 to 2.55 µg/g-1 of ripe grapes (Figure 3A)
4.         Pterostilbene was detected in 42 muscadine cultivars and its concentration was between 0 to 11 µg/g-1 of ripe grapes (Figure 3B)
5.         Among the bronze muscadine cultivars, highest total stilbenes content was observed in cv. Sweet Jenny, Pineapple and Carlos (36.75, 25.74, and 25.45µg/g-1, respectively) and lowest in cv. Digby, Pam and Granny Val (3.82, 6.11 and 8.14µg/g-1, respectively) (Figure 1)
6.         Among the black cultivars tested cv. Southern Home, Pride and Alachua (35.00, 47.89 and 31.00µg/g-1, respectively) were found to contain highest amount of stilbenes while cultivars Regale, Ison and Jumbo (7.93, 9.41 and 9.76 µg/g-1, respectively) (Figure 1) contained lowest concentration of stilbenes
7.         Resveratrol was found to be the predominant stilbene elicited in berry of all 44 muscadine cultivars tested after UV exposure from both the 2014 and 2015 seasons crop. Resveratrol concentration of these berries ranged between 2.35 to 65.25 µg/g-1 (Figure 4)
Overall, this study revealed that the 44 muscadine genotypes evaluated in this study widely differed in their stilbenes content and composition. Based on total stilbenes content found in 2014 and 2015 berries the muscadine genotypes were organized into three groups: High, Medium and Low-stilbenes containing genotypes. This grouping would help distinguish muscadine cultivars and help assess their nutraceutical potential for developing new genotypes through breeding and for use in the follow up research. At present muscadine grape cultivation is primarily devoted to making wine and fresh fruit, the two major markets for muscadine grapes. Our research revealed that under-utilized wine variety, Alachua contained (31.00 µg/g-1) higher amount of stilbenes compared to commercial cultivars, Noble and Carlos (21.31 and 25.45 µg/g-1) (Figure 1). Among the fresh fruit varieties, Sweet Jenny and Southern Home had higher amount of stilbenes (36.75 and 35.0) µg/g-1; Figure 1) than the popular commercial fresh fruit varieties like Fry, Florida Fry and Late Fry (10.40, 19.60 and 17.04 µg/g-1, respectively; Figure 1). Interestingly, another underutilized variety, Fry Seedless was found to contain highest amount of stilbenes (229.34 µg/g-1, Figure 1).  
Since most of the muscadine varieties do not constitutively produce large amount of stilbenes we have attempted to increase stilbenes production using external elicitors. For this purpose, berry from 2014 and 2015 season was used in the elicitor treatment study to increase their stilbenes content. Based on this research, a protocol was developed to promote stilbenes production in Muscadine berry using external elicitors. Besides optimizing UV induction protocol, we have identified muscadine genotypes that respond highly to UV elicitation and produce large amounts of stilbenes in berry. Some of these genotypes are; Granny Val, African Queen, Sugargate and Southland (control: 8.14, 10.87, 11.65 and 9.40 µg/g-1, respectively vs UV treatment: 31.50, 33.30, 47.96 and 33.91 µg/g-1, respectively) (Figure 4).  
The information gathered from this project will benefit Florida grape growers, wineries, small farmers and entrepreneurs for establishing new vineyards using high-stilbenes producing varieties. It would also enable development of wine, juice and berry based products with high-stilbenes content which would help deliver greater health benefits to the consumer. The technology developed for increasing stilbenes content of muscadine grape genotypes can be applied to other grape species as well as small fruits for increasing their stilbenes content and nutraceutical value. The muscadine grape varieties with high-stilbenes content can boost their nutraceutical value, and will have high market value, consumer acceptance and be more competitive compared to non-market and regular buy local grapes. Information gained from this research will also enable evaluation of various biotic and abiotic components for increasing stilbenes content of commercial as well as underutilized grape cultivars.  
 
	txtGoals15: Supply the activities that were completed in order to achieve the performance goals and measurable outcomes of the project.  If outcome measures were long term, summarize the progress that has been made towards achievement Provide a comparison of actual accomplishment with the goals.  
The long term goal of our research is to promote muscadine grape as a nutraceutical food supplement with therapeutic potential to prevent/control various ailments which would increase its value, marketability and sustainability. Towards this end, we have successfully completed proposed project objectives and identified muscadine genotypes containing large amount of stilbenes, and developed a procedure for increasing resveratrol content of muscadine grapes postharvest, using external elicitor. The data has been validated and confirmed using grape berries collected from the 2014 and 2015 growing seasons to ensure that the observed stilbenes content of berry is consistent year after year as well as to assess the impact of seasonal weather differences on berry composition.
Extensive evaluation of muscadine genotypes with diverse berry characteristics has revealed wide differences in their berry stilbenes content and composition. The data also revealed that not all muscadine genotypes constitutively express stilbenes, and their stilbenes expression level differ significantly in which certain genotypes produce large amount of stilbenes while others produce no stilbenes. This study showed that of the 44 muscadine varieties tested only 21 produced > 15 µg/g-1 of stilbenes (Figure 1). Some of the 21 genotypes are: Fry Seedless, Pride, Sweet Jenny, Southern Home, Alachua, Watergate, Rosa, Pineapple, Carlos, Welder, Farrer, Noble, Florida Fry, Black Fry, Nesbit, Late Fry, Dixie, Senoi, Darlene and Triumph (concentration range from 229.34 to 15.1 µg/g-1) (Figure 1).
For elicitor induction study, genotypes that produced highest and lowest amount of stilbenes were selected and used to measure their responses to abiotic elicitors such as methyl jasmonate and UV. Methyl jasmonate was applied as a chemical elicitor on berry after veraison at a concentration of 5 mM, 10 mM and 20mM. Methyl Jasmonate treated berry samples were collected at full ripe stage, stilbenes extracted and quantified by HPLC. Comparative analysis of methyl jasmonate data showed no significant differences in stilbenes content between methyl jasmonate treated and untreated control berries suggesting that pre-harvest application of chemical elicitor like methyl jasmonate did not promote stilbene expression in muscadine grapes. Besides methyl jasmonate UV was used as an alternate abiotic elicitor for inducing resveratrol expression in muscadine berry. Unlike methyl jasmonate treatment, UV treatment significantly increased resveratrol content of muscadine grapes compared to non-UV treated berries. Interestingly, not all muscadine genotypes responded similarly to UV treatment by increasing resveratrol production in berry. (Figure 4) For example, Granny Val, African Queen, Sugargate and Southland showed more than three-fold increase in their berry resveratrol content following UV treatment compared to non-UV control. (Figure 4) Among the commercial wine and table grape cultivars tested, resveratrol content of only Noble and Fry increased by two-fold. (Figure 4) These data suggest that UV treatment can be applied successfully to increase the resveratrol content of low-stilbenes producing genotypes like Granny Val, African Queen, Sugargate, Doreen, Digby, Dixie and Southland while the high-stilbenes producing genotypes do not respond significantly to UV treatment. The muscadine berry whose resveratrol content has been boosted significantly through UV treatment may be useful for developing value added beverages and berry products to increase their health value, consumer acceptance, market value and sustainability.   
The observed increase in resveratrol content of muscadine berry following UV treatment was further confirmed by genetic analysis. Isolation, purification and analysis of RNA from UV treated and control berries showed significant increase in stilbene synthase gene (produces resveratrol) expression following UV treatment in cultivars; Southern Home, Sweet Jenny, Pride, Alachua and Noble which responded highly to UV treatment by increasing resveratrol production. These cultivars showed a 2.5- to 6-fold increase in their stilbene synthase gene expression compared to untreated control (Figure 5) indicating that in high UV responding genotypes increase in resveratrol content was accomplished through increase in stilbene synthase gene expression.
 
 
	txtBeneficiaries15:  
 The primary beneficiaries of the outcome of this research will be the grape growers, consumers and policy makers anticipating grape genotypes that produce large amounts of health-promoting compounds such as stilbenes, phenolics, flavonoids, etc., for developing products with superior nutraceuticals content to promote its health value. The project has benefited twenty-four grape growers in the State of Florida. To sustain muscadine grape production, it is essential to enhance its product quality and diversify consumption which would increase market value, consumer acceptance and grower profit. Knowledge gained from this research will greatly benefit growers, consumers and the grape industry. Grape growers and small farmers can establish new vineyards using the high-resveratrol producing muscadine genotypes identified through this research for U pick operations, producing fresh fruit and juice, and promoting muscadine grapes as a high-value nutraceuticals-enriched natural product. Data generated from this research can be used to educate consumers about health benefits of nutraceutical compounds present in muscadine grapes, and how consuming high-stilbenes containing muscadine grapes will increase intake of health-promoting compounds. The findings of this research has been disseminated during field days, Grape Harvest festivals, and extension and outreach activities to the growers, consumers and industry. The data generated from this project is currently being prepared for publication in peer reviewed journals. The results/products will be shared with FAMU Cooperative Extension program for use in their outreach activities as well as posted on our College website for easy access by our clientele including grape growers, consumers, fellow scientists and students.
 
 
	txtLessons15:  
 The current research was initiated to determine genetic variation in stilbenes content and composition among muscadine grape genotypes, identify genotypes producing large amount of stilbenes and develop innovative techniques for enhancing their phytochemicals content with nutraceutical value to increase their market value, consumer acceptance and grower profit. Our research has revealed that muscadine genotypes exhibit wide genetic differences in their phytochemicals content and composition, and not all genotypes contain the same concentration of stilbenes. Our research was also designed to validate the health value of muscadine grape through confirmation of its stilbenes content before promoting it as a high-stilbenes containing food product since majority of muscadine genotypes do not produce stilbenes constitutively but only under certain stresses. Abiotic stress studies have shown that muscadine grapes do not respond to chemical elicitor treatment for promoting stilbenes expression. However, other abiotic agents such as UV promoted stilbenes expression after a 15 min exposure followed by 48h of incubation for maximum resveratrol induction in the berry. Our research has revealed that muscadine genotypes that constitutively express large amount of stilbenes responded minimally to UV exposure and show only marginal increase in their resveratrol content. In contrast, muscadine genotypes that express moderate to low amounts of resveratrol showed several-fold increase in their resveratrol content following UV exposure. Thus, the genotypes such as Fry Seedless, Florida Fry, Carlos, Rosa, Sweet Jenny and Tara that produce higher amount of resveratrol showed a decrease in their resveratrol content following UV exposure while the genotypes like African Queen, Black Fry, Cowart, Granny Val, Sugargate and Southland that produce lower amount of resveratrol showed significant increase in their resveratrol production following exposure to UV. 
These data suggest that UV treatment suppressed resveratrol gene expression in high-resveratrol producing genotypes while it enhanced resveratrol gene expression in low-resveratrol producing genotypes causing a significant increase in their resveratrol content. These results suggest that UV treatment needs to be further refined based on berry physiology of individual genotypes for increase their resveratrol production. Based on these results we recommend using genotypes like Fry Seedless, Pride, Sweet Jenny, Southern home, Alachua, Watergate, Rosa, Pineapple, Carlos, Welder, Farrer, Noble, Florida Fry, Black Fry, Nesbit, Late fry, Dixie, Senoi, Darlene and Triumph which naturally produce high amount of  resveratrol, and genotypes like African Queen, Black Fry, Cowart, Granny Val, Sugargate and Southland for UV elicitation of stilbenes to generate products with superior nutraceutical value that would benefit consumer, grower and the grape industry. 
 
	txtContact15:  Mehboob B. Sheikh, PhD
Professor 
Centre for Viticulture and Small Fruit Research 
College of Agriculture and Food Sciences
Florida A&M University
6505 Mahan Drive
Tallahassee, FL  32317
Main: 850-599-3996
Direct: 850-412-5189
Email: mehboob.sheikh@famu.edu 
 
 
 
	txtProjectTitle16: Gardening for Grades, Gardening for Nutrition School Garden Grants Phase II
	txtPartners16: Florida Agriculture in the Classroom, Inc. is the primary organization that carried out the grant project. However, partners such as UF/IFAS Extension provided meeting space at no cost to our organization where we hosted most of our school garden teacher workshops.
	txtSummary16: School garden grants have been hugely popular with Florida teachers for several years, and Florida Agriculture in the Classroom Inc. (FAITC) has been able to provide teachers with a steady source of school garden grant funding thanks to Specialty Crop Block Grants. The continued school garden grant funding allows teachers to either pay for materials to start a garden or refurbish an existing garden and use FAITC school garden curricula Gardening for Grades and/or Gardening for Nutrition and the school garden as a teaching tool.
 
The 95 $500 school garden mini grants it provided with a 2013 Specialty Crop Grant (Contract #020734) funded teachers' school garden efforts for the 2014-15 school year. Eighty-nine (89) of those grants were distributed during the 2014-15 school year. Six were distributed at the beginning of the 2015-16 school year. (Please see the attached spreadsheet with the names of teachers and schools that received these grants.)
 
Florida Agriculture in the Classroom, Inc. began providing school garden grants during the 2011-12 school year with funding it received from a 2010 Specialty Crop Grant (Contract #106853). After that, it received a 2012 Specialty Crop Grant (Contract #019713) to distribute school garden grants during the the 2013-14 school year.
 
The 2013 Specialty Crop Grant (Contract #020734) called 'Gardening for Grades, Gardening for Nutrition School Garden Grants Phase II' was a continuation of this program, and included funding for 15 school garden teacher workshops where FAITC trained teachers in its school garden curricula Gardening for Grades and Gardening for Nutrition. 
 
According to the applications and final reports submitted, these school garden projects reached more than 800 teachers and 17,000 students in kindergarten through 12th grade across the state. Of the 72 projects that submitted pre- and post-test results from assessments at the end of each lesson in Gardening for Nutrition, the classroom average rose from 49 percent on the pre-test to 84 percent on the post-test.
 
In addition, the 15 school garden workshops FAITC held in 2015 - more than the 9 described in the original grant proposal - helped FAITC train about 500 teachers in how to use its Gardening for Nutrition and their school gardens in their classroom instruction. These teachers in turn reached an estimated 10,000 students in pre-kindergarten through 12th grade. 
 
Altogether, it is estimated that FAITC reached 1,300 teachers and 27,000 students with its 2013 SCBG #020734 project called 'Gardening for Grades, Gardening for Nutrition School Garden Grants Phase II.' 
 
 
	txtApproach16: By providing the funds and curricula (Gardening for Grades and/or Gardening for Nutrition) to plant school gardens and use them as teaching tools, FAITC in effect made these teachers and students farmers. They faced the same pest and disease issues and weather issues in their school gardens that Florida farmers face on their farms and it resonates with them just how really hard it is to grow food. The hope is that it will make them much more sympathetic consumers, voters and in some cases elected officials.
 
Thus, FAITC distributed 95 $500 school garden grants in the 2014-15 and 2015-16 school years and conducted 15 school garden teacher workshops where teachers received instruction on how to use their gardens in their classroom instruction. It worked. FAITC estimates it reached more than 800 teachers and 17,000 students in kindergarten through 12th grade with garden projects paid for with these grant funds. In addition, FAITC estimates it reached 500 teachers and 10,000 students with its K-12 school garden curriculum Gardening for Nutrition that teachers received at workshops paid for with these grant funds.
 
In addition, of the 72 teachers who submitted pre- and post-test results from assessments at the end of each lesson in Gardening for Nutrition, the classroom average rose from 49 percent on the pre-test to 84 percent on the post-test, which means students' understanding of growing edible plants increased.
	txtGoals16: FAITC exceeded its measurable outcomes for number of students reached, but not for number of teachers reached. Instead of reaching 95 teachers and 1,900 students with its $500 mini grants, it reached 800 teachers and 17,000 students with these projects. In addition, it reached an estimated 500 teachers and 10,000 students with its school garden curriculum Gardening for Nutrition distributed at teacher workshops. 
 
Altogether, it reached about 1,300 teachers and 27,000 students with the project, which surpassed the student numbers of 16,000 but didn't surpass the teacher numbers of 8,000. 
 
However, of the 72 teachers who submitted pre- and post-test results from assessments at the end of each lesson in Gardening for Nutrition, the classroom average rose from 49 percent on the pre-test to 84 percent on the post-test, a 35 percent increase in knowledge gained about growing edible plants. Thirty-five percent falls within the 30 to 40 percentage point gain FAITC estimated it would reach as part of this project.
 
FAITC was unable to collect food diary information on what students ate as part of this project, but plans to do so as part of its next round of school garden grants to be funded with a 2015 Specialty Crop Block Grant it has received.
 
 
	txtBeneficiaries16: FAITC's mission is to expand youth awareness and understanding of Florida agriculture and natural resources by integrating agricultural concepts into core educational disciplines and Florida Agriculture in the Classroom supporting programs.
 
One of the best ways to reach Florida teachers and students with the message of the importance of agriculture is to give them the tools to become Florida farmers themselves. That's what the 2013 SCBG #020734 did by funding 95 $500 school garden mini grant projects and 15 school garden workshops.
 
The 1,300 teachers and 27,000 students in kindergarten through 12th grade who participated these school garden projects and received instruction at school garden workshops benefited from it. They learned how to cultivate and enjoy Florida specialty crop fruits and vegetables.
 
In addition, Florida farmers who grow specialty crops also benefited as this project introduced fruits and vegetables to students at a young age with the idea they will purchase these items when they become older consumers. In addition, student behavior often influences parent behavior so it could lead to purchases of new fruits and vegetables for the whole family.
	txtLessons16: The biggest delay affecting our 2013 SCBG #020734 project is one related to a prior project. Gardening for Nutrition, the second in our series of school garden curriculum and funded by 2011 SCBG #18002, took longer to develop than expected. But still completed the 2013 SCBG #020734 project by the Feb. 28, 2016 deadline.
 
On a positive note, the 95 school garden mini grant projects reached more than 17,000 students statewide, significantly higher than the 1,900 students originally estimated. In addition, we held 15 Gardening for Grades/Gardening for Nutrition teacher workshops, more than the 9 originally anticipated in the original grant application. We estimate the 500 K-12 teachers reached at the 15 workshops reached more than 10,000 students.
 
FAITC also learned it's best to distribute all of the school garden grant money at the beginning of the school year and give teachers until the end of the school year to complete their projects. If the grant money is given out in the middle of the school year, teachers often ask for extensions into the next school, which makes it difficult for FAITC to track.
 
	txtContact16: Lisa Gaskalla
Executive Director
Florida Agriculture in the Classroom, Inc.
Office (352) 846-1391
Cell (352) 745-0246
gaskalla@ufl.edu 
	txtProjectTitle18: Building Florida Tomato Brand and Wellness Project
	txtPartners18: Florida Tomato Committee implemented the project with Subway chain of restaurants to promote Florida tomatoes, responsible farming practices and nutrition in-store.
	txtSummary18: Florida tomato growers have experienced a dramatically decreasing market share over the years due to weather and pest conditions, as well as fierce competition from foreign competitors including the increasing volume of low cost imported greenhouse product from Mexico and Canada. The recent 2012 season found Florida's tomato growers experiencing the lowest average price in over twenty years, for the third lowest harvest in the same time period. During the 2012 Florida tomato season, 25-pound boxes of Florida tomatoes averaged about $6.62 per box compared to $11.93 per box the prior 2011 season. Early spring 2013 had not indicated a marked improvement, with Florida tomato prices still only averaging about 75 percent of the cost of production.
 
Compounding matters, growers' markets were still mending from the devastation caused by the incorrect accusations of salmonella in Florida tomatoes during a nation-wide outbreak where Florida tomatoes were named the culprit repeatedly in media channels. FDA eventually discovered the problem to be caused by peppers from Mexico. 
 
The project's aim was to change the diminishing dynamic of Florida tomato growers' market share by increasing the sales and marketability of fresh Florida tomatoes. It also was meant to increase the nutrition awareness of children and adults and their consumption of Florida tomatoes that are rich in vitamins A and C, fat-free, low-calorie and delicious. In addition, the activities served to educate consumers, with an emphasis on parents (moms) and children, on the nutrition and health message of fresh Florida tomatoes so as to inspire and create improved diet habits and overall wellness. 
 
The purpose of the project was to stave off future market erosion by increasing the sales and marketability of fresh Florida field-grown tomatoes with immediate benefit to the public and to the Florida tomato industry. The Florida Tomato Committee aimed to strengthen the the position and relationship of Florida tomatoes in the foodservice sector and with foodsevice partners as well as their relationship with consumers, and increase the nutrition knowledge of children and adults and their consumption of fresh field-grown tomatoes. 
	txtApproach18: Florida Tomato Committee partnered with Subway chain of restaurants to promote Florida tomatoes in-store; delivering messaging that supported Florida grower image and messages (responsible farming practices and sustainability efforts) while at the same time educating the public on the nutrition of Florida tomatoes and importance of eating right. In this effort, Florida tomatoes were promoted online and in-store in Subway restaurants across Florida, Alabama, Georgia and South Carolina. The campaign featured in-store signage highlighting the Florida-grown origin of the restaurant's tomatoes, as well as some of the health benefits commonly associated with fresh tomatoes. The campaign also included table tents in restaurants as well as activity sheets for kids and parents. The promotion was aimed at encouraging kids to eat healthy food and learn more about the goodness of tomatoes. Stores throughout the four southeastern states gave out a Kids' Veggie Adventure activity booklet that featured the Committee's “Terra, the Florida Tomato TM” to all children that ordered a Kid's Meal. The booklet contained games and puzzles to help teach the benefits of eating fresh Florida tomatoes. (We have attached samples of the point-of purchase materials)
 
There were minimal delays but considering the magnitude and the reach of the campaign, it is understandable that there would be some delays when working with such a large international company. We set out hoping to get in the Florida stores, but ended up breaking through the entire southeast which was a great success for us, considering the high volume of customers we reached with our message and with Florida tomatoes.
 
 
 
	txtGoals18: Expected Measurable Outcomes
 
Target: 10% increase in Subway's usage of Florida tomatoes 2014 over 2013 for promotional period
Purchases of Florida tomatoes increased by 9% during the period. This goal was a very ambitious one that we were happy to come so close to reaching. Subway is one of the largest purchasers of fresh Florida tomatoes in the world so this was an important increase for us.
Target: Increase number of hits on website Sustainable sourcing page. Subway reported the increase to the sourcing page to be at 14%. 
 
	txtBeneficiaries18: There are close to eighty Florida tomato growers, however these growers collectively affect around thirty-thousand employees and one billions pounds of fresh Florida tomatoes annually, with an estimated value of $300-400 million. 
 
Growers were made aware of the efforts of the Florida Tomato Committee on this project prior to the campaign and after the campaign during annual board meetings of the Florida Tomato Committee. USDA had representation during these meetings. Moreover, the activity was reported in the annual report published online at Florida Tomato Committee website. In addition, there was some trade media activity on the campaign.
 
We actually accomplished everything we set out to do in this project. We thought the program was such a big success that we are repeating this program during current season on our own. We hope to build on the momentum of this campaign. An increase in purchase activity of fresh Florida tomatoes is beneficial to the Florida tomato industry. In addition, if parents and families learn something from our nutrition outreach component about the importance of nutrition to their diet, we may incur long-term good-faith and customers who want to eat right for their good wellness. 
	txtLessons18: Although we came about as close as you could (9%), we did not quite meet our 10% increase goal, but it was an extremely ambitious one that Florida Tomato Committee was happy to come so close to reaching. Subway is one of the largest purchasers of fresh Florida tomatoes in the world so this was an important increase for us.
 
There were minimal delays but considering the magnitude and the reach of the campaign, it is understandable that there would be some delays when working with such a large international company. We set out hoping to get in the Florida stores, but ending up breaking through the entire southeast which was a great success for us, considering the high volume of customers we reached with our message and with Florida tomatoes.
 
	txtContact18: Samantha Daves
407-660-1949
samantha@floridatomatoes.org
	txtProjectTitle20:  
Disease, Dogs and Drones: Early detection of the laurel wilt pathogen
	txtPartners20: Florida International University is the primary organization for this project. Subcontractors US K-9 Academy (canine training) and Elevated Horizons (UAS support) also supported this project. The Avocado Committee, Homestead, FL, (helping to get access to groves) and the UF-TREC investigators  (sharing of data at Laurel wilt working group meetings and other seminars) also supported this project.  The Avocado committee agreed to work with all the investigators to gain access and permissions needed to infected and healthy groves. UF-TREC agreed to share the fungal specimens needed for this project and share data and results as a collaborative project that will benefit the avocado and the supporting industries.  
 
	txtSummary20: From the original grant: PROJECT PURPOSE: Laurel wilt disease is the result of the invasive beetle species, Xyleborus glabratus and its fungal symbiont Raffaelea lauricola.  The invasive beetle was first discovered in 2002, in Georgia and caused extensive mortality in the redbay tree Persea borbonia.  Since then it spread to Florida, the Gulf Coast and has been found as far west as Texas where it has been shown to cause the wilt disease in other species of Lauraceae including the commercially important avocado.  Avocados represent an important commercial crop in South Florida and the loss of avocado groves could incur replacement costs in excess of 400 million U.S. dollars.  It has been shown that the spread of the disease is very rapid, with lethality possible within eight weeksand a single inoculation event and colonization can lead to laurel wilt and therefore, one or only a small number of beetles may be enough to kill a tree.  At the present time, helicopter flights and visual inspections from the ground are able to detect the disease only after visible signs are present (i.e., wilting of leaves at the crown of the tree, brown leaves hanging from the branches, etc.).  Using culturing methods, it takes 3-4 weeks to confirm the fungus is present in the tree and since laurel wilt symptoms are similar to other tree stressors such as flooding/drought stress, fruit overload and lightening, it makes infection determination difficult and delays the sanitation process.  Even using molecular methods, the spatio-temporal heterogeneity of the fungus throughout the tree make speedy confirmation difficult.  Mitigation at the present time is to identify  infected trees visually and treat/eradicate the infected tree and two to three rings of the surrounding trees by grinding or burning for sanitation.  The fungus is also capable of spreading via root grafting and if the stumps are not removed in the sanitation process, the disease can continue to spread.  SPECIFIC ISSUE: Thus, the question: Can earlier detection of laurel wilt disease be enhanced by use of dogs and drones?  This innovative approach has allowed for (a) earlier detection (b) has helped mitigate the spread of the disease and (c) will significantly lessen the economic impact on the avocado industry in Miami-Dade groves when accepted as part of the best practices for the mitigation of this disease.  IMPORTANCE AND TIMELINESS: There is currently a  $54 million avocado industry in Florida and the 450 registered growers whose livelihood depends on healthy groves and will benefit from this early canine detection strategy.  There are approximately 7,000 acres of commercial groves, 29 registered handlers (includes 10+ packinghouses) and hundreds of jobs (~$20 million income impacts/yr) in grove management, packinghouses, ancillary industries) all at jeopardy if the disease continues to spread. (NOTE: As reported by UF-TREC, to date approximately 10,000 trees have been lost and removed due to laurel wilt).  Confirmatory tests for the fungus in the laboratory often take 3-4 weeks.  Visual detection of the disease (e.g., wilted leaves) can be easily confused with other stressors such as fruit stress, lightning strike, and other infections (http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml). Early detection prevents spreading of the fungus via the root systems to surrounding tree and mitigation can then be applied to fewer infected trees, thus saving trees and having a lower economic impact on the industry.  This proposal evaluated the use of ‘agri-dogs’ for early detection of laurel wilt in the field in combination with unmanned aerial vehicles  (UASs, a.k.a. drones) and high-resolution spectral data.  Earlier detection of the fungal pathogen and infected trees was possible using the canines.  (NOTE: UF-TREC researchers are at the center of understanding the dynamics of the disease and its vectors.  This proposal was not designed to replicate their work but to supplement it with new methods for early disease detection.)  FIU researchers have the expertise in microbiology/molecular forensics, canine olfaction, and GIS methods.  Combining these disciplines with UF-TREC’s subject area experts has provided additional data as well as a proven early canine detection system that, if widely implemented will help stop the spread of the laurel wilt across the avocado groves of S Florida. 
 
 
	txtApproach20: Expected Measureable Outcomes as stated in the grant: Goal 1: Disease/dogs: (a) train two (2) canine for disease detection and design canine training aids using fungal cultures and/or infected wood to train dogs as soon as possible on the biological odors.  (b) Perform chemical analyses using standard analytical chemical techniques (e.g., Solid Phase Micro Extraction (SPME-GC-MS)) to analyze the dominant disease VOCs/odor and design an odor mimic that will be completely environmentally and canine safe.  
Measured outcome 1a: Two canines (plus three more) were trained under this goal to detect laurel wilt disease.  The two canines trained under the subcontract for this grant were trained, certified by the Scientific Working Group on Dogs and Orthogonal Detector guides (SWGDOG SC8– SUBSTANCE DETECTOR DOGS Agricultural Substance Detection; http://swgdog.fiu.edu/approved-guidelines/).  In addition, three other canines have also been trained on the odor of the disease. The canines have been actively deployed in groves and to date have detected 276 pre-symptomatic trees (i.e., no visible signs of wilt and/or beetle activity present). Of the pre-symptomatic trees detected, some grove owners opted to immediately treat the trees with propiconazole (TILT) injection/infusion per UF-TREC guidelines (Appendix 1: Table 1).  To date of the 175 trees that were identified by the canines (pre-symptomatic) and of those treated with TILT, 93% are still alive. If the hot spot was treated around that tree, it has essentially stopped the spread of the disease in that grove. (NOTE: The grove owners opted to treat the ‘hot spot’ around a pre-symptomatic tree to which the canines alerted with TILT and inject two rings of trees around the pre-symptomatic tree have been successful in slowing/stopping the spread within that hot spot.)  In one grove, four additional trees went to wilt within the treatment zone that were not previously identified by the canines (Table 1).  It is noteworthy to mention that in grove # 1 where the canines were deployed, before using the canines, the grove owner had lost approximately 100 trees to wilt.  After deploying the canines and treating the hotspots, only six trees in that grove have progressed to wilt over the last year.                   
As for the rest of the trees when the grove owners opted not to treat the trees, all trees that were left in the groves long enough to observe before removal went to wilt.  One grove (#12) in which the canines were deployed acted as our control grove as the grove owner did not want to attempt to save any of the trees within an 8 acre plot. We deployed the canines over a 3-day period and stopped after they identified 100 pre-symptomatic trees.  Those trees were sampled for DNA processing and visually followed to observe if they went to wilt or not.  In some cases, the wilt developed within 12 days, in other cases it was observed 45 days after the canines alerted to the pre-symptomatic tree.  (The rest of the trees in that grove were removed by the grove owner before wilt could be observed.) We are still processing the DNA from the roots sampled in that grove.  Best practices guidelines are being written and follow both the SWGDOG and USDA canine manuals.
BENCHMARK 1: The canines can identify a pre-symptomatic tree at early as 45 days before visible signs appear on the tree (Appendi 4: Table 5).  All trees that the canines gave positive alerts to were also tested using the guidelines of UF-TREC and the methods developed by UF researchers for the fungal DNA.  In order to minimize damage to the trees by taking samples via hatchet (as in the UF-TREC guidelines), we minimized damage by taking 10-15 feeder roots from around the base of the trees. We had observed if we cut into the tree to sample, by the next day or so, more beetles were attracted to the wounded tree so we opted to do non-invasive sampling of roots.  Just as in sampling the sap wood by hatchet, in newly infected, pre-symptomatic trees, the fungus was not evenly distributed throughout the tree, nor had it had time to translocate to the roots in many cases.  Therefore, only ≈ 50% of our samples tested positive using qPCR method developed by UF researchers (Jeyaprakash et al, 2013) (Appendix 4; Table 4).  We also plated root samples and again, because the fungus had not translocated to the roots, many of the cultures were negative.  However, for ≈ 20% of the samples, we were able to test with the species-specific microsatellite markers developed by UF researchers (Dreaden et al, 2013) and confirmed the presence of the pathogen via DNA sequencing.  The measurable outcome accomplished:  from the grant, two trained canines to detect laurel wilt pathogen and pre-symptomatic diseased trees; three more canines have also been trained. 
 
Measured outcome 1b: A prototype canine training aid will be developed and used for canine training.  Using analytical chemistry techniques (SPME-GC-MS), an odor mimic was to be developed that could provide the species-specific/disease specific volatiles for canine detection training without the need for live cultures/infected wood within the training device.  This measure was not accomplished.  While the odor profile was shown to be different between healthy, early infected and late infected trees (Appendix 6: Table 6, Figure 6), we could not duplicate/separate the chemical signatures that the canines were using.  Fractions of the volatiles were separated on the GC columns, collected on gauze pads and presented to the canines in a training aid. The canines did not alert to the fractions but did alert to the entire odor profile if presented in a training aid after separation on the GC instrument.  In other words, it is the entire odor signature of the infected wood and the fungus that the canines are recognizing and it could not be duplicated in the laboratory.  The canines were also tested on fungal culture samples in training aids and would alert to just the fungus as well as the infected wood.  Therefore, the odor profile is complex enough we could not mimic nature and develop a chemical mimic of the odor.  However, safe biological training aids were developed using previously tested and patented technology known as COMPS (Controlled Odor Mimic Permeation Systems (COMPS)) that were first developed and patented by Dr. Ross Harper and Dr. Kenneth Furton (co-PI on this contract).  COMPS allow the selective, controlled permeation of a known amount odor/volatiles out of the polymer bag without the release of any biological components in the sample (i.e., spores).  COMPS were designed to meet ideal criteria for detection canine training aids including: inertness for safe handling, generation of detectable levels of key odorant(s), and having a suitable ‘shelf life’ which in the case of the biological training aid was approximately 2 weeks.  We also tested the canines lower level of detection by counting spores in a hemacytometer and placing decreasing numbers on gauze pads and then into the COMPS.  The canines could accurately detect down to 100 spores consistently when presented in a randomized trial with the training aids that included controls with gauze with no spores and just COMPS material with nothing in it. 
 
Expected Measureable Outcomes as stated in the grant: Goal 2: Earlier detection of the disease first using a hand held Normalized Difference Vegetation Index (NDVI) instrument that measured live green vegetation, indicative of healthy plants will be compared to current methods that use remote sensing tools mounted on fixed wing or helicopters and should show a change in that index between healthy, newly infected and infected wood.  
How data were sampled:  Repeated monthly (sometimes bi-monthly) visits were made to 3-4 separate groves with fieldwork or drone work within 1 week from the time of detection or a “hit” by a detector dog.  We established protocols and SOPs that are appropriate, efficient and a best fit for our spectral work to integrate with scent work.  Please see attached document for the established SOPs (standard operating procedures we used in the field and for processing data).  A: Update on “Preliminary result 1 (January – December 2015)”: differentiating between various avocado species.  The 2015 result showing that for ~1000 spectral readings of both cone and leaf scans and canopy UAV imagery and showed more variability (expected) in spectra but also showed higher levels of stress that cone scans. (Note: Leaf scans are taken of individual leaves with a pincher-type apparatus on the spectrophotometer so is in direct contact with the leaf blocking out most visible light while the scan is taken; cone scans are performed by taking 10-15 random leaves from the tree and placing on white background and scanning with the spectrophotometer and does not exclude visible light).  This was expected because leaf scan shows more detail and no other light interference, shadow, is a “clean” scan; there was no discernable differentiation possible for 3 different species of avocado.  UPDATED portion: We now have analyzed almost 4000 scans total of cone and leaf scans (not including the additional UAV imagery yet that we are still processing) and the result show no significant difference between Monroe, Lula, and Simmonds spectral signatures.  A healthy spectral signature for all three varieties in the NDVI analysis looks indistinguishable from each other.  This similarity does not change for the stressed varieties, when all three were infected there were no significant differences among the signatures, and NDVI averaged out to similar values in both healthy and stressed trees (the NDVI numerical values range from 0 to 1.  The closer to 0, the more stressed the tree.)  The closer to 1.0, the more healthy the plant..   
B: Update on “Preliminary result 2 (update July 2015 – December 2015)”:  We have been able to differentiate between stressed avocado vegetation and healthy avocado leaves (independent of avocado species).  Preliminary handheld data show that the way the disease spreads may be reflected in the spectral signatures.  In other words, while part of the tree may be heavily showing stress in the near-IR due to infection, other parts of the tree canopy are not exhibiting signs of stress yet because perhaps the infection has not spread throughout the tree.  If correct, it could lead to more speedy identification, precise diagnosis, and treatment of the tree.  UPDATED PORTION:  We are not completely finished with analyzing the spectra from this angle; however, from an additional ~1000 spectra we are showing that even if the trees are not visibly infected, the overall spectral analysis indicates over 82% of the avocado trees that were “hit” by the canines as infected are stressed in the NIR region, dipping into values averaging less than 0.70 which would indicate stress  and support the canine “hits”.  In terms of correlating the UAS imagery with this analysis, we have analyzed about 60% of the imagery that we currently have and the stressed areas (hot spots) in the analyzed imagery correlate to the stressed trees approximately 81% of the time.  However we still need to process about 40% of the drone imagery in terms of geo-referencing the imagery with specific tree location in the groves.  This is ongoing.  C: Update on the Comparison of different indices (updated to include findings from (July 2015-February 2016) Note: still incorporating more recent data: We are finding better results using NPCI (Normalized Pigment Chlorophyll Index) followed by GDVI and then the PLOS paper’s top performer: ExR (de Castro, et al 2015).  Currently we are trying to best normalize the data from the four major groves that have the most consistent data in terms of collection and canine alert data as well for verification.  We are also in the process of geo-referencing the UAV imagery to correlate the stressed “hot spot” areas with the on the ground spectra for best interpretation of the indices we are assessing for best “fit” of these data (Appendix 2: Tables 2-3; Appendix 9: SOPs ). Update on confusion matrix (this is incorporating data up through Feb. 2016 for three groves: A measure for the overall classification accuracy can be derived from the table by counting how many pixels were classified the same in the drone images and on the ground and dividing this by the total number of pixels (Table 2).  The user and producer accuracy are two widely used measures of class accuracy. The producer’s accuracy refers to the probability that a certain land-cover of an area on the ground is classified as such, while the user’s accuracy refers to the probability that a pixel labeled as a certain land-cover class in the map is really this class.  The user and producer accuracy for any given class typically are not the same  (Table 3). 
Significant results, accomplishments, conclusions and recommendations.  Using the canines for earlier, pre-symptomatic detection of the disease was accomplished. If the identified trees and two rings of trees around that tree were immediately treated with TILT, trees were saved.  
 
	txtGoals20: Expected measurable outcome, measure 1: Disease/dogs: (a) Train two (2) canine for disease detection and design canine training aids using fungal and/or infected wood to begin training dogs as soon as possible on the biological odors. COMPLETED. (b) Perform chemical analyses using standard analytical chemical techniques (e.g., Solid Phase Micro Extraction (SPME-GC-MS)) to analyze the dominant disease VOCs/odor COMPLETED.  Design an odor mimic that will be completely environmentally and canine safe PARTIALLY COMPLETED; safe training aids have been made using the COMPS; an odor mimic has not been possible as a single compound cannot be identified within the complex odor profiles.  Expected measurable outcome 2: Earlier detection of the disease first using a hand held Normalized Difference Vegetation Index (NDVI) instrument that measured live green vegetation, indicative of healthy plants is being compared to current methods that use remote sensing tools mounted on UAVs and should show a change in that index between healthy, newly infected and infected wood.  COMPLETED data gathering; data analyses ongoing.  Measure 3: Spectral analyses can identify trees in stress and differentiate between healthy, early disease onset and diseased trees. PARTIALLY COMPLETED; we still processing UAS gathered images and correlating to hand held (see supplementary files for comparisons of indices.  The permission to fly the UAS was granted in early spring 2016 which delayed the use of the UAS for much of the second year; but the flights have taken place now.  It has, however, generated many spectra that are still being analyzed. Preliminary/partial results in supplementary data section accompanying this report.  Goal 3: Implement the use of UAS-mounted digital imaging/spectral collection instruments for more frequent, safer and less costly aerial surveillance and more data acquisition.  This goal builds on the first two goals and data by adding the aerial surveillance. This would assist in continued monitoring for the disease over areas that may be difficult to access at low altitude by the helicopters. COMPLETED: The subcontractor flew all the UAS missions as instructed in the grant this spring (delayed until the acquisition of the Form 333 exemption was achieved) and in collaboration with co-PI Gebelein completed those flights. PARTIALLY COMPLETED:  Those data are still being stitched together, analyzed and correlated to the hand-held spectra . In addition to spectral data gathering, several Go-Pro videos were taken and can show the overall health of the grove with no post-flight analyses needed.  Such use of the UAS + Go-Pro video has great potential for monitoring groves without having to fly helicopters.  The FAA has just modified the rules for using UAS for these types of flights (https://www.faa.gov/uas/) and can now be implemented in any agricultural management plan (https://www.whitehouse.gov/blog/2016/06/21/growing-economy-through-innovation-new-rules-commercial-and-scientific-use-drones) . Maps for grove #12 that was not being treated indicate  the canine hits based on GPS coordinates and the trees that progressed to wilt or were stressed/early wilt before the grove was bulldozed (Appendix 3: Figures 1 and 2). 
 
Clearly convey completion of achieving outcomes by illustrating baseline data that has been gathered to date and showing the progress toward achieving set targets.  Most of the data will be presented in supplementary tables and figures accompanying this report.  Briefly, we met the training objective of two canines.  In addition, a FIU spin-off company, iNNOVATIVE DETECTION CONCEPTS , Inc, has taken over the care, training, maintenance, and deployment of the canines and has trained three more canines. Of the pre-symptomatic trees detected during grove deployments (≈276 to date), some grove owners opted to immediately treat the trees with propiconazole (TILT) injection/infusion per UF-TREC guidelines.  To date of the 175 trees that were identified by the canines (pre-symptomatic) 164 trees are still alive, seven treated trees progressed to wilt.  (NOTE: Of the grove owners that opted to treat the ‘hot spot’ around a pre-symptomatic tree to which the canines alerted with TILT and inject two rings of trees around the pre-symptomatic tree have been successful in slowing/stopping the spread within that hot spot; in one grove, four additional trees went to wilt within the treatment zone that were not previously identified by the canines (Table 1).  It is noteworthy to mention that in grove # 1 where the canines were deployed, before using the canines, the grove owner had lost approximately 100 trees to wilt.  After deploying the canines and treating the hotspots, only four trees in that grove have progressed to wilt over the last year. Manuscripts are being written this summer that will publish these data (Appendix 10: Other outcomes).  FIU researchers will also be presenting these data to UF-TREC faculty and staff on Jul 21, 2016 and at the August 10, 2016,  Avocado committee meeting.  We have also participated in the bi-annual laurel wilt working group meetings hosted by UF-TREC as well as presented several workshop/information session on disease, dogs and drones in collaboration with FIU’s Agro-ecology program (Appendices 5 (example of flyer) and 7 (representative Media coverage)).  The spectral data are being analyzed and will be published this fall.  Briefly, there were no spectral differences between varieties of avocados, nor differences in different varieties that were also diseased. Different vegetation indices are being tested on the data that may be more sensitive to changes than others (Tables 1-2, Figure 3).  Once the spectral data are all analyzed, correlation to the canine alerts will be made and published (see maps Appendix 3: Figure 1 and 2).  The UAS flights collected data that are still being analyzed (preliminary data in the Appendix that accompany this report).  
 
Highlight the major successes of the project in quantifiable terms. 1. Canines (5) have successfully been trained to alert to pre-symptomatic trees.  When those trees are immediately treated with TILT per UF-TREC recommendations, > 90% are still healthy and show no signs of the disease a year later; thus curbing the spread of the disease.  2. The VOC pattern differs between healthy, early and late infections, verifying the fact that the canines are using a ‘disease’ odor profile to find pre-symptomatic trees. 3. Safe training aids using COMPS can be used to train the canines.  4. Spectral analyses (hand held) are able to distinguish stressed trees from healthy trees. 5. UAS can be used to more often and safely monitor groves using either spectral cameras or simple Go-Pro cameras that can greatly improve the surveillance capability of grove owners. 6. A FIU spin-off company is now able to deploy the canines for use in the groves so the program can be sustained.  7. A gold nanoparticle biosensor is being developed (patent pending) that will allow for more rapid identification of the fungus and should be field-deployable, thus decreasing the time between canine alert, confirmation of the pathogen and treatment.  8.  A second Specialty Crop block grant was submitted to FDACS in 2015 but was not funded.  9. A NSF Plant-Biotic Interactions grant was submitted (June 2016) by the FIU researchers that will continue to research and better understand the pathogen-plant-microbiome-treatment interactions if awarded.  10. The FIU project was featured on all national networks, one national channel in Canada, many local news channels as well as picked up on the wire services by ≈ 200 different news briefs. 11. We held several information sessions at local botanical gardens (Naples Botanic Garden, West Palm Beach (Florida’s Native Plant Society)) and other interested groups to promote the use and the success of the canine program. 12. Publications are being drafted (listed in the Appendix 9) on all aspects of the project and will be submitted this year.  13. This project supported two PhD students’ projects, one MS student, four undergraduate students, as well as the South Plantation HS agri-science UAS program during the duration of the project. 14. One hundred sixty one trees have been saved using canine detection and immediate TILT treatment of the tree and the hot spot (2 rings of trees) around the infected tree. 
 
 
	txtBeneficiaries20: Potential Impact
There is currently a $54M avocado industry in Florida with the 450 registered growers whose livelihood depends on healthy groves that can benefit from this early canine detection strategy. There are approximately 7,000 acres of commercial groves, 29 registered handlers (includes 10+ packinghouses) and hundreds of jobs (~$20 million income impacts/yr) in grove management, packinghouses, ancillary industries all at jeopardy if the disease continues to spread. Visual detection of the disease (e.g., wilted leaves) can be easily confused with other stressors such as fruit stress, lightning strikes and other infections (http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml). Confirmatory tests for the fungus in the laboratory often take 3-4 weeks. Early detection prevents spreading of the fungus via the root systems to surrounding trees if the ‘hot spot’ is immediately treated; therefore,  mitigation can then be applied to fewer infected trees, thus saving trees and having a lower economic impact on the industry.  
 
Provide a description of the groups and other operations that benefited from the completion of this project’s accomplishments. What specialty crop stakeholders benefitted from this project? Many of the Florida grove owners are minority, socially disadvantaged farmers trying to supplement income by growing avocados.  Homeowners within the avocado growing area also need the steady production of the fruit to insure their agricultural exempt tax rates and to keep their property values from dropping and their property taxes from rising.  The loss of  ≈10,000 avocado trees is already having an effect on the South Florida agricultural area both directly (loss of trees and production) and indirectly (loss of jobs). The predictions from UF-TREC researchers is 2015-2016 will have an uncontrollable disease explosion if aggressive action (e.g., earlier detection and removal and prophylactic fungicide treatments are not taken (personal communication, Dr. Jonathan Crane, UF-TREC).  Packing houses employ many minority, non-skilled laborers working at near or minimum wage and these families will be impacted tremendously if these jobs are lost in the same area that has been hit hard by the recent recession and housing market crash. These are the stakeholders that will benefit from earlier detection strategies.   
The direct beneficiaries of this project were the 12 grove owners that deployed the canines into their groves, treated hot spots or immediately removed trees have healthy groves to date. With this approach, the overall industry will benefit if the canine detection becomes a standard management tool. 
 
How did they benefit, and how were they made aware of project results? How many of them are there?  If US avocado production is compromised by the continued spread of laurel wilt, the market advantage goes to foreign imports. This will lead to rising food costs both regionally and globally and again will contribute to the loss of US jobs. The benefit of earlier detection and rapid remediation and mitigation are essential to stopping the spread of laurel wilt disease.  It has to be a community effort involving outreach to grove owners, home owners with backyard avocado trees, avocado industrial partners, and university researchers—a combined community effort through educational outreach and aggressive grove management is needed to stop the disease spread.  We have been very pro-active in presenting our approach to the grove owners on numerous occasions (see Appendix  6 for an example of one event flyer that we sent out in cooperation with the FIU Agro-ecology program).  We have presented at the GEER 2015 conference, Coral Springs, FL. The students have presented their work at other conferences as well.  In addition, FIU external media department has been very successful in getting wide spread coverage of our project on all the national networks, Canadian TV stations, and most wire services (Appendix 7).  The project was highlighted at the 2014 EMERGE conference in Miami, FL.  We have participated in Avocado Committee meetings as well as the bi-annual Laurel wilt working group hosted by UF-TREC in Homestead, FL. We will be presenting our results on Jul 21, 2016 in the UF-TREC seminar series and also at the Avocado Committee meeting on Aug 10, 2016..  
	txtLessons20: Problems and Delays: Any problems and delays, any changes that had to be made to the work plan, and any project goals which could not be achieved must be addressed in this section. As stated in the annual report we had some instrument delays and a delay in getting the FAA approval to fly the UAS.  However, these problems were overcome in time.  DNA analyses of root samples could not always confirm a positive alert as the pathogen is not evenly distributed in the tree (whether sap wood or roots are sampled); therefore, DNA did not always produce a positive result (or grow in culture). The timing of translocation to the roots is unknown in this disease and while the canines do alert to the disease (in some cases as early as 40 days before visible signs are detected), it is not always possible to verify the alert with DNA analyses or culturing.  We are continuing to pursue rapid biosensor technology to see if we can overcome some of the limitations of traditional DNA analyses techniques. 
 
Offer insights into the lessons learned by the project staff as a result of completing this project/lessons learned. Insights: Positive Results: The selection and training of the canine teams (handler and canine) are paramount to the success of this project. The professionals that worked on this project and their dedication to the training were key to the project’s success.  Training the canines is not a simple task and modifications of the training and deployment regimes were often needed and subsequently, successfully implemented.  The selection of the high drive, responsive, canines was also paramount to the success of this project.  The UAS is also going to be an additional management tool that can help grove owner survey their groves more frequently (even if performed with a Go-Pro camera). Negative results: We were not able to ‘chemically mimic’ the odor profile that the canines were associating with the disease.  The canines alerted to the fungal culture odors but also to the entire odor profile produced by the diseased tree.  While odor mimics have been designed in the Furton lab (coPI) for drugs and explosives, the biological odor profiles could not be reproduced in the lab.  Lessons learned: We have seen several problems that need to be overcome, however, before these new tool can greatly benefit the industry.  One, the profit margin of the small grove owners is narrow and many have opted not to treat but to remove trees. While that will help stop the spread of the disease, it does not benefit the overall economics of the industry short or long term.  More educational outreach needs to be done to show the grove owners that early detection and immediate treatment of hot spots will, in the long term, save their groves and their bottom line.  While the response to the disease is costly and the profit margin is narrow in this industry, the economic loss of trees not only affects the current year (sanitation costs) but the long term profit outlook (sustainability of the industry) as the replacement trees will not be at the level of production as the lost trees for years.  One possible solution would be a subsidy payment that would offset the cost to deploy the canines and treat the trees. If that were possible, the canine detection/early treatment of hot spots could help stop the spread of the disease until a cure could be found and implemented for long term sustainability.  Second, many of the groves are owned by ‘absentee landlords’ and many of the grove management crews are not as responsive as they should be in identifying a diseased tree/hot spot. In several cases, the grove owners have not remove trees and these groves become refuges for more beetles that can continue to spread the disease.  Without more frequent surveillance (which could be provided with UAS and a simple Go-Pro and canine deployments to check for disease hot spots), the disease spreads in a grove very rapidly and is much more difficult/impossible to control.  In addition, those infected groves provide a refuge for more beetles that can travel to other groves and infect them.  An ordinance draft was listed as an agenda item on June 15, 2016 by the Miami-Dade county commission as to how to enforce removal of diseased trees. This would need to be aggressively enforced to help stop the spread of the disease in the groves and the county. 
	txtContact20: This AGREEMENT, made and entered into this 7 day of  March, by and between the DEPARTMENT OF AGRICULTURE          AND CONSUMER SERVICES, State of Florida, the DEPARTMENT, and Florida International University by the Florida          International University Board of Trustees, the CONTRACTOR.
 
         The Contract Manager for the DEPARTMENT is Joshua Johnson (850) 617-7340 and is located at 407 South Calhoun Street,          Mayo Building M9, Tallahassee, FL 32399-0800.
 
         The Contract Manager for the CONTRACTOR is Robert Gutierrez, Director, Pre-Award, 305 348 2494 and is located at MARC          430, 11200 SW 8th Street, Miami, FL 33199.
 
         PI: Dr. DeEtta Mills, Department of Biological Sciences, Florida International University, 11200 SW 8th Street, Miami, FL          33199;          305 348 7410 (office); millsd@fiu.edu
 
 
 
 
 
 
 
	txtProjectTitle23:  Determining Nematode Resistance Selection Criteria for Peach Rootstock Evaluation
 
 
	txtPartners23: 
	txtSummary23:  
 The peach (Prunus persica) cultivar `Flordaguard' has been the predominant rootstock used for commercial peach production in Florida. It is effective as a rootstock due to its low-chill adaptation, good size control, and ability to withstand infection by the endemic root-knot nematode (RKN), Meloidogyne floridensis (Mf), which overcomes the resistances in standard commercial rootstocks. Although `Flordaguard' rootstock has been described as resistant to RKN including Mf, the mechanism of resistance to Mf has not been investigated owing to the fact that Mf was discovered as a distinct species more recently relative to other RKN species. In order to increase the availability of improved rootstocks for a growing peach industry, it is necessary to identify additional low-chill rootstock materials that could be used to broaden the genetic base for Mf resistance. 
This project was proposed to address the need for a reliable nematode screening method that would allow for proper differentiation of `resistant' and `susceptible' individuals and that would correlate well with the genetic marker data. This complemented the genetic characterization studies of the previous SCBGP project (#18004: Subtropical peach rootstock evaluation and characterization of Meloidogyne floridensis resistance) aimed to understand the genetics of resistance to Mf in peach using segregating peach populations. The first component of this project: Investigating the resistance response of `Flordaguard' peach rootstock to the endemic peach root-knot nematode, Meloidogyne floridensis - was intended to quantify the degree to which resistance exists in `Flordaguard' and to elucidate the mechanism of resistance that may be involved in the interaction of `Flordaguard' peach with Mf.  The outcome would be valuable to validate the resistance in `Flordaguard' if it is to be used as a standard resistant material for our genetic characterization studies and, ultimately, to predict the durability of this rootstock in long-term commercial plantings where nematode problems may occur. The second component: Developing appropriate selection criteria for evaluating resistance in current peach rootstocks and new hybrids - was necessary to correlate the genetic marker data with the nematode resistance data. The research findings would direct our breeding strategies towards developing new nematode-resistant rootstocks by effectively selecting resistant parents from diverse germplasm with validated and heritable resistance to Mf. 
The initial stages of the project involved visits to commercial orchards were nematodes problems occurred. We also examined soil and root samples collected on-site and some samples were brought by the growers for nematode assay. Intense galling on the roots was observed on roughly 5-10% of the trees in commercial orchards. Galling on the roots is usually accompanied by severe stunting of the aboveground tree, defoliation, and reduced foliage resulting in lower yields, smaller-sized fruits, and poor fruit quality that could, in turn, reduce profitability for the peach grower. Our observations from these field sites indicated that `Flordaguard' is not a `non-host' or could be more aptly described as `tolerant.' Still, this rootstock may express a certain level of resistance, because 1) the nematode galls are smaller than those observed on susceptible rootstocks, and 2) there is excessive lateral root formation. The induction of new sub-terminal lateral rootlets that typically replace the damaged terminal root apices, indicates the possible existence of a complex survival mechanism. However, there is also a possibility that a heavily galled `Flordaguard' rootstock could be an outcrossed genotype associated with seed-propagated rootstocks, or that it could be a manifestation of resistance breakdown associated with monoculture of a single source of resistance. Such uncertainties about `Flordaguard' resistance plus the lack of a clearly defined relationship between the manifestation of tolerance (the plant's ability to reduce the impact of the nematodes) and resistance (the plant's ability to eliminate the nematodes by preventing their reproduction) for this new RKN species posed a methodological challenge for us in identifying truly resistant material for our histological characterization studies where we designated `Flordaguard' as the resistant standard. Hence, we placed greater focus on the second component to resolve uncertainties about the nature of Mf resistance in `Flordaguard' but our work was still centered around one pressing question: How might we identify true resistance? 
The genetic analyses of multiple families developed from F1 progeny and from back-crosses (plant materials generated through the previous SCBGP project) using microsatellite markers allowed us to infer the chromosomal location of the Mf resistance gene, which is likely in the same location as the other RKN resistance genes, RMia from peach (`Shalil' and `Nemared'), and PkMi from wild peach conferring resistance against M. incognita and M. arenaria. Galling severity (no. of galls per g root) correlated well with reproductive factor (Rf = final nematode density/initial density) along with egg mass index (no. of egg masses per g root), therefore, galling severity was sufficient to determine resistance against Mf. From the inheritance studies of these multiple families, the phenotypic segregation of galling severity displayed the effect of a single, dominant gene and we were able to establish the parameters for resistance by observing the segregating progeny. We have also determined that the resistance based on galling severity is inherited from the P. kansuensis parent, rather than from `Flordaguard'. These research findings helped fill an important gap in our understanding of the resistance in `Flordaguard' and the genetic nature of Mf resistance. We have identified a true resistant source in P. kansuensis which we could use to further our understanding about the histological mechanism of the resistance response and to incorporate this source of Mf resistance into our low-chill rootstock cultivars with favorable horticultural features to enhance profitability of peach production in Florida. 
 Table 1. Root-knot nematode species identified in peach roots collected from several locations in Florida.
Sampling Date          Sampling Site         Inoculated on Tomato Host         Tomato Roots Checked          RKN species (based on isoesterase phenotypes) *         
3/8/14         Orchard 1, Tree 1 - Winterhaven, FL         3/15/14                  Ma, Mj         
3/8/14         Orchard 1, Tree 2 - Winterhaven, FL         3/15/14                  Ma         
3/8/14         Orchard 1, Tree 3 - Winterhaven, FL         3/15/14                  Ma         
3/8/14         Teaching Orchard, Tree 1  - Gainesville, FL         3/15/14                  Mf         
3/8/14         Commercial nursery, Tree 1  - Gainesville, FL         3/15/14         6/5/14         Lots of tiny galls, but no females         
3/25/14         Orchard 1, Tree 1  - St. Joe Rd, FL         3/28/14         6/5/14         Mj         
3/25/14         Orchard 1, Tree 2  - St. Joe Rd, FL         3/28/14         6/5/14         Mj         
3/25/14         Orchard 1, Tree 3  - St. Joe Rd, FL         3/28/14         6/5/14         Mj         
3/25/14         Orchard 1, multiple tree samples  - St. Joe Rd, FL          3/28/14         6/5/14         Mf         
3/25/14         Orchard 1, multiple tree samples  - St. Joe Rd, FL         3/28/14         6/9/14         Mf, females infected with Pasteuria         
3/25/14         Orchard 1, Tree 1  - Edison Rd, FL         3/28/14         6/9/14         Ma         
3/25/14         Orchard 1, Tree 2  - Edison Rd, FL         3/28/14         6/9/14         Ma         
3/25/14         Orchard 1, Tree 3  - Edison Rd, FL         3/28/14         6/12/14         Ma         
3/25/14         Orchard 1, Tree 1  - Winterhaven, FL         3/28/14         6/12/14         Ma, Mj         
3/25/14         Orchard 1, Tree 2  - Winterhaven, FL         3/28/14         6/12/14         Ma         
3/25/14         Orchard 1, Tree 1  - Murphy Rd, FL         3/28/14         6/12/14         Mj         
*Ma  - M. arenaria, Mf  - M. floridensis, Mj  - M. javanica, No observations for M. incognita.
 
 
 
 
 
 
 
 
Table 2. Segregation of F2 and backcross progenies for resistance based on the reproduction factor of M. floridensis in individual plants, 120 days after inoculation with a population density of 10,000 eggs per plant.
Male Parent b         Female Parent c         No. of Progeny         Reproduction Factor a         Observed Ratio         
                           0  - 1 (highly resistant)         2  - 3 (moderate host)         4  - 5 (good host)         ≥ 6 (excellent host)         R (0  - 1)         S (≥ 2)         
OK x PK 2         OK x PK 2         43         32         3         3         5         32         11         
OK x PK 2         SH         42         27         6         3         6         27         15         
OK x PK 3         OK x PK 3         43         26         10         3         4         26         17         
OK x PK 3         FG         23         4         12         2         5         4         19         
OK x PK 3         SH         43         31         7         2         3         31         12         
FG x PK 1         FG x PK 1         39         36         2         0         1         36         3         
FG x PK 1         SH         30         20         5         2         3         20         10         
FG x PK 6         FG x PK 6         40         35         1         0         4         35         5         
FG x PK 6         SH         43         36         6         1         0         36         7         
FG x PK         FG         7         4         1         1         1         4         3         
a Reproduction factor = final nematode population/initial nematode population
b OK = `Okinawa' peach; PK = Prunus kansuensis wild peach; FG = `Flordaguard' peach
c SH = `UF Sharp' peach
 
Table 3. SSR markers associated with resistance to M. floridensis identified through single marker analysis.
Linkage Group         Marker Name         P-value         R2 (%)         Segregating Population         No. of Observations         
2         UDP98-025         <.0001         36.1         FG x PK F2         47         
                  <.0001         29.9         SH x (FG x PK)         54         
                  <.0001         27.3         OK x PK F2         200         
                  0.0002         28.0         SH x (OK x PK)         67         
2         BPPCT013         <.0001         11.4         OK X PK F2         192         
                  0.0197         10.1         SH x (OK x PK)         68         
3         BPPCT007         0.0187         2.78         OK X PK F2         193         
7         CPPCT033         0.0002         4.28         OK X PK F2         200         
7         CPPCT017         0.0188         2.09         OK X PK F2         199         
8         BPPCT006         0.0035         12.9         SH x (OK x PK)         67         
                                                      
 
Table 4. Genotype segregation analyses of F1 and BC1F1 populations generated from multiple crosses.
Cross         N                  Allele Segregation at SSR locus UDP98-025                  X2                           X2         
                  111/ 111         111/ 115         115/ 115         115/127         111/127                           1 :2 :1         P                           1 : 1         P         
FG x PK         47         15         22         10                                             1.25         0.5                                             
OK x PK # 1, 4, 5, 6         135         34         73         28                                             1.43         0.5                                             
OK x PK # 2, 3         65         14         38         13                                             1.89         0.5                                             
SH x (FG x PK)         54                                    28         26                                                               0.07         0.9         
SH x (OK #2, 3 x PK)         67                                    41         26                                                               3.36         0.05         
 
 
Table 5. Genotype segregation analyses of F1 and BC1F1 populations generated from multiple crosses.
Cross         N         Host Status                  X2                           X2         
                  Resis-tant         Suscep-tible                  3 : 1 
(R : S)*          P                           1 : 1 (R : S)         P         
FG x PK         47         37         10                  0.35         0.5                                             
OK x PK # 1, 4, 5, 6         135         106         29                  0.89         0.5                                             
OK x PK # 2, 3         65         21         44                  63.18         <.0005                           (1:2:1 X2 = 2.5; P = 0.5)         
SH x (FG x PK)         54         30         24                                                      0.67         0.5         
SH x (OK #2, 3 x PK)         67         30         37                                                      0.73         0.5         
*R = Resistant; S = Susceptible
 
 
 
 
 
 
 
Table 6. Potential locus interactions.
Linkage Group         Marker Name         P-value         R2 (%)         Segregating Population         No. of Observations         
2         UDP98-025         <.0001         27.3         OK x PK F2         200         
                  <.0001         11.4         OK x PK F2         192         
                  <.0001         29.9         SH x (FG X PK)         54         
                  <.0001         36.1         FG x PK F2         47         
         UDP98-025         0.0002         28.0         SH x (OK x PK)         67         
7         CPPCT033         0.0002         4.28         OK x PK F2         200         
8         BPPCT006         0.0035         12.9         SH (OK x PK)         67         
                  
 
 
	txtApproach23: Component 1  - Investigating the resistance response of `Flordaguard' peach rootstock to the endemic peach root-knot nematode, Meloidogyne floridensis.
We needed to find a virulent isolate of Mf since our previous Mf isolate did not infect our plant materials for resistance screening. We visited commercial peach orchards in Central Florida and collected root samples where intense galling was observed. This was usually accompanied by slight yellowing and severe stunting of the aboveground tree. Galled root samples from individual trees were mixed with the soil in a pot containing the tomato host to facilitate rapid and easy extraction of the nematodes. After two months, the nematode females were extracted from tomato roots for species confirmation in Dr. Don Dickson's laboratory (University of Florida, Gainesville). The egg masses (from a single female) were also isolated to establish the pure cultures after species confirmation. The peach root samples collected from widely separated orchards, were determined to be infected by one or a combination of root-knot nematodes species as confirmed by the isoesterase phenotypes of nematode females (See Table 1). 
 
From the orchard visits, we have obtained three aggressive Mf populations that we could use for the tests  - two from a commercial orchard in St. Joe, FL, and one from the orchard in Gainesville, FL. Pure cultures of these were reared on tomatoes in the greenhouse. After four months on `Rutgers' tomato host, we were able to collect sufficient inoculum for the experiments. 
 
We coordinated with a commercial nursery to provide tissue-cultured `Flordaguard' and `MP-29' to conduct the study. Germinated seedlings of `Lovell,' `Okinawa' (known susceptible rootstock varieties), Flordaguard, and a sister line of Flordaguard, `FL 9-4' (resistant accessions) were obtained. We tried to use seedlings instead of clonally propagated materials due to the lack of available `Flordaguard' and `MP-29' tissue-cultured plantlets from local nurseries. `FL 9-4' with putative resistance to root-knot nematodes was obtained from the UF Stone Fruit Breeding Program (Gainesville, FL); this was included for comparison with `Flordaguard' instead of MP-29 which does not produce seeds (sterile hybrid). 
 
The plant materials available for this study have not been pre-screened for susceptibility to our Mf isolates. Hence, in the absence of information characterizing their resistance or susceptibility, it was deemed necessary to first identify a true resistant source  - one that could be confirmed through our genetic studies. By observing the segregation of resistance in the progenies, we would be able to determine how much of this resistance is transmitted to the progeny. Thus, we sought to understand the genetic nature of resistance first by focusing on Component 2.
 
Component 2  - Developing appropriate selection criteria for evaluating resistance in current peach rootstocks and new hybrids.
We screened fourteen F2 and BC1F1 populations generated from interspecific crosses between Prunus kansuensis Rehder (Kansu peach) and Prunus persica (L.) Batsch (peach) for resistance against a virulent isolate of the peach root-knot nematode (RKN), Meloidogyne floridensis (Mf). Each population comprised of 40-45 individual genotypes. Eight F2 populations were generated from self-fertilization of `Okinawa' peach or `Flordaguard' peach x P. kansuensis hybrids. Six BC1F1 populations were from `Okinawa' x P. kansuensis or `Flordaguard' x P. kansuensis backcrossed to `UF Sharp' peach, which has a known susceptibility to RKN, or to `Flordaguard' peach, which expresses a certain degree of RKN resistance. These materials were generated from the previous SCBGP project.
Response to Mf was evaluated by inoculating with the pure Mf population isolated from peach in Florida. The F2 and BC1F1 populations were inoculated with Mf at a concentration of 10,000 eggs per plant. The individual genotypes from multiple families and susceptible tomato checks (to confirm nematode viability) were distributed randomly throughout the greenhouse and allowed to grow for 120 days before screening for resistance. The greenhouse conditions were maintained at 30-26°C day-night air temperature and 55-60% humidity. 
The number of galls, egg masses, and eggs from each root system were counted. The galling severity, egg mass index, and reproduction rate were derived from the actual counts divided by the total fresh root weight. These parameters were compared for their precision in determining resistance in our F2 and BC1F1 segregating populations. Gall index and visual rating measure plant damage whereas egg mass index and reproduction factor (Rf) measure the reproductive capacity of the nematodes. Since reproductive ability in a host is directly related to resistance, we initially used reproduction factor to classify between resistant and susceptible classes, examine segregation ratios, and infer the inheritance of resistance of `Flordaguard.'  Values between 0 - 1 indicate a poor host for nematode reproduction since there is no increase in nematode population and values greater than 2 indicate a moderate to excellent host for the Mf nematode. The Rf data revealed segregation ratios similar to that of the galling severity (no. of galls/ g root) if we set the threshold for resistance at 1 gall/g root to account for errors in differentiating the galls from the small protrusions of root primordia. Subsequent analyses were, therefore, performed using the data on galling severity, which could be assessed directly without the need for additional steps (e.g., root staining to detect egg masses on the galls, macerating and bleaching the roots to extract the eggs, and counting eggs under the microscope).
The polymorphic SSR markers useful for the genetic analyses were identified from the previous SCBGP project and the individual genotypes were scored from SSR banding patterns in the electropherograms. We performed single marker analysis, which calculates whether phenotype values differ among genotypes for a given molecular marker. Chi-square goodness of fit were also performed on phenotype and genotype segregation data to determine their agreement with the expected Mendelian ratios. The marker genotype and phenotype are closely associated if their difference are significant.
 
	txtGoals23:  
 Goal 1  - Determine if peach root-knot nematodes infect and reproduce in current peach rootstock selections used in the Florida peach industry. 
A host status test conducted in the University of Florida revealed that 5-month old seedlings of peach rootstocks `Lovell' and `Nemaguard' are uniformly susceptible to Mf; root galling and egg mass rates could range from 11-100 galls or egg masses per root system, and the total eggs recovered after 4 months were higher than the initial count. From field observations, the resistant `Flordaguard' does not exhibit pronounced galling, but the Mf reproduction rates are yet to be examined. 
M. Maquilan, co-PI on this grant received training from the UF Electron Microscopy Core to properly prepare tissue samples and mount on slides for microscopic examination and a protocol was developed for staining and resin-embedding root tissues in peach. 
 
Goal 2  - Develop selection criteria to guide nematode-resistant rootstock choices for growers in the Florida peach industry. 
Table 2 shows segregation of F2 and backcross progenies for resistance based on the reproduction rate of Mf on individual plants, 120 days after inoculation with a population density of 10,000 eggs per plant. The observed segregation ratio deviated from the expected 3 susceptible to 1 resistant host for the F2 progenies of Okinawa and P. kansuensis hybrids based on our hypothesis for a recessive resistance gene. The Flordaguard and P. kansuensis hybrids, classified as resistant, resulted in F2 progenies that were mostly highly resistant. The FG x PK backcross populations (to either `UFSharp' or `Flordaguard') did not show the segregation  - 100% susceptible and 100% resistant, respectively  - expected for a recessive gene at a homozygous stage in `Flordaguard.'  Instead, the observed segregation ratios appear to support the presence of a single dominant locus in P. kansuensis that confers resistance to Mf. 
 
To validate our Rf-based observation, we performed single marker analysis based on galling severity. We compiled phenotype values and genotype scores from the polymorphic SSR markers to identify associations between the marker and the resistance phenotype. Among the polymorphic SSRs, UDP98-025 in linkage group 2 had the most significant P-value for galling severity (See Table 3). The means of galling severity from the dominant genotypes (RR, Rr) determined by this SSR marker were significantly different from the homozygous recessive (rr) genotypes. This SSR locus also accounts for ~25% of the phenotypic variation. The single marker analyses revealed that: 1) galling severity was sufficient to determine resistance against Mf, and 2) the SSR marker in linkage group 2 was consistently associated with the resistance phenotype across multiple families with the common male parent, P. kansuensis. The use of molecular markers allowed us to infer the position of the Mf resistance locus in linkage group 2 where the other RKN R genes, RMia and PkMi, are also localized.  
 
Chi-square analyses based on the UDP98-025 marker scores and galling severity data showed that the segregation ratios in the F2 and BC1F1 populations conform to the Mendelian 3 : 1 ratio and 1:1 ratio, respectively, expected for a single dominant gene (See Tables 4 and 5). These research findings helped fill an important gap in our understanding regarding the genetic nature of the trait and we have identified a true resistant source in P. kansuensis which we could use to introgress in rootstocks with favorable horticultural traits. There were discrepancies observed in the genotype and phenotype segregation ratios of the F2 and BC1F1 families derived from two of the six OK x PK crosses suggesting that there could be other nematode resistance loci (See Table 6) from the `Okinawa' parent (which is resistant to M. javanica, M. arenaria, and M. incognita) that are confounding the effects of the resistance locus in P. kansuensis. 
 
Goal 3  - Dissemination of results to growers.
We were not able to publish an EDIS document for distribution yet because we ran into problems rearing the peach root-knot nematode on our rootstocks. The nematodes, that had been maintained on tomatoes (as many nematode populations are) were no longer virulent on peach rootstocks, and thus another population had to be isolated from an infected orchard. So, the nematode selection criteria publication has been delayed. However, the number of growers that have requested such information has been about 45 growers that have observed what appear to be possible nematode issues in their orchards. During the granting period, we had 117 people attend in 2014 and then 140 growers attend in 2015. 
 
 
	txtBeneficiaries23:  
 At least 40 growers benefitted from this project, by way of on-site visits, sample collection, presentations and information transfer, and phone/e-mail follow up with growers regarding possible control methods. 
The following presentations were made to disseminate our research findings:
 
Maquilan, M. A., J. X. Chaparro, and M. A. Olmstead. Genetic Analyses of Root-Knot Nematode (Meloidogyne floridensis) Resistance in `Flordaguard' Peach Rootstock. American Society for Horticultural Science Annual Meeting, New Orleans, LA. 04 August 2015.
Maquilan, M.A. 2016. Evaluation of New Nematode-Resistant Rootstocks for Peach Production in Florida.  UF Stonefruit Field Day, Citra, FL. 16 April 2016. 
 
Maquilan, M. A., M. A. Olmstead, J. X. Chaparro, and T. G. Beckman. Evaluation of Nematode Resistant Rootstocks for Peach Production in Florida. Florida State Horticultural Society Annual Meeting, Stuart, FL. 13 June 2016. 
Maquilan, M. A., J. X. Chaparro, M. A. Olmstead, and D. W. Dickson. Inheritance of Resistance to Peach Root-Knot Nematode (Meloidogyne floridensis) in Interspecific Populations of Peach. American Society for Horticultural Science Annual Meeting, Atlanta, GA. 09 August 2016.
 
	txtLessons23:  Our previous experience with Mf nematodes had shown that inoculum concentration and isolate virulence are critical factors to consider when developing a reliable screening method. When we set out on this project, we obtained a virulent Mf isolate from an infected peach rootstock and propagated a pure population on a tomato host. But it was a challenge to synchronize the availability of a sufficient, viable nematode inoculum with the availability of plant materials that are at the right stage for inoculation. We had to re-establish our Mf populations on new tomato plants every 2-3 months to maintain viability. The original plan was to inoculate `Flordaguard' plants in the greenhouse with the Mf population multiplied on a tomato host and to conduct histological examination of the infected peach roots. However, the clonal rootstocks needed to conduct this activity was severely delayed, as tissue culture facility from which we are ordering two of the four rootstocks needed had to rebuild one of their rootstock cultures completely. This has resulted in at least a 6-month delay in activities for GOAL 1. Also, the `Lovell' and `Flordaguard' seeds we obtained had very poor germination/vigor and were heavily contaminated with fungi such that they could no longer be used for screening in plastic growth pouches for the histological assays. The delays in acquiring plant materials for the histological studies led us to shift our focus into the genetic characterization studies where we already had segregating populations at the right stage for screening. 
 
The results of our genetic characterization study suggested that resistance was inherited from P. kansuensis in a dominant manner. This research finding is useful from a breeding perspective as we have found true resistant source from P. kansuensis which could be used as parent material to enhance nematode resistance in the rootstock germplasm. We perceived that the histological examinations for understanding the mechanism of resistance or tolerance in `Flordaguard' would yield a more meaningful outcome if P. kansuensis is used as the resistant standard and the resistance responses are compared to those of known susceptible genotypes. 
 
In the course of this project, we gained more insights into possible approaches for nematode resistance breeding. Our results illustrated the possibility of correctly identifying resistant genotypes using a set threshold for galling severity which correlated well with the genetic marker data. The screening method could be further simplified by converting galling severity data into a rating scale that would be more efficient to use for field screening. The UDP98-025 SSR marker in LG2 showed a high degree of co-segregation with the resistance to Mf from BC1F1 and F2 populations of Peach x P. kansuensis. More markers around this chromosomal region must be evaluated for usefulness in selecting nematode-resistant genotypes or introgression of resistance into new interspecific (peach X P. kansuensis) rootstocks. 
 
 
 
	txtContact23:  
 Dr. Mercy Olmstead
352-273-4772
mercy1@ufl.edu
 
 
	txtProjectTitle22: New and Sustainable Fruit and Nut Crops for North Florida.
	txtPartners22: Primary:  NFREC-Quincy, University of Florida.
Secondary: Suwannee Valley AEC, University of Florida
 
	txtSummary22: Both the agricultural landscape and grower opportunities in North Florida are changing rapidly.  The subtropical climate of Florida is suitable for the culture of numerous fruit and nut trees, and some species/cultivars can be grown with a minimum of inputs (adapted). Some non-adapted species/cultivars require such an extensive quantity of inputs so as to preclude successful culture in Florida. Although the soil and subtropical climate of north and north central Florida are compatible with the culture and management of numerous fruit and nut crops, only a subset of these crops offer commercial potential.  With increasing costs of inputs (pesticides, fertilizer, irrigation) and fluctuating marketing prices we believe that identification of sustainable, well adapted crop species offer the most opportunity for growers in North Florida.
Our ongoing "Sustainability Assessment" project is a continuation of a previous FDACS Specialty Crops Block Grant, "Sustainability of Fruit and Nut Crops in North Florida: Emergence of Small Farms, Enhancing Outreach and Facilitation of Direct Marketing".  In the previous study utilizing a wide diversity of plantings and evaluations at NFREC-Quincy and Suwannee Valley AEC, we evaluated and identified fruit and nut species/cultivars with merit and have eliminated many others. In our current study we have expanded these studies to include emerging crop species such as blackberries, American-Chinese chestnuts, olives, cold-hardy citrus and mayhaws.  We have also investigated many new cultivars for existing crops, including newly released cultivars from the University of Florida that are well adapted to the specific growing conditions in North Florida.   Many UF cultivars ripen during a market window in the spring when there is little or no worldwide competition.   Lastly, we have continued to evaluate plantings from the previous study as long-term studies are required to fully assess the sustainability of slow growing fruit and nut crops.  The database we have established, and continue to expand, enables growers to assess the potential sustainability and profitability of crop selections. 
 This project is timely as grower trends in North Florida have been changing rapidly.  Production of some crops traditionally grown in the region is diminishing.  We note that many of these crops are ones that our previous study identified as having low sustainability; production is no longer viable with increased costs of inputs.  Until now, however, there has been little organized data showing the amount of production for specific crop species.  A secondary goal of our current study was to collect data showing county by county production of fruit and nut crops so that we can identify trends in production and regions that are most conducive to production of certain commodities (Tables 1-4).  This information is central to reseachers in adressing the needs of growers and also to assist growers in determining crops that may be most sustainable in their specific location. 
A third purpose of our work was to create enterprise budgets for the predominant fruit and nut species so that growers can fully understand the economics of growing each crop species.  These budgets allow grower assessment of profitability as well as sustainability.  These budgets are an extension of what we began with our previous FDAC grant, but they are now being expanded to include other crops.  Prior to our work, these type of budgets had not been available to growers for the previous two decades.  Budgets will be posted on the UF/Small Farms website which receives over a million hits annually. 
 
	txtApproach22: Our Work Plan (Approach) had three general objectives:
1) "The continued evaluation of fruit and nut crops by use of both existing research plots and the establishment of new plots at the NFREC-Quincy and the Suwannee Valley AEC".   These plantings include satsumas, peaches, plums, Oriental persimmons, muscadine grapes, blueberries, blackberries, pomegranates, chestnuts and olives. In addition, the NFREC-Quincy has an evaluation of 20 pecan cultivars, 12 cultivars of cold-hardy citrus, black walnuts and pears.  At the NFREC-Quincy we have expanded our citrus planting to include Sugar Belle, Minneola Honey Belle, Tango, Glenn Navel on both US897 and Swingle rootstocks, Orlando Tangelo on Swingle rootstock, Bud Blood on trifoliate orange rootstock and Nova on Kinkoja rootstock. We have mounded these young trees with soil and have applied microjet irrigation last fall, and essentially all of our trees survived the winter. We have evaluated three new satsuma hybrids from Dr. Tom McCollum (USDA Citrus breeder).  We are also arranged to plant the new University of Florida fast track selections of mandarins and mandarin hybrids (UF 900, C4-15-19, N40W-6-3, UF 950 and UF411) on both Swingle and/or US897 rootstocks. We expanded our planting of Southern highbush blueberries to include many new releases from the University of Florida (Farthing Meadowlark, Sweetcrisp, Indigocrisp), and the University of Georgia (Rebel, Suziblue,  Legacy, Titan). 
For many of the NFREC and Suwannee Valley AEC plantings quantitative data (yield was estimated and fruit size and soluble solids) were determined. A five year study of satsuma citrus and a three year study of blackberry have been completed and were published in HortScience and the Florida State Horticultural Society, respectively. Many electronic data information system publications on topics concerning the performance of species/cultivars and culture and management in north Florida are now on line with support from this grant. We have conducted Field days, Master Gardener's programs, many grower visits, and numerous phone and email correspondences. Members of our grant team attended and gave presentations on the American Society for Horticultural Science (P.C. Andersen), Florida State Horticultural Society (P.C. Andersen, B.C. Hochmuth), the UF Small Farms and Alternative Enterprise Conference (B.C.  Hochmuth), Field days at the NFREC-Quincy and Suwannee Valley AEC (Andersen, Hochmuth and Mizell. The University of Florida Small Farms and Alternative website continues to get over a million hits per year.
2) "Specialty crop farms will be surveyed and partnerships between growers and nurseries will be increased". In order to evaluate the effectiveness of this proposal we first needed to establish baseline data on small farms in the state.  Our efforts were greatly facilitated as the USDA Agricultural Census published an on-line county by county estimation of acreage for fruit and nut crops after submission of this proposal.  The data was from 2012.  Since then we have recruited all UF County Extension faculty in North Florida for more current estimates so that we can assess current trends in production.  Perhaps the greatest single impediment to the expansion of small farm enterprises based on fruit and nut crops in Florida is the availability of Florida-adapted cultivars from the nurseries. We have published an EDIS report which identified certified Florida nurseries selling fruit and nut crops, and in a table contained therein we have indicated the best Florida-adapted cultivars. Florida nurseries have greatly improved their selection of Florida-adapted cultivars during the last several years. 
3) "Continue developing and refining enterprise budgets and promote alternative marketing strategies." We originally recruited Sean McCoy (UF-IFAS Regional Specialized Extension Agent, Agricultural Business and Marketing) to help synthesize enterprise budgets. McCoy developed budgets for some of the more traditional fruit and nut crops, but we are expanding this analyses to include emerging crops. Unfortunately, Mr. McCoy took a job elsewhere.  We have now recruited Michael Perez from the Economics department at University of Florida and he is now working with a graduate student to create the budgets (also assisted by Kevin Athearn, county Extension Agent).   Because of this lack of continuity of personnel, this is the one objective that we have yet to complete although we are rapidly creating these budgets.  Budgets have been completed for muscadine grapes, blackberry and chestnut.  We are nearing completion for highbush blueberry, rabbiteye blueberry, pecans, Oriental persimmons and satsumas.  These enterprise budgets will be posted on the interactive Small Farms and Alternative Enterprise website where prospective growers can customize mixed orchards scenarios. We feel strongly that diversified small farms will be increasingly prevalent in the future.
The summation of our results are significant in that we are providing farmers in North Florida with a full assessment of the sustainability of each crop species.  We are also providing data on what in currently being grown in north Florida, trends in production for each crop species, and locations (counties) where particular crops are heavily produced.  When the enterprise budgets are complete, we will also provide the complimentary economic analyses so that growers will have a full suite of information for selecting the mix of crop species that they wish to produce. 
We are evaluating a wide diversity of crops, and thus we have many specific results that were beneficial and unexpected.  For example, our original satsuma plantings are now mature and typically produce extremely high yields (often up to 300 kg per single tree).  We have also shown these trees to be remarkably resilient to freezes, as we had both early and late hard freezes in the winter of 2014-2015.  Furthermore, we have expanded citrus plantings to include other citrus varieties on cold hardy rootstocks.  These releases were also resilient suggesting the potential for more diverse citrus  production in North Florida.  Our plantings have also shown the benefits of potential emerging crops.  For example, the chestnut plantings at Suwannee Valley are highly productive with a minimal amount of inputs required (only herbicides).  Our analyses of production trends also showed some surprising results  which will assist researchers in addressing grower needs.  An example is the increase in acreage of peach production.  Because of this, we are now examining new selections of peach that are very fast growing, early maturing, and well suited for production in North Florida. 
Role of personnel: 
 1. Evaluation of fruit and nut crops:
Establishment of new research and demonstration plantings.  Lead: Andersen
Assisted: Mizell, Hochmuth, Biological Scientist, graduate student 
1. Evaluation of fruit and nut crops:
Planting evaluation and development of sustainability indices. Lead: Andersen
Assisted: Hochmuth, Biological Scientist, graduate student 
1. Evaluation of fruit and nut crops:
Pest assessment and development of novel pest control and monitoring. 
 Lead: Mizell
Assisted: Andersen, Biological Scientist, graduate student 
2.  Specialty crop farm survey:  
Survey data collection.
 Lead: Andersen
Assisted: Hochmuth, Athearn,
Biological Scientist, graduate student 
2.  Specialty crop farm survey:  
Information dissemination (websites, EDIS publications, field days, meetings) to better partner growers and nurseries.
 Lead: Andersen
Assisted: Hochmuth, Biological Scientist, graduate student 
3. Enterprise budgets:
Data collection of economics inputs/outputs for fruit and nut crops. Lead: McCoy, Athearn
Assisted: Andersen, Hochmuth 
3. Enterprise budgets:
Publication (websites, EDIS) of enterprise budgets for fruit and nut crops currently being investigated. Lead: McCoy, Athearn
Assisted: Andersen, Hochmuth, graduate student 
3. Enterprise budgets:
Publication (websites, EDIS) of enterprise budgets for emerging fruit and nut crops. Lead: McCoy, Athearn
Assisted: Andersen, Hochmuth, graduate student 
 
	txtGoals22: Below we list the Goals and Proposed Measurable Outcomes per our proposal, and the Outcome achieved.  
Goal 1: Research/demonstration plantings of specialty crop species/cultivars will be increased at the NFREC-Quincy and the Suwannee Valley AEC, and key factors limiting sustainability and profitability will be highlighted.  We anticipate that these efforts will help fuel the expansion of specialty crop industry. 
Measurable Outcome:  We will continue to assess sustainability for emerging crops and new cultivars of crops that have previously been assessed.  
Actual outcome:  We believe we actually acheived more than anticipated for this objective.  Many new varieties have become available, particularly new releases from the University of Florida,  so we are evaluating more varieties of citrus, peaches and blueberries than we anticipated.  All twelve fruit and nut crops  proposed in the grant were evaluated (and often with more selections than we anticipated), and three of the four proposed new crops were evaluated.  We set a `target' of increasing evaluations by 25% in the original proposal and we have greatly exceeded that.  For example, citrus evaluations originally began with Owari and Brown Select satsuma but now include Xie Shan satsuma, Sugar Belle, Honey  Belle, Minneola, Tango, Early Pride, Orlando Tangelo, Navel, Tamngo and Bud Blood.  Peach cultivars now include Flordaking, Flordacrest, Gulfking, Gulfcrest, Gulfcrimson, Gulfpeince, Gulfsnow, Gulfatlas and Suncoast.    
Goal 2: Specialty crops will be surveyed by county and partnerships  between growers and nurseries will be enhanced. Stakeholders will increasingly have access to the best Florida-adapted cultivars.
Measurable Outcome: We have identified 33 certified Florida nurseries in a recent EDIS publication, and the total acreage of specialty crops in Florida.   We now propose to conduct a county by county assessment of the number and size of small farms specializing in fruit and nut crops. 
Actual Outcome:  This objective was greatly facilitated by an on-line USDA Census that was published after submission of our proposal.  This publication listed county-by-county acreage for each crop.  However, this data was from 2012.  This year, we contacted all county extension agents to get more up to date figures for each county in North Florida (Table 2).  We also analyzed data to see trends in growth of particular commodities. 
Goal 3: Enterprise budgets will be further developed based on Florida-adapted species/cultivars and marketing strategies will be expanded.  These budgets allow grower assessment of profitability as well as sustainability.  
Measurable Outcome:  There are at least twelve well established and four new specialty fruit and nut crops for which we will develop enterprise budgets.  Enterprise budgets are probably the most urgently needed information required by owners of small farms. The impact of these efforts can also be monitored directly by website counts on the UF/Small Farms website.  This site currently receives over a million hits annually, and the enterprise budgets are one of the sites most utilized features.
Actual Outcome:  This is the one objective on which we fell short, due to the change in personnel (economists) discussed above.  However, with our new personnel in place we are quickly rectifying this.  Three budgets are complete and six others are nearing completing.  All will be posted on the the UF/Small Farms website when they are complete.   
 
 
	txtBeneficiaries22: We originally defined our beneficiaries as `existing and newly established small farms, nursery growers and the general population of Florida'.  While this number is certainly difficult to quantify, we note that the USDA Economic Research Service documented that 91% of the farms in the United States were classified as small farmers.  In rural North Florida, this is a large constituency.  We conservatively estimated in our proposal that our work would impact at least 100 existing small farms and at least 100  newly developing small farms.  We also estimated that it would impact 5-fold more hobbyist and landowners who have an interest in small scale production of fruits and nuts.
Given the reaction to our research, we feel that this was an underestimate.  Since this group of growers is not well organized, it is difficult to produce concrete numbers.  But continuing high reaction to the Small Farms Alternative Enterprise Website, the Small Farms Academy, interest in our field days at both NFREC-Quincy and Suwannee Valley AEC, and ever increasing queries at the two research centers concerning fruit and nut crops as well as increasing visits to grower farms all confirm this high degree of interest.  The Small Farms Academy had programs at least four times a year, there were at least annual field days at both centers, and the website continues to receive over a million hits per year.  Several EDIS publications were generated to discuss this work, including one publication designed to direct growers to nurseries that could provide cultivars best adapted to North Florida. Several other EDIS publications were updated to include our latest trials and provide information on new selections.  Two scientific publications were published in HortScience and Florida Horticultual Society containing multi-year quantitative data on satsumas and blueberries. 
 
	txtLessons22: The first goal of this project was assessment of sustainability of a wide diversity of fruit and nut crops.  This was an extension of previous work and utilized methodology with which we were very familiar.  Specific results concerning individual crop species provided valuable information and were sometimes different than expected, but really did not provide any problems or surprises in terms of methodology.
Our second goal of providing county-by-county data on trends in production of fruits and nuts perhaps provided more surprising results.  Through direct communication growers had made us very aware of their interest in emerging crops such as cold hardy citrus.  But several other trends, such as the increase in acreage of peach plantings, was quite surprising.  This was a valuable lesson that the most vocal or communicative growers may not be representing the more general interests, and that other types of data (such as these trends in acreage assessment) may be required to accurately understand the needs of growers that we work for.
A primary lesson, and perhaps our biggest pitfall, was integrating economists in to our team for development of the enterprise budgets.  Two economists have relocated during development of these budgets.  Many agricultural economists feel that development of these budgets does not match the priorities of their jobs or what is required by their departments.  In essence, it is fairly difficult to find `applied economists' interested in generating these valuable tools to assist growers.  Fortunately, we feel that we know have the required personnel to complete these tasks.      
 
 
	txtContact22: Peter C. Andersen
850-875-7122
pcand@ufl.edu
 
	txtProjectTitle30: Florida Agriculture Financial Management Conferencere
	txtPartners30: The Florida Agriculture Financial Management Conference (FAFMC) is a collaborative effort to enhance Florida’s specialty crop industry that includes specialty crop producers and their trade organizations, UF IFAS Extension, lenders, accountants, attorneys, and other allied suppliers.
 
The Florida Fruit and Vegetable Association (FFVA) and the Florida Specialty Crop Foundation is the primary project oversight showing the commitment of the Specialty Crop Industry. Along with the FFVA, the Florida Nursery, Growers and Landscape Association (FNGLA); Florida Blueberry Growers Association, and Florida Strawberry Growers Association all endorse and promote the conference to their members. 
 
For the 2014 FAFMC The Florida Department of Agriculture and Consumer Services was the primary sponsor of the conference recognizing the need in this difficult economy.
 
In addition to these Florida agriculture associations and individual growers, the allied community that supports the specialty crop growers including accountants, attorney's, bankers, insurance support, etc are endorsers and/or sponsors of the conference identifying the need of their core agriculture customers.
 
And finally, financial risk management is fundamental to the USDA Risk Management Agency and USDA Farm Service Agency.
 
Regina Thomas, Senior Vice President of Farm Credit of Central Florida, served as project manager. The planning ad-hoc committee made up of representatives of the above organizations were responsible for development, implementation and evaluation of the program.  They helped identify and obtain industry expert speakers in the financial community to make agenda and learning opportunity second to none for producers and attendees.
	txtSummary30: Risk has always been associated with farming. Typically these challenges are considered to be production oriented such as pest, disease, and weather.  However, during the past few years of turbulent economic conditions, managing financial risk has become perhaps the single largest challenge a farmer faces to maintain a sustainable and profitable business despite the uncertainties inherent in the agriculture industry. Everyday Florida agricultural producers face financial risk through market price fluctuation, variable and fixed cost uncertainty (including interest rates and energy costs), succession planning, marketing, tax and regulatory concerns, political and social interference, human resources, and management leadership.  Given the changing structure of the agriculture industry, managing risk has become vitally important to the success of the specialty crop industry.
 
Participant surveys from the 2010, 2012 and 2013 Florida Agriculture Financial Management Conferences, funded in part by the Specialty Crop Block Grant Program, showed a high level of awareness and demand for financial risk management learning opportunities. A solid partner planning committee composed of UF IFAS, McGladrey, Dean Mead, MetLife, Prudential, allied suppliers, commodity associations, growers, and Farm Credit representatives identify relevant topics and expert speakers made this a premier learning opportunity to enhance the competitiveness of Florida’s specialty crop producers.
 
The structure of the program request to fund speakers and hard costs allowed for unlimited participation of farmers from various socioeconomic segments; small, beginning and young farmers; minority farmers; as well as larger agribusinesses. The program targeted specialty crop producers, office mangers, and professional individuals such as accounts and attorneys that support the industry. Financial management education for our Florida Specialty Crop Producers is critical to their financial viability and production efficiency to ensure their competitiveness in the world market place.  
	txtApproach30: Florida Agriculture Financial Management Conference (the "FAFMC") was held November 12 & 13 at the Omni Resort and Spa near Orlando, FL.  This is a central location for the entire state of Florida. See  program at the following link for complete program information and speaker credentials WWW.FAFMC.ORG. and also attached. The conference was attended by over 130 specialty crop producers and professionals that support the specialty crop growers with financial services. Over 600 different growers and industry professionals have attended the FAFMC over the past 4 years.
 
Project Approach
• The planning committee met regularly to plan the details of activities that would take place during the program as well as develop the content of the program.  Once the program was determined, time was spent contacting speakers, coordinating travel and planning the details at the Omni Resort and Spa, the venue for the conference.
 
• Solicitation of sponsorships, development of the website to promote the program and registration format was created.  A large publisher of a specialty crop magazine signed on to develop the website and assist in promoting the program. Promotion of the program took place consistently from June until the November conference. The conference was promoted at the FFVA convention and to their Emerging Leadership class; to University of Florida students and advisors; personal invitations to specialty crop growers; email invitations personally through planning committee members; contributing agriculture specialty crop associations such as the FNGLA and FFVA; special invitations were mailed to all Farm Credit members in Florida and Meister Media, our media and promotions contractor, sent esends to their entire email list on 3 separate occasions.
 
* In order to achieve the performance goals and measurable outcomes for the project, evaluation forms were generated and distributed to attendees to receive their feedback after the conference.  Attendees were asked to provide three key take-a- ways that they learned and would be able to take back to their businesses; evaluate the speakers and content; give feedback on the value of the conference and if it should be continued; and provide topics for consideration and future conferences. (See attached conference evaluation for those results)
 
* AdHoc Planning Committee
Regina Thomas, Farm Credit of Central Florida, RThomas@FarmCreditCFL.com
Linda Reindl, Florida Nursery, Growers and Landscape Association,  lreindl@fngla.org 
Clay Worden, McGladrey,  Clay.Worden@mcgladrey.com 
Liz Felter  University of Florida/Orange County Extension, LFelter@UFL.EDU
Karen Keene, KKeene@deanmead.com Dean, Mead, Egerton, Bloodworth, Capouano & Bozarth, P.A., 
Josh Culpepper, Prudential Agri-Finance, JCulpepper@Prudential.com
Sonia Tighe, FFVA, Sonia.Tighe@FFVA.com
Frank Giles, Florida Grower 
Greg Brown, Wells Fago
 
*Marketing of the conference was done on contract by Meister Media - a large agriculture commodity magazine that offers outside media and SEO support. They also marketed the conference directly to all of their subscribers, maintained the website, and provided graphic promotional materials.
 
*Over $20,000 was raised from sponsors of the program to support involvement of producers that were not specialty crop producers or allied specialty crop vendors, and pay for expenses that are not funded by the grant. Of the total attendance 8 out of 130 were not specialty crop producers. Of the $70K overall budget 28% was from sponsorships outside of the grant and the participation of non specialty crop producers or specialty crop allied vendors was 6%. Additionally, specialty crop producers received a 10% discount on the program fees.
 
The conference is a collaboration of the agriculture industry in Florida.
 
 
	txtGoals30: It is evident from the surveys and number attending that we met our target goals.
 
1.  The conference reached a wide cross-segment of Florida producers representing diverse commodity sectors and socioeconomic groups with 130 attendees. Although we missed the target attendance goal of 300 participants we did reach a very diverse group of producers in the specialty crop industry with representatives of the nursery, citrus, strawberry, blueberry, and sod producers.  
 
2. With the aging farm population, encourage young and beginning specialty crop producers to attend the conference and expand their financial management capabilities. The conference achieved this goal by reaching producers of every economic level with representatives from companies such as Pepsico to Tater Farms, and covered the age spectrum with the nursery grower transitioning leadership of his farm to his son, and a 4th generation citrus grower working in the family business. The FAFMC attracts minority growers of varying races, as well as, women and men. This is representative of the diverse agriculture population in Florida. We did make available paid scholarships to the program for 5 University of Florida Food and Resource Economics students and their advisor to attend the conference, as well as, 3 beginning farmers from the FFVA Emerging Leaders program.
 
3. EFFECTIVELY interpret and use data from financial reports such as balance sheets, income statements, and cash-flow statements. From the surveys the financial management topics and speakers were the most popular.  Also, survey comments confirm that attendees were immersed in data interpretation presented by the speakers.
 
Conference Evaluations:  Not all 130 attendees returned surveys but based on the ones that were returned; we felt it important to share the evaluation results and comments about this and future programs.  Approximately 30% of the attendees provided a response to the question regarding a takeaway that they were going to try and implement in their businesses.   The conference committee has not completed follow up to see if those things were implemented.  Their responses are listed in the evaluations. (See attached summary of all evaluations).
 
Additionally, from the survey results attached you will see the overwhelming responses to continue the FAFMC in the future and suggestions for topics requested in future conferences.
 
The conference website has been continually maintained since the conference with updates of economic data; links to conference handouts and videos of conference speakers for attendees and agriculture producers to review. 
	txtBeneficiaries30: Since financial risk is a threat common to all speciality crop growers the Florida Agriculture Financial Management Conference benefited producers of all specialty crops from various socioeconomic segments - small, beginning and young farmers; minority farmers; as well as larger agribusinesses. The program targeted producers, office mangers, and professional individuals such as lenders, accountants and attorneys that support the speciality crop industry.  
 
Additionally, we made available paid scholarships to the program for 5 University of Florida Food and Resource Economics students and their advisor to attend the conference, as well as, 3 beginning farmers from the FFVA Emerging Leaders program.
	txtLessons30: The only challenges experienced by the committee was attracting attendees.  The structure of the program funds speakers and hard costs allowing for unlimited participation. All of the committee members report speaking with producers about the conference and hearing that they are interested, want to attend and understand the importance but are not able to for various reasons - with the most common is the cost of the program.  The committee spent much time on this after the conference and listed the following impediments:
 
1. Timing - With Florida's diverse production a commodity is planting or harvesting at all times of the year making it hard for some producers to get away i.e. the South Florida vegetable growers were harvesting and dealing with replanting. The 2015 conference has been planned for August allowing for better attendance.
 
2. Expense - The charge to Specialty Crop Producers is $187 plus the room for 2 nights giving a total conference cost of approximately $500 plus travel. This may keep small producers from attending. We do offer paid scholarships to young, beginning and socially disadvantaged specialty crop producers from the conference sponsorship proceeds.
 
3. Agriculture Economy is slightly improving and expanding in Florida at a rapid pace - Farm gate prices are higher and the economy is improving so the perceived importance has been diminished.
 
	txtContact30: REGINA W THOMAS
800.533.2773
RTHOMAS@FARMCREDITCFL.COM
	txtProjectTitle24: Integrated Campaign To Raise Awareness and Grow Sales of Sweet Corn Sales in Florida.
	txtPartners24: PadillaCRT marketing agency
Mr. Foods Test Kitchen
	txtSummary24: The purpose of this project was to grow awareness for sweet corn within the state and the Sunshine Sweet brand available from Florida in April and May. Even in Florida, for many sweet corn is considered a summer vegetable.' Activities were timed during Florida's peak season of April-May. Most recipes and serving suggestions are geared toward summer eating, so developing new recipes with Mr. Food's Test Kitchen resulted in a valuable resource that was offered on the Mr. Food website as well as sunshinesweetcorn.com. We had hoped to also distribute through Publix stores, but due to a change in senior category leadership, new decision makers were not supportive. 
 
To raise awareness of the Sunshine Sweet brand grown exclusively in Florida, we worked with media partners to reach consumers in the store with our messaging that Sunshine Sweet corn is a wholesome, family-farmed vegetable that has been traditionally bred and not a GMO food. With its premium quality and GMO-free assurance (something consumers are willing to pay a higher price for) Florida shippers were able to sell crates at a price above the average market. This returns better revenue to shippers and growers during April and May. 
 
Because Florida Sunshine Sweet corn is typically sold a loose ears or tray-packed at the store level, identifying the Sunshine Sweet brand is challenging. By leveraging the premier spring event, the Sweet Corn Fiesta, and reaching consumers with advertising at two of Florida's largest retailers (Publix and Winn Dixie) we were able to build awareness of the brand.
	txtApproach24: The grant activities have been completed and funds expended. 
 
Funds earmarked for the Sweet Corn Fiesta were spent in marketing the annual event in Palm Beach County both in 2014 and 2015 through local advertising. 
 
A copy of the eCoobook, Spring Veggie Fever: 25 Mouthwatering Spring Vegetable Recipes, is included with the report and is available online at http://www.mrfood.com/Vegetables/Spring-Veggie-Fever-Mouthwatering-Spring-Vegetable-Recipes-Free-eCookbook and at www.sunshinesweetcorn.com. A total of 1235 downloads of the eCookbook have been seen. The retail partners were not interested in co-branding the eCookbook, which would have resulted in even more downloads.
 
Because the supermarket chains were not interested in printed POS in the store, we worked creatively to be able to market Sunshine Sweet Corn in Publix and Winn Dixie.
 
For Publix we tested a hyper-local mobile ad campaign that reached consumers when in stores in Miami and Atlanta. Publix was not able to provide store level data, but they did provide chain wide and market level data for Miami and Atlanta during May when the ads ran. There was no noticeable impact on sales from the mobile ad campaign. Overall sales for Publix in May were down both chain wide and in the tested markets. 
 
Ads ran in the month of May 2015. Mobile ads included three sizes, which were monitored and optimized during the campaign to focus on the best performing units. The mobile campaign delivered 1,177,036 impressions with a .26% Click Through Rate (CTR), exceeding industry averages.
 
For Winn Dixie we utilized in store radio to deliver Sunshine Sweet Corn messaging in the store. A custom ad was created and played in X stores in April and May. We are still awaiting sales numbers from Winn Dixie to measure the impact of the radio ads. The 30 second radio ads ran in 337 stores, directing shoppers to the availability of Sunshine Sweet Corn in stores now. Ads ran from 4-27-15 through 5-23-15.
	txtGoals24: Benchmark 1: We were unable to obtain purchase numbers from shippers or retail partners, but in 2014 and 2015 Florida had record sales in May with 4,309,030 in 2014 and 3,515,403 in 2015 when volumes were at their peak that exceeded a 10% rise from 2013.
 
Benchmark 2: When measured in 2013, 11% of consumers said they were familiar with the Sunshine Sweet Brand. Further, only 7% of respondents said Florida grew the best sweet corn. Interestingly Iowa ranked first at 12% despite their relatively low production of sweet corn. The Sunshine Sweet Corn Farmers of Florida funded the research separately and chose not to conduct a post survey. Results of the preliminary survey, though not funded by this grant, are included as an attachment to the report. 
 
Benchmark 3: 1,000 downloads of eCookbook was accomplished between the Mr. Food's Test Kitchen website and sunshinesweetcorn.com. Combined downloads exceeded 1100 across both sites.
	txtBeneficiaries24: Results were presented to the Sunshine Sweet Corn Farmers of Florida (Formerly the Florida Sweet Corn Exchange) in person at a meeting in Pahokee, FL in the summer of 2015. The direct beneficiaries were the shippers and growers who were able to move record volumes in May at a price above the market average and historical numbers. Further, the employees and community benefited from the success of this critical industry for western Palm Beach County. Florida residents also benefited from the program by discovering their local, premium, Florida grown Sunshine Sweet corn. Florida retailers also benefited from the marketing support offered through this grant including in-store radio ads at Winn Dixie and geo-targeted mobile ads in Publix all reach consumers at the point of purchase. 
	txtLessons24: Our timeline was delayed with the production of the eCookbook and the planning cycles of the retailers. We also found push back from supermarket chains on printed POS materials that were not created internally. Therefore we had to find alternative ways to reach consumers in the store with Sunshine Sweet Corn messaging. This allowed for some traditional methods for promoting Sunshine Sweet corn with in-store radio ads at Winn Dixie, and new methods with geo-targeted mobile advertising that reached consumers with Sunshine Sweet corn messaging while they were in the Publix stores targeted. It offers a new way to reach consumers at the point of sale beyond traditional POS signage that has become more difficult to place, especially with large chains. 
 
We also experienced problems with reporting on sales data from the chains. While Publix did provide some data, it was not the store level data discussed in planning conversations. This prevented us in comparing stores in each market where the ads were and were not targeted. Based on the click through rates and ad impressions, we are confident that the campaign did have a positive impact.
 
As we were awaiting sales data from Winn Dixie, the chain was acquired and staff layoffs ensued. Because of that, our contact for getting comparative data from locations with and without the in-store radio ad were not obtained. The budget did not allow, nor had we planned to purchase this data separately. Our reliance on the chain reporting was a hindrance, and in the future, measurement should be planned and budgeted within the grant proposal itself. 
 
We also learned that having an asset like an eCookbook is a powerful way to reach consumers and get them to engage with the brand on an ongoing and more meaningful basis. This was accomplished by inviting people to opt in to ongoing communications through the website when downloading the cookbook. By partnering with a group like Mr. Food's Test Kitchen that has an active and engaged community and highly trafficked website, we were able to expand our reach and consumer exposure to the Sunshine Sweet brand. 
	txtContact24: Mike Aerts
(321) 214-5200
mike.aerts@ffva.com 
 
	txtProjectTitle25: Providing Wholesome But Unmarketable Produce to the Hungry
	txtPartners25: The primary organization implementing the project is The Florida Association of Food Banks, a Feeding America Partner State Association, as well as the Florida Specialty Crop Foundation.  
Our partner organizations consist of our member food banks who serve all 67 Florida Counties:  
AGAPE FOOD BANK, LAKELAND         
ALL FAITHS FOOD BANK, SARASOTA         
FEEDING TAMPA BAY, TAMPA         
2ND HARVEST OF BIG BEND, TALLAHASSEE         
FEEDING THE GULF COAST, MILTON         
BREAD OF THE MIGHTY, GAINESVILLE          
FEEDING SOUTH FLORIDA, PEMBROKE PARK         
FIRST STEP FOOD BANK, OCALA         
FOOD BANK OF MANATEE, BRADENTON         
FL GATEWAY FOOD BANK, LAKE CITY         
HARRY CHAPIN FOOD BANK, FORT MYERS         
2ND HARVEST FOOD BANK OF CENT FL, ORLANDO         
FEEDING NE FL, JACKSONVILLE         
TREASURE COAST FOOD BANK, FORT PIERCE         
 
	txtSummary25: The Project Purpose was to find a way to increase the acquisition and distribution of fresh wholesome produce to Floridians in need.  The Farmers Feeding Florida program, a program of Florida Association of Food Banks, was created nearly 5 years ago with that purpose in mind, securing grants from multiple public, corporate and private sources.  This would prove to be the most effective way to leverage our resources in an effort to maximize outcomes.  With over 3.3 million hungry Floridians, the task was enormous.  
 
The year prior to the issuance of the USDA Specialty Crop Grant, the Farmers Feeding Florida program has reached 11.2M pounds distributed.  The Fiscal year ending June 30, 2015 had seen increases to 21.3M pounds, leveraging resources from multiple sources, including those from the USDA Specialty Crop Grant.  This grant was crucial in offsetting some transportation costs for distributing fresh wholesome Florida produce as well as offsetting some of the growers out-of-pocket costs for packaging and processing Florida's specialty crop, thereby extending the shelf-life, ensuring freshness throughout the distribution life-cycle.     
 
 
	txtApproach25: The activities performed were significant.  FAFB collaborated with Food Banks to develop appropriate survey questions and the methodology to ensure maximum agency/client participation and capture baseline data on client produce consumption. 
 
Guidelines were developed and training provided for Food Bank operations staff responsible for submitting transportation reimbursement requests.
 
The FAFB Regional Fresh Produce Sourcer has expanded the number of partner grower/packers throughout the state from 20 to 56.   
 
We were able to generate over 2.2M pounds additional fresh produce from a packaging, processing and transportation standpoint.  Many (but not all) of those fresh produce commodities consisted of potatoes, onions, sweet potatoes, green beans, cucumbers, bell peppers, cabbage, melons, squash, strawberries, sweetcorn, eggplant and others.  
 
 
	txtGoals25: Over time, FAFB has determined that the range of grower/packer costs associated with processing and packing of donated produce are between 2-11 cents per pound, with an average being 8.2 cents. It typically costs about 0.9 cents for a Food Bank to capture (transport) the product and another 0.9 cents to deliver the product to people in need through a community agency or via mobile pantry. That makes the overall average costs associated with processing, packing and delivery a total of 10 cents per pound.   
 
Based on the above original goals, we anticipated distributing about 1.94M pounds of fresh Florida Specialty Crop.  based on 9.1 cents per pound for processing and packaging costs and 0.9 cents per pound for transportation of the same, totaling 10 cents per pound combined.  Instead, we were able to generate and distribute just over 2.2M pounds total with the $194,750 Grant monies, yielding a combined processing, packaging and transportation amount for this grant of less than $0.089 per pound, resulting in our exceeding our original goal by 13.3%.    
 
 
	txtBeneficiaries25: There were two primary beneficiaries in this project.  First, was Florida's hungry children, seniors, parents and individuals struggling to get by.  2.2M pounds of additional fresh, healthy Florida produce was rescued from their destined cull chutes, and placed into the hands of those who needed it the most.   
 
A secondary set of beneficiaries in this project were the Florida Growers and Packers who worked closely with the Farmers Feeding Florida program in capturing the freshest of their 2nds and culls, as we were able to help off-set some of their out-of-pocket costs related to value added processing and packaging.  While a small portion of this grant was used to pay transportation costs, the vast majority of the grant went to our Florida Growers and Packers to cover the cost of packaging, bins, pallets, etc.  
 
 
	txtLessons25: The expected measurable outcomes can be boiled down to what it actually costs to capture, process, package and transport fresh but unmarketable specialty crops in Florida.   The Farmers Feeding Florida have been successful at maintaining and in some cases , reducing the costs to process and package produce.  However, we have little control over the transportation industry and their associated costs.  Through feedback from our food bank members, it appears more critical that we focus on acquiring the produce through processing and packaging costs, controlling what we can and leave the transportation of that product them.  We could move even more produce with the same funding in this manner.   
   
Florida has a seasonal period that is not ideal for growing specialty crops, and that is the summer months during the rainy season.  In-state crops are very limited to non-existent from July through early October.  The dryer 8-9 months tend to yield the most opportunity for our program.  
 
Even during our busy, dryer months, other unforeseen weather anomalies and market conditions can and have delayed and even interrupted availability of fresh produce to our members.  Planning ahead is the key.   
	txtContact25: The Executive Director for the Florida Association of Food Banks is:  
   
Robin Safley  (850) 545-6400
robin@fafb.org  
www.fafb.org  
 
The contract manager is:
Sonia Tighe
321-214-5245
sonia.tighe@ffva.com 
 
	txtProjectTitle28: Increasing Sustainability of Florida Strawberry Industry with Targeted Marketing
	txtPartners28: 
 
 Securing billboard locations and target markets
 Sue Harrell, Director of Marketing , Florida Strawberry Growers Association

Consumer Survey: Awareness of Strawberry Billboards
Contributors and Project Partners
Dr. Lisa House
Professor and Director, Florida Agricultural Market Research Center
Dr, Zhengfei Guan,
Assistant Professor, Gulf Coast Research and Education Center
Dr. Zhifeng Gao,
Assistant Professor, Food and Resource Economics Department
Securing television news anchor and meteorologist fruit drop
Ann Thacker, The Thacker Group


	txtSummary28: The Florida strawberry industry is presently unsustainable due to the rapid encroachment of Mexican production during our formerly unique winter market window. Growers have not had a profitable season since 2009 due to freezes in 2010 and Mexican competition in 2011 and 2012. Without aggressive marketing to exploit consumer preference for Florida strawberries and drive greater demand, increasing imports will continue to depress farm returns below the breakeven point. Declining market pricing combined with escalating cost for every production input can only result in the catastrophic economic failure of the Florida strawberry industry. This project is designed to increase consumer awareness, which in turn drives retail support of Florida strawberries.


The FSGA's mission to increase consumption of Florida strawberries relies on consumer awareness of availability, retailer support, and consumers' predisposition to purchase local and/or domestic production.  The broad impact of mass media had never been fully exploited due to the budgetary constraints of our voluntary non-profit organization.  This multi-faceted approach utilizes billboards with simple messaging coupled with the use of television’s public interest appeal in corresponding markets. Coordinated with ongoing Internet support, this project will deliver a cost effective outreach to tens of millions of consumers during our four-month season.   


In addition to the marketing campaign, the Florida Agricultural Market Research Center (FAMRC) in the Food and Resource Department at the University of Florida conducted market and consumer research to study the effect of the campaign and provide information to help the industry in its future actions. Surveys were conducted to document the effectiveness of the campaign by measuring awareness levels in targeted areas, as well as statistically analyzing if those that encounter the advertising were more likely to report consuming strawberries from Florida. 

From the surveys, we developed a deeper understanding of strawberry consumers' preferences/perceptions and consumption behavior, on which knowledge was lacking. Results from analysis of the data will be used to aid in the determination of market segments that can be successfully targeted with future marketing efforts. A major contribution of this research is developing an understanding of whether or not consumers are willing to pay more for strawberries labeled prominently as from Florida, and if a specific location within Florida (known for quality strawberries) demands a different premium from consumers. 


	txtApproach28: 
Goal 1: Place billboards in key shipping market areas according to our members highlighting Florida strawberries are in-season and available in local stores.
 Surveys were conducted to measure awareness of strawberry billboards placed in these cities:
- New York
-Nashville
-Atlanta
-Philadelphia
-Boston

* 22 Billboards were in place from January 20,2014 - March16, 2014.
*  Online surveys were conducted in each of the five cities (New York City/Newark; Nashville; Atlanta; Philadelphia; and Boston). Participants were recruited via a survey panel firm, who maintains a list including location of the participants. Survey participants were first screened to ensure they still lived in one of the five cities, and that they were at least 18 years of age.  
One survey was conducted in March, 2014 to coincide with the billboard placement. In this survey, 100 participants were recruited from each location. 
In the second survey, conducted in early April, 350 participants per survey were contacted to examine awareness and recall of the billboards.
A third survey was conducted with U.S. primary grocery shoppers in all locations in order to further investigate willingness to pay for Florida strawberries. In this survey, a panel company was again used, with participants included if they were primary grocery shoppers, at least 18 years of age.

Goal 2: February 3,2014 Participate in a television news anchor and meteorologist fruit drop, focusing on the same cities as billboard placement.
The securing of billboard locations and target markets were Sue Harrell, Director of Marketing, Florida Strawberry Growers Association.  Consumer survey awareness of strawberry billboard contributions and project partners were: DR. Lisa House, Professor and Director, Florida Agricultural Market Research Center, Dr. Zhengfei Guan, Assistant Professor, gulf Coast Research and Education Center and Dr. Zhifeng Gao, Assiastant Professor, Food and Resource Economics Department. 
Securing television news anchor and meteorologist fruit drop was, Ann Thacker, The Thacker Group. 

Goal 4: Determine the effectiveness of the marketing campaign through consumer surveys 
The FAMRC conducted consumer surveys in the regions where the advertising was conducted. Samples were collected after the advertising, with a follow-up survey 2 weeks later to determine lasting effects of messages. Respondents who indicate they have seen, heard or read about Florida strawberries in the past month were asked follow-up questions to determine what portions of the advertising they have encountered, as well as what type of impression the message had on them.
This goal was accomplished by a series of three surveys conducted with consumers. The first two surveys focused on consumers in the target advertising area to measure awareness of the advertising as well as what impact the billboard had (whether or not the billboard encouraged them to think about purchasing strawberries from Florida, to actually look for Florida strawberries at their store, or to purchase strawberries). The third survey focused on consumer willingness to pay for Florida strawberries by collecting data from a representative U.S. sample and conducting a choice experiment where consumers selected between different combinations of strawberries produced in identified locations (a city in Florida, Florida, California, the U.S. and Mexico) at different prices. Statistical analysis was used to compare self-reported levels of strawberry purchases for groups that report encountering the market campaign, as well as those who did not. 
In addition to monitoring the impact of the marketing campaign, a general consumer survey was conducted online. Participants were given descriptions of a product with different attributes and asked to select which product they would purchase. Data is analyzed using econometric methods to determine willingness to pay based on production location.
The partners from FAMRC evaluated the impact of the billboard campaign impact and provided a general analysis of consumer preferences and perceptions. For more details, please refer to the attached report. 
 
 
 
 
	txtGoals28:  Results of Accomplished Goals

Goal 1 : Billboards were placed in target markets January 20, 2014
Survey #1 March 2014
Included only questions on awareness and impact of billboard 
Results:
12% of sample reported seeing, ,hearing or reading something about strawberries in the past two months.
Of those, 95% indicated they had seen the billboard, Varied by city, NYC/Newark: 19%, Nashville: 14%,     
Philadelphia: 9%, Boston: 7%, 
47% thought about purchasing strawberries from Florida, 29% looked for Florida strawberries at the store, 24% purchased strawberries Recall margin of error is 10% Actions based on seeing billboard.  From the total sample, 12% saw billboards, of which 24% purchased strawberries, resulting in 2.8% of total sample indicating they purchased strawberries as a result of seeing the billboard
 
Survey #2 Conducted April 1 – April 9,2014
Included questions on awareness and impact, as well as test for correct recall and demographics
Results:
14% of sample reported seeing, ,hearing or reading something about strawberries in the past two months.
Of those, 39% indicated they had seen the actual billboard. Did not vary by city (differences not significant)


Goal 2 :  Meteorologist Weathercaster Fruit Drop February 3, 2014
a. To increase awareness of Florida winter strawberries through TV meteorologist and news anchors and in markets east of the Mississippi, a colorful and compelling presentation was sent to 21 media contacts. Sue Harrell shipped 21 buckets of beautiful Florida strawberries.  The packages arrived on February 4, 2014 at news stations up the East Coast to the key shipping areas of our product.  We included facts and fun trivia about Florida strawberries.  We continued to follow up until we received clips showing our berries on air during the weather forecast. Despite the horrible weather the week of Feb. 3rd, more than 71% of those who received the strawberries used them on air.  We received social media mentions such as twitter and Facebook, along with news clips and photos thanking us for the winter strawberries and sharing the fun facts and trivia on air.

Increased web traffic January - April 2014
We monitored the web traffic on the FSGA sites for January through April 2014 we had 33,338 unique visitors.  That is an increase of 200%   We exceeded our goal of a 60%.  


Goal 3 : Consumer Survey and Analysis:
In the first stage of the project, 500 and 1,750 survey responses were collected in the 1st and 2nd survey conducted to evaluate the impact of billboard campaign.  
In the second stage, 1,133 valid responses were collected in the general consumer preference survey and the data are analyzed.   

This goal was accomplished by a series of three surveys conducted with consumers. The first two surveys focused on consumers in the target advertising area to measure awareness of the advertising as well as what impact the billboard had (whether or not the billboard encouraged them to think about purchasing strawberries from Florida, to actually look for Florida strawberries at their store, or to purchase strawberries). The third survey focused on consumer willingness to pay for Florida strawberries by collecting data from a representative U.S. sample and conducting a choice experiment where consumers selected between different combinations of strawberries produced in identified locations (a city in Florida, Florida, California, the U.S. and Mexico) at different prices. 
Strawberries grown in Florida were considered sweeter, fresher, and safer than strawberries grown in Mexico by Florida consumers
A large majority of respondents would choose strawberries grown in Florida over those imported from California or Mexico
Respondents who chose strawberries grown in Florida over imports did so because of associated freshness, taste, and the support of Florida’s economy.
Price – While participants’ thresholds varied, price was a factor in many participants’ decisions to purchase strawberries. Some participants were only purchasing strawberries when they were on sale or available as buy one, get one free from stores. Many also looked for strawberries when they believed that strawberries were less expensive. As a relationship between cost and convenience, many participants were unwilling to go out of their way for Florida strawberries even if they were less expensive. Participants in this instance believed the cost of fuel for driving between stores would negate any savings.
 
 
 
 
 
 
	txtBeneficiaries28:  
Within a 20-mile radius of Plant City, FL, there are over 11,000 acres planted for commercial winter strawberry production.  The Florida strawberry crop presently has a farm gate value of approximately $400 million with an economic impact to the local community in excess of $800 million.  The geographic density of production (predominately eastern Hillsborough County) creates a disproportionate economic dependency in this small area.  The industry employs over 15,000 workers, with another 50,000 American jobs  - predominately in Florida - also dependent on this crop.  

The economic ripple of this industry includes transportation, corrugated packaging, refrigeration services, irrigation equipment, hardware, chemicals, financial services, legal services, capital equipment, plastic packaging, and more.   
The industry faces many challenges from the loss of important chemicals to labor shortages, however without viable market demand all other issues become irrelevant. Mexico was increasing production by 20-30% annually, posing serious challenges to the survival of the industry. Now that local strawberries are facing competition from imports, it is essential to explore consumers’ perceptions of the product in order to create a more effective promotional plan.


The Florida strawberry industry faces many challenges from the loss of important chemicals to labor shortages, however without viable market demand all other issues become irrelevant.  Mexico is increasing production of fresh strawberries by 20-30 percent annually.  This project shows that creating consumer awareness and preference for Florida fruit over imports is essential to our industries survival and other Florida commodities that compete with foreign imports as well.   


This promotion project has created top-of-mind consumer awareness for Florida strawberries, and generated insights on consumer preferences on strawberry purchase and consumption, which will help future marketing campaign. 
With the information gathered we will be launching and aggressive marketing campaign designed to educate consumers in our key shipping areas by adding the Fresh From Florida logo on the packages to help identify it coming from Florida.  We learned quality and appliance is also an important factor in consumer purchasing our product.  

Through our social media we can reach consumers directly and educate them when we are in season and they in turn can request Florida strawberries at the retail level.  Retail markets do not advertise where the fruit comes from it just says strawberries.  Consumer focused marketing like the billboards, TV appearances, surveys, coordinating with ongoing internet support, has delivered a cost effective outreach to tens of millions of consumers during our four month season.
The FloridaStrawberry Growers Association has developed a deeper understanding of strawberry consumers' preference/perceptions and consumption behavior, on which knowledge was lacking.  
 

	txtLessons28:  Problems and Delays 
1. Due to pricing deal we were able to add more billboards to the project than expected. 
There were an additional 5 billboards in Columbus, GA and 3 in NC, but these were not located in cities originally planned in the grant. Given the small size of the area these billboards are in, we are unable to obtain surveys to measure the impact of these billboards.


2. Due to the severe weather occurrences during the week shipped only 71% of meteorologist fruit drop baskets were used on air, however this still exceeded our on air goal for this portion of the project. Our season is during the winter months and our key shipping markets are in the Northwest, weather can be unpredictable.


3.In the consumer study component of the project, The FAMRC decided to not collect samples "monthly throughout the duration of advertising efforts." Instead, samples were collected immediately after the billboard campaign (to measure consumer awareness and overall effect of the campaign) and 2 weeks after the campaign (to evaluate the lasting effect of the campaign).
 
On Impact Analysis of Marketing Campaign:
• Billboards were an effective way to communicate with consumers in large cities
• Approximately 12% of consumers report seeing billboards
• However, this didn't always translate to action, with 0.6-2.8% reporting purchases as a result of seeing billboard
• There appears to be some evidence consumers indicate they have seen the billboard, even if they have not, either indicating false responses, or simply that they recall seeing something, but maybe can't identify what
• Demographics do not appear related to likelihood to see the billboards
• Females and higher income respondents more likely to report purchasing strawberries more frequently
• Those who saw the billboards more likely to report purchasing strawberries more frequently.
 
On General Consumer Preference analysis:
• Strawberries are purchased more often 1 or 2 times per month, less frequently than some other fruits (bananas).
• The most important attributes of strawberries when purchasing include freshness, no mold and color, followed by price.         
• Although half of respondents do consider location of production, most of them think of California before Florida as a production location.
 -There does not seem to be awareness that Florida strawberries are in the market before California berries.
 -California is only slightly preferred to Florida with respect to freshness and safety.
 - Using “Plant City” does not increase perception of safety, freshness, or willingness to purchase. 
• Consumers are generally favorable towards Florida strawberries, but not necessarily willing to pay more or go out of their way to look for them.
 

	txtContact28:  
Sue Harrell
Florida Strawberry Growers Association 
PO Drawer 2550
Plant City, Fl  33564
(813) 752-6822
(813) 752-2167 fax
sue@flastrawberry.com
 
	txtProjectTitle29: IPM Strategies to Combat the Invasive Spotted Wing Drosophila in Berry Crops
	txtPartners29: Oscar E. Liburd, University of Florida
Florida Blueberry Growers Association
 
	txtSummary29:  This purpose of this project is to develop a management program for a new invasive pest, spotted wing drosophila (SWD) [Drosophila suzukii Matsumura] that is threatening Florida's blueberry and strawberry industries. Blueberries and strawberries are the two most important small fruit crops to the economy of Florida. During the 2011 growing season, blueberry and strawberry crops were valued at $70 and $334.6 million USD, respectively. However, the small fruit industry is at risk due to the invasive pest, SWD that was first reported in Hillsborough County, Florida in 2009 (Steck et al. 2009). Since its initial detection in Hillsborough County in 2009, this pest has spread to 26 counties (all are major berry producing counties) throughout the state. Spotted wing drosophila was first reported in continental United States in California in 2008 and has since spread to other states including Oregon, Michigan, Washington and North Carolina causing significant losses to small fruits and stone fruits. Economic losses as high as 40% for blueberries (Bolda et al. 2010) and 20 and 50% in strawberries and raspberries, respectively (Goodhue et al. 2011) have been reported in California. While economic losses associated with SWD damage to blueberries and strawberries in Florida are yet to be computed (Liburd and Iglesias 2013), the need to develop IPM tactics to manage SWD in Florida are obvious. Spotted wing drosophila is known to have a wide host range infesting most thin-skinned fruits and a short developmental period (Lee et al. 2011, Bruck et al. 2011). There is also a zero tolerance for maggots in the fruits for fresh or export market and if one or more maggots are found the entire load will be rejected. There are only a few registered insecticides for SWD. Insecticides with long pre-harvest intervals (PHI) cannot be used during the harvest time leaving growers with only a few options from the available insecticides. Providing growers with more insecticides from various classes will allow them to rotate among classes to prevent resistance development. 
 
In the past, the Small Fruit and Vegetable IPM Laboratory conducted a survey of SWD on blueberry farms in Alachua, Citrus, and Hillsborough Counties as part of project # 19727 funded by FDACS during the 2012 funding cycle. The main difference between our previously funded project (contract #19727) and the current project is the scope of work involved. Whereas our previous project focused on other pests in blueberries (flower thrips and gall midge), the current project is solely focused on SWD. In our previous project (contract # 19727) SWD survey was only conducted on a few blueberry farms. In this project we identified the most effective trap and bait system for monitoring SDW. We also expanded the survey to strawberry growers and involved more blueberry growers and counties in this survey.  We also investigated and identified alternative hosts for SWD aFinally, we evaluated border sprays for control of SWD before they immigrate into blueberry/strawberry fields and identified the effectiveness of new insecticide compounds for SWD management including Cyazpyr [Exeril, Dupont, Newark, DE). 
 
	txtApproach29: Task 1: Expanding the current survey in blueberries and initiate a survey in strawberries in Florida. Seeking to determine the geographical spread of SWD in the state. 
We continued work to develop a management program for the new invasive pest, spotted wing drosophila (SWD) [Drosophila suzukii Matsumura] that is threatening Florida’s blueberry and strawberry industries. The current SWD survey in blueberries was expanded throughout the state of Florida and a survey was initiated in strawberry in Bradford and Hillsborough County, the principal strawberry growing areas in the state of Florida. SWD was found in strawberries surveyed in Bradford and Hillsborough County in relatively small numbers, except for high numbers recorded at three farm locations. The overall findings suggest that SWD populations are increasing and expanding its geographic range throughout the state. 
Task 2: Identify alternative hosts for SWD adjacent to strawberry and blueberry farms 
Transects were established in unmanaged, mixed hardwood forests adjacent to strawberry plantings. The dominant plant species found were wild blackberry (Rubus spp.), wild grape (Vitis spp.), honey suckle (Lonicera spp.), and greenbrier (Smilax spp.). Also common were poison ivy (Toxicodendron radicans), elderberry (Sambucus spp.), black nightshade (Solanum spp.), and black cherry (Prunus serotina). Only the wild blackberry had berries at the time the study was conducted. Berries were sparse and did not develop past the green stage during the study. 
 
Task 3a: Identify effective reduced-risk insecticides for managing SWD infesting blueberries and strawberries in organic and conventional production farming systems in Florida 
We evaluated several reduced-risk insecticides including multiple new organic compounds to control SWD in strawberries and blueberries. Mustang and Delegate® (Spinetoram) are still viable options for conventional growers to manage SWD populations. A new insecticide, ExirelTM (Cyazpyr) was found to be effective against the Florida strain of SWD.
In addition, we evaluated multiple new insecticides that can be used on organic farms and as rotational program with pyrethroids for management of SWD. Our results indicate that Grandevo, OxiDate, Veratran D, and Azera are effective at managing SWD in organic blueberry crops. Our results also suggest that Entrust, the most commonly used compound against SWD in organic blueberries, may not be providing the same level of control in some areas as previously tested. Further testing is required, as this could be a localized event due to the over use of Entrust for pest management at our study locations.
 
Task 3b: Evaluate the effectiveness of border sprays to control SWD in berry crops planting 
From our work in blackberries, we found that plots with border treatments had fewer SWD than plots without border sprays. Cultivating (tilling) between rows of blackberry bushes further reduced adult captures and larval infestation of fruit. Natural enemies were unaffected by the border spray and cultivation treatments. Further research should investigate border spray timing and the effect of border sprays on high-infestation of D. suzukii. Our findings from this research were recently published: Iglesias, L. E. and O. E. Liburd. 2016. The effect of border sprays and between-row soil tillage on Drosophila suzukii in organic blackberry production. J. Appl. Entomol. DOI: 10.1111/jen.12352.
 
We also evaluated alternatives to conventional insecticide use including mass trapping in blueberries. When evaluating alternatives to conventional insecticide applications, our findings suggest that SWD populations were reduced in mass trapping areas and border spray treatments compared to conventional and no spray (control) treatments. The use of RIGA cup trap system for mass trapping could be a sustainable alternative to conventional spraying techniques for controlling SWD in blueberries, and we would recommend a trap spacing of 2 m. 
 
Task 4: Monitor and train growers how to identify SWD 
We conducted several training workshops for identification and monitoring for SWD, including a workshop at the Blueberry Growers Association in Plant City, Florida in February 2015 and a training session at the Alachua county growers meeting in March 2015. We have developed information pamphlets and published extension papers for University of Florida IFAS: "Spotted wing drosophila: Identification, ecology, and management" IFAS University of Florida.
Our research was presented at several conferences: "Movement of Drosophila suzukii from adjacent hosts and alternative control methods" at the southeastern branch of the Entomological Society of America in March 2015.
"New Organic Tools, Border Sprays, and Cultivation Tactics for Control of Drosophila suzukii" at the Florida Entomological Society in July 2015. "Performance of various traps and baits for monitoring Drosophila suzukii in berry crops" at the annual meeting of the Entomological Society of America in November 2015. "Border sprays and cultivation tactics for control of Drosophila suzukii (Matsumura) in organic blackberries" at the southeastern branch of the Entomological Society of America  in March 2016.
	txtGoals29: Goal 1: To know where and to what extent the invasive, spotted wing drosophila has spread across the state on blueberry and strawberry crops. 
Measure 1: We kept records of the number of farms surveyed and compared the data with the total number of farms in the respective counties. We surveyed at least 80% of the farms in the counties where the major blueberry and strawberry crops are grown in the state. 
Benchmark 1: Infestation rates varied from one part of the state to the next. The average across the state per planting is between 5-10 percent. The highest infestation rates were recorded in Citrus and Marion Counties. 
Target 1: Produce a SWD distribution map that cover 90% of the blueberry and strawberry farms in Florida. 
We have developed maps showing the different areas of the state that are infested. 
 
Goal 2: To identify alternative host plants near blueberry and strawberry fields that support SWD development so that management practices can be targeted to these plants to reduce the source of infestation. 
Measure 2: The money saved by growers before (spraying the entire field) and after borders sprays (alternative host) prior to SWD entering the field. 
Benchmark 2: Currently, the cost controlling SWD through the season is between $700 and $1,700 per acre depending on the chemicals being used (Malathion, Delegate and Mustang). 
Target 2: We hypothesize the border sprays can reduce this cost by 40- 50% if we can effectively control the SWD at the source (alternative host plants) before they enter into the field. 
Surrounding plant species that were identified include wild blackberry (Rubus spp.), wild grape (Vitis spp.), honey suckle (Lonicera spp.), and greenbrier (Smilax spp.). Also common were poison ivy (Toxicodendron radicans), elderberry (Sambucus spp.), black nightshade (Solanum spp.), and black cherry (Prunus serotina). 
 
In blackberries, plots with border treatments had fewer SWD than plots without border sprays. Cultivating (tilling) between rows of blackberry bushes further reduced adult captures and larval infestation of fruit. Natural enemies were unaffected by the border spray and cultivation treatments. In blueberries, our findings suggest that SWD populations were reduced in mass trapping areas and border spray treatments compared to conventional and no spray (control) treatments. Therefore, reductions in whole field spraying and savings to growers can be achieved by applying border sprays and alternative control methods to reduce SWD populations in berries. 
 
Goal 3: Increase grower's management options for SWD infesting berry crops by providing more tools to reduce chances for insecticide resistance development. 
Measure 3: During our post-survey we will determine the number of growers using reduced-risk pesticides as well as those with short PHI's. 
Benchmark 3: Growers will have a list of reduced-risk insecticides with short PHI's that can be used during harvesting for managing SWD. 
Target 3: To provide 100% of the growers with a list of insecticide tools that can be used for managing SWD and reduce amount of insecticide used per season by berry growers. 
 
Several reduced-risk insecticides and multiple new organic compounds were evaluated to control SWD in strawberries and blueberries. We tested multiple new compounds that may replace or be used in a rotational program with pyrethroids for control of SWD, and our results indicate that Grandevo, OxiDate, Veratran D, and Azera are effective at managing SWD in organic blueberry crops. Therefore, our research has provided several more insecticides that can be used in organic production for management of SWD. These insecticides can also reduce the risk of resistance development. A list of these insecticides have been shared with growers around the state.
 
Goal 4: To train growers how to monitor and identify SWD. 
Measure 4: In our post survey we will record the number of growers who can recognize and knows how to monitor for SWD. 
Benchmark 4: At least 75%  of the berry growers will know how to recognize and monitor for SWD 
Target 4: To train 90% of the berry growers in the state on how to recognize and monitor for SWD 
 
We conducted training workshops for identification and monitoring for SWD, including a workshop at the Blueberry Growers Association in Plant City, Florida in February 2015 and a workshop for the Alachua county growers association. We have developed information pamphlets and published extension papers for University of Florida IFAS, and our research has been presented at several conferences regionally and nationally.
 
	txtBeneficiaries29: The project will impact all of the berry (blueberry and strawberry) growers in the state of Florida. Both berry crops are two major sources of revenue for the state small fruit industry; therefore, export rejections due to presence of maggots in the fruits, would not only hurt growers economically but also the state of Florida. Florida strawberrry industry is valued at 390.4 M USD harvested from 10,400 acres of land in 2013/2014 growing season (NASS-USDA, 2014). On the other hand, the blueberry industry is valued at 62.7 M USD harvested from 4800 acres in 2014. There are approximately 200 and 155 commercial bluebery and strawberry growers respectively in the state. The trend in the last 10 years shows that the acreage of both crops has been on the increase. The economic impact of SWD on blueberries in the 
state of Florida was estimated to be between 7.8 -11.7 M USD in 2011/2012 growing season (EFLY) but economic losses on strawberry has not been determined. However, in past growing seasons (2012/2013), our laboratory was monitoring for SWD on farms where growers cultivated both strawberry and blueberry crops. It was observed that SWD was initially present on strawberry, which later infest adjacent blueberry. (Iglesias and Liburd, unpublished data). The Florida strawberry industry has an economic impact on the community that exceeds $700 M USD (Florida Strawberry Growers Association [FSGA]). FSGA serves over 10,000 growers in the state with the vast majority in the Plant City area (Hillsborough County). Our survey on strawberries covered Hillsborough County extensively, a county that produces about 15 percent of the nation's strawberries and the main winter berry supplier in the United States. 
 
Incorrect identification is one of the major failures for many pest management programs. Therefore, the ability to train growers to identify SWD as well as monitoring for this pest is a major accomplishment for this project. There are several species of drosophila in the field during harvesting; therefore growers may be applying pesticides if this pest is miss-identified. Teaching growers how to correctly identify SWD will save money and potentially reduce insecticide residues on fruit since pesticide applications will only be made when flies are truly present. Overall these practices will increase growers' revenue and profitability. 
	txtLessons29: An important challenge to border spray timing and controlling SWD in the field is that the current available monitoring tools using various food-based lures and cup-like traps differ in their ability to detect the first presence of D. suzukii in the field (Basoalto et al. 2013; Iglesias et al. 2014; Renkema et al. 2014;  Burrack et al. 2015). Monitoring with current tools alone may not provide an accurate early warning of fly movement into the field. Temperature-dependent models are being developed for D. suzukii and can be useful for predicting when D. suzukii will appear (Wiman et al. 2014). Future studies investigating the use of border sprays should focus on how to better time border sprays to coincide with movement of the flies into and out of the fields.
In cultivation studies, tilling the aisles between the rows of blackberries to bury fallen fruit, with or without the border spray, did not have a significant effect on SWD adult captures or larval infestation. It is possible that the effect of soil tillage is minimal. We did not quantify fallen fruit in the field and therefore, whether fallen fruit is fully buried using these tillage practices is unknown and should be further investigated. It is also unknown whether fallen fruit reaches the aisles or remains under the bush, where tilling is impossible. Soil tillage may be a possible method for reducing emerging D. suzukii populations from infested fruit in the field; however, further investigation as to its effect is needed.
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