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Project 1:  Winter Specialty Crop Production Project 
 
Webb City Farmers Market 
Eileen Nichols 
Final Performance Report 
 
Project Summary   

The Winter Specialty Crop Production Project was a coordinated outreach effort to address the need 
for increased production of fruits and vegetables in both fresh and value-added form for winter markets 
in southwest Missouri. The project included two-day conferences in January, 2016, and in February, 
2017, that with in-depth presentations on issues of interest to growers (both current and prospective). 
The project also includes a 2-day Better Processing School to enable specialty crop producers to produce 
value-added products for sale during the winter. 

Consumers, both individual and institutional, in southwest Missouri are increasingly demanding access 
to fresh, local food year-round.  Southwest Missouri farmers are increasingly interested in retaining their 
customer base year-round and extending their income-generating capacities.  Winter production, 
season extension and value-added opportunities address these needs and opportunities.  Training is a 
critical component of bringing these opportunities to fruition. 

This project built on two previous and very well-received winter production conferences, one of which 
was funded by a specialty crops grant.  The other was funded by a Local Foods Matching Grant. 

Project Approach 

 All aspects of the Better Processing School were completed as specified by the work plan.  We missed 
our goal of 25 growers attending the school by only one.  All attendees of the school completed the 
work and received their certificate. 

A lasting impact of the project was a significant change in where the annual school is held.  When we 
first began investigating hosting the school we were told there was no way it would be moved from the 
University of Missouri – Columbia where it had always been held.  However declining attendance made 
the organizers ripe to the invitation to move it in 2015 to Webb City.  The organizers were so pleased 
with the results of the location and the dramatic increase in attendance in part because it was so much 
more accessible to growers in Southwest Missouri that the school is now moved from region to region 
using a local host.  (In 2014 only 3 people signed up for the school in Columbia.)  In 2016 it was held in 
Kansas City and in 2017 in Sedalia.   

The Winter Production Conferences were rescheduled from the originally proposed dates so the first 
could dove tail with the Missouri Farmers Market Association annual meeting which was also held in 
Webb City.  In retrospect, that may not have been a good choice as attendance was less than 
anticipated.  It could have been that attendees were not willing to budget and schedule four days to 
attend both. 

On-site and follow-up surveys were completed for the conference.  Here is the completed survey link: 
Winter Production Conference Survey.  

 

https://www.surveymonkey.com/results/SM-QCHK35MP/
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Goals and Outcomes Achieved 

The Better Processing School fell short by one attendee meeting its goal of 25 to attend and complete 
the course. 

2016 - The Midwest Winter Production Conference was held on Thursday and Friday, January 22 and 23, 
2016.  Seventy persons attended, most of whom were professional farmers, our target audience.  While 
attendance was below our goal, survey responses demonstrated that conference was well received and 
of value. 

2017 – As we reviewed past survey responses and recognized that many of the attendees now had three 
conferences of training and that this would likely be our last winter production conference for the 
foreseeable conference, we determined to take a slightly different approach.  This conference would be 
designed to be a master class for experienced growers and a top-notch introduction for novices.  Our 
on-site surveys indicate we were successful.  Held on February 13 and 14, 2017, the conference was 
attended by 87 growers from as far away as the Texas panhandle (it was the second Webb City 
conference in a row that the Texas farmers had attended). 

An important goal of the project was to increase the amount of produce available to the public through 
farmers market during the winter.  The Webb City Farmers Market provided the bench mark and follow-
up data.  One significant measurement was the number of high tunnels serving the market: 

2014 – the market was supplied by seven farms who had a total of nine tunnels. None of these farms 
supplied any other markets. 

2017 – the market was supplied by 13 farms who have a total of 27 tunnels.  Six of these farms now 
supply other markets as well as Webb City. 

Most of these tunnels are in year-round production, increasing the amount of high quality produce 
available in Southwest Missouri in all four seasons. 

Sales at the Webb City Farmers market are documented by market day but are not broken out as to how 
much is produce vs value added.  However since most of the market vendors are growers the 
information is strongly influenced by produce sales.  Data by vendor could be pulled out but would 
require significant time and effort. 

Data is presented here by season.  The Winter Market is considered to be from November through mid-
April.  The market is open on Saturday mornings during this period.  Because this project built on a 
previous specialty crop grant, information is included from the year before that initial conference 
through this year. 

2012 – 2013 - $36,640 (First Winter Production Conference held 2/4-5/2013*) 
2013 – 2014 - $68.550  
2014 – 2015 - $79,806 (Second Winter Production Conference held 11/11- 12/2014**) 
2015 – 2016 - $105,111 (Third Winter Production Conference held 1/22 – 23/16***) 
2016 – 2017 - $130,860 (Fourth and final Winter Production Conference held 2/13-14/2017***) 
 
*funded by previous Specialty Crop Block Grant Program 
** funded by Local Food Matching Grant 
***funded by current Specialty Crop Block Grant Program 
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Anecdotal evidence of the project’s benefit is clear.  Sixty miles away is one of the larger markets in the 
state.  Only one of their growers attended the conferences even though the market does have a winter 
market.  Approximately 75% of the Webb City market’s growers attended at least one conference.  
Some attended several or all.  Distance was not a serious factor as growers at other Springfield markets 
did attend as well as growers from much farther away.  The difference was probably demographic.  
Most of this Springfield market’s farmers are retirement age or older.  Apparently they are not 
interested in investing in new technology.  Most of the Webb City market’s farmers are mid-40s and 
younger.  They are looking forward to long careers farming specialty crops.   

 



5 
 

 



6 
 

 



7 
 

 



8 
 

 

Beneficiaries 

1) Attendees of the Better Processing School, all of whom received certification allowing them to 
proceed in their plans of value-adding their produce. 
 
As reported, 24 people attended and completed the School.  No survey was conducted in 
conjunction with the school but a cursory email survey sent in response to this request yielded six 
responses:   

  
• “Have not used information gained and have no plans to do so.”  
• “I make a line of fruit preserves, using cherries, oranges, strawberries, pineapple, lemons, 

blackberries, peaches, and more, about 1,000 units a year.”  
• “I haven’t done anything professionally yet with the knowledge I gained from attending the 

Webb City Better Processing School.  I have done some home canning of pickles and 
jams.  2018 plans include bringing canned fruits and pickles into our market mix, we are finally 
able to invest in it.  Thank for you hosting the school.  It was very informative.”  

• “Have not used it yet.  Yes, intend to use it hopefully this next growing season and I am really 
pleased that I attended.  I do pass on the value of the knowledge I learned and why it is 
important to know this and apply to the canning process.  Safety first!” 

• "I have experimented with salsa and sauerkraut recipes using my farm's produce. I have not 
gone into production yet, but plan to do so. The training was comprehensive on helping me to 
understand canned foods, canning and the required safety regulations. The reference material 
provided is detailed. I appreciate that the training was offered locally and I benefited from 
receiving a scholarship to the training." 

• "We developed a recipe for tomato/peach salsa that is unique.  We built a greenhouse, a 36' X 
4' raised bed and a 40' X 4' raised bed to allow us to grow our own produce for this product."  

 
The school had been held at the University of Missouri-Columbia since it was begun several years 
earlier but in 2014 had very poor attendance (3 attendees).  The organizers of the school were so 
pleased with the results of the Webb City School, that in 2016 it was held in Kansas City with 20 
attending and in 2017 it was held in Sedalia with 12 attending.   It was back in Columbia in 2018 and 
with 5 days until it was scheduled only 3 had signed up.  The organizers are determined to take it 
out to other parts of the state in future and hope to replicate Webb City’s success. 

  
2) Growers who attended the Winter Production conferences were able to determine whether 

protected growing made sense for their operation and, if so, incorporate lessons learned to reduce 
failure and accelerate success in winter production. 

 
Our project partner Patrick Byers conducted a post conference survey of all participants in the four 
winter production conferences the market has held.  We used email addresses of 156 attendees.  Some 
attendees, of course, did not have email addresses and were not contacted.  Others no doubt had 
changed their address.  We had a total of 46 respondents or about 30%, a fairly good response 
considering some had attended the conference as long as 4 years previously.  The survey results may be 
found at  https://www.surveymonkey.com/results/SM-QCHK35MP/# 
  

https://www.surveymonkey.com/results/SM-QCHK35MP/
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• Of those responding, between 14% and 59% had initiated on their farms one or more of the 
practices that were discussed during the conferences.   

• 32.61% reported planting a new variety of crop as a result of information gained at the 
conferences.   

• 41.3% reported planting a new crop as a result of the conferences.   
• 11.1% reported adding staff since attending the conference to meet the needs of winter 

production.  26.57% reported selling produce at a winter market or CSA since 2013 when the 
first conference was held.   

• 31.82% reported going from part time to full time commercial farming since 2013.   
• In the four years since the first winter production conference in 2013, 7.32% report pretax farm 

income of more than $50,000 attributable to winter production, 7.32% report $25,000 to 
$50,000, 7.32% report $10,000 to$25,000.   Please see survey results for complete data. 

  
The responses to two questions indicated the need for future conferences: 
  

• 15.22% report being able to meet the demand at winter markets where they sell produce, while 
23.9% say they cannot meet the demand. 

• 95.56% report that they would like the Winter Production Conference continued. 
  
3) Farmers markets able to stay open longer and provide larger produce selection due to their farmers 

being better trained in protected growing  
 

As stated in the original proposal, data was kept only for the Webb City Farmers Market.  The 
benefit of the conferences is clear: 

  
• 2014 – The market was supplied by seven farms who had a total of nine tunnels. None of these 

farms supplied any other markets. 
• 2017 – The market was supplied by 13 farms who had a total of 27 tunnels.  Six of these farms 

supplied other markets in addition to Webb City. 
  
Most of these tunnels are in year-round production, increasing the amount of high quality local produce 
available in Southwest Missouri in all four seasons. 
  
Sales at the Webb City Farmers market are documented by market day but are not broken out as to how 
much is produce vs value added.  However since most of the market vendors are growers the 
information is strongly influenced by produce sales.  Data by vendor could be pulled out but would 
require significant time and effort. 
  
Data is presented here by season.  The Winter Market is considered to be from November through mid-
April.  The market is open on Saturday mornings during this period.  Because this project built on a 
previous specialty crops grant, information is included from the year before that initial conference 
through this year. 
  
2012 – 2013 - $36,640     (First Winter Production Conference held 2/4-5/2013*) 
2013 – 2014 - $68.550             
2014 – 2015 - $79,806     (Second Winter Production Conference held 1/11- 12/2014**) 
2015 – 2016 - $105,111   (Third Winter Production Conference held 1/22 – 23/16***) 
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2016 – 2017 - $130,860   (Fourth and final Winter Production Conference held 2/13-14/2017***) 
  
*funded by previous Specialty Crops Grant 
** funded by Local Food Matching Grant 
***funded by current Specialty Crops Grant 
  
In other words winter market sales increased by more than 350% in four years. 
  
4) Customers able to access fresh local produce year-round 
 

As shown above, produce sold to customers at the Webb City Farmers Market increased by 
approximately 350% in the four years that Winter Production Conferences were held. 

5) Farmers from across the nation will benefit because the selection of the primary presenters for the 
final conference triggered a partnership between the presenters in which they used the conference 
as the pilot for a “road show”.  They created a template that they hope to use at winter production 
conferences across the country. 

 
Michael Kilpatrick reports that while no conferences are scheduled for the presenting team until 
next winter, the material “has been shared to hundreds of other farmers through the slides and 
social media.  Unfortunately I don’t have exact numbers.” 

 
Lessons Learned 

From an administrative stand point, we learned that reviewing the work plan at specified intervals is 
important.  We will in future calendar dates for review so that items aren’t neglected or skipped.  Had 
we done that from the start we would have completed the follow-up surveys in a timelier manner. 

Other details, like the importance of a good sound system both at the conference site and on the farm 
visit, need attention.   Including locally raised produce in the conference menu was an effective tool to 
demonstrate the possibilities of winter production.  We would have loved for the attendees to actually 
attend the Webb City Farmers Market and see the commerce possible at a winter market but it was 
impractical since some of the attendees actually sold at the market and could not attend the conference 
if held on a Saturday and the farmer presenters needed to be at their own market on Saturdays. 

We learned that a combination of local, regional and national presenters which included both academic 
and successful farmers who are also capable speakers results in a conference of interest and value. 

And finally we learned that while the conferences were very useful to native born farmers, they did not 
prove to be very helpful to our Hmong farmers who make up about 35% of our market’s farmers, many 
of whom are interested in year-round growing.  The language barrier, even with translation, the cultural 
barriers, even among friends with bonds of trust, reduced the value of the conferences to the point that 
the two first Hmong farmers to acquire tunnels had partial or total crop failures their first two years 
despite attending all the conferences.  To address this we created, with the help of a Specialty Crops 
Grant, an education center on a centrally located Hmong farm where the Hmong could learn from the 
Hmong.  Now half way through its second year, it is proving to be very effective. 
 
Contact Person 
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Eileen Nichols 
417 483-8139 
eileennichols@sbcglobal.net 
 
Additional Information  
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Project 2: Descriptive Sensory Analysis and Chemistry of Elderberry Juice 
 
The Curators of the University of Missouri  
Dr. Michele Warmund 
Final Performance Report 
 
Project Summary 
 
Flavor attributes of North American-grown elderberries have not been described. Thus, the objectives of 
this project were to quantify juice characteristics and identify and compare the flavor attributes of juice 
from elderberry cultivars (‘Bob Gordon’, ‘Marge’, ‘Ocoee’, ‘Ozark’, ‘Wyldewood’, and ‘York’) using 
descriptive analysis, as well as identify atypical off-flavors. ‘Bob Gordon’ and ‘York’ juices were browner 
in color than juices from other cultivars.  ‘Wyldewood ‘and ‘York’ juice had the lowest soluble solids and 
titratable acidity. Highly trained panelist identified 24 attributes to describe sensory characteristics of 
elderberry cultivars. Unique descriptors for juices from North American-grown cultivars included apple, 
beet, caramelized, fermented, processed, and pomegranate flavors, and astringent mouth-feel. 
Additionally, elderberry juices produced in North America were most highly characterized by processed 
aroma and processed and elderberry flavors, but varied in nine sensory attributes (fruity, floral, sweet 
aromatics, bitter, sour, and sweet flavors, bitter and sweet aftertastes, and astringent mouth-feel). 
Surprisingly, juice from ‘Marge’, which is a European elderberry, was indistinguishable from that of ‘Bob 
Gordon’ and ‘Wyldewood’ (American elderberries) for all sensory attributes except bitter flavor. Relative 
to other cultivars in this study, ‘York’ may be favored by juice processors due to its relatively low 
astringency and bitter aftertaste. 
 
Project Approach 
 
Plants were pruned, fertilized, and cultivated in a replicated research plot at the University of Missouri 
Southwest Research Center, Mount Vernon, MO for fruit harvest in August 2015. Harvested fruit from 
six elderberry cultivars, including ‘Marge’, ‘York’, ‘Ozark’, ‘Bob Gordon’, ‘Wyldewood’, and ‘Ocoee’, was 
immediately frozen after harvest and transported to the fruit laboratory at University of Missouri.  
 
For color measurements, a 200 g berry sample of each cultivar from all harvest dates was thawed, and 
pressed in a sieve for juice extraction after de-stemming fruit in October 2015. A 10 ml juice sample was 
then placed in a cuvette in a cell holder attached to a hand-held spectrophotometer with a 6 mm 
diameter aperture. For each measurement, CIE illuminant D65 with a 10° observer setting was used with 
specular light excluded.  Two readings of juice color values (L*, chroma, and hue angle) for each sample 
were averaged.  
 
For fruit compositional analyses, 50 g fruit was placed in a Waring blender cup with 50 ml double 
distilled water and processed for 30 seconds. The puree was then strained in a sieve to remove the 
seeds. A 0.3 ml aliquot of puree was used for soluble solids measurements with a digital refractometer 
and 10 ml were used to determine pH. Puree (10 g) was then diluted with 40 ml double distilled water 
and titrated to 8.2 pH with 0.1 N sodium hydroxide to determine titratable acidity (expressed as citric 
acid). Three replications of each sample were evaluated for each cultivar for all measurements. 
 
Juice was also prepared for sensory analysis in October 2015. For each sample, 800 g fruit was placed 
in1600 ml water and was preheated to 90°C. After 5 min, the mixture was pressed through a sieve for 
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juice extraction. After juice was cooled to 21°C, sucrose was added to each sample to attain 10° Brix. 
Samples were stored at -20°C for later evaluation by a trained sensory panel. 
 
In January 2016, a highly trained sensory panel was convened by Elmore Consulting to generate 
descriptive terms during four, 2-hour sessions (Table 1). After this was completed, panelists evaluated 
juice samples from each cultivar in triplicate over six sessions. A randomized complete block design was 
used to determine the serving order of the samples for the panelists. Each of the flavor attributes was 
evaluated using a 0 to 150 point intensity scale with references provided for some scale points. Six 
samples were presented to the panelists during each session to evaluate each flavor attribute for every 
cultivar. Distilled, deionized water and unsalted crackers were used as palate cleansers. Sensory data 
was submitted to Michele Warmund for statistical analyses. Analysis of variance was conducted for each 
sensory attribute with cultivar, replicate, and panelist, as well as all 2-way interactions of these factors 
using PROC GLMMIX.  Panelists and replicates were treated as random effects. HSD tests were 
performed post-hoc for those attribute means found significantly different across the samples by 
ANOVA (P ≤ 0.05). Data from chemical and sensory attributes that significantly discriminated among the 
samples were used in a principal components analysis (PCA).  PCA was performed on the correlation 
matrix using JMP (version 9.3, Cary, NC). Following PCA, attributes with vectors in close proximity on the 
first two components were further analyzed using multiple regression.  
 
Results from this study demonstrated that undiluted juice samples had similar L* values when evaluated 
for color (Table 2). However, chroma values were significantly higher for ‘York’ and ‘Bob Gordon’ juices 
than ‘Ocoee’, ‘Ozark’, and ‘Wyldewood’ samples. ‘Bob Gordon’ and ‘York’ juices had the lowest hue 
angle values and were visually browner than samples of other cultivars with a strong correlation found 
between hue angle and chroma values (R2 = 0.89, P = 0.005).  ‘Wyldewood’ and ‘York’ juices had the 
lowest soluble solids and titratable acidity (Table 2).  Juice from ‘Wyldewood’ had a higher pH than that 
of other samples, except for ‘York’. 
 
Twenty-four sensory attributes were used to qualify and quantify the juice from the elderberry cultivars 
in this study, including six aroma descriptors (fruity, elderberry, sweet, processed, fermented, and 
green/viney), 14 flavor attributes (apple, beet, caramelized, elderberry, fruity, fermented, processed, 
floral, pomegranate, sweet aromatics, green, bitter, sour, and sweet), three aftertaste descriptors 
(bitter, sour, and sweet), and one mouth-feel attribute (astringent) (Tables 1 and 3). Elderberry juices 
were characterized by a processed aroma (61.9 to 67.8 mean intensity ratings), and several flavors, 
including processed (67.7 to 72.8 ratings), elderberry (55.0 to 62.5 ratings), fruity (38.6 to 46.4 ratings), 
and sweet (37.8 to 52.5 ratings). Lower impressions of fruity aroma, elderberry aroma, floral flavor, 
sweet aromatics, and sweet aftertaste (22.5 to 34.8 ratings) were also perceived in the juices. Lower, 
but detectable levels of the remaining attributes were also perceived (≤ 22.9 ratings). These results 
demonstrate an array of sensory attributes for juices from commonly-grown elderberry cultivars in 
North America.  
 
Our study confirms that several of the attributes used for juice from S. nigra subsp. nigra cultivars grown 
in Europe are similar to those identified for juice from elderberries cultivated in North America, 
including ‘Marge’. However, we identified additional elderberry juice descriptors, including apple, beet, 
caramelized, fermented, processed, and pomegranate flavors, bitter, sour, and sweet aftertastes, and 
astringent mouth-feel. The development of a formal lexicon for American elderberry with definitions for 
each attribute in the present study is an additional contribution to elderberry sensory research.    
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Results from this study also indicated that intensity ratings for each aroma attribute were similar among 
juice samples from all cultivars (Table 3).  However, nine of the 24 sensory descriptors of elderberry 
juice flavors and mouth-feel varied significantly among cultivars.  ‘York’ juice had relatively high intensity 
ratings for fruity, floral, sweet aromatics, and sweet flavors as compared with juice from other cultivars. 
Also, juice from ‘York’ generally rated lower for bitter aftertaste and higher for sweet aftertaste than 
juices from other cultivars. ‘Ocoee’ juice was the most dissimilar from ‘York’ samples, differing in nine 
sensory characteristics.  Relative to ‘York’, juice from ‘Ocoee’ was significantly less flavorful (fruity, floral, 
sweet aromatics, sweet, and sweet aftertaste attributes) and more bitter, and sour in taste, bitter in 
aftertaste, and astringent in mouth-feel. Although sucrose was added to adjust juices to a similar soluble 
solids content, panelists perceived ‘York’ juice to have a sweeter initial flavor and aftertaste than juices 
from other cultivars. The reason for these perceptions is unclear, but may be related to the low 
titratable acidity and low intensity of bitter aftertaste of ‘York’ juice. Average intensity ratings for ‘Ozark’ 
juice were significantly more bitter (taste and aftertaste), sour, and astringent than those ratings for 
‘York’ juice. Sensory attribute ratings were not significantly different among juices from ‘Bob Gordon’, 
‘Marge’ and ‘Wyldewood’, except for the more bitter flavor of ‘Marge’ samples.   
 
Results from the PCA showed that the first two principal components (C1 and C2) accounted for 79.7% 
of the variation (Figure 1). Component 1 explained 60.6% of the variability and was positively related to 
bitter and sour flavors, bitter aftertaste, and astringent mouth-feel, as well as hue angle. This 
component was strongly and negatively related to sweet flavor, sweet aromatics flavor, sweet 
aftertaste, and chroma. Component 2 explained 19.1% of the variability and was more heavily 
influenced by juice characteristics (pH, titratable acidity, and soluble solids). Fruity and floral flavors had 
relatively minor influences on Components 1 and 2. ‘York’ juice was separated from those of all other 
cultivars on C1, having the highest values for most of the taste attributes related to sweetness and 
among the lowest for attributes related to bitterness and sour flavors and astringency. ‘York’ also had 
the highest chroma value with ‘Ozark’ and ‘Wyldewood’ among the lowest, further defining the 
separation of the juice from these cultivars on C1. Juice from ‘Marge’, the only European elderberry 
cultivar included in this study, did not separate from juices of other cultivars studied on C1. However, 
‘Marge’ juice was distinguished on C2, which was defined predominantly by pH, soluble solids, and 
titratable acidity. When means of several of the important attributes for C1 were analyzed individually 
with chroma by linear regression, a strong negative correlation was found for bitter aftertaste (R2 = 0.73, 
P = 0.03), sour taste (R2 = 0.83, P = 0.012), and astringency (R2 = 0.78, P = 0.014). However, hue angle was 
strongly correlated with sour taste (R2 = 0.82, P = 0.013). 
 
A presentation entitled, “Descriptive Analysis of Juice from Six Elderberry Cultivars”, was delivered to 
150 extension specialists and researchers at the American Society for Horticultural Sciences annual 
meeting in Atlanta, Georgia on August 8, 2016. A presentation was delivered at the River Hills Elderberry 
Workshop/Tour to 130 elderberry producers held on June 17, 2016 at the University of Missouri 
Horticulture and Agroforestry Research Station at New Franklin, Missouri.  An article, “Elderberry Juice 
Aromas and Flavors”, was submitted on October 20, 2016 for publication in the December 2016 issue of 
River Hills Harvest Newsletter with 950 subscribers at: http://riverhillsharvest.com/education---
support.html. 
 
Goals and Outcomes Achieved  
 
Before this study was conducted, little was known about the sensory characteristics of American 
elderberry juice.  Thus, this project generated new knowledge regarding aroma, flavor and mouth-feel 
attributes of juice from six elderberry cultivars commonly-grown in the United States using descriptive 
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sensory analysis, and compared juice color and composition. Most importantly, we found that ‘Ocoee’ 
juice was generally less flavorful than that from other cultivars. Thus, it will be eliminated from 
recommendations for future plantings to limit poor quality fruit in the marketplace. Because ‘York’ juice 
rated highly for fruity, floral, and sweet flavors and lower for astringency and bitter aftertaste as 
compared with others, this cultivar will be promoted for new plantings.  This study also provided key 
elements for future elderberry sensory research in the development of a formal lexicon for juice with 
defined attributes. 
 
Research results from this study were presented to 150 extension specialists and researchers at the 
American Society for Horticultural Sciences annual meeting in Atlanta, Georgia on August 8, 2016. A 
similar presentation was delivered at the River Hills Elderberry Workshop/Tour to 130 elderberry 
producers held on June 17, 2016 at the University of Missouri Horticulture and Agroforestry Research 
Station at New Franklin, Missouri.  An article, “Elderberry Juice Aromas and Flavors”, was submitted on 
October 20, 2016 for publication in the December 2016 issue of River Hills Harvest Newsletter with 950 
subscribers at: http://riverhillsharvest.com/education---support.html. In addition to these outreach 
activities, a journal article, “Sensory Attributes of Juice from North American-Grown Elderberry 
Cultivars” was submitted and accepted by HortScience to communicate the results of this study to a 
broader audience. This article will be posted at: http://hortsci.ashspublications.org/content/by/year. 
 
Beneficiaries  
 
The specialty crop groups and other stakeholders that benefit immediately from this study are members 
of the River Hills Elderberry Producers (100) and the Midwest Elderberry Association (50). Additionally, 
the 950 producers in the U.S. that subscribe to the elderberry newsletter will be beneficiaries of this 
work.  Following publication in HortScience, results of this study will available at: 
http://hortsci.ashspublications.org/content/by/year.  As a result of this study, Extension specialists will 
no longer recommend planting ‘Ocoee’ elderberry for fruit production, but will promote ‘York’ for new 
plantings. Processors can use the information from this study to produce different styles of uniquely-
flavored, higher quality juice-based products. Also, processors will be able to reduce the amount of 
additives and spices used to mask bitter and/or astringent flavors of some elderberry juices when 
‘Ocoee’ fruit is eliminated from the marketplace. 

 
Lessons Learned  
 
All goals of this project were achieved. A lesson learned during this study was to de-stem all fruit from 
the cymes before freezing to reduce the occurrence of plant debris in the juice. 
 
Contact Person  
 
Michele Warmund, Professor of Horticulture 
573-882-9632 
warmundm@missouri.edu 
 
Additional Information  
 
Refer to Tables 1-3 and Figure 1. 
  

http://riverhillsharvest.com/education---support.html
http://hortsci.ashspublications.org/content/by/year
http://hortsci.ashspublications.org/content/by/year
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Project 3:  Genetic Study of Rooting Ability in Vitis aestivalis-derived “Norton” Grape 
 
Missouri State University 
Darr School of Agriculture 
Chin-Feng Hwang, Ph.D. 
Final Performance Report 
 
Project Summary 
 
Why do hardwood cuttings from some grapevines root readily whereas cuttings from other species do 
not?  This question has prompted much research, but despite many important advances, there remains 
much to learn about the molecular biology, biochemistry and physiology of rooting.  There is 
considerable commercial interest in this topic, since vegetative propagation by dormant cuttings is an 
efficient method to produce large numbers of plant material, and is presently used in the grape and 
wine industry.  The Vitis aestivalis-derived ‘Norton’ is a premium wine grapevine grown in the Midwest.  
A significant limiting factor of Norton propagation is how recalcitrant this cultivar is to rooting through 
dormant woody cuttings.  Recent progress has been made in this area using bottom heat or rooting 
hormones either alone or in combination.  However, the percent rooting of Norton dormant woody 
cuttings lag behind most other grapevine cultivars (e.g. V. vinifera ‘Cabernet Sauvignon’, the European 
grape used for most wine making worldwide) and continue to result in limited stock available to meet 
grower needs.  In view of this, a mapping population of 184 F1 individuals was constructed from a cross 
between Norton and Cabernet Sauvignon to study the genetic variation in rooting ability of dormant 
cuttings and their subsequent growth.  The ultimate goal of this project is to study the vegetative 
propagation capacity of Norton grape and to determine whether it can be improved in the F1 hybrid 
population. 
 
Project Purpose  
 
Vitis aestivalis-derived ‘Norton’, the official grape of the State of Missouri, is grown in many regions of 
U.S. where V. vinifera production requires extensive pesticide use for fungal disease and pest 
management.  Norton (a.k.a. Cynthiana) grape was discovered in a location near Alexandria (formerly 
Potomac), Virginia, circa 1828 and is a dominant red grape variety used for winemaking in the Eastern 
and Midwestern U.S.  Outstanding traits of Norton are its high level of resistance against a broad-
spectrum of foliar and berry diseases and an abundance of anthocyanins and organic acids.  Norton is 
highly resistant to powdery mildew, downy mildew, and harvest rot complex, the latter including black 
rot, bitter rot and bunch rot.  Norton wine is praised for its intense flavor, rich color and full body.  It 
represents a premium wine that is made from an American grape.  The unique characteristics of Norton 
in disease resistance and cold hardiness have heightened its attractiveness to grape growers due to 
increasing concerns regarding environmental protection and pesticide avoidance.  However, 
propagation of Norton through traditional hardwood cutting has been a major hindrance in providing 
enough plants to meet commercial demand.  It has been noted that Norton is vegetatively vigorous and 
the most undesirable characteristic of Norton vines to propagators is the poor rooting of dormant 
woody cuttings.  Thus, planting stock is limited and costly.  Research in the genetics of Norton rooting 
ability has not yet been explored or understood.  Genetic mapping of Norton x V. vinifera populations 
will increase our knowledge of the genetic determinants of this complex agronomical trait.  Completion 
of the objectives of this project will lead to construction of the first Norton high-resolution linkage map 
and provide the foundation and tools to associate molecular markers with candidate genes related to its 
rooting ability. 
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Specific Objectives: 

1. Develop a Norton and Cabernet Sauvignon linkage map using genetic markers 
2. Conduct segregation analysis of the population for rooting ability 
3. Identify genetic markers associated with the rooting for future marker-assisted selection 

 
Vegetative propagation is required to maintain the identity and increase the number of individual plants 
within a specific grape cultivar or clone.  The rooting ability of the cultivar or clone is key in the success 
of this procedure.  Gaining knowledge concerning the genetics and molecular mechanisms affecting the 
rooting of Norton dormant hardwood cuttings may aid in achieving higher percentages of rooted 
cuttings in the future.  Studying the quantitative inheritance of rooting ability should provide 
information for the development of improved cultural technologies.  Such practices may enhance the 
potential for the success of the commercial and sustainable production of Norton grapevines.  In 
addition, the proposed work will provide applied training in viticulture for graduate and undergraduate 
students to address the skilled workforce shortage for the American grape and wine industry.  By using 
genotyping-by-sequencing (GBS) technology to remove temporal, financial and validation barriers in the 
development and application of molecular markers, this proposed project aims to associate molecular 
markers with the heritability of rooting. 
 
Work Plan 
 

Project Activity Who Performance Measures Timeline 
Construction of the Norton 
genetic linkage map using SSR 
markers 

Dr. Chin-Feng Hwang, Li-
Ling Chen, Brigette 
Williams, and Mia Mann 

Complete a 19 linkage group map 
with 400 SSR markers 

October 2014 –
June 2015 

Construction of a Norton linkage 
map based on SNP markers via 
GBS 

Dr. Lance Cadle-Davidson 
(USDA-ARS/Cornell Univ.) 
via VitisGen Program, Dr. 
Chin-Feng Hwang and Li-
Ling Chen  

Assign ~35,000 SNPs onto 19 
linkage groups 

October 2014 – 
August 2015 

Develop and integrate a dense 
Norton genetic map with both 
SSR and SNP markers  

Dr. Chin-Feng Hwang, Li-
Ling Chen, Surya Sapkota 
and Dr. Lance Cadle-
Davidson 

Construct a Norton linkage map 
with both SSR and SNP markers 

August-
December 2015 

Phenotyping rooting ability 
index include root length, root 
number and lateral root number  

Dr. Chin-Feng Hwang, 
Brigette Williams and 
Charles Butcher 

Establish protocols for the 
measurement of rooting ability 

December, 2014 
– June, 2015 

Map and localize the major QTL 
for rooting ability 

Dr. Chin-Feng Hwang, Li-
Ling Chen, Brigette 
Williams and Logan Duncan 

Collect and analyze data and 
repeat the same experiment next 
year 

January -May, 
2016  
 

 
This is a new project and has not been submitted to or funded by another Federal or other State grant 
program. 
 
Project Activities  
 
1)  Develop a Norton and Cabernet Sauvignon linkage map using genetic markers 
Crosses between V. aestivalis-derived “Norton” and V. vinifera “Cabernet Sauvignon” were made in 
Mountain Grove, MO in 2005 and resulted in 94 hybrid progenies.  This F1 population was planted in a 
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Missouri State Fruit Experiment Station (MSFES) vineyard in 2007.  Additional crosses were made in 
2011 and 2012; we have acquired additional genotypes of 134 and 51 survived the winters of 2012 and 
2013, respectively.  There are more than 800 simple sequence repeat (SSR) markers that have been 
isolated in grapevine to date.  The markers are publicly available and are described in the NCBI 
databases dbSTS and UniSTS http:/www.ncbi.nlm.nih.gov/.  We have tested this set of SSR markers with 
the parents and six F1 progenies and identified 383 polymorphic markers.  We have screened 182 
genotypes of the Norton x Cabernet Sauvignon population, and the first Norton linkage map including 
359 simple sequence repeat (SSR) markers clustered in 19 chromosomes has been constructed (Figure 
1).  We also have assembled 262 polymorphic markers from Cabernet Sauvignon.  Genotyping-by-
sequencing (GBS) has been completed for the parents and 182 progeny of the Norton x Cabernet 
Sauvignon population.  Currently, 43,320 single nucleotide polymorphism (SNP) markers have been 
identified in this population.  An additional 71 Norton x Cabernet Sauvignon F1 progenies were 
generated and DNA from leaf samples were used for the generation of additional SNP markers by using 
GBS.  A consensus linkage map with 2,323 SNP markers also has been constructed. 
 
2)  Conduct segregation analysis of the population for rooting ability 
Three-node dormant cuttings of uniform size were taken from 128 hybrids of Vitis aestivalis-derived 
‘Norton’ x V. vinifera ‘Cabernet Sauvignon’ by Logan Duncan, a graduate student, on January 17-18, 
2015 from the Missouri State Fruit Experiment Station (MSFES) vineyard at Mountain Grove.  Five 
cuttings were selected from each F1 individual along with parents and standardized to a mass of 14-16 
grams.  The cuttings were treated with a low concentration (0.1%) of Indole-3 butyric acid (IBA), bundled 
in groups of 5 cuttings from the same vine and stuck in the rooting bed supplied with bottom heat set at 
80 °F to promote root development before bud break.  The rooting bed was filled with commercial 
growing media (Fafard growing mix, Agawam, MA) composed of 50-55% composted pine bark, Canadian 
Sphagnum peat moss, perlite, vermiculite and dolomitic limestone.  It is located in an unheated room 
(around 40 °F) to keep the upper portion of cuttings cool in order to avoid early bud break.  The 
WinRHIZO software, an image analysis system, was specifically designed for root measurement in 
different forms including morphology (length, area and volume), architecture and color analyses.  It is 
made of a computer program and image acquisition components that can be combined to meet 
different needs.  Cuttings containing roots of > 1mm were considered as rooted.  Root length and total 
number of primary and lateral roots were scored (Figure 2). 
 
3)  Identify genetic markers associated with the rooting for future marker-assisted selection 
Both parents and the 128 F1 progenies showed various degrees of rooting ability with this population 
indicating that this trait is inherited genetically.  The frequency distributions of phenotypic scores of F1 

hybrids were analyzed with MINITAB 14.  The 43,320 SNP markers and phenotypic data were analyzed 
using a multiple linear regression model (MLM) in TASSEL (Trait Analysis by aSSociation, Evolution and 
Linkage).  Figure 3 demonstrates that a major quantitative trait locus (QTL) for rooting ability was 
identified on linkage group 5.  The plant breeding projects require multi-year trait evaluation; this 
preliminary data suggests the developed protocol is valid and can be used in future evaluations. 
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Figure 1.  The haploid map of V. aestivalis-derived ‘Norton’ using SSR markers with 19 linkage groups.  

Distances are in cM.  Linkage analysis was performed with JoinMap 4.1 with LOD threshold of 
6.0. 
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Figure 2.  Confirmed F1 hybrid progeny showing segregation in dormant rooting ability, 1 being low 

rooting potential (Norton) and 4 being high rooting potential (Cabernet Sauvignon). 
 
 

 
 
Figure 3.  Manhattan plot using MLM analysis of SNPs and phenotypic data shows a possible QTL for 

dormant rooting ability on Cabernet Sauvignon linkage group 5.  
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Goals and Outcomes Achieved  
 
1. Using 6 universal SSR markers for the screen of F1 population to eliminate the off-types (not 

interspecific hybrids) and construct a mapping population with 182 genotypes 
2. Tested >800 SSR markers for potential polymorphism on a small set of DNA including parents and 6 

F1 genotypes and 373 of which have been identified as polymorphic markers for Norton.  A 19-
chromosome Norton genetic linkage map with 359 SSR markers using JoinMap 4.1 software (Figure 
1) was constructed.  Two hundred and sixty-two polymorphic markers were also assembled from 
Cabernet Sauvignon. 

3. Genotyping-by-Sequencing (GBS) has been completed for the parents and 182 progeny of this 
population.  Currently, 43,320 single nucleotide polymorphism (SNP) markers have been identified 
in this population.  A consensus linkage map with 2,323 SNP markers also has been constructed. 

4. Protocol using dormant hardwood cuttings has been established for the evaluation of rooting ability 
(Figure 2). 

5. Segregation analyses on potential have been conducted (Figure 2) and quantified the phenotyping 
data using statistic software. 

6. A major QTL for rooting potential has been discovered on linkage group 5 and will be used for future 
marker-assisted selection (Figure 3). 

7. The location of this work at the Missouri State Fruit Experiment Station at Mountain Grove, Missouri 
is situated in a rural region of Southern Missouri and serves Northwest Arkansas.  The project has 
provided access for science education and training of biotechnology for high school students and 
teachers to strengthen their Science, Technology, Engineering and Mathematics (STEM) curriculum.  
Summer internships also provided to work on grape molecular breeding. 

 
A comparison of actual accomplishments with the goals established for the project. 
 

Proposed Activities Accomplishments 

Identification of polymorphic 
markers using parents and 6 F1 
genotypes (techniques include 
DNA isolation, polymerase chain 
reaction (PCR), gel 
electrophoresis and DNA 
fragment analysis via capillary 
electrophoresis) 

Additional crosses were done in the vineyard to 
increase the number of genotypes in the F1 
population.  Using SSR markers, interspecific hybrids 
have been identified, and the mapping population has 
been expanded from 92 to 253 genotypes.  More 
than 800 SSR markers were tested and 383 of which 
were identified as polymorphic markers. 

Construction of the Norton 
genetic linkage map using SSR 
markers 

A 19-chromosome Norton genetic linkage map with 
359 SSR markers was constructed using JoinMap 4.1 
software (Figure 1). 

Construction of a Norton linkage 
map based on SNP markers via 
GBS platform 

43,320 SNP markers have been identified using 182 F1 
progeny from the mapping population.  A consensus 
linkage map with 2,323 SNP markers also has been 
constructed. 

Phenotyping rooting ability index 
include root length, root number 
and lateral root number 

A segregation analysis on rooting potential was 
completed; root length and total number of primary 
and lateral roots were scored (Figure 2) 
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Map and localize the major QTL 
for rooting ability 

A significant QTL was identified on linkage group 5.  
This information will be used for future marker-
assisted selection (Figure 3). 

 
A comparison of baseline or benchmark data with quantifiable targets  
 

Proposed Measurable Outcomes Achieved Outcomes 

Develop a mapping population 
between Norton and Cabernet 
Sauvignon. An ideal mapping 
population size for establishing a 
genetic map is about 200 progeny. 

A mapping population has been established with 
253 genotypes and maintained by the professional 
field crew at Missouri State Fruit Experiment 
Station (MSFES), Mountain Grove, MO 

Construct a SSR Norton linkage map 
and identify SNP markers via GBS to lay 
a foundation for future grape breeding 

A 19-chromosome Norton genetic linkage map 
with 359 SSR markers was constructed as well as 
43,320 SNP markers have been identified. 

Phenotype the entire mapping 
population for dormant cutting rooting 
ability 

A segregation analysis using 128 F1 progeny on 
rooting potential was completed (Figure 2).  Using 
the newly developed Norton linkage map, a major 
QTL was identified on chromosome 5 (Figure 3).  
New protocol for rooting ability developed and 
tested on the parents and F1 progenies (Figure 2). 

Provide summer internships to work on 
grape molecular breeding program 

Ten summer interns in 2015 and 2016 stayed at 
MSFES for 3 months to learn via hands-on 
experience in the laboratory and vineyard 

Disseminate/publish research data at 
various conferences, in peer-reviewed 
journals and students with MS degrees 

Pragya Adhikari and Logan Duncan graduated with 
a MS degree, December 2014 and May 2016, 
respectively. 
Please see “Additional Information” for details 
regarding conference attendance. 

 
To identify the QTLs, a mapping population of 182 individuals was constructed from a cross between V. 
aestivalis-derived ‘Norton’ and V. vinifera ‘Cabernet Sauvignon’.  A haploid Norton genetic map has 
been constructed with 359 polymorphic SSR markers clustered in 19 linkage groups.  In collaboration 
with VitisGen (www.vitisgen.org), approximately 43,000 SNP markers generated GBS were identified in 
this population and will be integrated with SSR markers to construct a high-resolution linkage map.  A 
major QTL for dormant cutting rooting potential on linkage group 5 has been identified and will be used 
for future marker-assisted selection.  Careful genetic mapping of this population provides the 
foundation and tools to associate molecular markers with rooting ability of Norton for future new 
cultivar release.  The new knowledge produced from this proposed project also will be disseminated to 
the adult learner through the VESTA program. 
 
Beneficiaries  
 
The Project Director, Dr. Chin-Feng Hwang, has been invited to the following conferences to present the 
research results from this project: American Society of Enology and Viticulture (ASEV), North American 
Grape Breeders Conference (NAGBC), Missouri Grape and Wine Research Symposium (MGWRS) and the 
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Missouri Grape and Wine Research Symposium (MWGRB).  Dr. Hwang was also invited to Ningxia 
Forestry Institution, Ningxia, China and provided a-week short course on molecular breeding techniques 
via DNA markers.  A manuscript on the construction of Norton mapping population has been published; 
it has been distributed to the grape breeding and genetics community worldwide.  In addition to the 
professional conferences, the results also being presented at grower meetings such as   Field Days and 
Outreach Workshop in conjunction with viticulture/enology advisors to better educate growers on the 
benefits of new Norton/Vitis vinifera hybrids with improved pathogen resistance and fruit quality.  The 
extension/outreach effort has provided information on traits that are being incorporated into new 
varieties, explain new advances in technology that accelerate the development of new and improved 
grape cultivars and the importance of these new traits with regard to farming practices and 
sustainability.  Missouri State University (MSU) leads the Viticulture and Enology Science and Technology 
Alliance (VESTA) program, a partnership of institutions in 17 states, funded as a National Center of 
Excellence from the National Science Foundation’s (NSF) Advanced Technology Education program.  This 
program is focused on the development of on-line educational materials and training workshops for 
secondary students, teachers, farm advisors, grape growers and enologists.  The new knowledge 
produced from this proposed project also has been disseminated to the adult learner through the VESTA 
program.  The location of this work at the Missouri State Fruit Experiment Station at Mountain Grove is 
situated in a rural region of Southern Missouri and serves Northwest Arkansas.  The project provides 
access for science education and training of biotechnology for high school students and teachers to 
strengthen their Science, Technology, Engineering and Mathematics (STEM) curriculum.  Based on the 
data in Table 1, there are approximately four thousand people worldwide affected by the distribution of 
this new knowledge. 
 
Table 1.  The number of people affected by the distribution of this new knowledge 

Dissemination 
Sources 

ASVE (June 
17-18, 
2015) 

VitisGen 
(Jan 8 & Jan 

7, 2015 & 
2016) 

NAGBC 
(Aug 27-

28, 
2015) 

MGWRS & 
MWGRB 
(2015 & 

2016) 

VESTA 
(2015 & 

2016) 

Number of 
people 
participated 

1,500 300 250 500 1,200 

 
Using the V. aestivalis-derived ‘Norton’ as a perennial woody model plant, the work presented in this 
proposal provides an exceptional opportunity in both research and education.  It includes 
interdisciplinary training opportunities for students in plant breeding, genetics, genomics and plant 
pathology with a specific focus on viticulture.  The grape and wine industry will be aided by new grape 
varieties.  The education program has included hands-on experience both in the laboratory and 
vineyard, and produce highly trained professionals that will address the need for a knowledgeable and 
skilled workforce for the American grape and wine industry. We have recruited one graduate student 
and two summer interns to work on rooting ability.  These focal areas target one of the most 
commercially significant traits in the wine and grape industry, since vegetative propagation by dormant 
cuttings is the preferred method to produce large quantities of plant material. 
 
Lessons Learned  
 
The original proposed project was designed based on our infrastructure and capacity. We completed the 
proposed work in a timely manner with goals and outcome measures achieved. 
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There is always a risk of vine loss due to cold injury during winter.  To manage this risk, a total of 92 
genotypes with at least six 18-inch cuttings per seedling (plus parents) were shipped to E.J. Gallo 
Winery, Modesto, CA to establish a backup population.  We shipped the rest of the mapping population 
by April 2016.  This backup planting is an important resource for us to reduce the possibility of loss of 
important genotypes.  It could also provide additional phenotyping material. 
 
Grape breeding programs require long-term investments and continuity because the time required from 
initial crossing to variety release usually take decades.  In addition, growing grapes is an expensive and 
labor-intensive endeavor.  However, the budget has been carefully planned in order to achieve 
projected results with minimum spend.  Plant materials for this project are grown and maintained by a 
professional crew at MSFES; they are employed at MSU and provide work paid by institutional funds.  
MSU also will provide housing at MSFES for the graduate students without charge.   
 
Contact Person  
 
Chin-Feng Hwang, Ph.D. 
Tel: 417-547-7538 
ChinFengHwang@MissouriState.edu 
 
Additional Information  
 
Publications 
Surya Sapkota, Li-Ling Chen and Chin-Feng Hwang (2015).  Genetic study of Botrytis Bunch Rot 
Resistance in Grapevine.  Acta Horticulturae 1082: 149-152. 
 
Conferences 
Dr. Chin-Feng Hwang; Li-Ling Chen, research specialist; and Surya Sapkota, graduate student, were 
invited to attend the third annual meeting of the Cornell University-based VitisGen program January 08, 
2015 and January 07, 2016, respectively.  The TASSEL software workshop was provided for us to learn 
how to construct a Norton linkage map using single nucleotide polymorphism (SNP) markers. 
 
Dr. Chin-Feng Hwang and four students; Surya Sapkota, an Missouri State University/University of 
Missouri collaborative Ph.D. student; Logan Duncan, Mia Mann, Brigette Williams, all Plant Science 
Master’s students, attended the 66th American Society of Enology and Viticulture (ASEV) National 
Conference June 17-18, 2015 in Portland, Oregon.  Four of the students presented posters on their 
research and participated in the flash talk where students gave timed, three-minute presentations on 
their research.  Dr. Hwang was invited to serve as a moderator for a “Viticulture Pests and Diseases” 
session. 
 

• Sapkota presented a poster entitled “Genetic Study of Downy Mildew Resistance in Vitis 
aestivalis-derived ‘Norton’ Based Population” 

• Duncan presented a poster entitled “Genetic Analysis of Dormant Rooting Potential in Vitis 
aestivalis-derived ‘Norton’ Grape” 

• Mann presented a poster entitled “Interspecific Hybrid Identification and Linkage Map 
Construction of a Chambourcin x Cabernet Sauvignon Population” 

• Williams presented a poster entitled “Investigation into the Genetic Basis of Leaf Shape in 
Grapes” 
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Dr. Chin-Feng Hwang was invited to attend the North American Grape Breeder Conference, NYS 
Agricultural Experiment Station, Geneva, New York, August 27, 2015.  Dr. Hwang presented a talk 
entitled “Progress in the Norton Grape Breeding Program at the Missouri State University” 
 
The USDA-SCBGP funds were not used for the trips listed above; however, the results from this project 
were presented in these conferences as opportunities to promote the USDA-SCBGP. 
 
Dr. Chin-Feng Hwang was invited to give a seminar entitled “Optimization of Vitis aestivalis-derived 
‘Norton’ Grape Breeding using Molecular Genetic and Genomic Approaches” on March 24, 2015 at the 
USDA Crop Diseases, Pests & Genetics Research Unit, Parlier, CA. 
 
Dr. Chin-Feng Hwang was invited to give a seminar entitled “Optimization of Vitis aestivalis-derived 
‘Norton’ Grape Breeding with Marker-Assisted Selection” on May 08, 2015 at 4th Grape and Wine 
Research Symposium, University of Missouri, Columbia, MO. 
 
In general, the School of Agriculture at Missouri State University offers about 10 summer internships 
every year. The two graduate summer assistantships provided from this funding were awarded to two 
MS graduate students, Logan Duncan and Daniel Adams.  Working together with Li-Ling Chen (Research 
Specialist), the graduate students and undergraduate summer interns were able to gain teaching 
experience by direction the summer interns in the laboratory to 1) isolate DNA from grape leaves, 2) 
determine the concentration of isolated DNA using a spectrophotometer, 3) visualize DNA via 
electrophoresis, 4) perform polymerase-chain reaction (PCR) and 5) run DNA fragment analysis via 
capillary electrophoresis.  The purpose of these procedures was to verify the true hybrids at the seedling 
state by using DNA markers.  In the vineyards, they were also able to provide the hands-on experience 
with traditional breeding techniques including parental selection, flower emasculation and pollination. 
 
 
Project 4:  Increase Beekeeping and Honey Production in Missouri 
 
Missouri Vegetable Growers Association 
Liz Graznak and Travis Harper 
Final Performance Report 
 
Project Summary 
 
The Missouri honey industry has been negatively affected over the past several years by colony collapse 
disorder, varroa mites, and weather.  The 2007 Census of Agriculture reported that only 55% of Missouri 
farms with honey bee colonies produced surplus honey for sale or personal use.  These farms produced 
776,184 pounds of honey which was a 27% decline from 2002.  Additionally, the commercial vegetable 
industry in Missouri relies on honey bees for pollination.  Without honey bee pollination many 
important food crops, especially those in the cucurbit family, could not be produced.  The goals of this 
program were to increase the number of managed beehives in Missouri, increase the percentage of 
beekeepers producing surplus honey, and increase the availability of honey bee hives for pollination of 
commercial vegetable crops.  Missouri Vegetable Growers Association conducted a series of beginning 
and advanced beekeeping workshops throughout the state in 2015 and 2016.  More than 800 people 
attended these workshops and at least 1,134 new bee hives were started.  Furthermore, 34% of all 
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attendees indicated that they would make their hives available for pollination of commercial fruit and 
vegetable crops. 
 
Project Approach 
 
The following work plan activities were accomplished: 

• 6 beginning beekeeping workshops were held in 2015. 
• 2 hands-on Integrated Pest Management (IPM) workshops were held in 2015 and 2016. 
• 6 advanced beekeeping workshops were held in 2016. 
• 2 beekeeping workshops were held in conjunction with the Great Plains Growers Conference 
• Booths were hosted at the Great Plains Growers Conference to disseminate information related 

to beekeeping, pollination, and IPM.  
• 10 scholarships were awarded for growers and beekeepers to attend IPM and beekeeping 

workshops at the Great Plains Growers Conference. 
• A beekeeping stop was included in the 2016 Missouri Vegetable Growers Association Vegetable 

and Greenhouse Tour to educate commercial growers on the role of honey bees in vegetable 
production. 

 
Approximately 350 people attended the beginning beekeeping workshops held in 2015.  Respondents to 
follow-up surveys for these workshops indicated that they had started 156 new bee hives in 2015.  
Additionally, 48% of respondents indicated they would use their hives for the pollination of 
commercially-grown fruit or vegetable crops.  More than 100 people attended the two hands-on 
integrated pest management workshops.  These individuals planned on starting more than 300 hives 
within the next year.  More than 200 individuals attended the advanced beekeeping workshops held in 
2016.  Respondents to follow-up surveys for these workshops indicated that they had started 116 new 
hives in 2016.  Additionally, 27% of respondents indicated they would use their hives for the pollination 
of commercially-grown fruit or vegetable crops.  Nationally known beekeeping Larry Connor spoke at 
the grant-sponsored workshop held at the 2016 Great Plains Growers Conference.  At least 75 
beekeepers from across Missouri attended the workshop.  These attendees planned on adding 583 new 
hives within the next year; 45% of attendees responded that they currently use their existing hives for 
the pollination of commercial fruit and vegetable crops. 
 
Significant partners included University of Missouri Extension, Morgan County Extension, and numerous 
local beekeeping associations and individual beekeepers.  University of Missouri Extension provided 
assistance with the educational curriculum used at the beginning, advanced, and hands-on integrated 
pest management workshops.  Morgan County Extension provided assistance with the logistics of 
holding beekeeping workshops across the state of Missouri.  Individual beekeepers and local beekeeping 
associations provided assistance with individual beekeeping workshops held in their area.  Without the 
assistance of these great partners, the grant activities would not have been nearly as successful as they 
were. 
 
This grant provided a significant benefit to the primary specialty crop area, honey production.  It also 
provided a significant benefit to other specialty crops by increasing the availability of bee hives for 
pollination throughout the state.   
 
Goals and Outcomes Achieved 
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The performance goals, along with achievement towards those goals, are as follows: 

1. Train new beekeepers in Missouri 
a. It is estimated that at least 300 individuals began keeping bees for the first time after 

attending one of the grant-sponsored workshops. 
2. Increase the number of beekeepers that produce surplus honey and/or increase the amount of 

surplus honey being produced.   
a. This goal proved more difficult to determine within the confines of the grant.  Many new 

hives don’t begin producing surplus honey until the second or third year, outside of our 
window for the follow-up surveys.  Furthermore, for a variety of reasons many 
beekeepers are hesitant to report how much honey they harvest.   

3. Increase the number of beekeepers with 5 or more colonies 
a. Approximately 100 beekeepers increased their total number of colonies from a number 

less than 5 to 5 or more hives. 
4. Increase the availability of honey bee colonies for crop pollination 

a. More than 1,100 new beehives were started as a result of the grant.  Beekeepers 
attending grant-sponsored workshops plan to make more than 500 hives available for 
crop pollination.   

5. Train beekeepers on insects and diseases of honey bee colonies and integrated pest 
management (IPM) methods for controlling these pests 

a. 100% of workshop attendees received training on insects and diseases of honey bee 
colonies, as well as IPM methods for controlling these pests. 

The expected measureable outcomes, along with results, are as follows: 

1. Increase knowledge of integrated pest management practices in beekeeping of at least 100 
individuals through 6 advanced beekeeping workshops. 

a. More than 228 individuals attended an advanced beekeeping workshop. 

b. All classes (when students were grouped as a whole for each class) reported an increase 
in knowledge of integrated pest management practices used in beekeeping.   

c. All classes grouped together exceeded our target of a 50% increase in knowledge of IPM 
practices used in beekeeping. 

d. A follow-up survey was sent out to all 228 individuals.  Even though only 14% of 
individuals responded to the survey, 100% of respondents reported to actually using at 
least one integrated pest management practice in their beekeeping operation.   

2. Increase the number of managed bee hives in Missouri through the beginning and advanced 
beekeeping workshops and GPGC beekeeping workshop. 

a. Respondents (approximately 20% of beginning beekeeping workshop attendees 
responded to follow-up survey) to our follow-up survey after the beginning beekeeping 
workshops reported starting 156 new bee hives in Missouri. 

b. Respondents (approximately 14% of advanced beekeeping workshop attendees 
responded to follow-up survey) to our follow-up survey after the advanced beekeeping 
workshops reported starting 116 new bee hives in Missouri. 

c. Respondents to our survey at the Great Plains Growers Conference beekeeping 
workshop indicated they would start 583 new bee hives in 2016.  However, we did not 
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conduct a follow-up survey of this group to determine how many hives they actually 
added in 2016.   

d. Students at our summer hands-on/IPM workshops indicated that they would add 279 
new hives in 2015 or 2016.  However, we did not conduct a follow-up survey of this 
group to determine how many hives they actually added. 

e. We know for sure that at least 272 new hives were started by participants in grant-
sponsored workshops, well exceeding our target of 200 new hives. 

f. It is possible that as many as 1,134 new hives (or more) were started by participants in 
grant-sponsored workshops.   

 
Beneficiaries 
 
The primary specialty crop group benefitting from completion of this grant’s accomplishments is the 
honey producers in the state of Missouri.  It is estimated that grant workshop attendees started at least 
1,134 new bee hives in Missouri in 2015 and 2016.  These new bee hives can produce as much as 62,370 
pounds of honey annually.  This would represent an 8% increase in pounds of honey produced in 
Missouri compared to what was reported in the 2007 Ag Census. 
 
The secondary beneficiaries of the grant’s accomplishments include Missouri fruit and vegetable 
producers.  It is estimated that the 1,134 new hives started have annual indirect economic impact, in 
terms of pollination value, of approximately $6,804,000.  These 1,134 new hives are capable of foraging 
in an area as large as 20 million acres.  When used to specifically pollinate intensively-grown crops, 
these new hives are capable of adequately pollinating more than 1,000 acres of fruit and vegetable 
crops. 
In summary, more than 800 people attended the workshops supported by MVGA’S beekeeping grant.  
These individuals reported starting 1,134 new bee hives in Missouri in 2015 and 2016.  These 1,134 
hives have an estimated direct economic impact (honey sold) of approximately $204,967 and an 
estimated indirect economic impact (pollination value) of approximately $6,804,000.  Furthermore, 34% 
of all attendees plan on using their hives for pollination of commercial fruit and vegetable crops and 
100% of all attendees reported using at least one IPM practice in their operation. 
 
Lessons Learned 
 
To our great joy, and surprise, our goals and expected outcome measures were greatly exceeded.  We 
attribute part of this to the fact that the subject of honey bees and beekeeping has a greater level of 
interest in Missouri than it has for many years.  Timing of our project could not have been better.  This 
project would not have been as successful during a period of decreased interest in honey bees and 
beekeeping. 
 
There’s an old adage that if you ask ten beekeepers a question, you’re going to get ten different 
answers.  This turned out to be more accurate than we ever thought.  There are multiple approaches to 
beekeeping and trying to develop curriculum that is open to all of these approaches proved to be 
challenging.  We really did not want to encourage or discourage one method of keeping bees compared 
to another.  Beekeepers are a very diverse group.  They come from all walks of life.  They live in urban, 
suburban, and rural areas.  They could be a hobby, sideliner, or commercial beekeeper.  They come from 
drastically different growing regions with far different pollen and nectar crops.  They have different 
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goals in mind when keeping bees.  In the end, we found it best to cover as many different beekeeping 
methods as possible.  We also found that all beekeepers, no matter their method of keeping bees, could 
coalesce around the idea of using integrated pest management for the control of insects and disease 
pest of honey bees so we made that a focal point of all of our educational trainings. 
 
Contact Person 
 
Travis Harper 
(660)885-5556 
harpertw@missouri.edu  
 
Additional Information 
 
Not applicable 
 
 
Project 5:  Home and Community Gardening – Kansas City 
 
Kansas City Community Gardens (KCCG) 
Ben Sharda 
Final Performance Report 
 
Project Summary 
 
As part of the Missouri Department of Agriculture - USDA Specialty Crop Block Grant program, project 
staff held 43 free gardening and healthy cooking workshops at Missouri locations. KCCG made more 
than 135,000 square feet of community garden space available for rent to Missouri growers in large-
scale community gardens including the Swope Park, Prospect, Eastwood Hills, Freeway Park, Ivanhoe-
Richardson, Research Medical Center, and Kauffman Community Gardens. Specialty Crop Block Grant 
funds allowed KCCG to extend reduced-cost garden tilling services into areas beyond the city of Kansas 
City, MO, such as Independence and Raytown in Eastern Jackson County, making it possible for many 
seniors and disabled individuals to continue gardening despite physical limitations. Project staff grew 
more than 80,000 specialty crop seedlings in the KCCG greenhouse, focusing on high-yield food crops 
such as sweet potatoes, tomatoes, and peppers. KCCG’s dedicated volunteers packaged 39,206 
packages of specialty crop seeds purchased in bulk to be included for free with KCCG membership, with 
additional packages made available to members at a very low cost. KCCG also purchased fruit trees and 
berry brambles and sold these at a reduced cost to KCCG’s Missouri members. This project builds on 
lessons learned during previously funded SCBGP projects by implementing best practices learned to 
improve education and technical assistance given during workshops and site visits.  This project 
enhances healthy food access and specialty crop production through urban gardening.  
 
 
Project Purpose 
 
From November 1, 2014- October 30, 2015, Kansas City Community Gardens (KCCG) partnered with the 
Missouri Department of Agriculture through the USDA Specialty Crop Block Grant program to continue 
the “Home and Community Gardening Kansas City” project for a second year. The purpose of this 
project was to promote specialty crops through urban gardening, providing education, supplies, and 

mailto:harpertw@missouri.edu
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other resources to increase the number of individuals and community garden groups that are able to 
successfully grow specialty vegetable and fruit crops in community and home garden spaces in the 
Kansas City, Missouri area.  

The mission of Kansas City Community Gardens is to assist low-income households and community 
groups in the Kansas City metropolitan area to produce vegetables and fruit from garden plots located in 
backyards, vacant lots, and at community sites. KCCG began in 1979 as the Metropolitan Lutheran 
Ministry's "Community Garden Project," an initiative started to help low-income families save money on 
grocery bills. In 1985, the organization became incorporated as an independent 501(c)(3) nonprofit 
organization. This past year, KCCG provided technical assistance and gardening resources, including 
direct construction, garden tilling, and planting assistance, to 1,348 low-income households, 919 
additional non-low-income households, 197 school garden projects, 69 Giving Grove micro-orchard 
sites, and 245 Community Partner Garden projects (including 31 youth garden projects) at nonprofit 
agencies, congregations, neighborhood groups, and other community-based organizations. KCCG offers 
free education, low-cost community garden space, and other resources to help make gardening 
affordable for everyone. 

KCCG’s work focuses on providing gardening resources, including education, supplies, and technical 
assistance, to help make gardening affordable for everyone. The Home and Community Gardening 
Kansas City project allowed KCCG’s knowledgeable staff to improve food security for Kansas City’s 
communities by providing free educational garden skills workshops, free and low-cost specialty crop 
seeds and plants grown in the KCCG greenhouse, community garden space, raised bed construction 
supplies, tilling services, and other support to Kansas City’s low-income families and community garden 
groups. The Specialty Crop Block Grant Program was a natural fit with KCCG’s mission, since all of our 
programming is intended to support underserved communities in their efforts to grow fresh fruits and 
vegetables to eat, share, or donate.  

This project is timely and relevant due to the alarming rate of food insecurity experienced by children 
and families in the region. Here in Missouri, community and home gardening is providing critical 
nutrition for families and children experiencing food insecurity. Child food insecurity affects 21% of 
children living in Jackson County, where KCCG is located, while less than 13% of Jackson County adults 
are eating the recommended five daily servings of fruits and vegetables per day (Source: KC Health 
Matters Community Dashboard, Feeding America's Map the Meal Gap, and Missouri Department of 
Health and Senior Services). Good nutrition is a major factor in childhood growth and development, 
while helping to prevent obesity and related health conditions such as diabetes and heart disease for 
people of all ages. KCCG's free and low-cost gardening services allow more low-income people and food 
insecure communities to participate in gardening in order to eat, share, and donate fresh produce for 
hunger prevention and relief. No other Kansas City organization provides over 135,000 square feet of 
community garden space available for rent, the community garden construction and management 
expertise of our experience staff, or more free garden skills workshops each year than KCCG. Promoting 
community and home gardening not only improves the competitiveness of specialty crops in Missouri, 
but also fosters greater food security in our communities and reduces reliance on food assistance for 
Missouri families. 

The Union of Concerned Scientists recommends expanding healthy food access to make healthy food 
accessible and affordable for everyone: through support for specialty crop producers and support for 
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local and regional food systems.1 Fruit and vegetable production by Missouri gardeners not only 
promotes access to healthy food for underserved populations, as these growers produce a portion of 
their own food supply, while community gardening groups donate thousands of pounds of fresh garden 
produce to area food pantries or use their harvest to prepare meals for nonprofit clients. The Centers 
for Disease Control and Prevention (CDC)’s Healthy Community Design initiative recommends 
community gardens to promote a healthy food environment with mental and physical health benefits to 
gardeners ranging from eating fresh more fruits and vegetables to engaging in skill building.2 
 
Project Activities 
 
This project was a continuation of a previously funded project. In the coming year, KCCG will continue to 
collaborate with the Missouri Department of Agriculture for the “Youth Gardening Education and 
Support” project to support Missouri school and youth garden projects as they work to grow fresh fruits 
and vegetables for nutrition education or to share with families and communities in need. 

Year Two of this project built on Year One as staff hosted a series of six free “hands-on” garden skills 
workshops in the Swope Park Demonstration Garden, constructed by staff in the project’s first year in 
order to educate growers and test new varieties and growing methods. The “hands-on” workshop series 
focused on specific topics that were better  demonstratedthan explained, in keeping with Missouri’s 
motto, the “Show-Me State.” Topics included: (1) Spring planting in the garden (3/26/15), (2) Summer 
planting in the garden (4/30/15), (3) Get Growing: Water in the Garden (5/28/15), (4) Insects in the 
Garden (6/25/15), (5) Fall Planting in the Garden (7/30/15), and (6) Harvesting from the Garden 
(8/27/15).   

In addition, project staff incorporated lessons from the demonstration garden into the second year’s 
workshops and greenhouse operations. For example, staff used the Swope Park Demonstration Garden 
to test intercropping, drip irrigation, intensive raised-bed gardening, and over-wintering and integrated 
pest management practices with the use of row cover.  Project staff devised a support system for the 
row covers using tomato cages, securing at bottom with a wood frame.  After covering the plants with 
straw, staff added row cover to four of the raised beds.  Carrots, beets and kohlrabi grew well 
underground even as the tops died off.  Spinach planted in late fall grew well under a layer of straw 
during the winter months. KCCG provided row cover at a low cost to members and incorporated 
overwintering practices into our “Extending the Garden Season,” “Insects in the Garden,” and other 
workshops.  

By combining free education and low-cost gardening resources, KCCG staff work to help get more 
Kansas City families and community groups growing fresh fruits and vegetables in home and community 
garden spaces. We used the following methods to promote the growing of specialty crops by Missouri 
gardeners during Year 2 of the Home and Community Gardening Kansas City project:  

• Selecting appropriate crops- During the project period, KCCG offered more than 90 varieties of 
vegetable, fruit, and culinary herb seeds pre-selected by KCCG’s experienced staff for 
productivity, disease resistance, appropriateness for Missouri’s climate, and other criteria. In 
addition, project staff grew more than 90 varieties of vegetable, fruit, and herb plants in the 
KCCG greenhouse.  

                                                           
1 Union of Concerned Scientists Food and Agriculture Policy Recommendations, http://www.ucsusa.org/our-
work/food-agriculture/solutions/expand-healthy-food-access#.VjEwM2vrTMt.   
2 CDC Healthy Places Topics, http://www.cdc.gov/healthyplaces/healthtopics/healthyfood/community.htm.  

http://www.ucsusa.org/our-work/food-agriculture/solutions/expand-healthy-food-access#.VjEwM2vrTMt
http://www.ucsusa.org/our-work/food-agriculture/solutions/expand-healthy-food-access#.VjEwM2vrTMt
http://www.cdc.gov/healthyplaces/healthtopics/healthyfood/community.htm
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• Educating gardeners- Sessions are designed to improve basic garden skills for all gardeners with 
such topics as “Vegetable Garden Basics” and “Fruit Trees and Berry Bushes,” while building 
confidence for more advanced gardeners to build on their knowledge with workshops like 
“Growing Under Lights,” “Cooking from the Garden,” and “Extending the Garden Season.”  
KCCG’s Executive Director, Ben Sharda, who holds a Bachelor of Science degree in Horticulture 
from the University of Missouri, led approximately half of all workshops. Mr. Sharda, KCCG’s 
Executive Director since 1989, celebrates 30 years with KCCG in 2015 and is widely recognized 
by community and government partners as Kansas City’s leading authority on community 
garden development and management. The Program Director, and Community Partner Garden 
Coordinators led the remaining workshops, including “Early Spring Crops,” “Get Growing a 
Community Garden,” and “Cooking with Summer Harvest.” 

• Producing specialty crop transplants in KCCG’s on-site greenhouse- our Garden Assistant led 
greenhouse production efforts, from seeding and growing under lights as appropriate to 
managing seasonal planting schedules and assisting with plant sales. 

• Providing fruit trees and berry bushes to Missouri gardeners- including apple, pear, and peach 
trees, bush cherry, and strawberry, blackberry, and raspberry plants. These were purchased in 
bulk and provided at a low cost to families and community groups. 

• Providing other technical assistance to gardeners- KCCG provided other supplies and technical 
assistance to Missouri’s low-income families enrolled in the KCCG Self-Help Gardening program, 
along with Missouri Community Partner Gardens maintained by nonprofits, hospitals, 
neighborhood associations, and other community garden groups. Resources shared with 
gardeners included: straw mulch, fertilizer, tomato cages, tilling services and tiller rental, raised 
bed garden supplies and technical assistance, rainwater harvesting supplies and technical 
assistance, garden tools, and other resources. 

• Supporting Missouri Community Partner Gardens- with soil amendments, garden tilling, and 
technical assistance. SCBGP funds helped to support garden projects like: St. Michael’s veterans 
housing; Jewish Vocational Services Global Gardens; Blue Valley Neighborhood Garden; 
Christian Fellowship Baptist Church; Seven Oaks Community Garden; Truman Heritage Habitat 
for Humanity Community Garden; low-income senior housing facilities such as Woods Chapel 
Lodge, Friendship Manor and St. James Place; youth gardens with Park Avenue Baptist, 
Metropolitan Spiritual, and Mary Kelly Center; a food pantry garden at Avondale United 
Methodist and community garden rental plots at Freeway Park and Prospect Community 
Gardens, among many others.  

• Testing best practices in the Swope Park Demonstration Garden and incorporating these into 
greenhouse production and educational workshops. 

 
KCCG received program income, primarily from membership fees. This income, totaling $24,620, was 
reinvested in the project to support KCCG’s Self-Help Gardening program activities. Project revenue 
helps to make it possible for low-income members to receive significant discounts on membership fees 
through a two-tiered fee schedule ($2 per qualified family versus $12 for a higher-income household) 
and to cover KCCG’s costs for garden tilling. Garden tilling services cost KCCG approximately $60-$100 
per garden, based on garden size, while qualified low-income families pay a reduced fee of only $8-$12. 
 

SPECIALTY CROPS GROWN: 

Fruit trees and plants:  
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Berry plants selected for bulk purchase and distribution to members included strawberry (‘Cavendish,’ 
‘Eversweet,’) blackberry (‘Natchez’ thornless), and rasperry (‘Heritage” fall-bearing). KCCG selected a 
variety of fruit trees, including apple (‘Enterprise,’ ‘Liberty,’ ‘Pristine,’ ‘Winecrisp’), cherry (‘Black Gold,’ 
‘Danube,’ ‘Montgomerency’), Asian pear (‘Chojuro,’ ‘Korean Giant,’ ‘Seuri,’ ‘Shinko’), pear (‘Harrow 
Delight,’ ‘Potomac,’ ‘Sunrise’), peach (‘Contender,’ ‘Harrow Diamond’).  KCCG also provides seeds for 
several varieties of canteloupe, watermelon, muskmelon, and other fruit crops. 

All fruit trees and berry plants were ordered bare-rooted and stored temporarily in KCCG’s on-site 
refrigerated storage unit upon shipment until picked up by participating families and community groups. 
Individuals and community groups ordered fruit plants in February and picked them up in April at 
planting time. (For a complete listing, please see http://kccg.org/fruit-tree-berry-plant-list/).  

Vegetable and Herb Seeds and Plants:  

KCCG also made vegetable, herb, and selected fruit seeds available to participating gardeners both at 
our Swope Park location and during “satellite” seed and plant distribution days at the Independence 
Health Department. For a complete KCCG seed and plant listing, please visit: http://kccg.org/vegetable-
seed-plant-list/). Seeds and plants available from KCCG during the project period included the following: 

 Cool season vegetable crops recommended by KCCG included broccoli, cabbage, cauliflower, kale, 
lettuce, radish, turnip, and many others. Cool season herbs included chives, cilantro, oregano, parsley, 
rosemary, and thyme.  Warm season vegetable and herb crops offered to participating gardeners 
included beans, sweet corn, cucumber, peppers, sweet potatoes, squash, tomato, and others, along 
with basil and dill. Other special order crops available to gardeners included onions, asparagus, sweet 
potatoes, and garlic (hard neck and soft neck).  
 
 
Goals and Outcomes Achieved 
 
The goals originally set for this project during the second year are as follows: 
Goal: The goal of this project is to increase production of specialty crops, including vegetables, fruits, 
and culinary herbs, by supporting community and home gardening in the Kansas City, Missouri area. 

Target: KCCG will provide education, greenhouse production of specialty crop transplants, supplies, and 
technical assistance to support approximately 1,150 low-income Missouri families and 200 Missouri 
community groups in their efforts to successfully harvest produce from home and community gardens 
during KCCG’s Fiscal Year 2015 (10/1/14-9/30/15). 

Benchmark: KCCG assisted 978 low-income Missouri families and 172 Missouri community groups 
during KCCG’s Fiscal Year 2013 (10/1/12-9/30/13). 

Performance Measurement and Monitoring Plan: This project will help more Missouri families grow 
specialty crops by increasing the number of vegetable and herb seedlings produced in KCCG’s 
greenhouse from approximately 80,880 in 2013 to more than 110,000 in 2015. KCCG will increase total 
attendance at KCCG’s Missouri educational workshops by 10% in order to improve knowledge and 
successful production of specialty crops of among Kansas City’s gardeners. In addition, 95% of gardeners 
surveyed will successfully harvest produce from their gardens, as measured by an annual survey of 
KCCG’s returning low-income families and community groups. 

Results: 

http://kccg.org/fruit-tree-berry-plant-list/
http://kccg.org/vegetable-seed-plant-list/
http://kccg.org/vegetable-seed-plant-list/
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During KCCG’s Fiscal Year 2015, 1,159 low-income Missouri households and 176 Missouri Community 
Partner Gardens enrolled as KCCG members. Surpassing our goal for families participating and falling 
just short of enrolling more Missouri Community Partner Gardens. Our overall number of participating 
Community Partner Gardens fell (Missouri and Kansas) from 265 to 245 in 2015, which we attribute in 
part to unusually rainy weather circumstances during spring 2015, keeping many garden groups from 
being able to plant until much later in the season than usual. .  Nearly 80% of Community Partner 
Gardens surveyed successfully harvested specialty crops from their gardens, and the vast majority 
reported donating produce for hunger relief. 

Of low-income gardeners returning as KCCG members in 2015, 877 of 883 (99.3%) said that they 
successfully harvested produce from their gardens, 871 of 883 (98.6%) said that they ate more servings 
of fruits and vegetables due to gardening, and 873 of 883 (98.8%) said that they stayed more physically 
active due to gardening. The first measure indicates improved food security and greater access to 
healthy food in Kansas City through gardening, and the second measure demonstrates how support for 
local food systems for grant programs like the Specialty Crop Block Grant Program can lead to better 
nutrition in our communities.  

Due to an expansion of the Swope Park greenhouse in 2014, KCCG was able to significantly increase our 
number of specialty crop transplants grown, from 80,880 in 2014 to 91,620 in 2015. More than 700  
people attended KCCG workshops held at the Swope Park Community Garden, Independence Health 
Department, Ivanhoe Community Center, and other Missouri locations. With an average attendance of 
20 per workshop, KCCG workshop attendance has increased in the past year due to increased visibility 
(social media, partnerships with key community leaders), and selected workshops drawing 40-50+ 
attendees. 
 
Beneficiaries 
 
Population Served 

Of the 1,348 low-income Kansas City families participating in KCCG's Self-Help Gardening program 
(growing fresh fruits and vegetables with KCCG support) during the past year, 757 (56%) were African 
American, 453 (34%) were Caucasian, 43 (3%) were Asian, 93 (7%) were Hispanic, and 2 families (less 
than 1%) were Native American. Based on family sizes, the 1,348 families served represented 2,654 
individuals of all ages, including many seniors, with 702 (52%) of gardeners over the age of 60 and 
including 22 gardeners over the age of 90. 

Helping Families and Communities Grow Fresh Produce 

The goal of the Home and Community Gardening Kansas City project was to increase production of 
specialty food crops, including vegetables, fruit, and cooking herbs, in the Kansas City metropolitan area 
through community and home gardening.  This project directly supported KCCG’s efforts to purchase 
specialty crop items (seeds, fruit trees and plants, onion sets, garlic bulbs) and related supplies, 
combined with relevant education and support to make the process of growing fruits and vegetables 
easier for hundreds of participating gardeners. 

With Specialty Crop Block Grant funds, KCCG provides educational workshops that create a new 
generation of knowledgeable specialty crop producers, while supporting both families and community-
based organizations that are focused on distributing produce for hunger prevention and relief. Although 
KCCG serves families and organizations with an interest in producing homegrown produce for market, 
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the central focus of our service to Missouri Community Partner Gardens through this project is to help 
neighborhood and community groups grow and donate produce that helps to feed families and raise the 
nutritional profile of the food available through Kansas City’s food pantries. 

The Community Health Impact of Gardening 

In addition to the nutritional benefits of garden-fresh fruits and vegetables, some of the many health 
and environmental benefits of gardening include:  

• Providing physical activity, enjoyment, and opportunities for horticultural therapy for youth, seniors, 
traumatized populations, and others served by KCCG. 

• Providing a foundation for lifelong healthy eating habits for youth and adults of all ages who learn the 
importance of fresh fruits and vegetables to a healthy diet by participating in youth gardens and other 
community garden projects.  

• Helping to transform the environment and local food system by incorporating organic production 
methods, using fewer chemical fertilizers and pesticides, greening urban spaces, and reducing the 
amount of fuel used to transport produce long distances to market.  

• Providing opportunities for faith-based hunger relief, including providing fresh produce for faith-based 
food pantries and other community-based anti-hunger initiatives. 

Community gardens are building community everywhere in Kansas City, bringing together people of all 
ethnicities and socioeconomic backgrounds as they garden side by side. KCCG's Community Partner 
Gardens serve refugees and other recent immigrants, homeless individuals and families, veterans, at-risk 
youth, survivors of domestic violence, and many other diverse populations. Some of the many 
community garden groups participating include: youth gardening projects like the Kansas City Police 
Athletic League garden; community and faith-based groups like the Pendleton Heights Neighborhood 
Association and Hope Faith Ministries' Paseo West Community Garden; congregations including 
Morningstar Missionary Baptist Church; hospitals and universities such as the Kansas City Veterans 
Affairs Medical Center; nonprofit organizations like Mattie Rhodes Center and Harvesters; and 
corporations like DST Systems and Arvest Bank. 
 
Lessons Learned 
 
Although many people have the passion and community connections to start community gardens, they 
often lack the practical skills. KCCG has witnessed many garden groups face frustration as they till and 
plant too much land and plant it in a disorganized way. With technical assistance from KCCG, community 
gardeners can grow more food. Although neighborhood and city leaders are often eager to turn vacant 
lots into productive growing space, several barriers exist. First, neighborhood buy-in is essential. Second, 
there are often infrastructure barriers that make gardening on vacant lots difficult, such as water access, 
too many trees, poor soil (including remnants of old houses), or uneven land. KCCG has taken steps to 
try and reduce these barriers, including networking with leaders in a large number of neighborhoods 
across the city, advocating for and implementing water access programs (KC Grow in partnership with 
the City of Kansas City, MO, which provides funding and water audits administered by KCCG staff, and 
H20 to Grow in partnership with the Unified Government of Wyandotte County), and providing 
community groups with access to compost through the Get Growing KC mini-grants program supported 
by the Health Care Foundation of Greater Kansas City and with other grant funding. 
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Contact Person 
 
Ben Sharda, KCCG’s Executive Director, oversees the Home and Community Gardening Specialty Crop 
Block Grant project. Mr. Sharda can be reached with questions at (816) 931-3877 or Ben@kccg.org.  
 

Additional Information 
 
 

mailto:Ben@kccg.org
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Project 6:  Evaluating Production and Value-Added Potential of Wild Leek and Other Native Greens.  
 
Lincoln University  
Nadia Navarrete-Tindall 
Final Performance Report 
 
 
Project Summary 
 
Wild Leeks are one of the first plants to come up in the spring, often found in mixed wood forests. 
Because they are widely considered a delicacy, over-harvesting is a serious problem and over the years 
they have suffered significant habitat loss. The main goal of this study was to increase awareness about 
wild leeks and other native edible plants and their uses with emphasis being placed on sustainable 
production and protection of natural populations via outreach. Project objectives were (1) to increase 
knowledge about growing wild leeks and other native edible plants as specialty crops and to develop 
products to increase their value-added potential, (2) to increase awareness about native plants and their 
potential for human consumption and to generate income, and (3) to increase on-farm diversity with 
new ‘old’ specialty crops on small farms. Implementation of this educational project resulted in 
demonstrations in 10 small farms and also at three Lincoln University locations. Tours were offered on 
campus and in the Bootheel region of Missouri. Project results were disseminated among more than 100 
small farmers in workshops, conferences, classes, field tours, field days, at the Lincoln University 
Farmers Market and via social media. Overall, the project reached more than 4,490 Missourians.   
 
This is an initial funded project with the SCBGP.  
 
 
Project Approach  
 
Below we provide a synthesis of the outreach activities that were accomplished during the grant period. 
Most activities proposed in the approved project proposal were accomplished and in most cases the 
expectations were surpassed.  
 
Objective 1. Increase knowledge about wild leeks and other native edible plants with potential as 
specialty crops.  
 
This objective was accomplished through workshops, conferences, classes, field tours, field days, at the 
Lincoln University Farmers Market, exhibits, and via social media. An advisory committee was set up and 
provided input and guided most of the activities conducted. Table below lists the output indicators of 
the project. 
 

TABLE 1. Output indicators from outreach / Extension activities that were conducted from 2015 to 2017. 
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Educational activity 
Number of 
activities 

Number of 
people reached 

   

Exhibits (Lincoln University Farmers’ Market, 1890 NIFA 
meeting, conferences, etc.) 

29    935 

Workshops and other trainings / classes 22    694 

Conferences and symposia (oral/poster presentations) 10 1,300 

Field days, farm tours, Lincoln Univ. campus tours 10    480 

Food-tasting sessions 14    280 

Newspaper articles*, Facebook1, Radio & TV interviews* 

                   * Number of people reached cannot be quantified 

15    501 (1followers) 

Annual ‘Dining Wild’ event 2 300 

Total 102 4,490 

A representative sample list of the aforementioned activities is presented below: 
 
Abstracts, oral presentations and posters at conferences and symposia: 

1. Navarrete-Tindall, N., P. Weber, S. Bartelette, and I. Jacome-Alvarez. 2016. Wild Leeks: A Potential Native 
Specialty Crop for Agroforestry in Missouri. 2016.  Center for Agroforestry Symposium. January 28, 2016. 
University of Missouri, Columbia.  Poster and abstract. 

2. Navarrete-Tindall, N. and S. Bartelette. 2016. Native Plant Outdoor Laboratories Lincoln University in 
Missouri. Missouri Natural Resources Conference. Missouri Department of Conservation. February 3-5, 
2016. Lake of the Ozarks, Missouri. Abstract and poster.  

3. Navarrete-Tindall, N., P. Weber, S. Bartelette, and I. Jacome-Alvarez. May 2016. Protecting and Growing 
Wild Leeks. Oral presentation and Abstract to be published in Proceedings of Missouri Academy of Science 
2016. Lincoln University, Jefferson City.  

4. Navarrete-Tindall, N., P. Weber, S. Bartelette, and I. Jacome-Alvarez. 2016 Protecting and Growing Allium 
tricoccum (wild leeks) as a Specialty Crop in Missouri. Society of Economic Botany Conference. June 4-6. 
Kentucky. Abstract and Oral presentation.  

5. Navarrete-Tindall, N. September 19-20. Abstract and Oral Presentation: The FINCA model: Families, 
Integrating Nature, Conservation and Agriculture. NIFA. Capacity Building Grant Project Directors Meeting. 
Virginia Beach. This meeting is attended by Principal Investigators of projects.  

6. Navarrete-Tindall, N. and S. Bartelette. 2016. September 20-22. Abstract and Exhibit. The FINCA model: 
Families, Integrating Nature, Conservation and Agriculture promoting native edible plants as Specialty 
Crops.  7th National Small Farm Conference. Virginia Beach.  

7. Navarrete-Tindall, N. and S. Bartelette. 2016. November 28-December. Promoting native edible plants as 
specialty crops. Networking with small farmers and extension specialists.  Women in Sustainable 
Agriculture Conference. Portland, Oregon.  

8. Mid-America Organic Association Conference, Kansas City, Missouri, January 25-28, 2017. 
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Objective 2. Develop protocols to grow wild leeks and wild greens as crops in Missouri based on 
existing research.  
 
In Missouri, there are two species of wild leeks, Allium tricoccum and A. burdickii. Both species are 
edible and are consumed across the range of distribution in the United States and in southern Canada 
mainly gathered from wild populations. Results of potted studies that quantified number of bulbs per 
plant and bulb diameter showed no differences among plant species.  
 
Additional results: Survival was 100%, indicating excellent plant resilience to Missouri’s conditions. 
Animal disturbance and diseases were not observed. Seed requires a warm-moist period followed by a 
cold-moist and another warm-period to germinate so germination may take 6 to 18 months.  
 
Planting protocol. Selecting the right site to grow wild leeks is very important. Key considerations 
include slope, soil qualities, and understory vegetation (if grown under shade). Common advice on 
where to find wild leeks is a north facing slope, which is typically cooler and moister. But north slopes 
are not necessary if there is sufficient soil moisture retention throughout the year. Soil moisture is key 
to a healthy stand of wild leeks. 
 
Wild leeks can also be grown in raised beds, preferably under a tree canopy. Again, enough soil moisture 
is a key aspect to producing healthy leeks. Planting wild leeks in raised beds provides several 
advantages, but it also costs more. Raised beds are advantageous when the soil lacks organic matter, is 
stony, excessively dry, or there are lots of weeds. Raised beds are easy to plant as the soils are loose and 
friable. Once the beds are constructed, they are lined with weed cloth. The space is then filled with good 
quality planting soil. Raised beds do not need to be very deep; one tier of landscape ties (about 4-5 
inches) is usually sufficient. Once the beds are constructed, the landowner can plant seeds or bulbs 
directly into the new soil. The best time to purchase wild leeks for planting is in February and March. If 
the bulbs cannot be planted immediately upon receiving them, they can be placed into a soil mixture 
(potting soil or organic rich top soil) so that they will stay fresh, or put them into a refrigerator where 
they will stay fresh for a couple of weeks.  
 
Harvest: In terms of harvest, avoid harvesting plants that have a flower scape (stalk) as they are 
producing seed to ensure the population will grow. 
 
As part of this project, it was determined that expected outcome 6 (’10 to sell it as produce and 5 to sell 
the seed’) was unrealistic due to the fact that wild leeks take 7 years to produce seed after 
establishment. We also underestimated the time that would take a person to establish plots and have 
product ready to be commercialized because wild leeks grow very slowly and have a very short window 
of opportunity for harvest. 
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View of experimental area used to grow wild leeks showing plants growing in pots and in raised beds, 
and view of weather station at Lincoln University campus. 
 
 
Objective 3. Develop value-added products using wild leeks and other wild greens. 
 
A series of recipes involving use of native plants including wild leeks were developed as part of this 
project. Fourteen food-tasting sessions were offered at Lincoln University campus. Three chefs were 
contracted to develop and cook the 30 recipes. The best recipes were selected to be served during 
Dining Wild. Examples of value-added products that were prepared and promoted include Focaccia 
bread with wild leeks or ramps, pesto with chickweed and nettles on humus and sugar cookies with 
violet flowers, jellies and jams using native persimmon and other native edibles. 
 
In addition, 12 articles were published in the JC News Tribune in the column ‘Dining Wild’.  The goal of 
these articles was to promote native plants as specialty crops. All are available online. 
 

1. Native edible plants can create natural markets in Missouri. Published on January 6, 2016.  

2. Ramping Up Flavor with Wild Leeks (Allium tricoccum) in Missouri. February, 2016.  

3. Goldenglow (Rubdeckia laciniata) Dining Wild. March, 2016. 
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4. Nutritious and Delightful nettles. Published in newspaper hard copy and available on line. It can 
be retrieved at:  http://www.newstribune.com/news/story/story/2016/Apr/06/dining-wild-give-
delightful-nutritious-nettles-try/553829/. Article about nettle plants (Laportea canadensis and 
Urtica dioica) as potential specialty crops. April, 2016. 

5. Cup plant (Silphium perfoliatum).  May, 2016.   

6. Dittany, June, 2016. 

7. The wild plums of Missouri. Cherished native fruits. Newspaper article available online:  
http://www.newstribune.com/news/story/story/2016/Jul/13/wild-plums-missouri-cherished-
native-fruits/631272/. July, 2016.  

8. Elderberry (Sambucus Canadensis). August, 2016. 

9. Persimmon, September, 2016. 

10. Spicebush. October, 2016. 

11. Jerusalem artichoke. November, 2016. 

12. Looking Back at a Year of Native Edible Plants. December 14, 2016. 

13. Missouri pecans are sweet, healthy and more common than you think. January 11th, 2017. 

14. No shrinking violets here: They are beautiful and edible. February 8th, 2017 

15. Sassafras tree: aromatic, edible and beautiful. March 8th, 2017. 
 

 

http://www.newstribune.com/news/story/story/2016/Apr/06/dining-wild-give-delightful-nutritious-nettles-try/553829/
http://www.newstribune.com/news/story/story/2016/Apr/06/dining-wild-give-delightful-nutritious-nettles-try/553829/
http://www.newstribune.com/news/story/story/2016/Jul/13/wild-plums-missouri-cherished-native-fruits/631272/
http://www.newstribune.com/news/story/story/2016/Jul/13/wild-plums-missouri-cherished-native-fruits/631272/
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Example of valued-added products made with wild leeks and other native edibles. Focaccia bread 
with wild leeks, pesto with chickweed and nettles on humus and sugar cookies with violet flowers 
were the first recipes of the year 2017 that people had the opportunity to taste. 'It was better than 
ever', according to supporter Mr. Hugh Flowers. Recipes were prepared by Taylor Cleveland, owner of 
'Taylor Made'. 

 

Project partners: This project benefited from the participation of numerous faculties and staff from 
Lincoln University, University of Missouri Extension, growers, and staff from local and state 
organizations. They are listed in the table below: 

Mr. John Blackmon Small Farmer, Bootheel region Established production plots and 
helped evaluate growth and 
development.  

Mr. Hugh Flowers Landowner and LU-Market Food 
Vendor, Callaway Co. 

Established production plots and 
developed new recipes. He sells at 
LU-Farmers Market. 

Mary and Bill Glasper LU Cooperative Extension, FINCA 
project. Outreach Educators, 
landowners, Bootheel region 

Organized training events. 
Establish production plots, data 
collection. 

Dan Kuebler Farmer and Producer, Boone Co. Established production plots and 
developed value-added products 

Kristin Tipton  
  

Callaway Co. Landowner and 
potential producer 

Established production plots to 
evaluate growth and development 
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Pam Schmutzler Cole Co. Small Farmer and LU-
Farmers Market Vendor 

Established production plots and 
develop value-added products 

Mervin Wallace MO Wildflowers Nursery. Seed and 
plant producer.  

Advised on seed and seedling 
production of wild leeks 

Carol Davit Missouri Prairie Foundation 
 

Advised and promoted project to 
find natural wild leek populations 

Charlie Hopper Missouri Department of Agriculture 
AgriMissouri Coordinator 
 

Offered advice about marketing 
and helped promote workshops 
and other events 

Sue Bartelette and Amy 
Hempen 

LUCE-Native Plants Program  Established demonstration plots. 
Collected and processed data. 
Helped organize training events.  

Maggie Hopper LU Commercial Kitchen and Farmers 
Market 
 

Contacted chefs, helped develop 
recipes, organized cooking classes 
and demonstrations in Jeff City 

Jaime Pinero LUCE-Integrated Pest Management Helped with monitoring of insects 
on native edible plants  

Mersha Zelalem  LUCE-Plant Disease Program Helped with monitoring of diseases 
affecting native edible plants 

 
 
Funds allocated to this project were used to solely enhance the competitiveness of specialty crops. 
 
Goals and Outcomes Achieved 
 
Expected outcome: Four to six farmers and producers, in Central Missouri and in the Bootheel, will 
establish wild leeks for production and offer tours to local communities.  
Accomplishments: This outcome has been accomplished by having 10 small farmers and 3 Lincoln 
University locations for demonstrations. Tours have been offered on campus and in the Bootheel. See 
activities for more information. 

Expected outcome: One-hundred small farmers including urban farmers will attend workshops about 
uses of native plants during conferences and field days.  
Accomplishments: This has been accomplished by reaching many more than 100 small farmers in 
workshops, conferences, classes, field tours and field days. See activities for more information. 

Expected outcome: Two-hundred farmers’ market costumers will be introduced or reminded of uses of 
native edible plants. 
Accomplishments: The Lincoln University Farmers Market is visited by an average of 200 people per 
market. Twenty to 30 people get direct information from our educational and food tasting exhibit 
staffed by Lincoln University students. See activities for more information. 

Expected outcome: One-hundred individuals, children and adults, will learn and taste native edible foods 
in Central Missouri and the Bootheel region. 
Accomplishments: This has been accomplished. In results, numbers of people reaches are presented. See 
activities for more information. 
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Expected outcome: At least 50 hits in a blog, Facebook page or webpage each month are anticipated 
after updates are created.  
Accomplishments: The Facebook page posts have 501 followers.  

Expected outcome: After project completion, possibly during the next 2-years, at least 30 more 
individuals will grow wild leeks and other native greens, 15 for their own consumption, 10 to sell it as 
produce and 5 to sell the seed. 
 
Accomplishments:  We estimate that 30 or more people are growing wild leeks and other native edible 
plants as a result of our outreach and 15 or more are growing them for their own consumption. Some 
vendors are selling edible native greens at the Lincoln University Farmers’ Market with great demand by 
customers. Due to the nature of this project, at this moment it is not possible to determine how many 
more people are growing lees and other native greens for market purposes. The Lincoln University 
Native Plants Program has been closed (June 30th, 2017) due to financial adversities faced by this 
university.  

Additional outcomes: Short-term outcomes are knowledge gains by people who attended the 
workshops and food-tasting sessions. Short-term outcomes were documented with pre- and post-
workshop surveys. 
 
 
Beneficiaries  
 
Home-owners: The nutritional content of leeks is high, in particular vitamins A, C, K, selenium, 
chromium, lutein and zeaxanthin, among others. This means that people growing wild leeks at home will 
have more access to healthy food. 
 
Vegetable growers: Growing leeks can provide additional income to producers. Small farmers and 
producers could increase their income by selling fresh leeks at $10 to $17 a pound. Kimchi and other 
fermented products prepared with wild greens can be sold in farmers markets and possibly in specialty 
stores where such products are usually imported from other countries or distant locations in the United 
States. The price of kimchi, for example, varies from $6 to $20/lb. depending on the greens used.  Wild 
greens and leeks could be preserved, dried or frozen for later use, which could be another way to sell 
these plants to extend their availability throughout the year.  

Additional beneficiaries are people who attended the conferences, workshops, field days, exhibits, and 
other educational activities: 

• Small sustainable and organic farmers.  
• Native Edible Plants Wild Leeks Advisory Board formed by collaborating farmers and Native Plants 

Program staff. 
• Minority, limited resource, public at large. 
• Farmers, producers, extension educators, conservationists and potential farmers. 
• General public: Jefferson City, Columbia, Fulton, California, Sedalia and Lake of the Ozarks.  
• 150 extension specialists and educators from seventeen 1890 institutions (event hosted by NIFA). 
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Lessons Learned  
 
One of the expected outcomes (’10 to sell it as produce and 5 to sell the seed’) could not be fulfilled 
entirely because wild leeks take 7 years to produce seed after establishment. We also underestimated 
the time that would take a person to establish plots and have product ready to be commercialized 
because wild leeks grow very slowly and have a very short window of opportunity for harvest. However, 
other native edible greens such as cup plant, golden glow, and stinging nettles have been produced and 
marketed by some vendors. 
 
The Lincoln University Native Plants Program was understaffed and therefore additional salary funds 
had to be provided to some staff from other sources. 

Contact Person  

Ms. Yvonne Matthews, Associate Administrator, Lincoln University Cooperative Extension Phone: 573) 
681-5375 900 
Email: MatthewY@lincolnu.edu  

The Lincoln University Native Plants program was closed on June 30, 2017. Therefore, the contact 
information of the Cooperative Extension Associate Administrator is provided. 

mailto:MatthewY@lincolnu.edu
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Additional Information  
 
Cover page of article published in the Jefferson City News Tribune Newspaper, January 6th, 
2016 
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Cover page of article published in the Jefferson City News Tribune Newspaper, March 2016 
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Poster presenting project results, presented at various workshops and conferences. 
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Draft of Guide Sheet describing wild leek production and consumption 
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Example of flier used for a Field Day in the Bootheel 
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Article published in the Kansas City Gardener (Nov. 17, 2016) 
https://issuu.com/thekansascitygardener/docs/kcg_dec16_issue  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://issuu.com/thekansascitygardener/docs/kcg_dec16_issue
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Evaluation form used for the food-tasting sessions, offered at Lincoln University campus. 
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Evaluation form used for the food-tasting sessions, offered at Lincoln University campus 
[cont.] 
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Project 7:   Evaluating Plant Volatile Organic Compounds as Potential Species-Specific Attractants 
in Spotted Wing Drosophila Monitoring Traps 

 
Lincoln University 
Dr.  Jaime Piñero 
Final Performance Report 
 
Project Summary  

Missouri experienced in 2013 a statewide infestation of Spotted Wing Drosophila (SWD), Drosophila 
suzukii, a devastating pest of many small fruit crops. In the absence of monitoring and suppression tools 
for SWD, farmers continue to be at risk of losing a portion (small or large) of their crops. For small-scale 
farmers who suddenly lose 50% or more of their crop, economic losses are significant. This project 
aimed at reducing risks caused by this pest by improving current monitoring systems for SWD and 
educating small and medium-scale farmers (including limited-resource, and other underserved 
audiences) in MO on effective management options for this pest. Project objective 1 aimed at evaluating 
the response of adult SWD to certain host plant volatiles. Laboratory and greenhouse evaluations of 
individual plant-based volatiles, followed by evaluations of binary, tertiary and more complex mixtures 
revealed that the level of response of adult SWD is highest when mixtures are complex. B-cyclocitral 
and/or isoamyl acetate were two compounds that showed high potential. These two compounds were 
then evaluated in combination with grape and cherry juice. It was determined that female SWD 
responded in significantly greater numbers when either plant volatile is presented in combination with 
fruit juice. Objective 2 evaluated the most promising VOCs in field trials towards the development of an 
optimal SWD-specific monitoring lure. Evaluation of commercial lures revealed less attraction of male 
and female SWD toward these lures compared to the home-made bait consisting of sugar, yeast, and 
water. However, commercial lures proven to be more attractive than the mixtures of synthetic volatiles 
that were identified in this project. Objective 3 sought to quantify the response of male and female SWD 
to combinations of visual and chemical stimuli. Field evaluations that involved color-painted bait 
stations revealed that the strongest visual response of male and female SWD is towards red, and that 
color / odor may interact in such a way that both types of stimuli need to be present for adequate SWD 
response to traps. Objective 4 aimed at disseminating, through extension and outreach, the findings of 
our research with berry producers and extension educators at the local and regional levels. Over the 
course of ca. 3 years, over 1,660 farmers were reached directly. More farmers were reached indirectly 
through media, online information etc., but numbers cannot be quantified. About 150 farmers received 
ca. 500 free monitoring traps and yeast, as well as identification kits that included fact sheets and slides 
or vials with real SWD specimens. 
 
This project (14-SCBGP-MO-0029) was built upon a previously funded project with the SCBGP (12-25-B-
1471). One of the goals of the previous project #13 was to start, for the first time in Missouri, a 
monitoring system for two invasive insects: Spotted Wing Drosophila (Drosophila suzukii) (SWD) and the 
Brown Marmorated Stink Bug (Halyomorpha halys) (BMSB). Monitoring of SWD and BMSB was 
accomplished with the best traps and lures that were available based on research done throughout the 
USA. At that moment (2012-2014) it was determined that there was a need to improve the 
attractiveness and selectivity of baits and lures used to monitor SWD. The present project was 
submitted with the goal of evaluating individual plant-based compounds and compound mixtures that 
could be attractive to adult SWD. Research results generated from this project are expected to improve 
monitoring and management of SWD, thereby complementing the previously funded project. 
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Project Approach 

Below we provide a synthesis of the research and outreach activities that were accomplished during the 
grant period. All activities proposed in the approved project proposal were accomplished and for at least 
one objective the expectations were surpassed. The heavy work load associated with our research and 
outreach were leveraged with supplementary funding provided by other sources. For example, this 
project was heavy on student labor / casual worker; even though only $ 5,000 was allowed for salaries. 
Any additional salaries, including the stipend of Ph.D. student Grant Bolton (University of Missouri) were 
covered by University of Missouri, by Lincoln University, or by supplementary sources. This exemplifies 
efficient use of resources by both Lincoln University and the University of Missouri. The PI states that 
funds were used to solely enhance the competitiveness of specialty crops e.g., (berries and other soft-
skin fruits). 

Objective 1:  Evaluate the degree of attractiveness adult SWD have towards certain host plant Volatile 
Organic (naturally occurring) Compounds (VOC’s) in laboratory behavioral bioassays. 

1.1 Laboratory research: This research was conducted by Mr. Grant Bolton, a Ph.D. student at the 
University of Missouri. He is supervised by Dr. Bruce Barrett (University of Missouri) and co-supervised 
by Dr. Jaime Piñero (Lincoln University). Funds to support this student (tuition and stipend) were 
provided by other sources. 
Laboratory evaluations aimed at identifying individual plant-based compounds and compound mixtures 
that could be attractive to adult Spotted Wing Drosophila (SWD) started in 2015.  Research was 
conducted using two main approaches. The first one involved physiological (neuronal) responses by 
male and female SWD using electroantennography to determine a dose response sensitivity curve for 9 
chemicals derived from suitable SWD plant hosts. Doses evaluated ranged from 10−8 to 10−2 
concentrations. Both male and female SWD were tested for any sensitivity differences between the 
sexes. The second approach involved behavioral responses to the same compounds that were evaluated 
in the first series of tests.  
SWD olfactory behavioral attraction (via flight) to a dose series of host plant volatile organic compounds 
(VOCs) was evaluated in screened cages, 33 x 33 x 33 cm (BugDorm-43030F). In each cage two 5 ml 
plastic cups were placed in opposing corners. One of the cups contained 200µl of mineral oil (control) 
and the other cup contained 200µl of VOCs (treatment odorant) at one of the three doses. 
Approximately 20 adult female SWD, 3-6 days old, were then released into the cage. The cages were 
placed in an environmental chamber set for a 16 h light: 8 h darkness photoperiod and constant 
temperature of 23°C. After 24 hours, the cages were removed and the number of flies captured in the 
control and treatment cups counted and recorded.  
Data were evaluated using an Attraction Index (AI), calculated as AI=(O-C)/T), where O is the number of 
flies in the VOC cups, C the number of flies in the control cups, and T the total number of flies released 
in the cage. Each tested VOC had six replicate cages per dose. 
 
Main Findings: 

I. Electroantennography. Neurophysiological data, obtained through electroantennograms (EAG), 
showed that SWD and D. melanogaster are both sensitive to all doses of each chemical tested. 2-
Heptanone and butyl acetate were the most sensitive to both species. Acetic acid and ethanol were the 
least sensitive for both species. 
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Figure 1 shows that for 6 of the chemicals, there was no significant difference between SWD male and 
female responses. However, ethyl hexanoate (EH) and B-cyclocitral (BC) elicited a greater response by 
males at lower doses. Ethyl acetate was detected by the female at a lower dose than the male at a lower 
dose.  

 

 
Figure 1. Electrophysiological responses of male and female Drosophila suzukii to nine plant-derived 
compounds tested singly at 7 different concentrations. Numbers denote amplitude of response in 
millivolts (mV). 
 
II. Behavioral bioassays. 

From the single compound behavioral assays completed earlier in 2016, we chose B-cyclocitral and 
isoamyl acetate as a base for our compound mixtures. We combined each of the remaining non-
fermentation chemicals with the base pair of B-cyclocitral (BC) and isoamyl acetate (IA).  
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Figure 2. Behavioral responses of male and female Drosophila suzukii to binary and tertiary mixtures of 
plant-derived compounds tested singly at a single concentration. Numbers denote Attraction Index 
values calculated from the raw data. 
 

Additional research evaluated methyl butyrate (MB), 2-hepatanone (2HN), methyl isovalerate (MI), ethyl 
acetate (EA), ethyl hexanoate (EH)] tested in  4, 5, 6, and 7 compound combination attractants. These 
combinations were also tested with a closely related non-target species, Drosophila melanogaster, to 
determine level of selectivity when compared to SWD.  
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Figure 3. Behavioral responses of male and female Drosophila suzukii and D. melanogaster to complex 
mixtures of nine plant-derived compounds tested singly at four different concentrations. Numbers 
denote Attraction Index values calculated from the raw data. 
Eight combination compounds were selected based on high attraction to SWD and low attraction to D. 
melanogaster.  These compounds were then further tested in field trapping trials (2017).  

1.2 Greenhouse research:  This objective was undertaken by Dr. Jaime Pinero and his team. Four main 
studies were conducted with the goal of determining whether selected fruit juices (grape and cherry) 
are attractive to male and female SWD, and whether plant volatiles would enhance the attractiveness of 
the juices. 

As shown in Figure 4, when B-cyclocitral and isoamyl acetate were tested singly, males did not show a 
preference for either compound over the controls. Both chemical compounds showed to be attractive to 
females. When B-cyclocitral and isoamyl acetate were tested singly, males did not show a preference for 
either compound over the controls. Both chemical compounds showed to be attractive to females. 

 

Figure 4. Behavioral responses of male and female Drosophila suzukii to B-cyclocitral or isoamyl acetate. 
All compounds were evaluated singly. Numbers denote individuals that responded positively in cages in 
the greenhouse. 
 

In the next series of tests that involved fruit juice, grape juice alone was attractive to males and this 
level of response was not significantly enhanced by the addition of B-cyclocitral. In contrast, the addition 
of B-cyclocitral to grape juice significantly increased the response of females compared to grape juice 
alone. B-cyclocitral did not show to be attractive to males and females when compared against the 
control (Figure 5A).  

No significant preference for cherry juice either, alone or in combination with B-cyclocitral, or for B-
cyclocitral alone was recorded for males. For females, the combination of cherry juice and B-cyclocitral 
resulted in 4X increased attraction compared to cherry juice alone. When alone, B-cyclocitral showed 
not to be attractive when compared to the control (Figure 5B). 
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Figure 5. Behavioral responses of male and female Drosophila suzukii to (A) grape, and (B) cherry juice, 
either, alone or in combination with B-cyclocitral. Numbers denote individuals that responded positively 
and were captured by small devices placed at the corners of cages, in the greenhouse. 

 

Grape juice alone was attractive both to males and females, and the addition of isoamyl acetate did not 
increase the level of response to grape juice.  Isoamyl acetate was not attractive to males and females in 
this 4-choice setup (Figure 6A). Cherry juice and isoamyl acetate either, alone or in combination, were 
not attractive to males. SWD females showed a significant preference for cherry juice and for cherry 
juice + isoamyl acetate when compared to isoamyl acetate alone and the control (Figure 6B).  

 

Figure 6. Behavioral responses of male and female Drosophila suzukii to (A) juice and (B) cherry juice, 
either, alone or in combination with the plant volatile isoamyl acetate. Numbers denote individuals that 
responded positively and were captured by small devices placed at the corners of cages, in the 
greenhouse. 
 

Grape juice and cherry juice did not differ in attractiveness to males and females (Figure 7A). For males, 
B-cyclocitral and isoamyl acetate were similarly attractive. For females, isoamyl acetate was significantly 
more attractive than B-cyclocitral (Figure 7B). 

A B 

A B 
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Figure 7. Behavioral responses of male and female Drosophila suzukii to (A) grape and cherry juice 
tested against each other, and (B) B-cyclocitral and isoamyl acetate, tested individually against each 
other. Numbers denote individuals that were captured by small devices placed at the corners of cages, 
in the greenhouse. 
 

Objective 2:  Evaluate the most promising VOCs in field trials towards the development of an optimal 
SWD-specific monitoring lure. 

We previously reported on the effectiveness of commercial lures that are currently available for SWD. In 
2016, one field study was conducted at the Lincoln University George Washington Carver farm to assess 
the level of fruit susceptibility to SWD attack based on questions from producers about which elderberry 
(Sambucus canadensis; Sambucus nigra ssp. canadensis) cultivars would be more or less attacked by 
SWD. We deemed this information to be valuable as recently, elderberry has received more attention as 
an emerging fruit crop of commercial interest for small-scale producers in Missouri and other states of 
the Midwest. Results (see Figure below) show that, while most cultivars seem to be similarly infested by 
SWD, the cultivars York, Ocoee, Dallas, and Deer seem to be less attractive to SWD. This information 
would be of interest to elderberry producers as they may be able to select cultivars that are less prone 
to SWD attack. 
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Figure 8. Mean number of adult Drosophila suzukii emerging from sampled fruits from nine different 
elderberry cultivars in 2016. Elderberry orchard is located at the Lincoln University George Washington 
Carver farm. 
 

The 2017 evaluations of 8 different combinations of volatiles identified in the laboratory did not perform 
well in a blueberry orchard compared to the commercial lures. Data collected over the summer are 
being summarized and analyzed. Additional research (not part of this project) is needed to improve the 
attractiveness of the various blends of plant volatiles that were evaluated.  

Research Objective 3:  Quantify the response of male and female SWD to combinations of visual and 
chemical stimuli. 

One study that aimed at quantifying SWD preference for particular colors using bait stations was 
conducted in a commercial blackberry orchard located in Columbia, MO. Bait stations are being 
evaluated as a potential attract-and-kill system for SWD. Bait stations were constructed following the 
design developed previously by Piñero et al. (2009)1 and collaborators in Hawaii. In short, bait stations 
were constructed using plant pot saucers (36 cm outer diameter, 5 cm height of the lip). A metallic shelf 
bracket was attached to the interior side of the saucer using screws and Gorilla glue.  This simple design 
allowed for easy deployment to vertical structures such as fence posts or tree trunks. Four colors were 
evaluated: red, white, yellow and sap green. Four bait stations were painted of each color using spray 
paint. One 25 ml vial containing 10 ml of the sugar / dry yeast bait was attached to the inner area of the 
bait station so as to attract the insects. The interior side of each bait station was coated with Tangletrap 
glue (Great Lakes IPM, Vestaburg, Michigan, USA) to capture all responding flies. For each observation 
day, each of the four bait stations was attached to a 3 ft. fence post of perimeter-row blackberry plants 
waist height. Bait stations 2 m apart and the initial position of each color treatment was assigned 
randomly. Observations typically started by 09:00 and ended by 11:00 hours.  

1Reference: Piñero, J.C., Mau, R.F.L., McQuate, G.T., and Vargas, R.I. 2009. Novel bait stations for 
attract-and-kill of pestiferous fruit flies. Entomologia Experimentalis et Applicata 133: 208-216 
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Figure 9 shows that that red is the preferred color by SWD as indicated by SWD captures in red bait 
stations compared to any other color. This means that any attract-and-kill system that is developed 
needs to include red as visual stimulus to increase trap captures.  
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Figure 9. Captures of adult Drosophila suzukii in red, green, yellow, and white-painted bait stations 
baited with 10 ml of the home-made bait made of sugar, active dry yeast, and water.  
 
 
In the project narrative, Drs. Piñero and Barrett indicated that through the educational programming 
that would be implemented, at least 300 farmers would be reached directly (i.e., those farmers that will 
attend the workshops and the field days) and at least 400 more farmers would be reached through 
presentations at the Annual Meeting of the MO Organic Association and at the Great Plains Growers 
Conference, and through articles published in Newsletters and the Fact Sheet that will be developed as 
part of this project. Our Extension efforts exceeded those outcomes. From November 1, 2014, to August 
31, 2017 over 1,660 farmers were reached (direct contacts) at the numerous outreach activities that 
were conducted. The following table summarizes the main Extension activities involving SWD that were 
conducted in three years, and the number of direct contacts:

 
 
Additional contacts (i.e., indirect), which are those that accessed and read online articles, Fact Sheets, 
etc. cannot be quantified. 
 
About 150 farmers received ca. 500 free monitoring traps and yeast, as well as identification kits that 
included fact sheets and slides or vials with real SWD specimens. 
 

Goals and Outcome Achieved 

OUTCOMES AND IMPACTS FROM OUR RESEARCH: Research results generated from this project are 
expected to improve monitoring and management of SWD. Research aimed at developing a mass 
trapping system that integrates plant volatiles and fruit juices will be conducted as part of a new 
project. At least 2 research manuscripts are being written and they will be submitted to entomological 
journals with international readership. 
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OUTCOMES AND IMPACTS FROM OUR EXTENSION (OUTREACH): Over a 3-year period at least 1,660 
people (direct contacts) received information generated by this project. There were many more indirect 
contacts that read posters regional, national, and international conferences, and also Newsletters articles 
online. Many farmers learned (short-term outcome – increase in knowledge) about the need to monitor 
for SWD, about effective control options, and about the research that was conducted as part of this 
project to improve IPM for SWD. Some farmers (<20) have implemented SWD monitoring at their farms 
(mid-term outcome – change in behavior). 

All activities described were conducted ensuring that grant funds were used to solely enhance the 
competitiveness of specialty crops. 
 

Some of the output indicators were: 

• Number of workshops: 9 

• Number of field days: 4 

• Number of farmers visited the research sites in Jefferson City 

o Carver Farm: 146 (combining 2015 and 2016) 

o Busby farm: 368 (combining 2015, 2016, and 2017) 

• Number of publications (fact sheets): 0 

• Website (blog) on SWD (http://www.lu-ipm.net): 1 

• Number of presentations (oral / poster) (2015-2017): 5  

o Great Plains Growers Conference (2015-2017): 3 

o       ICE 17 - International Short Course in Insect Chemical Ecology (2017): 1 

 

Measurable outcomes to growers included: 

• Number of farmers that were reached (direct contacts): 1,660  

• Knowledge gain by farmers on SWD identification and management: documented with pre- and 
post-workshop surveys 

• Implementation of monitoring systems for SWD: At least 20 farmers 

• Adoption of at least one IPM strategies to manage SWD: At least 5 farmers 

 

Beneficiaries  

We do not have access to information on the number of people that grow berries or other crops that are 
susceptible to SWD in Missouri either, commercially or in home gardens. However, assuming that 
people who attended our workshops and field days (who were very interested in learning about SWD 
and made the effort to drive to the workshop / field day locations) produced fruits susceptible to SWD, 

http://www.lu-ipm.net/
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then a conservative estimate is 1,6600. This number does not include readership of our Newsletter 
articles, online Fact Sheets, or press releases.  

 

Lessons Learned 

Monitoring for invasive insects needs to be implemented using as many means as possible in order to 
have early warning systems in place. Improving current or developing new monitoring systems requires 
considerable time and resources. Research conducted as part of this project revealed that some fruit 
juices (e.g., grape) could be combined with selected synthetic plant volatiles (e.g., isoamyl acetate) 
resulting in a mixture that is more attractive than the individual components. From an Extension 
perspective, this project was successful in part because, with support from the SCBGP, we conducted 
extensive outreach that focused on a segment of the specialty crop industry that comprises small- and 
mid-scale growers (including limited-resource, and other underserved audiences) in Missouri on 
effective management options for SWD. Whenever possible, traps were provided along with fact sheets 
and other educational materials that were developed. This increased the likelihood that producers 
would implement monitoring systems for SWD. 
 
 
Contact Information 

Dr. Jaime C. Piñero 
573-681-5522 
pineroj@lincolnu.edu 

 

Additional Information 

mailto:pineroj@lincolnu.edu
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APPENDIX I 

 
 

Selected examples of poster presentations at national and international conferences, field days, 
workshops, etc. For additional evidence of outreach, please contact Dr. Jaime Pinero at 

pineroj@lincolnu.edu 
 
 
Poster presented at the International Congress of Entomology (Orlando, FL, September 25-30, 2016) 
 

 
 
 
 
 
 
 
 
 

mailto:pineroj@lincolnu.edu
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Field Day hosted by the Lincoln University Alan T. Busby farm (June 9th, 2016) – one SWD workshop was 
offered (morning hours) and one SWD station was set up for the field day (afternoon). 
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Lincoln University George Washington Carver farm field day (September 8, 2016) 
 

 
 

 
 



124 
 

Project 8:   Evaluation of Seven Grape Varieties from the Cross of Norton and Cabernet Sauvignon for 
Selecting New Wine Grapes for the MO Grape and Wine Industry 

 
 
Missouri State University 
Dr. Wenping Qiu 
Final Performance Report  
 
Project Summary 
 
Only a limited number of grape varieties are grown in Missouri and produce quality wines because of 
harsh climate and high disease pressure. New wine grape varieties are needed for the Missouri grape 
and wine industry, and will make the industry viable and sustainable. New varietal wines boost 
marketing, increase competitiveness, and broaden spectrum of Missouri vintage wines. Breeding and 
selection of new grape varieties is the strategic goal and plan for the industry. A cross of Norton and 
Cabernet Sauvignon was made in 2005. Seven new grape varieties, four white and three red grape, were 
selected based on a preliminary assessment, and were planted with two parents in an experimental 
vineyard in 2011. A total of 12 vines for each variety with 4 vines per replicate in three biological 
replicates has reached a stage for field evaluation of their traits.   
 
The goal of this project was to conduct an assessment of the seven new grape varieties for their 
viticultural characteristics in 2015 and 2016. This project was continued from a previously funded 
project. The traits were continuously monitored for verifying the previously recorded ones under slightly 
different climate conditions. The viticultural traits of the seven new grape varieties have been recorded 
and reported. These recorded traits have been considered in selecting the promising new varieties for 
further evaluation of enological characteristics after consulting with wine makers and the industry. 
Graduate student Steven Beach and two summer interns were trained in this project. 
 
Project Approach 
 
Specific activities and tasks accomplished 
 
In this project, we evaluated the disease resistance of seven varieties and two parents “Norton” and 
“Cabernet Sauvignon”. We measured the pruning weights of each variety. We recorded dates of bud 
break, bloom, veraison and harvest. We measured crop yield per vine. We performed assays of Brix, TA 
and pH.  These recorded traits are the most significant accomplishments by this project. The results have 
helped make critical decisions of selecting the best varieties for the Missouri Grape and Wine Industry.  
 
Significant conclusions: From evaluation, we recommended that new variety NC43 may not be the 
variety for further evaluation, and the new variety NC6 may be the variety for further evaluation. 
Cabernet Sauvignon is not a suitable cultivar to the Midwest region. The selection of NC6 as a potential 
new cultivar for the Midwest region is the most valuable recommendation from this project. 
 
Susan Howard recorded all the traits, she compiled all the data and made significant contributions to the 
successful implementation of the project. Wenping Qiu supervised and managed the project closely and 
made critical decisions in each phase of the project and in selecting the most potential cultivars.   
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Goals and Outcomes Achieved 
 
Goals:  The goal of this project is to have a comprehensive report of viticultural traits of the seven new 
grape varieties by conducting an assessment of their characteristics. We recorded and reported the 
traits of the seven new grape varieties together with two parental cultivars in 2015 and 2016 (Table 1 
and 2). The two year’s data are one set of traits which we used for further evaluation. The 
accomplishment of this project laid the foundation for the continuous evaluation of these varieties in 
the future and allowed us to manage the vineyard, greenhouse and laboratory experiments very well. 

  
Table 1. Traits evaluated for the seven varieties and two parents “Norton” and “Cabernet 
Sauvignon"-2015 

 
Disease index: 5-the highest infected, 1-the lowest infected.   

 

Table 2. Traits evaluated for the seven selections and two parents “Norton” and “Cabernet 
Sauvignon"-2016 

 

 
Beneficiaries  
 
The outcome of this project benefit Missouri Grape and Wine Industry greatly. Breeding and selection 
of new grape varieties has fundamental and significant impact on the strategic planning and sustainable 
economic viability of the Missouri grape and wine industry. Selection and growing of new Norton-based 
grape varieties will benefit the Missouri grape and wine industry in a long term. If new wines are made 
of the selected grapes, they will add freshness to the marketing and recognition of Missouri wines and 

New Variety
Downy  
Mildew

Pruning 
Weight Bud Break Bloom Verasion Harvest Date Yield/Vine lb. Brix TA pH

NC6 2.81 1.88 4/14/2015 6/7/2015 8/10/2015 9/1/2015 2.19 19.5 1.29 3.24
NC28 3.97 0.66 4/14/2015 6/7/2015 8/12/2015 “ 1.13 15.3 1.94 3.15
NC43 2.5 1.23 4/13/2015 6/2/2015 8/12/2015 “ 0.68 14 2.21 3.01
CN21 4.06 1.67 4/13/2015 6/7/2015 8/14/2015 “ 0.0 (rot) 19.4 1.4 3.1
NC17 2.25 0.63 4/18/2015 6/7/2015 8/23/2015 9/28/2015 1.75 20.5 0.85 3.52
NC60 3.06 0.93 4/13/2015 6/9/2015 8/13/2015 “ 2.34 21.7 0.79 3.43
NC65 2.58 1 4/18/2015 6/8/2015 8/16/2015 “ 2.14 17.8 1.2 3.55

Parent ‘Norton’ 0.31 1.56 4/13/2015 6/1/2015 8/15/2015 “ 13.25 22.7 1.05 3.46
Parent ‘Cab’ 3.62 1.06 4/20/2015 6/3/2015 8/16/2015 “ 0 0 0 0

New Variety

Botrytis 
Index

(wounded)

Botrytis 
Index

(unwounded)
Pruning 

Weight (lbs) Bud Break Bloom Harvest Date
Yield/ 

Vine (lbs)
berry 

weight (g) Brix TA pH
NC6 2.03 0.76 1.64 4/11/2016 6/6/2016 9/21/2016 12.77 1.28 21.70 0.59 3.21
NC28 1.7 0.33 1.17 4/8/2016 5/29/2016 9/27/2016 5.83 1.32 23.90 0.57 3.30
NC43 1.3 0.83 1.51 4/11/2016 6/2/2016 10/18/2016 5.11 1.58 21.00 0.65 3.19
CN21 2.7 0.47 1.68 4/12/2016 6/3/2016 9/27/2016 8.1 1.09 24.40 0.67 3.21
NC17 1.2 0.77 0.56 4/11/2016 6/4/2016 10/4/2016 4.17 1.29 23.80 0.75 3.39
NC60 1.76 0.53 0.82 4/9/2016 6/2/2016 10/11/2016 1.71 1.34 22.50 0.73 3.35
NC65 1.97 0.833 0.81 4/13/2016 6/3/2016 10/11/2016 N/A 1.20 20.20 0.99 3.25

Parent ‘Norton’ 0.57 0.47 1.19 4/13/2016 6/3/2016 10/4/2016 14.09 1.23 24.10 0.64 3.37
Parent ‘Cab’ 3.06 1.37 0.70 4/14/2016 6/4/2016 10/4/2016 N/A 0.81 19.40 0.76 3.15
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increase Missouri wines’ competitiveness in an increasingly competitive global market. The potential 
new cultivar ‘NC6’ is a Norton-based, disease-tolerant white grape variety. It adds a new variety and a 
new style of wine to the Missouri Grape and Wine Industry. The new variety will be adopted by more 
than 100 grape growers in the Midwest region.  
 
Lessons Learned 
 
The planting of these varieties is part of a larger vineyard block. This block had been evaluated as a 
complete no-spray vineyard for three years. During those years, long periods of leaf wetness during the 
spring in three consecutive years had increased pathogen inoculum. The severe defoliation caused by 
grape pathogens followed by two deep cold winters caused varying degrees of damage to the plants, 
especially to “Cabernet Sauvignon” that is not a suitable cultivar to the Midwest region. The plants were 
sprayed according to the best pest management guidelines starting in spring of 2015, but the high 
pathogen inoculums built up during previous years and long periods of leaf wetness in 2015 led to less 
than complete disease control. This resulted in widespread, multi-disease, berry rots on all varieties 
except for “Norton”. Because of these berry rots, the values of pH, Brix and TA could not be obtained at 
full harvest ripeness, and it was also not possible to collect data on yield for the partial crop of this year 
on all varieties. Several plants of “Cabernet Sauvignon” will need to be replaced. Some of the expected 
data (pruning weight, yield) can no longer be collected for “Cabernet Sauvignon”. 
 
 
Contact Person  
 
Dr. Wenping Qiu,  
417-547-7517 
wenpingqiu@missouristate.edu 
 
 
Additional Information  
 
None 
 
 
Project 9:   Missouri GAP & GHP Cost Share Program 
 
MDA - Ag Business Development Division 
Alan Freeman 
Final Performance Report 
 
Project Summary 
 
The Missouri Department of Agriculture Ag Business Development Division received $44,135 through 
the Specialty Crop Block Grant Program to increase the number of specialty crop operations with GAP 
and GHP certification in Missouri.  
 
The main purpose of this project was to continue funding the GAP and GHP cost-share program to make 
certification more affordable and enable producers to access more commercial markets. During 2012 
and 2013, the Missouri Department of Agriculture (MDA) took part in food safety workshops with the 

mailto:wenpingqiu@missouristate.edu
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University of Missouri Extension, Lincoln University Extension, trade associations and farmers’ markets. 
More than 300 participated, however, at the time Missouri only had 8 farms and 2 processing and 
distribution centers GAP/GHP certified.  Also, at the time the Food Safety Modernization Act gave FDA 
the authority to require farms to be GAP certified to sell whole and raw produce to wholesale markets 
or to sell to a GHP-certified facility within 5 years.  In addition, Missouri’s 2 largest commercial buyers 
handled over 60% of the produce sold to Missouri consumers and already require their suppliers to be 
GAP certified. 

During the grant period 20 individual producers were provided cost-share assistance for Good 
Agricultural Practices (GAP)/Good Handling Practices (GHP) Certification in Missouri for a project total of 
$8,974.32. 
 
This project did not build on a previous SCBGP award.   
 
Project Approach  
 
The project had an online presence through a cost share application webpage hosted on the Missouri 
Department of Agriculture’s Financial Assistance website.  Staff developed a comprehensive list of 
producers that completed GAP/GHP certification through USDA over the last three years and distributed 
letters to them notifying them of the available funding.  Staff also developed a comprehensive list of 
growers who participated in the departments Organic Cost Share program over the last three years. 
 
Staff developed a GAP/GHP informational flyer that was emailed out to over 200 farmers’ market 
managers and taken to multiple Department events and distributed. Information flyers were also sent 
out to all seven produce auctions in the state of Missouri.  
 
Detailed emails were sent to both C&C Produce and Associated Wholesale Grocers about our availability 
of GAP/GHP funding and requested that it be sent to their vendors.  Staff from the Missouri Department 
of Agriculture’s Plant Industries Division, played a vital role in providing GAP/GHP cost share information 
to producers during certification site visits. 
 
Staff attempted to work with Primus, a third party GAP/GHP certification organization, to determine  
corresponding criteria for PRIMUS certification to USDA GAP/GHP Certification to improve the pool of 
potential cost-share applicants based on the past three years of PRIMUS Certification.  Unfortunately 
the organizations were unable to sync strategies for collaboration. 
 
Goals and Outcomes Achieved  
 
The goals for the program included increasing the number of operations with GAP and GHP certification 
in Missouri, improve overall food safety, increase the overall amount of Missouri produce grown, 
handled and processed by Missouri owned and located operations and increase the total amount of 
produce specialty crops. The program achieved a number of its goals identified in the work plan and 
project plans.  However, the outcomes were less than desired.  We were able to award out $8,974.32 
for the GAP/GHP grant. Staff sent out grant information to 47 organic cost share recipients. 
 
Detailed Progress with Expected Measurable Outcomes: 
 
1) Increase the number of operations with GHP and GAP certification. 
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2015 2017 Change

Number of Operations GAP/GHP Certifications 12 38 217%  
 
2) Increase the overall amount of produce grown in the state and handled by Missouri facilities.    

MDA set a minimum target of 60 cost-share certifications from July 1, 2015 through August 30, 
2017.  That target was not met.  During the grant period, we were able to provide cost-share 
assistance to 20 individual producers and 25 certifications. 

3) Increase consumer access to Missouri grown produce while increasing food safety. 
 
USDA GAP/GHP records for 2017 show that 40 producers and distribution centers were 
certified.  This is more than a 300% increase from the data included in the original grant request 
proposal, therefore this measurable outcome was achieved. 
 

Beneficiaries  

Beneficiaries include: 

• 20 individual producers were provided cost-share assistance for Good Agricultural Practices 
(GAP)/Good Handling Practices (GHP) Certification in Missouri for a project total of $8,974.32. 

• 250 Farmers’ Market organizations were provided information about available financial resources 
for members through mailed flyers, email notifications or Facebook posts. 

• Over 2,200 AgriMissouri members were aware of the program through various outlets including; 
social media, email and website accessibility. 

• 3,900 plus social media followers were provided information about the available financial 
resources. 

 

Lessons Learned  

We encountered a few obstacles when administering this grant.  One obstacle that we faced was staff 
turnover at the beginning of the grant period.  This put a significant delay on announcing the grant and 
effective strategies for implementation. 

 
Another obstacle faced was a lack of response from wholesalers and other certifiers.  Staff reached out 
to two major wholesalers in the state of Missouri as well as PRIMUS, another certifying agency, and 
there was no response from these companies.  

 
Contact Person 

  
Alan Freeman 
573-751-2411 
Alan.Freeman@mda.mo.gov 

mailto:Alan.Freeman@mda.mo.gov
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Project 10:   Improving Youth Education and Consumer Awareness of Specialty Crops 

Columbia Farmers Market 
 
Columbia Farmers Market 
Corrina Smith 
Final Performance Report 
 
Project Summary 
 
The Columbia Farmers Market (CFM) developed a two-part educational program through the Specialty 
Crops (SC) Block Grant Program.  Before this project, feedback and surveys from vendors claimed that 
the main problem they saw needing to be addressed, was the lack of sales and number of customers. 
Customer feedback through similar methods had shown that nearly 100% visit the market to purchase 
SCs. Through others’ research, customers spend more money, the longer they have been coming to the 
market and the more they visit each month. As well, in many ways children are just as important to 
include as they drive their parents to shop; if they don’t want it than parents are much less likely to buy 
it. With no designated educational space or youth programming, it was essential to design the following 
programs. Firstly, the creation of The Greenhouse, a booth for CFM and community organizations to 
provide educational SC related children’s activities, took place. By establishing The Greenhouse, a 
centralized location was established for children to learn about local agriculture and healthy eating.  
Every week, an activity or cooking demonstration is offered engaging children. The second part of the 
project created the Good Food Detectives club, where a take-home activity booklet was designed, 
awarding children with ‘Munch Money’ for completed activities.  The Good Food Detectives booklet 
contains ten activities with the goal of improving youth’s education and awareness of SCs. Activities 
focus on helping youth explore and learn about SCs at market, home, the store or a farm. 
 
The timeliness of this project initially was longer than expected, specifically during collaboration on the 
design of the booklet, resulting in an extension on the project with MDA.  After completion of the 
booklet, the project was quickly up and running. Despite this setback, we now have a graphic template 
for the future booklets, which will make them much easier and quicker to create. 
 
The importance of this project is that it improved youths’ attitudes towards fresh fruit and vegetables 
leading both them and their parents to purchase more SCs and adopt healthier eating practices.  In turn, 
customers are more capable of preparing, cooking and buying SCs, which influences their purchasing 
habits, and improves SC vendors’ overall sales. 
 
Project Approach  
 
To begin this two-part project initial brainstorming meetings with local graphic design company, 
Sonshine Graphics took place.  The first part of this project was the creation of an educational children’s 
booth, The Greenhouse.  To create an inviting and eye-catching booth, marketing materials, signage, 
and logo for The Greenhouse were all needed.  Upon print of these materials, CFM staff began setting 
up this booth every week.  To eliminate some of the pressure from the limited CFM staff, community 
organizations were invited to come to market and provide SC related activities at The Greenhouse.  
Below the growth in attendance and activities at The Greenhouse is shown: 
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Year Nov-Dec 2014 Jan-Dec 2015 Jan-Oct 2016 
Number of Activities at The Greenhouse 3 42 38 
Total Annual Participants 31 1060 1891 
Average Number of Participants 7 25 71 
Number of SC Cooking Demos 0 1 6 

 
 
Weekly, CFM saw repeat children participate at The Greenhouse, which in turn, generated excitement in 
other children at market.  As shown, over this projects time period, there has been a steady growth in 
attendance. 
 
To help guide community organizations on what types of activities are encouraged at The Greenhouse, 
CFM staff put together an activity guidebook, 23 different activities, plus a Field Trip Guide for groups 
touring the market.  Activities vary from “Specialty Crop Close-Ups” to “What Part of the Plant Do We 
Eat?” 
 
CFM realized that there are benefits to sampling and tasting exposures, specifically for children, though 
due to strict sampling regulations from the Boone County Health Department CFM staff was unable to 
offer cooking demos and taste testings. Compliance with regulations placed too much strain for the 
small market staff to conduct sampling demonstrations at market. Instead, CFM began working with 
volunteer chefs who have certified kitchen access to do live demonstrations at the market. Logistically it 
was feasible for CFM to set up The Greenhouse tent at market for individuals or entities that already 
have certified kitchen space to deliver SC tastings at the market. Additionally, due to the popularity of 
The Greenhouse and space restrictions, CFM can only schedule one cooking demonstration per month.   
 
For the second part of the project, the Good Food Detectives (GFD) club, the market spent January-
September 2015 working with Sonshine Graphics to design the layout for the booklet and program 
materials.  The final materials include the Good Food Detective activity booklet with ten different 
activities, an informative flyer, “Munch Money”, punch-cards to track completed activities and recipe 
cards. The booklet contains activities such as “Using Your Senses” and “Sketch Your Favorite Vegetables 
or Fruits.” The first asks detectives to use their five senses to describe a fruit or vegetable while the 
second asks detectives to draw the suspects – in this case two favorite fruits or vegetables. Each week, 
participants can turn in one completed activity at The Greenhouse.  The GFD club officially started on 
September 12, 2015, seeing 258 children sign up for the club over this project’s life. Upon signing up, the 
children receive the GFD activity booklet, the punch-card and $2 in ‘Munch Money’ (CFM currency that 
children can spend on SCs).  Each week activities can be turned in at The Greenhouse booth, which are 
then rewarded with ‘Munch Money’.  Total amount of $2 ‘Munch Money’ dispensed was $1205, which 
children then used to purchase SCs from farmers at CFM.  On the market’s bookkeeping end, a 
membership card is kept on file to record ‘Munch Money” transactions, age, parent’s authority to 
participate in program and an email address.  These email addresses are kept in a database that market 
staff uses to email parents about weekly Greenhouse activities and GFD information. 
 
To ensure this project solely enhanced SCs, activities at The Greenhouse were limited to SC related 
activities, the GFD booklet’s activities were limited to SCs education and ‘Munch Money’ purchases were 
limited to SCs.   
 
To fund the reimbursement of ‘Munch Money’ to CFM vendors, CFM holds an annual Farm to Table 
fundraiser dinner.  No SCBGP funds were used towards these dinners.   
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To help in the research and design of the GFD program, CFM staff visited three Missouri farmers’ 
markets that offer some type of children’s programming.  In 2015, CFM Market Manager, Corrina Smith 
visited the City Market in Kansas City, and CFM AmeriCorps VISTA, Ellis Cole, travelled with Corrina 
Smith to the Webster Groves Farmers Market in St. Louis.  The Webster Groves Farmers Market 
operates a children’s program similar the GFD program.  Many of the accounting, operational, structure, 
rules, guidelines, etc. observed helped CFM finalize the details of their program.  The Kansas City market 
operates a program in which at-risk youth assist customers to taxi their large purchases to their cars.  
CFM was able to observe how City Market manages adult volunteers who oversee children’s program.  
In 2016, Corrina Smith visited the Webb City Farmers Market, seeing how their winter market operates, 
along with how they manage volunteers.   
 
Due to the success of the GFD club, CFM realized there was a need for additional staffing to smoothly 
operate the program.  After seeing the Webb City’s volunteer system CFM decided what and how they 
needed for staffing volunteers at The Greenhouse.  CFM now seeks assistance from volunteer 
community organizations to provide weekly educational activities at The Greenhouse, plus one 
individual volunteer. In addition, CFM hired a part-time employee to assist the Market Manager in 
overseeing the programming.  CFM is using its own funds to pay that employee. 
 
CFM has seen and heard the excitement children have experienced being GFDs. One mother reported to 
CFM Market Manager that before this program, her daughter would never eat apples. After completing 
a GFD activity in her activity booklet, the daughter took her ‘Munch Money’ and purchased an apple. 
The mother was ecstatic that this program was effective in providing a platform for her daughter to feel 
empowered to open her horizons and try new SCs. Children are very proud to come up to market staff 
at The Greenhouse and turn in their completed activities to receive their “Munch Money”.  Another 
parent stated, “This program is so awesome- the kids love to have their special ‘Munch Money’ and we 
got to talk to them about the importance of eating healthy and knowing where your food comes from 
and how it is grown and being good stewards of the environment. We love this program and 
recommend it all the time!” 
 
Over the course of this project CFM staff presented market educational programming to 8 different 
community organizations. Market Manager, Corrina Smith, presented to three different organizations. 
On January 23rd, 2015, she visited the Missouri Farmers Market Association Conference in Webb City, 
where she participated in a class given on children’s farmers’ market clubs.  During this class she gave a 
brief introduction to the attendees on CFM’s GFD program.  On February 3rd, 2016, Corrina Smith 
visited The Children’s School at Stephens College and gave a presentation to 29 students on the GFD 
club.  On February 25, 2016, she presented at the “Serving Up Healthy Food” meeting, where she 
informed 8 representatives from community health, poverty, education organizations on the details of 
the GFD program and the market’s educational activities.  Market Assistant, Caitlin Ruth presented the 
details on how the GFD program works to local community groups; September 30, 2016 to City Garden 
School – 23 children, 11 parents and 2 teachers, October 1, 2016 to a Boy Scout Troop – 8 children, 6 
parents, 15 Columbia College students, October 3, 2016 to Windsor Montessori School - 23 kids, 4 
adults, October 5, 2016 to Benton-Stephens School - 11 kids, 2 adults and October 12, 2016 to Willow 
Tree Waldorf – 8 children, 2 teachers. 
 
Goals and Outcomes Achieved  
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To monitor success of this project data was collected every Saturday, recording how many children 
participated in the activity at The Greenhouse, how many children signed up for the GFDs club, which 
activities were completed and how much ‘Munch Money’ was dispensed.   
 
At the beginning and the end of this project, surveys were conducted with customers, children and CFM 
SC vendors. 
 
While we saw growth and positive numbers for all our goals, in some cases we did not quite reach our 
targeted outcomes.  We expect this program to continue to grow and be an essential hub of 
educationally programming at CFM.  Through recently awarded new SCBGP funding CFM will be able to 
design two new GFD booklets to further educate children on SCs, as well as continue SC programming at 
The Greenhouse. 
 

Goal 1 
(completed)  

Implement a youth education program promoting and teaching the benefits of SCs in 
turn improving the healthy habits of children. 

Target: 
• 100% growth of youth program from previous 

year’s participation (from 50 to 100) 
• 75% of the children that completed the 

learning booklet to sign up for our program 
• 50% of kids participating will report increased 

eating habits of SCs at the program’s end  
• $3500 of token spending will be tracked to 

determine how much they spent on SCs  
• After the outreach phase, we expect 30% of 

the participants that sign up to reference our 
visits as how they heard of the program. 

Outcomes Achieved: 
• attendance of participants in program 
o 258 children signed up in the GFD program 

• completion of learning booklet 
o 71% of GFD signups completed 1-3 

activities 
o 20% of GFD signups completed 4-6 

activities 
o 9% of GFD signups completed 7-10 

activities 
• Children were asked the following questions: 
• How often do you eat fruit and vegetables?  

o Results gathered in 2014 and then again in 
2016 showed a 12% increase in eating 
fruits and vegetables once a day. 

• Do you ever eat fruits and vegetables from 
the market?  
o 2014 Answers: 100% yes. 
o 2016 answer: 100% yes. 

• Do you ever help cook meals at home? 
o Results gathered in 2014 and then again in 

2016 showed a 5% increase children helping 
cook meals at home. 

• Track transactions of ‘Munch Money’ 
o $1205 in “Munch Money’ dispensed 

• sign-up database for membership and 
outreach 
o 116 emails parent’s email addresses 

gathered to promote CFM SC market 
activities 
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Notes: While we did not quite reach our targeted goal of children completing all 10 activities of 
the GFD booklet, we surpassed the anticipated number of children signing up. Once 
children signed up for GFD club, they are likely to participate in activities at The 
Greenhouse.  As a result, we did not dispense the anticipated amount of ‘Munch 
Money’.  We expect the program to continue to grow, and see more children redeem 
activities and purchase items with ‘Munch Money’.  We additionally expect that through 
this programming more children will eat SCs, which in turn will be encourage parents to 
purchase locally grown SCs from CFM vendors. 

Goal 2:  
(completed) 

Raise consumer awareness and improve knowledge of SCs through offering a series of 
educational programs.  

Target: 
• 45% of customers will report improved 

purchasing habits of SCs from before grant  
• 25% of customers will participate in the 

educational events 

Outcomes Achieved: 

Year Nov-
Dec 
2014 

Jan-
Dec 
2015 

Jan-
Oct 
2016 

Number of 
Activities at The 
Greenhouse 

3 42 38 

Total Annual 
Participants 

31 1060 1891 

Average Number 
of Participants 

7 25 71 

Number of SC 
Cooking Demos 

0 1 6 

• Track attendance and participation at 
workshops at The Greenhouse 

• Surveyed Purchasing Habits of Market 
Customers: 
1. How often do you buy SCs at CFM?  

a. 2014 Answers: 59% weekly, 14% every 
other week, 14% monthly, 9% first time, 
4% other. 

b. 2016 Answers: 74% weekly, 22% every other 
week, 2% monthly, 2% other/rare. 

2. How much on average do you spend weekly 
on SCs?  

a. 2014 Answers:  average $29 
b. 2016 Answers: average $35 

Notes: As you can see in the chart above, activities offered and participation at The 
Greenhouse grew significantly over this project. 
 
Through surveying of CFM customers, we saw a 25% increase in customers purchasing 
SCs on a weekly basis and a 57% increase in customers purchasing SCs every other 
week.  Additionally, we saw a 28% monetary increase in weekly SC purchases. 
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Beneficiaries  
 
Approximately 50 of CFM’s 80 members are focused solely on SCs and many of the remaining 30 have 
some SC offerings.  These vendors benefited from this project by not only seeing an increase in their SC 
sales, but also with the addition of ‘Munch Money’ income.  Children signed up for the GFD and those 
that participate in the activities at The Greenhouse benefited greatly from this project. The 258 children 
signed up as GFDs not only increased their SC knowledge, but also learned valuable shopping skills 
through the awarded ‘Munch Money’.   The now 71 average children that participate in the weekly SC 
activities at The Greenhouse also benefit by increasing their SC knowledge. The community as a whole 
gained knowledge about their food and where it comes from. This improved awareness strengthens the 
ties between producer and consumer, contributing towards a thriving local economy. The farmers 
market is an organization made up of 80 members, all in support of the long-term effort to increase 
awareness of local food through the promotion and education of SCs. This project further develops the 
educational programs of the farmers market as part of a larger effort to build a community-based food 
system founded on healthy living and knowing your food and farmer. The success and progress we have 
made so far is due to the support we have received from the community at large and our customers.  
 
Other farmers’ markets have the opportunity to benefit from this project. Any that are interested in 
creating a program similar to this one, the GFD booklet is downloadable on CFM’s website, as well as an 
invitation to contact CFM’s Market Manager for assistance. 
 
Lessons Learned  
 
This project brought a few challenges and taught us important lessons. First, we didn’t expect 
collaboration on the design of the booklet to take as much energy and time for Corrina Smith as it did. 
Despite this setback, we now have a graphic template for the future booklets which will make them 
much easier and quicker to create. Second, once the activity booklet was available to the public, the 
response that we received from parents and children was overwhelmingly positive. We learned quickly 
that the number of kids signing up for the program on a weekly basis placed more pressure on staff time 
than we were initially expecting. 
  
Volunteers and additional staff have been allocated to assist in enrolling and delivering the program. We 
also didn’t expect the level to which kids would be excited about the program. Many kids are completing 
their activity booklets in as little as 10 weeks. Through future SCBGP funding, CFM plans on creating two 

Goal 3: 
(completed) 

Promote the market as a routine and reliable source of SCs, effectively increasing SC 
vendors’ sales 

Target: 
• 100% of participating vendors will be interviewed 

and surveyed and will report increased sales due 
to grant program  

• SC vendors’ sales will increase 25-30% 

Outcomes Achieved: 
• track sales of SC vendors by surveying 

o 2014 average sales: $26,050 
o 2016 average sales: $27,666 

Notes: Through surveying of CFM SC vendors, they reported a 62% increase in SC sales.  The 
overall average annual SC vendor sales also increased by $1616 over the project. 
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more activity booklets. Strict sampling regulations from the Boone County Health Department also 
challenged program implementation. Compliance with regulations placed too much strain for the small 
market staff to conduct sampling demonstrations at market. Currently we are working with volunteer 
chefs who have certified kitchen access to do live demonstrations at the market. We have realized that 
although there are benefits to sampling and tasting exposures, specifically for children, logistically it is 
feasible for CFM to set up the demonstration tent at market and to contract with individuals or entities 
that already have certified kitchen space to deliver SC tastings at the market.  Despite initial challenges 
in planning and delivery of the program, we have learned lessons to overcome them allowing us a strong 
platform and experience from which we can continue offering SC-based educational programming for 
kids at the market. 
 
Contact Person  
 
Corrina Smith 
573-823-6889 
manager@columbiafarmersmarket.org 
 
Additional Information  
 
You find a downloadable version of the Good Food Detectives booklet on the CFM website at 
http://columbiafarmersmarket.org/events/good-food-detectives/. 
 

 
Project 11:   Missouri River Valley Specialty Crop Assessment and Marketing Program 
 
 
Missouri River Communities Network 
Steve Johnson 
Final Performance Report 
 
Project Summary 
 
The market for specialty crops in Missouri is in the billions of dollars, but local producers generally do 
not collaborate to market their produce to capture much of this potential market.  This project was 
designed to teach producers techniques on how to organize activities and marketing to increase sales 
and income.   
 
The initial purposes of this award was to: 
 

• increase the number of local specialty crop producers who are producing locally grown food;  
• survey a sample of these producers to capture the attitudes, future plans and attitudes about 

collaborative marketing of their locally grown products;  
• raise the awareness of consumers in the Missouri River Valley about where they can purchase 

fresh, healthy locally grown specialty crops in their area;  
• support and increase producer participation in the “regional non-profit organizations”. 

 
We were generally successful in the first three goals.  

http://columbiafarmersmarket.org/events/good-food-detectives/
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There are certainly more specialty crop producers that are growing and selling specialty crops in the 
Missouri River Valley in Missouri.  We captured the attitudes of 60 specialty crops producers in this area 
and some of their ideas about methods of collaborative marketing.  And through the workshops, 
support of community festivals and the printed “Food and Farm Guide”, we were successful in 
expanding the awareness of consumers about where they can find and buy locally grown specialty crops 
in their area.  Unfortunately, we were not so successful in increasing membership in the “regional 
organizations”.  Soon after our proposal was approved, these three regional organizations experienced 
challenging issues regarding volunteer staffing and membership.  Only one of the three organizations is 
still regularly functioning.  However, this grant helped build relationships between producers that are 
selling through local Farmers’ Market in the Missouri River Valley. 
 
The importance of this project was the potential markets for locally produced specialty crops in the 
target areas significance and if successfully developed, would produce millions of dollars in local 
economic development and increase jobs and income for these producers.  Statistics indicate that the 
total food market for Boone County alone (the county where Columbia is located in the center part of 
the State), spends close to $600 million per year purchasing food for consumption.  That is almost $2 
million each day.  A significant percentage of that figure is spent on specialty crops and much of it could 
be grown right here in Boone County.  But instead most is being grown in California, Texas, Mexico or 
Central America.  These food expenditures could be building the economy of our river communities. 
 
MRCN completed the following: 

• Inventoried 240 Specialty Crops Producers, and contacted 120 Producers about production and 
marketing activities. 

• Surveyed 60 producers about marketing successes and held three focus groups. 
• Created a database of 120 specialty crop producers and verified through direct contact.  
• Published and distributed 15,000 local food maps with contact information of all interested SC 

producers and Farmers’ Markets operating in the 18 county Missouri River valley area. 
• Conducted three training workshops demonstrating “How to Organize a Specialty Crops Festival 

in Your Community”, in Fulton, New Haven and Lexington. 
• Provided four communities with funds to support marketing of specialty crops at five local 

“festival events” in Osage County (two events), Lexington, Fulton, and New Haven.  
• Produced a Resource Booklet for all workshop participants.  
• Conducted two specialty crop workshops: “How to Organize a Community Food Circle” (15 

attendees) and “Planning a Food Hub” (30 attendees).  
 
This project was built from a previously funded SCBGP project.  In 2011-2012, MRCN collaborated with 
the Missouri River Bluffs Association (one of the three regional non-profit organizations) to utilize SCBG 
Funds to organize, sponsor and implement six “Taste of Local Missouri Food Festivals” in Callaway, 
Osage, Cole, Moniteau, Cooper and Boone Counties in central Missouri.  We invited specialty crop 
producers to come to the festivals (at no cost to their business) to introduce customers to their specialty 
crop produce, provide tastings and sell their products.  The goal was also to encourage local specialty 
crop producers to think about every local community “festival” as an opportunity to include local food 
producers as a part of that festival.  Two of those county festivals are still organizing and including 
locally grown food each year. 
 
Project Approach  
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Activity #1: 

Develop and implement a Local Specialty Crop Food Assessment Inventory for specialty crop producers 
in the Missouri River Valley:   
 

1. MRCN will coordinate the implementation of a Specialty Crops Producer attitude survey. MRCN sub-
contracted with private contractors to coordinate and complete the inventory of Specialty Crops 
Producers in the three regions along the Missouri River. The Project Team started with a database of 
about 240 local food producers in the 18 county area along the Missouri River, between St. Louis and 
Kansas City, MO. After going through this database and following up to find out which of the producers 
on this list were “specialty crops producers” and then if the producers were still in business, we 
narrowed the list down to about 120 producers. The Project Team initiated a 10 question survey asking 
producers’ about their current specialty crop growing activities and what their desires are for future 
expansion of growing and distributing. We contracted with an online survey company that allows people 
to click on a website address and complete the 10 question producer survey.  This online survey tool is 
called Survey Monkey and was contracted to give producers time to complete the survey at their 
convenience.   We had difficulty getting participation from specialty crops producers to complete the 
online survey and we had to follow up several times with producers to remind them to “please complete 
the survey”.  This also included sometimes printing out surveys and taking them to various Farmers 
Markets and asking producers to complete the survey while we waited for them to complete the survey 
in person.  Small specialty crops producers are very often reluctant to take the time to complete such a 
survey or to divulge their opinions on various subjects. 

 
2.  The surveys will be summarized into a written document with some analysis.  We received a total of 
60 completed surveys.  Survey responses from 60 Specialty Crops producers throughout the Missouri 
River Valley Region were collected. A copy of the analysis of the survey results from participating 
producers is attached to this report and is titled: “Missouri River Valley Specialty Crops Producers 
Survey Results: Spring 2017”.  The analysis demonstrates that many producers are currently engaged in 
collaborative marketing organizations such as farmers markets in their local communities and the 
Kansas City and Saint Louis metropolitan areas, as well as Community Supported Agriculture (CSA) 
programs. Many respondents are interested in increasing production of specialty crops but cited barriers 
such as the need for larger farmers’ markets, a shortage of labor to work on the growing and harvesting, 
the need for more specialized equipment, and the availability of cold storage. Respondents cited 
farmers markets’ as being their primary engagement with collaborative marketing, and mentioned that 
social media (specifically Facebook) and word of mouth (including direct relationships with retail and 
wholesale customers) as their most effective marketing techniques.  
 
3.  Conduct three “focus group” discussions with specialty crop producers. A focus group was held with 5 
producers from the Missouri River Bluffs region on Wednesday, October 7, 2015 discussing the survey 
and opportunities for addressing the need for a “food hub” that could assist with cold storage, shared 
distribution, and cooperative marketing.  Two focus groups were held in the Missouri Rhine Valley 
region in McKittrick, Missouri (near Hermann, MO) with one on Wednesday, March 16, 2016 with about 
25 producers discussing methods of improving the Hermann Farmers Market. A second focus group was 
held on June 16, 2017, with thirty local food producers and consumers meeting at the McKittrick 
Farmers Mercantile in McKittrick, MO for a local food circle pot luck supper. The group meets 
periodically to share a meal of locally raised foods they have produced themselves and share 
information about food production and marketing. This evening’s topic was growing and processing 
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herbs for health and healing. The presenter, Joey Los, made a short presentation to the group about 
growing, processing and selling value added herbs products and then opened the discussion up to all 
producers. Members of the group were enthusiastic to learn about a new value added product. Other 
uses and ways of using and marketing herbs were discussed as well. 

 
Activity #2 

1.  Create a database of all information collected.  From the original database of about 240 producers 
gathered from the three regions along the Missouri River we added and deleted entries based on three 
criteria:  (1.) Whether the producer was still in business; (2.) Whether they were still growing specialty 
crops, and (3.) Whether they were currently selling at a retail location or if they wanted customers to 
get in touch with them for direct sales. We reduced the number of specialty crop producers to 120 then 
we verified their contact information through direct contact so we had accurate current information to 
include them on the Local Food Map. The number of producers decreased from the original database of 
240 because we took out entries of businesses that focus on regional tourism activities or agricultural 
production that does not include specialty crops, or because the producer decided that they did NOT 
want to be included as a business location on the Local Food Map. 
 
We used a variety of different methods to gain data for the specialty crop producer database including 
web searches, direct communication with farmers’ market managers and vendors, and data collected 
from survey respondents. The database that we created for the local food map includes specialty crop 
producers in the 18 county region who stated that they want to be included on the map, are interested 
in having visitors to their farm or business, offer on-farm sales, responded to the survey, or we have 
been able to verify that the information we have about them as a “specialty crop producer” is accurate. 
 
2.  Build a database with the contact and product information for every producer in the 18 county area 
along the Missouri River.  The database has 168 data entries and was updated with current information 
as of May 2017.  
 
3.  Publish a map of the producers for each of the three areas 10,500 maps total. Instead of three 
different maps, we designed and published a single Local Food Map that includes all three regions along 
the Missouri River Valley. We printed a total of 15,000 maps and distributed them to many of the 
Farmers Markets, road-side markets, Community Tourism Offices, regional planning offices, and local 
non-profit organizations that promote locally grown food. MRCN worked with a graphic designer, (with 
whom we have sub-contracted with in previous SCBG funded activities) to undertake, coordinate and 
complete the process of designing the Local Food Map of the Missouri River Valley region.  They design 
the graphics, layout the map with the database of participating Specialty Crops Producers, and 
coordinate negotiations with a printer to receive the best quality product for maximum utilization of 
funds.  We reached out to the Convention and Visitors Bureaus in several Missouri River communities, 
to invite them to collaborate with us to print additional maps and make them available to visitors in 
their region.   
 
The tourism offices in five communities collaborated with us to print and distribute “The Missouri River 
Valley Food and Farm Guide 2017”. This included the Columbia Convention and Visitors Bureau, the 
Boonville Office of Tourism, the Fulton-Callaway County Visitors Bureau, the Jefferson City Visitors 
Bureau, and the Boonslick Regional Planning Commission which works with the non-profit “Missouri 
River Country”.  A digital copy of this publication is included in this report.   
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Activity # 3 

1. Conduct three training workshops demonstrating “How to Organize a Specialty Crops Local Food 
Festival in Your Community”.   All three workshops were completed in the following manner: 

a. The first workshop was sponsored by a non-profit called The Art House located in The 
Brick District located in downtown Fulton, Missouri, on Friday, August 27, 2015 with 26 
people attending the workshop.  

b. The second workshop took place on Friday, October 23, 2015 in New Haven, Missouri 
with 14 people attending. 

c. The third workshop took place in Lexington, MO for the Old Trails Region on Friday, 
November 13, 2015 in Lexington, MO with 16 people attending. 

 
2. Work with people from local communities who are organizing local festivals to submit a proposal 

to utilize Specialty Crops Funds to support marketing of specialty crops at a local “festival event”.  
MRCN utilized specialty crops grant funds to provide five communities who are organizing “local 
food festivals” with a small amount of Specialty Crops Funds to promote specialty crops as a 
part of that local festival event.  In all cases staff members of the MRCN Specialty Crops Grant 
submitted copies of the proposed documents to be funded with SCBG funds and were approved 
by MDA staff before we expended the funds.   

 
We provided financial support to the following events: 

 
a. In Osage County we provided $445.20 in Specialty Crops Funds to the “Taste of Osage 

County” group to help them purchase a full color advertisement in the Jefferson City 
News Tribune for three days prior to the event, to promote the specialty crops 
producers in the Taste of Osage County Festival which occurred on Saturday, June 27, 
2015 in Linn, Missouri.  The event was sponsored by the non-profit organization called 
Visit Osage County. 

b. In Lexington, Missouri we provided $500 in funding to the Old Trails Regional Tourism 
Partnership to help promote the apple producers as a part of the “Lexington Apples, Art 
and Antiques Festival” which was held on Saturday and Sunday, September 26th & 27th, 
2015 in downtown Lexington and was sponsored by the Lexington Chamber of 
Commerce.  The Old Trails Regional Tourism Partnership sponsored cooking 
demonstrations during the two day event and the SCBG funds were used to print apple 
recipe cards to hand out to people attending the cooking demonstrations and to print a 
poster promoting the apple, grape and fruit vendors who were participating in the two-
day festival.  

c. The Autumn On The Bricks Festival took place on Saturday, October 10, 2015 in the Brick 
District in downtown Fulton, MO sponsored by the non-profit organization The Art 
House Gallery.  This was the second year of this event and the sponsors wanted to 
expand the festival to include a greater role for the specialty crop producers from the 
Fulton Farmers’ Market.  We utilized $286.88 in SCBG funds to purchase a full color ad 
in the Fulton Sun Newspaper promoting the Fulton Farmers Market which held a special 
Farmers’ Market as a part of the Autumn on the Bricks event. 

d. In New Haven, Missouri we supported a “Local Food Tasting” sponsored by the New 
Haven Public Library on Thursday, April 14, 2016.  We utilized $157.99 in SCBG funds to 
place an ad in the Hermann Newspaper and the New Haven Newspaper promoting the 
event. 



140 
 

e. For the second year in a row we provided SCBG funds of $399.00 to purchase a full color 
advertisement in the Jefferson City News Tribune for two days prior to the event, to 
promote the specialty crops producers in the Taste of Osage County Festival which 
occurred on Saturday, June 25, 2016 in Linn, Missouri.  The event was sponsored by the 
non-profit organization called Visit Osage County and was the second year of the festival 
being supported with Specialty Crops Grant funds. 

 
3. MRCN will produce and publish a small 15-20 page booklet on resources for organizing a food 

event emphasizing specialty crops.  This Resource Booklet was produced and handed out to 
participants’ at all five workshop events. These resource booklets included a variety of resources 
for participants including:  

• a definition of specialty crops;  
• past local food and regional tourism maps;  
• examples of marketing materials from past local food festivals; 
• examples of recipes utilizing specialty crops that could be used in a live cooking 

demonstration at a festival;  
• “how to guide” for hosting a local food festival;  
• variety of online resources to connect with specialty crop producers in a specific area.  

 
Activity # 4 

Develop and conduct two additional workshops,  
 

1. Organize and conduct a workshop on “How to Organize a Community Food Circle to Maximize 
Specialty Crops Marketing in Your Community”.  This workshop took place on Saturday, April 2, 
2016 at the Cooper County Health Department in Boonville, MO with 10 people attending.    The 
focus of this workshop was specifically geared toward helping local specialty crops producers 
gather information to help them understand how to create a “food circle” to increase specialty 
crop production and distribution in Cooper County.  A food circle is essentially a less formal 
group of producers who come together to help each other create a vehicle to share ideas, 
marketing efforts, and sales opportunities.  Sometimes a food circle can evolve into a farmer’s 
market that meets regularly and might have rules with a legal structure, staff and participation 
fees.  A copy of the flier promoting this workshop is included in this report. 

2. Organize and conduct a workshop on “Planning a Food Hub to Enhance and Grow the Market for 
Specialty Crops in Your Area”. MRCN contacted Patty Cantrell who is a “local food consultant” 
from Springfield, MO who specializes in writing about and organizing regional food systems. This 
workshop gathered producers and buyers from the Missouri River Valley Region with 
participants attending from as far as Kansas City, Missouri. In this workshop, Patty facilitated a 
group process that helped each attendee to identify the various assets and gaps in their local 
food system. Participants walked away with increased connections with other major players in 
the “local food system” in Missouri, as well as a better understanding of both the producer and 
buyers’ perspective. Further, participants gained a better understanding of the framework and 
process required to increase the share of locally produced food in our schools and other 
institutions.  

 
 
Problems and Challenges 
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Our biggest challenge with this grant has been getting the participation of specialty crops producers to 
participate in our survey activity.  First, small local food producers are very independent minded people.  
(That is why they are growing food for a living rather than working at a regular 9-5 job!)  Therefore, they 
are often very reluctant to spend the time to fill out a survey, and especially hesitant when asked to 
know any details about their small business.  Second is that during growing season they don’t want to 
take the time to complete a survey and during the off season they are very difficult to get ahold of 
because they very often don’t answer their phone in the off season. 
 
 
Goals and Outcomes Achieved  
 
Describe the achievement of the performance goals and measurable outcomes identified in the 
approved project proposal and subsequent amendments.   
 
 
Expected Measurable Outcomes  
 
Measurable outcomes for this proposal included the following: 
• Number of specialty crop producers who complete a survey and participate in the database of 

producers.  Goal: 60   Actual Number:  60 
• Number of people and communities that participated in the workshops.  

Goal: # of people: 150:   Actual Number: 98 
Communities Represented:  10  Actual Number:  11 

• Communities that requested to organize a local food event:   Goal 6    Actual: 6 
• The number of communities who organized a local food event:  Goal: 6  Actual: 4 
• The number of community partnerships that are created with different organizations collaborating 

to build the local food movement in their community.    Goal: 15 Actual: 13 
• Increased memberships in the three regional cuisine associations, local farmers markets and the 

Missouri Farmers Market Association.      Goal: Five new members in 
each of the three regional associations, farmers markets or farmers market association, total of 15.  
Actual: Undetermined. Two of the three regional organizations (Missouri Rhine Valley Association 
and Missouri River Bluffs Association) went defunct during the period of this grant, and the third 
organization (Old Trails Regional Tourism Partnership) is struggling to continue.  However, a fourth 
non-profit organizing in the eastern Missouri River Valley area (Missouri River Country) has started 
and participated in supporting the Missouri River Valley Food and Farm Guide.  The Missouri 
Farmers Market Association continues to have strong support statewide.  In the last few years, the 
Columbia Farmers’ Market has experienced tremendous growth. The weekend customer counts (in 
the spring, summer and fall) regularly surpass 3,000, and vendor membership has expanded to 80 
local farmers, producers, and artisans.  

• Number of Local Food Maps distributed to members of each of the three regional associations, to 
specialty crop producers and to the businesses who buy and utilize specialty crops in the Missouri 
River Valley from St. Louis to Kansas City.     

Goal: 4,500 maps distributed.  Actual: 11,250 distributed 
 
Beneficiaries  
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Through the Missouri River Valley Food and Farm Guide, 160 Specialty Crops Producers in the Missouri 
River Valley benefited from increased exposure to the general public about how customers can access 
their locally produced crops through farmers markets, roadside stands, direct sales to customers, on 
farm sales, and special local food events in small communities. 

About 11,000 residents of Missouri benefited by learning about where they can access locally grown 
specialty crops in the Missouri River Valley between St. Louis and Kansas City when they picked up a 
Food and Farm Guide.  Hundreds of specialty crop producers benefited from having their crops featured 
at five community festivals that focused on promoting locally grown food items.  Almost 100 specialty 
crops producers benefited by attending workshops organized and presented by this project teaching 
producers about how to increase product sales through cooperative marketing and encouraging 
organizers of local events in their communities  to include locally grown specialty crops as a part of any 
community wide events (fairs, rodeos, art shows, scout events, service organization fund raisers, etc). 

All these people have benefited by raising the awareness of the economic development role that locally 
grown food plays in the economy of small rural communities.  Increase awareness means more people 
will start buying food produced by their friends and neighbors so the money they spend is helping 
support local families rather than being shipped out to California, Mexico or South America. 

According to USDA statistics, Boone County residents (just one county in the 18 counties in the Missouri 
River Valley) spend between $600 to $700 million each year buying food, and 99.9% of that food travels 
an average of 1,500 miles (from California, Mexico, Texas or wherever) to reach our grocery sacks.  This 
means that a significant percentage of the dollars we spend on food immediately leaves our local 
economy.  This is at a time when the Missouri River Valley has some of the most fertile soil in the world 
AND we have one critical ingredient that many locations do not have…….. WATER.  There is a 
tremendous opportunity for local specialty crops producers to be producing and selling more fruits and 
vegetables that are grown right here in central Missouri and more of the money we spend on this food 
($2 million per day) will stay here in our local economy.  The goal of this project was not to calculate the 
dollar value of our food dollars being spent on buying locally grown food.  Our goal was to help local 
specialty crops producers understand that they can increase their production and sales of locally grown 
specialty crops by collaborating with their fellow producers on marketing, and by building their sales 
networks with organizing a “local food component” at the vast network of small community festivals 
that already take place every year in small and medium sized communities in Missouri. 

 
Lessons Learned  

One limiting factor in our project was working with the three “regional associations” that were 
organizing to promote tourism and regional food identity in the Missouri River Valley.  As mentioned 
earlier, two of the three associations have dissolved since we started this project.  The eastern Rhine 
Valley Association succumbed to the efforts of another non-profit organization (Missouri River Country) 
with a broader more comprehensive agenda (and a bigger budget!) that is organizing in the same 
geographical area.  The Missouri River Bluffs Association board of directors was unable to keep the 
organization going with such a large regional area without regular funding.  The death of one of our 
primary executive board members was a serious blow to our efforts to continue.  The third organization, 
the Old Trails Regional Tourism Partnership has been able to continue with the help of the Lexington 
and Higginsville Tourism Offices and the efforts of a single volunteer staff person, Marsha Corbin who 
tirelessly keeps the broad group of community volunteers meeting and working on regional marketing 
efforts from Booneville, MO to Independence, MO.  The take away from this effort is that it takes either 
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a salaried staff person (or almost a fulltime volunteer) to keep a regional organization like these moving 
forward and promoting food and tourism on a broad geographical scale. 
 
The most unexpected outcome from this project was the realization that “local food producers” are 
much more focused on the activity that they like the most……. Growing food!  In many cases they 
understand the value of marketing, but do not see how they can undertake the efforts to collaborate 
with other producers to build efforts on a regional basis.  The idea with this project was to help them 
understand that they don’t need to do marketing all on their own.  But rather, join with other 
organization events in their local community to add local food to events that are already happening….. 
tastings at the local library; an art festival with local artists; food booth at the county fair; etc. 
 
Although the increase in the number of Farmers Markets has stabilized, the demand for locally grown 
food is still increasing.  People are demanding healthy locally grown food that they can buy from food 
producers that they can talk to in person.  Customers want to know how the food was grown, what the 
producer used on the crops, and who benefits from their purchase of the food they are buying.  And 
customers understand that the best way to discover this information is not to read a label stuck on a 
package, but to talk to the person who planted, grew, harvested and is selling them the food and ask the 
grower these questions directly. 

Contact Person  

Steve H. Johnson, Missouri River Communities Network 
Telephone:   573 999 2165 
Email Address: manitoubluffs@centurytel.net 
 
Additional Information  

mailto:manitoubluffs@centurytel.net
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Project 12:   Protecting Small Fruit Crops from Invasive Fruit Fly, Spotted Wing Drosophila –  
Cost Share 

 
 
MDA – Plant Industries Division 
Anastasia Becker 
Final Performance Report 
 
Project Summary 
 
Spotted Wing Drosophila (SWD) is an invasive, non-native fruit fly first detected in California in 2008 and 
in Missouri in 2013.  Unlike other fruit flies, SWD attacks healthy, ripening thin-skinned fruits causing 
rapid decay, fruit drop or the presence of fly maggots making the fresh fruit unmarketable.  Berry crops 
ripening later in the growing season are at greatest risk for SWD infestation because harvest coincides 
with a rapid seasonal increase in the population.  Traditionally, berry crops needed minimal insecticide 
protection; however, protection from SWD means higher production costs and more careful 
management, especially since insecticides are applied very close to harvest.  Commercial growers in 
other states report up to 80% crop loss without insecticide protection.   
 
An insecticide cost-share program was established to reimburse 50% of the insecticide price for 
appropriate products targeting SWD.  The program was offered for two years to provide assistance to 
commercial berry growers while they incorporated additional management practices and adapted to 
increased input costs for this new pest.  Insecticides will be a necessary tool on susceptible crops until 
researchers establish best management practices that can reduce this expense.  The cost-share program 
complemented ongoing Extension education programming about identifying, monitoring and managing 
SWD.   
 
Project Approach 
 
A two-year insecticide cost-share program was put into place that reimbursed 50% of the cost of 
insecticides that were labeled for use on the berry crops grown for sale.  Growers selling blueberry, 
blackberry, raspberry, elderberry or late-season strawberry fruit were able to participate.  A table listing 
insecticides, rates, pre-harvest interval and mode of action for each crop was developed based on 
university research trial results from other states and was offered to growers and Extension educators.  
On the cost-share application growers listed their production berry crops, acreage, the insecticides and 
quantities purchased; products were verified by the project manager as being labeled for use on the 
specific crops.  Proof of purchase price was required for reimbursement.  Non-bearing berry acreage 
was not eligible for the program since these acres are not at risk for SWD infestation.   
 
Promotion of the cost-share program was done through displays or presentations at 15 major grower 
conferences, trade shows and workshops in Missouri.  In addition, flyers about the program were 
included in 6 blueberry and elderberry grower association newsletter issues and also were distributed at 
appropriate meetings.  In addition, the project manager worked with Extension Horticulture Specialists 
to publicize the cost-share opportunity through their regional channels and field days.   
 
A database of Missouri berry growers selling at farmers’ markets or through U-Pick operations was 
developed from online resources.  Emails were sent to them along with a flyer and link to the electronic 
cost-share application posted on the Missouri Department of Agriculture website.  Due to low 
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participation in year one and a low response to emails, in the second year letters were mailed to berry 
growers that were in the database to try to increase participation in the program.  Several new growers 
participated in the second year of the program.   
 
A one-page survey was sent to all 2015 (n=13) cost-share participants to gather production information 
and assess crop losses, increased costs, and management practices they used before and after SWD 
became established in Missouri.  Surveys were anonymous and response rate was 46%.  Site visits to 
three berry operations verified the crops being grown and the producers were interviewed.   
 
Survey and interview responses indicated that growers are adding some management practices 
compared to prior to SWD becoming established in Missouri.  Responses also indicated some 
uncertainty about rotating insecticide classes to avoid resistance to a mode of action.  While sanitation 
to deal with cull or overripe fruit incorporates various practices to reduce the population of SWD, these 
strategies are not used very often.  Since SWD is a new pest and berry growers have not had to apply 
many insecticides in the past, additional training in calibrating spray equipment and practices to 
improve coverage and effectiveness (canopy management and spray timing for example) could be 
useful.  Many insecticides are labeled to be used very close to harvest so safety for growers, pickers, and 
consumers is of concern, especially if using insecticides is a new practice for the grower.  In general, 
growers indicated awareness of protecting pollinators while using insecticides.  
 
Goals and Outcomes Achieved 
 
Outcome 1:  Offer a two-year insecticide cost-share program to commercial berry growers.  Results:  
Program was established and all applicants met the requirements for reimbursement.  Performance 
measure was the number of applicants using the program.  The number of participants (total of 19) and 
the amount of cost-share reimbursements fell far short of anticipated participation for unknown 
reasons.  Participants were monitoring and protecting their susceptible crops and about 23% of year one 
participants had on-site visits and interviews conducted; target was 25%.  Blueberry and elderberry 
were the primary crops grown by the cost-share participants.   
 
Outcome 2:  Collect information about pre- and post-SWD production practices.  This was done with a 
combination of the survey questions and on-site interviews.  There was a 46% response rate (target was 
50%) and there was an increase in the practices that were being used to reduce the impact of SWD on 
their crops.  Information from the surveys and interviews was sent to key University Extension 
Horticulture Specialists offering educational activities on SWD for potential use in their events and 
newsletters. 
 
Beneficiaries 
 
Missouri elderberry, blueberry, blackberry, raspberry and late-season strawberry growers with 
commercial sales of berries were the beneficiaries of the cost-share program.  Sixteen growers 
participated in the program and benefitted from reduced insecticide input costs; three growers 
participated both years.  Insecticide purchases were reimbursed at a 50% rate for insecticides targeting 
SWD up to a maximum of $750 per grower per year.  Multiple products were allowed for 
reimbursement because of the necessity of rotating modes of action to minimize SWD developing 
resistance to one.  Barrier netting could be reimbursed which provided a non-chemical option, however, 
no growers requested payment for this option.  
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Lessons Learned 
 
Over the two years there was low participation in the cost-share program.  Interest was high at meetings 
and trade shows which primarily occurred during the winter season.  It is unclear why the cost-share 
program had such a low rate of participation or how to remedy this for future efforts; reminders were 
sent to those who requested one.  During interviews one grower noted only starting to spray in 2015, 
the first year of the cost-share program.  It is possible that SWD is such a new pest in Missouri that 
growers have only now started to become aware of its presence and the potential economic impact on 
their production decisions.  
 
A manager from an earlier cost-share program for drought assistance advised developing a self-
explanatory single-page form to reduce questions.  A one-page fillable PDF simplified completion of the 
cost-share application and reduced potential errors.  Once formatted the form was easily updated for 
the second year.  Growers could complete the form and print it off or send it electronically along with 
the copies of their insecticide purchase receipts.   
 
Extension educators and growers liked the option of a crop-specific list of insecticides and the additional 
information about each product.  Although not every product labeled for the targeted crops was listed, 
the tables included all of the SWD insecticides reported through key university research trials and 
registered for sale in Missouri.  Growers were encouraged to contact the project manager if they 
wanted to verify whether an insecticide could be used.  Elderberry growers were especially interested in 
the insecticide listing because fewer products are labeled for this crop, a growing industry in Missouri.  
Some confusion may arise when labels don’t specify “elderberry” as a crop site but instead list “bush 
fruit” which is a broader category that includes elderberry along with other bush fruits like blueberry.    
 
Why berry growers now need to use insecticide when they haven’t needed to in the past comment is yet 
another opportunity for consumer education coming from a survey by a long time blueberry producer.   
 
Contact Person 
 
Susan Bennett – SCBGP Program Coordinator 
573-526-9548 
Susan.Bennett@mda.mo.gov 
 
Additional Information  
 
Findings from the survey and interviews were: 

• Sources of information for SWD identification:  attending educational events (field days, 
conference, workshop) was the top way they learned to identify SWD with several growers 
utilizing multiple resources.  Websites were also used as identification resources and several 
were listed on the informational flyer.   

• Percentage of crop infested with SWD in 2015:  average 37.2% (range:  0 to 90%) 
• Estimated increase in annual expenditures to manage SWD:  average 32.6% (range:  0 to 100%) 
• Number of insecticide applications targeting SWD:  average 3.6 sprays (range: 1 to 8) 
• Rotation of insecticide classes to minimize resistance buildup:  Just over half rotated classes.   
• Comparison of production practices before and after SWD became established: 

o All growers use insecticides now 
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o Cooling fruits soon after harvest increased  
o More growers managed crop canopy to improve spray coverage 
o Variety selection decisions increased (for example, not choosing fall-bearing raspberries 

or removing raspberries, a very susceptible crop) 
• Pollinator protection practices:  Responses included spraying early in morning or in evening, 

reducing use of insecticides, adding beehives and bee-friendly aromatics, and using organic 
practices.   One grower reported no pollinator protection was needed since no flowering plants 
were near berries at this time of year.   

• Insecticide application equipment:  High-pressure sprayers and ATV/UTV sprayers were most 
common.   

• Disposal of cull or overripe fruits:   
o Three growers left culls to decompose in field 
o Drying or solarizing is done by three growers  
o Other methods used were to spray insecticide on the ground at the end of the berry 

season and composting culls 
• Sales:  Direct sales to customers were main outlet followed by wholesale outlets.  One grower 

sold to a processor.   
• Respondents were asked to describe any method they developed to protect their crop from 

SWD: 
o “Use a good sprayer that has enough pressure to maintain uniform coverage.  Handgun 

sprayers just will not do it” reported a blueberry grower with 32 years of experience 
o “Harvested only summer (June) crop of raspberry and pruned out almost 100% of the 

floricanes with blossoms or fruit clusters before berries ripened from July to October.  In 
future I will plant only raspberry varieties that do not fall crop.” 

o Removed small raspberry planting to concentrate on blueberry production which is their 
main market crop. 

o To keep spray off of fruit for sale they sprayed after the main harvest since no longer 
picking for sale. 

• Suggestions for resources or training events that would help them have better success managing 
SWD: 

o “Send SWD info to news media.  We all need to inform the public why, after 30 years, 
we as growers are now using insecticides.  We are not organic but have never had to 
spray insecticides until 2015 after 32 years of production.” 

o “Better developed trapping as a predictor of fruit infestation.” 
o “Develop a degree day model to predict presence of adult SWD.” (Note:  this resource is 

already available online.) 
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Project 13:   Establishing the Pawpaw as a Viable Missouri Specialty Crop 
 
EarthDance 
Rachel Levi 
Final Performance Report 
 
Project Summary 
 
EarthDance set out to plant a pawpaw orchard as part of our Organic Farm School campus, in order to 
promote cultivation of this unique native fruit as a Missouri specialty crop.  As this project progressed, 
EarthDance received funding from the USDA’s SARE Program (Sustainable Agriculture Research and 
Education) to plant pears at the farm as well.  As planning for the orchards progressed, Farm Managers 
concluded that it would be optimal to plant a mixed orchard amidst our vegetable production areas.  
The result is a permaculture orchard composed of pears, apples, peaches, tart cherries, and at least 60 
pawpaws, as well as other native fruit species.  The trees are planted in a sequence designed to 
accommodate the pollination needs of the trees that are not self-fertile, but keeps trees of the same 
variety at a distance from one another, to minimize the spread of disease.   EarthDance promoted the 
pawpaw to farmers and consumers by means of educational opportunities for growers; social and 
traditional media; farm tours for the public; and a market sampling day.  Over 1100 individuals received 
face-to-face education about pawpaws, and 6000+ had the opportunity to learn about the project 
through EarthDance’s social media. 
 
This project did not build on a previously funded project with the SCBGP or SCBGP-FB. 
 
Project Purpose 
 
The purpose of this project is to support farmers in Missouri as they seek to diversify their production 
and find market niches that will allow them to compete with non-local commodity produce growers.  
Through this project EarthDance sought to increase consumer interest in pawpaws, and increase 
interest among local growers in pawpaws as a source of farm income, and to educate local growers 
about how to begin growing pawpaws.  The long-term goal of this project is to establish the pawpaw as 
a viable production crop for Missouri orchardists. This project addressed the Missouri Department of 
agriculture’s priority foci of increasing public awareness of the nutritional value of this specialty crop, 
and increasing the adoption of organic and sustainable production practices. 
  
Project Objectives: 
 

● 5000+ individuals learning about the value of this native crop through EarthDance’s online 
communication 

● At least 500 individuals touring EarthDance farm and viewing the pawpaw orchard 
● At least 25 growers receiving pawpaw production training 
● At least 25 growers receiving education about organic fruit production 
● At least 50 market shoppers tasting pawpaws and completing surveys about their interest in 

purchasing this crop in the future 
 
Project Approach 
 
Activities: 
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● Planted and cared for 60 pawpaw trees at EarthDance Organic Farm School 
● Conducted two classes to train growers about pawpaw and organic fruit production in the 

Midwest; 73 growers reached.    
● Hosted a hands-on permaculture orchard planting workshop attended by 32 members of the 

public. 
● Educated the public about the project to increase consumer interest in purchasing pawpaws 

○ Conducted tours of the orchard for 978 visitors in 2015 
○ Publicized the project on Facebook, in EarthDance’s newsletter, and through a press 

release. 
● Conducted market research: sampled pawpaws at the Ferguson Farmers Market; 59 shoppers 

sampled the fruit and completed surveys about their interest in purchasing pawpaws in the 
future. Based on the sample, 54 shoppers had medium or significant interest in purchasing 
pawpaws.    

 
Program Income:  When EarthDance proposed this project, we anticipated hosting the workshop as a 
sole entity.   We were offered the opportunity to make the presentation at the Missouri Organic 
Association Conference instead.  This change enabled us to reach a larger audience of commercial 
growers.  We did not receive any workshop fees.  Thus, the projected income was not earned.     
 
Goals and Outcomes Achieved 
 
Progress towards expected measurable outcomes: 
 
Goal #1:  At the conclusion of this project, at least 25 growers that receive education about pawpaws 
will increase their understanding of the market potential and cultivation strategies of pawpaws, and at 
least 10 growers that receive training about pawpaw production will indicate some interest in cultivating 
pawpaws for commercial production, and at least 3 will indicate strong interest. Actual: 43 growers 
received education about pawpaws.  After the workshop, 32 stated that they plan to plant pawpaws in 
the next six months. 
 

• Benchmark: 10% of attendees at the pawpaw production class would describe their pre-
workshop knowledge of the market potential and cultivation strategies of pawpaws as high or 
very high. We project that 20% of the attendees of the workshop will have a moderate or strong 
interest in cultivating pawpaws before the class.  Actual: No workshop attendees described their 
pre-workshop knowledge of pawpaw market potential as high or very high.  No workshop 
attendees described their knowledge of pawpaw cultivation as high or very high.   Only 4 
individuals (about 10%) stated a strong interest in growing pawpaws before the workshop.   
 

• Performance measure: 100% of growers that receive training about pawpaw production will 
increase their understanding of the market potential and cultivation strategies of pawpaws, and 
at least 40% of growers that receive education about pawpaw production will express moderate 
to strong interest in cultivating pawpaws commercially. Actual: 38 workshop attendees (88%) 
expressed increased knowledge of pawpaw production and marketing strategies at the 
conclusion of the workshop. 75% of the growers stated strong interest in growing pawpaw for 
commercial purposes at the conclusion of the workshop.     

• Target: Our target level of improvement is for 90% of workshop attendees to increase their 
knowledge of pawpaw market potential and cultivation strategies, and to see a 20% increase in 
growers reporting a moderate or strong interest in pawpaw production.  Actual: 88% of 



159 
 

workshop participants increased their knowledge of pawpaw production and marketing 
strategies. We saw a 65% increase in growers reporting a strong interest in undertaking pawpaw 
production.     

 
Outcomes of the Organic Fruit Production and Orcharding class, presented by Guy Ames of ATTRA, 
surpassed our goal of 25 growers receiving education about organic fruit production. 
 

❖ 30 Farm & Garden Apprentices received education on organic fruit tree production and 
pawpaws 

❖ 27 Apprentices said that due to the class, they will  incorporate what they learned into their 
future agricultural endeavors 

 
Goal #2: At least 50 consumers at a farmers market will sample pawpaws (pending availability), and at 
least 40 will express interest in purchasing the fruit in the future.  Actual: 59 consumers at the Ferguson 
Farmers Market sampled pawpaws. 54 consumers expressed medium or high interest in purchasing 
pawpaws. 
 
Benchmark: We project that 90% of the shoppers will be unfamiliar with the pawpaw until sampling, and 
thereby previously uninterested in purchasing pawpaws.  Actual: 60% were previously unfamiliar with 
pawpaws. 
 
Performance measure: We project that 80% of the shoppers will express interest in purchasing pawpaws 
in the future. Actual: 91% of shoppers expressed interest in purchasing pawpaws in the future. 
 
Target: There will be a 90% increase in awareness of pawpaws among samplers, and a 75% increase in 
interest in purchasing pawpaws in the future. Actual: 60% increase in awareness of pawpaws.  Hard to 
gauge percent increase in interest with purchasing, given the higher than expected previous awareness.      
 
On September 12th, 2015, EarthDance sampled pawpaws at the Ferguson Farmers Market.  A total of 59 
market attendees sampled the fruit, surpassing our projection for consumers reached at the sampling.  
Of this group, 60% were previously unfamiliar with pawpaws (though existing familiarity with pawpaws 
was actually higher than we projected).  Thirty individuals were “very interested” in purchasing pawpaw 
fruit in the future, and an additional 24 tasters described their interest level in purchasing pawpaws as 
“medium.”  Thus, a total of 54 of the samplers had some interest in purchasing pawpaws, indicating that 
with proper consumer education, the pawpaw has an excellent potential to increase in popularity with 
local food shoppers at Missouri markets.  
 
Some comments about the pawpaw, by the samplers: 
 

● fantastic 
● yum 
● delicious—very sweet 
● soft, like a mango 
● very tasty 
● loved it 
● interesting 
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Beneficiaries 
 

● 978 members of the general public that toured EarthDance farm between March-December 
2015, who learned about the pawpaw project at EarthDance. 

● 43 growers that attended a class on pawpaw production; fifteen of these attendees stated that 
they will begin planting pawpaws in 2015. 

● 32 members of the public that attended a permaculture planting workshop; 20 attendees said 
that they were “very likely” to plant native fruit trees based on what they learned during the 
workshop.  

● 30 EarthDance apprentices that attended a class on organic fruit production in the Midwest led 
by Guy Ames of ATTRA and Ames Orchard & Nursery. 

● 10 EarthDance apprentices that participated in hands-on practice grafting and budding fruit 
trees with Guy Ames 

● 59 market goers that sampled pawpaws. 
 
Lessons Learned 
 
The vigor of the pawpaw trees was lower than anticipated.  We have identified several possible reasons 
for the slow growth. Pawpaws were mulched with black landscape fabric which was likely to heat up soil 
in the root zone.  It is reasonable to presume the pawpaws roots were stressed due to excess heat.  
Woodchip mulch was applied around the trees in the fall in hopes of reducing stress in 2016.  Pawpaws 
were also planted into berms where watering came from rain watering infiltrating the berm from the 
exposed uphill side.  Therefore, water was being wicked into the root zone as opposed to traditional 
overhead rain or drip irrigation.   The pawpaws may have been water stressed and consequently slow-
growing.  In 2016 we plan to increase the frequency with which we use drip irrigation.  Lastly, slow 
growth of trees may have been due to the small 4’’ pots they were transplanted from.  Trees had 
underdeveloped root systems when planted and that may have been cause for trees’ inability to take up 
the water that was being wicked into the berms.  Also, unlike most tree seedlings which are best 
transplanted when dormant, pawpaws are best transplanted when they have started budding out.  
During our transplanting day, seedlings varied in how much they had budded out.  In the future we 
would pot-up pawpaws to one gallon pots and transplant out into the permanent locations once roots 
have filled out the one gallon pot and when we could clearly see that the tree was not dormant. 
 
EarthDance’s expectations, in terms of farmer interest in growing, and consumer interest in tasting this 
remarkable crop were fulfilled.  As we were at the start of this project, we remain strong advocates on 
behalf of the pawpaw as a new Missouri specialty crop.   
 
Contact Persons 
  
Rachel Levi, Program Director 
 rachel@earthdancefarms.org  
Phone:  314.521-1006  
 
Matt Lebon, Farm Manager 
matt@earthdancefarms.org  
Phone:  314.521-1006  
 
 

mailto:rachel@earthdancefarms.org
mailto:matt@earthdancefarms.org
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Additional Information 
 
Evaluation: MOA Pawpaw – Springfield – February 7, 2015 
 
The information you provide will not be used to identify any program participants. You may refuse to 
answer any questions. Your answers to the following questions will help University of Missouri Extension 
make sure that we are presenting valuable programs to a wide range of participants and will aid in 
future planning and training improvements. We appreciate your time and input. Please circle or mark 
appropriate answer. 
 

  Poor Fair Average Good Excellent 
  1 2 3 4 5 
1. How would you rate the overall 

program? 0 0 0 20% 80% 
Average rating (1-5 Likert Scale) 4.800 

 
  Poor Fair Average Good Excellent 
  1 2 3 4 5 
2. How well were your expectations 

met in this program? 
0 0 0 6% 94% 

Average rating (1-5 Likert Scale) 4.933 
 
3. I would recommend this program to others. 
YES   100%   
NO 0% 
 
4. Overall, after completing this workshop, do you think your knowledge gained of pest 

management and safe production practices has increased: 
 

a great deal a moderate amount a little not at all 
4 3 2 1 
87% 13% 0 0 
Average knowledge gain (1-4 Likert scale) 3.867 

 
Listed below are the topics presented during this workshop. On the left, circle your knowledge of each 
topic BEFORE the workshop. On the right, circle your knowledge of each topic AFTER the workshop. 
 
How confident you are in using these practices or researching information after the workshop: 
 

5. Question: Non-
existent minimal moderate considerable 

  1 2 3 4 
1 Pawpaw native habits 0 6.666667 33.33333 60 
2 improved pawpaw cultivars 0 6.666667 46.66667 46.66667 
3 pawpaw propagation 0 13.33333 40 46.66667 
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4 growing pawpaw 0 13.33333 20 66.66667 
5 pawpaw marketing 0 26.66667 40 33.33333 

 
Knowledge gain 
 

 Question: Pre Evaluation 
score 

Post 
Evaluation 
score 

Knowledge gain     
(1-4 Likert Scale) 

1 Pawpaw native habits 2.133333 3.533333 1.4 
2 improved pawpaw cultivars 1.533333 3.4 1.866667 
3 pawpaw propagation 1.533333 3.333333 1.8 
4 growing pawpaw 1.666667 3.533333 1.866667 
5 pawpaw marketing 1.2 3.066667 1.866667 
 Average knowledge gain   1.760 

 
6.  Please comment on the presenter’s skills so that we can improve.   
Did presenters encourage questions? Keep me focused and interested? Did the presenters use clear 
examples? Were they well-prepared? 

• very informative, good use of visuals, appreciate the handout 
• very interesting and engaging, very well prepared 
• great job! 
• encouraged questions 
• Patrick had one of the best presentations 
• A great deal of knowledge in all areas 
• had copies of presentation - excellent; it is hard to retain all information when you do not have 

copies 
• A very professional person and presentation 
• answered all  questions, yet controlled the presentation 
• questions were encouraged and answered clearly and with knowledge 
• It may sound like overkill but I was pretty much riveted by both presentations 
• Mr. Byers did a wonderful job 
• Patrick is always an excellent, patient presenter; knowledgeable and interesting 
• good presentation 

 
7. What will you do differently as a result of this program?  
 
 
 Did Before 

Workshop 
Plan to Do in 
Next 6 
Months 

No Plans to 
Use this in My 
Operation 

Does Not 
Apply in My 
Operation 

Plant pawpaws 8% 75% 17% 0 

Grow pawpaws from seed 0 31% 62% 8% 
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8. What else did you learn that you plan to use this year? 
 

• pawpaw ice cream 
• because I'm growing elderberries I may plant pawpaws and cause myself issues 

with SWD 
• will use seedling pawpaws for deer sustainable food plots, cultivars for farm 
• Keyline berms and swales 
• search for wild pawpaw trees 

   
9. What suggestions do you have for making this program more effective? 
Tomato school 
 

• have fruit available for tasting, but it’s probably not cost feasible 
• demonstrations 
• marketing options 
• allow evals to be turned in after conference so more thought can go into responses 
• additional information on grafting 
• info in disease treatment 
• wish we would have had time to watch you chip bud 

 
10. What topics would be of interest to you in future workshops? 
 

• marketing examples 
• taste comparisons between cultivars 
• hands-on workshops 
• costs to start a specific project 
• selling price of products grown 
• grapes 
• raspberries 
• blackberries 
• elderberries 
• tree nut production 
• blackberry production 

 
WebApps impact reporting 
 

1. Customer Quotes - What did you learn that you plan to use this year? 
• pawpaw ice cream 
• because I'm growing elderberries I may plant pawpaws and cause myself issues with SWD 
• will use seedling pawpaws for deer sustainable food plots, cultivars for farm 
• Keyline berms and swales 
• search for wild pawpaw trees 

 
2. Learning (Short Term) Outcomes knowledge, skills or attitude change 
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When asked to consider the program as a whole, the attendees who responded to the survey (n=15) 
reported an average knowledge gain of 3.867 on a 1-4 Likert scale, with 4=great deal of knowledge gain.  
Attendees were surveyed on knowledge of workshop topics before and after the program, and average 
knowledge gain on a 1-4 Likert scale, with 4=considerable knowledge gain, was the following:  Pawpaw 
native habits, 1.4; improved pawpaw cultivars, 1.9; pawpaw propagation, 1.8; growing pawpaw, 1.9; and 
pawpaw marketing, 1.9.  The overall knowledge gain was 1.760.  Following the program, attendees 
reported confidence in understanding these topics at a considerable level, 51%, moderate level, 36%, or 
minimal level, 13%.  The attendees who responded to the survey were asked to describe behavior 
change as a result of the program.  The following actions were planned within the next 6 months: plant 
pawpaw, 75%; and grow pawpaw from seed, 31%. 
 

3. Customer satisfaction exit survey or comments about the learning experience 
 
The attendees who responded to the survey rated the overall program as 4.800 on a 1 to 5 Likert scale, 
with 5=excellent.  Attendees reported that expectations were met in the program at a level of 4.933 on 
a 1 to 5 Likert scale, with 5=excellent.  100% of attendees reported that they would recommend the 
program to others. 
 
Please comment on the presenter’s skills so that we can improve.   
Did presenters encourage questions? Keep me focused and interested? Did the presenters use clear 
examples? Were they well-prepared? 

• very informative, good use of visuals, appreciate the handout 
• very interesting and engaging, very well prepared 
• great job! 
• encouraged questions 
• Patrick had one of the best presentations 
• A great deal of knowledge in all areas 
• had copies of presentation - excellent; it is hard to retain all information when you do not have 

copies 
• A very professional person and presentation 
• answered all  questions, yet controlled the presentation 
• questions were encouraged and answered clearly and with knowledge 
• It may sound like overkill but I was pretty much riveted by both presentations 
• Mr. Byers did a wonderful job 
• Patrick is always an excellent, patient presenter; knowledgeable and interesting 
• good presentation 

 
What suggestions do you have for making this program more effective? 

• have fruit available for tasting, but it’s probably not cost feasible 
• demonstrations 
• marketing options 
• allow evals to be turned in after conference so more thought can go into responses 
• additional information on grafting 
• info in disease treatment 
• wish we would have had time to watch you chip bud 
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EarthDance Permaculture Fruit Tree Planting 

Participant Evaluation Form 

 
 

1. How did you learn about this event? 
❑ EarthDance email newsletter - IIIIII       ❑ Personal email from EarthDance staff 
member - IIIII 
❑ EarthDance social media - IIIIII II  ❑ Other - IIIIIIIIIII 
       -other attendee or contact - IIIII 
       -apprentice meeting 
       -Meetup - I 
       -ED website 

2. Which best describes you? 
❑ Professional/ commercial farmer - I   ❑ Aspiring commercial farmer - II 

❑ Home gardener - IIIIIIIII     ❑ Agricultural educator - II 

❑ Other - IIIIIII 
-local food advocate 
-new gardener 
-plant enthusiast 
-garden coordinator for at-risk youth 
-college student 

 

GENERAL ASSESSMENT Poor Fair Averag
e Good Excellent 

3. How would you rate the event overall? 
❑ ❑ ❑ III (3) IIIIIIIIIIIIIIII

I (17) 

4. How well were your expectations met by the 
event? ❑ ❑ ❑ I (1) IIIIIIIIIIIIIIII

III (19) 

 
5. After participating in this event, do you think your knowledge of establishing a permaculture 
orchard has increased: 

❑ Significantly - 16 respondents       ❑ Moderately - 6 respondents ❑ Little 0 ❑ Not at all 0 

6. How likely are you to plant native fruit trees after attending this event?   
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❑ Very likely - IIIII II (7)       ❑ Moderately likely - IIIII III(8)      ❑ Unsure - IIIII (5)   ❑ Not likely at all - I (1) 

7.  What did you find most helpful or enjoyable about this event?    
 -meeting others, interacting - III 
 -informative instruction from Matt & Monica, learned a lot - IIIIIII 

-well organized - I 
 -”Matt just blows my mind!” 
 -hands on - IIIIIII 

-a lot of thought before planting 
 -Lupe was very informative - II 
 -everything and every topic was enjoyable 
 -discussions about how you choose what to plant 
 -approachable and friendly staff 
 -picked up new ideas 
 -demonstrating tree planting info 
 -explaining the design and the principles behind it; how the system is supposed to work 
 -design of farm, swales and berm system 
 -seeing large-scale planting 
 -permaculture orchard movie 
 
8.  What, if anything, would you do to improve this event? 

-more info on irrigation strategies (how much, sizing drip irrigation, $, quantity of water needed 
per plant) 

 -more events! 
-better organization (assigning specific areas / species / tasks to teams to improve efficiency), but 
everyone getting a chance to do everything is nice 
-closer restroom facility / porta-potty 
-more physical labor! 
-have all the plants ready to go 
-split into groups and each group takes a lot of land led by a leader as they plant 
-team building activity / game at the beginning 
-publicize more in local area to involve local youth 

 
9. What level of interest would you have in a workshop on farm scale composting?  

❑ Very interested - IIIIIIIIIIII ❑ Moderately interested - IIIIIIIII      ❑ Unsure ❑ Not interested 
-”I dig composting! I want my body composted when I die” 

9. What level of interest would you have in a workshop on machine-free farming?  

❑ Very interested - IIIIIIIIIIIIII ❑ Moderately interested - IIIIII ❑ Unsure - I ❑ Not interested 

11. What other workshop topics interest you? 
 -fruit tree grafting, fermentation and food storage 
 -organic methods in general 
 -pest control 
 -companion planting 
 -composting using worms 



167 
 

 -nursery management 
 -chicken management / livestock - II 
 -mushrooms! - I 
 -tree pruning 
 -natural building 
 -annual vegetables 
 -keyline agriculture 
 -bees 
 -harvesting / drying herbs 
 -farm-scale pollination 
 -breeding / selling crop varieties 
 -hydroponics 
 -home gardening/sustainability - I 
 -soil enrichment 
 
12. If you would like to be added to our volunteer database or mailing list (circle one or both), 
please provide your name and email address. 
  
(Responses removed for PII purposes) 
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Project 14:   Market Development Options for Missouri Wine and Grape Producers 
 
University of Missouri 
Dr. Randall Westgren and Dr. Peter Hofherr 
Final Performance Report 
 
Project Summary 
 
The purpose of this project was to advance the collective marketing options used by wineries in the 
State of Missouri by examining innovative strategies used in other developing wine regions. Specifically, 
we were looking to enhance industry-wide marketing programs by identifying best practices in localized 
markets: wine trails and appellations. Find out to what extent do these localized strategies enhance 
prices and markets earned, market development outside the production region, and have synergy with 
state-wide programs. 
 
The Missouri wine and grape industry is growing rapidly; new wineries enter annually. Since the vast 
majorities are very small and have limited resources for marketing, there is a need to find ways for the 
growers to work together in what we term collective entrepreneurship – innovative joint strategies to 
build market presence. There are nine wine trails in Missouri, with a majority less than 5 years old. They 
exist in different geographical and production regions in the State. We wondered how we can make 
these regional/local differences into marketable identities to enhance prices received by wine tourists 
and by the retail trade. Appellations, with specified wine styles, are an option. Developing strong 
identity-based reputations is another. 
 
The project was delayed in Nova Scotia.  A change in the scope of work was approved to accommodate 
the problems and delays.  The project struggled to move forward and it was decided to forfeit the funds 
to MDA so a new project could be funded.   
 
This project was not built on a previously funded project. 
 
Project Approach 
 
Initial work was completed on developing target winery lists for scheduling interviews in Nova Scotia 
and Ohio during the second quarter of 2015 (Partial of Project Goal # 1 with completion date of June 
2016).  
 
Training was undertaken with one undergraduate journalism student for doing video capture and 
editing of interviews. The student prepared electronic files from four test interviews. 
 
Interview protocols were developed with the assistance of a professor from Illinois State University, who 
worked with wine and grape producers in regions outside the scope of this project, specifically in two 
wine trails in the Finger Lakes of New York. He was able to test the protocols there, so that the potential 
target winery lists would not be “used up” in protocol development. Furthermore, because these 
activities were outside the regional scope of this grant, the expenses associated with protocol 
development and testing (salary, travel, transcription) were paid from other funds. 
 
Goals: 
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1. Collect data on the strategies and collective entrepreneurial activities by winery owners, 
including wine trail and appellation development, in three areas that have developing wine 
industries; Winery Association of Nova Scotia (CANADA), Wine Growers of the Grand River 
Valley (Ohio), and Texas Hill Country Wineries. We will collect data using semi-structured survey 
instruments, augmented with interviews of state government agency and state association staff 
familiar with the regional development. We will also collect published accounts and data where 
available. 

2. Describe the processes used by growers to develop their collective entrepreneurial strategies, 
including participation by state government, consultants, and other parties. We will distill best 
practices from these experiences. 

3. Define the successful strategies for regional/local industry development, including the identity-
based reputations of successful wine trails and the specifications used to define the wine styles 
and production practices adopted in new appellations. 

 
Support materials were to be created and strategy design for groups within the Missouri wine industry 
to develop new initiatives for linking wine trail activities and state-wide (i.e. MWGB and MDA) market 
development programs to the development of distinctive appellations and wine trail marketing 
strategies that reflect Missouri regionality. That is, by enhancing the marketing strategies of smaller 
areas (trails and appellations), each can create distinct value propositions that can lead to greater 
margins. The distinctiveness means that groups will not be following a common strategy that will lead to 
destructive direct competition, and hence, lower profitability.  The beneficiaries will be current and new 
winery owners, grape growers, and the wine tourism sector. The economic impact will be to add profit 
margin to Missouri wines and to provide a marketing strategy platform for enhancing sales revenues 
within the State and in out-of-state markets. 
 
Goals and Outcomes Achieved 
 
The project was delayed in Nova Scotia. Personnel turnover in the Winery Association of Nova Scotia 
hindered the collection of secondary data (scheduled for second quarter 2015) and the execution of 
interviews there (proposed for summer 2015 and 2016). The project team proposed a change in the 
scope of work to accommodate these problems and delays. The significant change was to move the 
location of the overlapping study of wine trails and appellations from Nova Scotia to a three-state region 
along Lake Erie. (Note that the NE Ohio region is one of the original regions included in this project). We 
have discovered that the common appellation – Lake Erie AVA – overlaps three different jurisdictions – 
New York, Pennsylvania, and Ohio. The relationships between the States and the wine trails differ 
greatly along this AVA and we can gain exceptionally useful data on how the trails cope with different 
regulatory and institutional environments, despite having common agronomic and climatic conditions. 
 
This project was not completed and had no significant goals and outcomes achieved. 
 
Beneficiaries 
 
None 
 
Lessons Learned 
 
The delays from lack of access to the Nova Scotia target region and time spent creating a new strategy 
prolonged the project to a point where the Principal Investigators had other commitments and were 
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unable to dedicate the necessary time to move forward with the approved replacement strategies and 
provide success toward any of the goals.   
 
All monies that were initially spent and reimbursed ($1,299.40) were returned saving the SCBGP funds 
for another project. 
 
 
Contact Person 
 
Susan Bennett, MDA SCBGP Program Coordinator 
573-526-9548 
Susan.Bennett@mda.mo.gov 
 
Additional Information 
 
All paid funds from this project were returned to Missouri Department of Agriculture and redirected to a 
new project to begin March 1, 2017 with USDA’s approval: Project 15, Comprehensive Assessment and 
Economic Contribution of the Missouri Specialty Crop Industry. 
 
 
Project 15:   Comprehensive Assessment/Economic Contribution of the Missouri Specialty Crop  
  Industry  
 
University of Missouri 
Joe Horner 
Final Performance Report 
 
Project Summary 
 
The purpose of this project was to improve communications, connectedness and future outreach 
programs with the Missouri specialty crop industry.  USDA-NASS currently conducts surveys to the 
Missouri specialty crop industry, but there are beliefs in the industry that NASS is missing a significant 
portion of Missouri specialty crop businesses and producers.  Additionally, there was no single report 
that showcases the collective Missouri specialty crop industry data and its evolution over time. There 
was also a need to further understand more about the Missouri specialty crop industry to provide 
information to extension educators that will be used to target future educational programs.  The 
objectives of this grant project were to: 1) investigate and develop a comprehensive historical report of 
the Missouri specialty crop industry, 2) develop a directory of Missouri specialty crop businesses, and 3) 
survey Missouri specialty crop producers about their farms, sales, marketing outlets, and crops they 
grow.   These resources were used to create awareness and understanding about the Missouri specialty 
crop industry and to communicate its value to consumers, policy makers and other stakeholders.   This 
effort was also timely and was utilized to assist USDA-NASS improve its survey reach to Missouri 
specialty crop producers with the Census of Agriculture in 2017.  
 
This project did not build on a previously funded project with the SCBGP. 
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Project Approach 
 
The project had a team-based approach for accomplishing the project objectives.   
 
Objective 1: Historical report of the Missouri specialty crop industry 
This work involved conducting an extensive research and literature review of all data sources for the 
Missouri specialty crop industry.  Data was obtained from the USDA National Agricultural Statistics 
Service (NASS), USDA Economic Research Service (ERS), university and other relevant sources pertinent 
to explaining the Missouri specialty crop industry.  Project team members Alice Roach and Ryan 
Milhollin led this task and other project team members conducted reviews and provided supporting 
information for this deliverable.  The final report contained 377 pages of analysis, including a broad 
overview of the Missouri industry and detailed crop-specific information about various fruits, 
vegetables, tree nuts, herbs/spices, nursery/flowering plants and other horticultural goods.       
 
Objective 2: Directory of Missouri specialty crop businesses 
This objective was focused on collecting producer information necessary for completing objective 3 
(survey).  Associations, state agencies, private organizations, extension producer lists and public domain 
resources were targeted for obtaining producer contact information.  A total of 2,543 mail addresses 
and 1,086 e-mail addresses were collected from these groups. Additionally, several organizations stated 
they were not willing to share their list, but would forward our survey to their membership.  MU 
Extension horticulture specialists James Quinn, Sarah Denkler, Patrick Byers, Debi Kelly and Patricia 
Miller were the key investigators that helped developed this resource.    
 
Objective 3: Survey of Missouri specialty crop producers  
MU Extension collaborated with the MU Assessment Resource Center (ARC) to complete the survey.  
The survey asked producers growing specialty crops to provide information on their farm, their specialty 
crop sales, their distribution outlets, and the types of specialty crops they grow.  Survey was distributed 
in July 2017 and closed on September 1, 2017.   ARC received a total of 519 returned surveys.   Efforts 
for developing and conducting the survey were led by Joe Horner.   
 
 
Goals and Outcomes Achieved  
 
Project Goal #1: Increase awareness and knowledge of the Missouri specialty crop industry  
Performance Measure: Number of historical report downloads from website  
Benchmark: None 
Target: 1,000 in the six months after report completion. 
Accomplishment: 261 page views in two months of tracking after report completion.  Further tracking 
will be completed and reported at a later date.   
 
Project Goal #2: Increase representation of the Missouri specialty crop industry 
Performance Measure:  Number of producers listed in project directory 
Benchmark: 2012 Census of Ag. estimate for Missouri specialty crop producers (3,258 farms) 
Target: 10 percent increase in number of farms and agribusinesses listed in directory 
Accomplishment: A total of 2,794 unique contacts were listed in the final directory that we used to 
disseminate our survey.  We also included the survey in the Missouri Produce Growers Bulletin which 
reached another 500 farms. Additionally, several organizations stated they were not willing to share 
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their list, but would forward our survey to their membership so total dissemination in this manner was 
not estimated.   
 
An additional accomplishment was helping USDA-NASS to improve their Missouri specialty crop 
producer directory for the next Census of Agriculture.  We worked with Bob Garino (USDA-NASS state 
statistician in Missouri) and provided assistance in enhancing their directory.  Based on their feedback, 
Bob estimated that 500 new Missouri specialty crop producers were added to their lists and set to be 
surveyed in the 2017 census.      
 
Project Goal #3: Enhance industry understanding of scope/scale of Missouri specialty crop growers 
Performance Measure: Survey response 
Benchmark: None 
Target: 30 percent response rate 
Accomplishment: Survey was distributed in July 2017 and closed on September 1, 2017.   The survey 
achieved an 18.6% response rate and received a total of 519 returned surveys.  Given the project 
timelines, we feel that an improved response rate could have been achieved if we performed during the 
winter season or kept the survey open for a longer time span.    
 
 
Beneficiaries  
 
This project had multiple beneficiaries.   Missouri specialty crop producers benefited as these resources 
will be used to highlight the importance of the Missouri specialty crop industry.  Many associations such 
as the Missouri Blueberry Council, Missouri Vegetable Growers Association, Riverhills Elderberry 
Growers, Missouri Nut Growers Association, etc. will benefit from both showcasing their respective 
industries, but showing the collective strength and economic importance of the Missouri specialty crop 
industry.  Many farmers that we contacted were excited that we working in this area and eager to 
support our efforts. The detailed information that was collected can also be used to showcase the 
evolution of the industry and key demographic and agronomic changes that have been occurring.  State 
agencies such as the Missouri Department of Agriculture have benefited from this knowledge exchange 
and helped them as they work with the Missouri specialty crop industry.   Further impact from this 
project will be assessed in the next 2017 Census of Agriculture.  Our hope is that more Missouri specialty 
crop producers will be reached and an increase in industry value and jobs supported will be assessed.  
 
 
Lessons Learned  
 
One area we hoped for was a better response rate from our survey.  Getting producers motivated to 
complete a survey is not an easy task.   Timing of year or how long the survey was left open could have 
impacted responses.  We also feel that including a few more University of Missouri Extension 
horticulture specialists that were located in strategic regions of Missouri might have improved response 
rates.  We had five horticulture specialists on this project and adding 2-3 more would have helped with 
more local presence in various areas of getting producers to complete surveys.    
 
 
Contact Person  
 
Joe Horner, Agricultural Economist, University of Missouri Extension 
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(573) 882-9339  
hornerj@missouri.edu  
 
Additional Information 
  
Roach, Alice, Joe Horner, Ryan Milhollin, Hannah McClure, Rachel Groves, Patrick Byers, Sarah Denkler, 
Debi Kelly, Patricia Miller and James Quinn. 2017. “Historical Perspective on the Missouri Specialty Crop 
Industry.” Commercial Agriculture Program, University of Missouri Extension. Accessible at 
http://crops.missouri.edu/horticulture/MissouriSpecialtyCropsFull.pdf . 
 
Assessment Resource Center, University of Missouri. 2017. “Missouri Specialty Crop Survey – Summary 
of Findings.” Accessible at http://crops.missouri.edu/horticulture/CropSurvey.pdf . 
 
 
 
Project 16:   2017 Missouri Tomato School  
 
Webb City Farmers Market 
Eileen Nichols 
Final Performance Report 
 
 
Project Summary   

The 2017 Missouri Tomato School was a collaborative outreach effort to address production issues 
associated with growing tomatoes both in the field and under protection in Missouri. 

Tomatoes are the top specialty crop grown in Missouri and offer important potential profits to small and 
medium farmers.  However, it is a challenging crop to grow successfully.  Our goal was to teach these 
farmers to be more successful tomato growers, as well as extension specialists from across the state to 
extend the benefits of the conference to farmers unable to attend. 

This project was built on experience gained from four successful regional winter production conferences 
that were funded by Specialty crops, as well as a Local Foods Matching Grant. 

Project Approach 

Despite the short time frame available for planning, our team which included representatives from 
University of Missouri Extension, Lincoln University Co-Operative Extension and the Webb City Farmers 
Market, secured top experts in the field, as well as exceptional regional presenters and farmers 
presenters.  Host farms demonstrating a variety of field and protected tomato growing operations were 
secured.  Publicity was focused on reaching Missouri farmers.   

One of the significant results from the school was providing 13 extension specialists who serve all parts 
of the state with top caliber first-hand information on tomato production and providing them with 
excellent resource materials to take into the field when advising farmers.  These specialists will use the 
information to assist and educate tomato farmers throughout the state.   
 

mailto:hornerj@missouri.edu
http://crops.missouri.edu/horticulture/MissouriSpecialtyCropsFull.pdf
http://crops.missouri.edu/horticulture/CropSurvey.pdf
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There will, of course, also be ripple effects from the more than 60 farmers who attended the school, 
particularly those attendees who were part of communities which tend to teach and support each other 
such as immigrant farmers, Amish farmers, and Mennonite farmers.  The information will also be used 
for many years as most the attendees were young or middle-aged farmers.  
 
Another opportunity for sharing the information will be through Fue Yang, manager of the market's Year 
Round Education Center which includes a heated high tunnel for growing tomatoes.  A critical goal of 
the center is training Fue to teach the Hmong community in their own language and culture.  The School 
offered an opportunity to take advantage of Fue's new expertise and practice his role as teacher.  Fue 
was one of our table expert speakers during lunch.  His table included one other Hmong grower who 
was fluent in English which allowed Fue to also share his experience with the five English-speaking 
farmers who chose to sit at his table.  Not being a clan leader, Fue was not raised to take a leadership 
role. He was raised to be a follower which is well demonstrated by the Hmong saying "The nail that 
sticks up gets hammered."   This school gave him practice in taking a leadership role and he 
demonstrated significant skill.  The information that he gleaned from the school will be important to the 
Hmong community for whom growing tomatoes is probably, along with winter production, their biggest 
challenge.   
 
The three farms included in the farm tour provided myriad examples of problems, solutions and 
opportunities for the experts to focus on.  Many attendees said it was the most valuable part of the 
conference.  That being the case, the organizational committee will examine ways to increase 
attendance of the farm tour which was held the morning of day two.  Only approximately 50% of the 
attendees stayed for day 2.   
 
The attendees felt fortunate in learning from some of the most knowledgeable and skilled teachers on 
tomato topics in the country.  Interest in additional schools has been strong and the organizational 
committee is in the process of seeking funding and scheduling the school in a different part of the state 
each year.  The 2018 school is tentatively set for June in Cape Girardeau in the Bootheel of Missouri. 
 
Primary partners in this project were: 
 

• Patrick Byers, University of Missouri Extension 
• Robert Balek, University of Missouri Extension 
• Shon Bishop, Lincoln University Co-Operative Extension 
• David Middleton, Lincoln University Co-Operative Extension 

 
Patrick played the largest role, proposing the school and identifying and securing the presenters.  He 
also served as MC and handled the surveys and analysis.  All served on the organizational committee 
and assisted with publicity.  All served as experts at the Lunch with an Expert segment of the 
program.  Shon provide on-site technical assistance.  David and Robert visited farms to select the ones 
to be included on the farm tour. 
 
Owen Detweiler of E & O Produce, Greg and Wendy Braker of Braker Berry Farm and Misty Philips of 
Misty Morning Farm served as hosts on the farm tour, putting in hours of preparation and hosting (and 
hearing some pretty hard critiques) in August when demands on a farmer's time are high. 
 
In addition, staff from NRCS attended and served as lunch experts for attendees interested in the EQIP 
program. 
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Goals and Outcomes Achieved 

Goal - attendance of 50 farmers.   

Outcome - 75 farmers attended, plus 13 Extension specialists.   

Goal - Farmers who attend the Tomato School will report an increase of knowledge of the presentation 
topics of 3.5 on a 1-4 Likert scale, where 4 equaled great increase in knowledge. 

Outcome – Since most attendees reported a pre-conference score of approximately 2.50, an increase of 
knowledge of 3.5 was unattainable, the maximum score being 4.  However, post-conference scores 
averaged a .848 increase in knowledge with an average ending score of close to 3.5.  Complete survey 
results are attached. 

Goal - 60% of farmers who attend the Tomato School will report a planned change in their production 
and marketing practices because of attendance.  

Outcome – 73% reported a planned change in their production and marketing practices because of 
attendance. 
 
Beneficiaries 
 
The 75 farmers who attended, plus the farmers who will work with the better equipped extension 
specialists throughout the state. 

The 13 Extension specialists who are better informed and have reference materials for further research. 

The consumers of Missouri who will have better quality, more plentiful tomatoes available. 
 
Lessons Learned 

The survey results clearly indicate an on-going interest for training on the topic of growing tomatoes.  
Excellent resource people are available to present on this topic.  Our team can move quickly and 
effectively to organize, publicize and present a successful conference beneficial to specialty crops 
growers from throughout the region.  Several attendees expressed that the farm visits were when they 
learned the most.  Should we repeat the conference, we will look at holding the farm visits during the 
first day because only about 70% of attendees stayed for the second day, mid-August being a very busy 
time for tomato growers. 
 
Contact Person 

Eileen Nichols 
417 483-8139 
eileennichols@sbcglobal.net 
 
Additional Information 
 

mailto:eileennichols@sbcglobal.net
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Evaluation: Missouri Tomato Conference – Joplin, MO – August 14, 2017 
 
The information you provide will not be used to identify any program participants. You may refuse to answer any questions. 
Your answers to the following questions will help University of Missouri Extension make sure that we are presenting valuable 
programs to a wide range of participants and will aid in future planning and training improvements. We appreciate your time 
and input. Please circle or mark appropriate answer. 
 

 
  Poor Fair Average Good Excellent 
  1 2 3 4 5 
1. How would you rate the overall 

program? 0 0 0 26.98413 73.01587 
Average rating (1-5 
Likert Scale) 

4.730 

 
  Poor Fair Average Good Excellent 
  1 2 3 4 5 
2. How well were your 

expectations met in this 
program? 0 0 3.174603 39.68254 57.14286 

Average rating (1-5 Likert 
Scale) 

4.540 

 
 
5. I would recommend this program to others. 

YES   100%   
NO 0% 

 
6. Overall, after completing this workshop, do you think your knowledge gained of pest management and safe production 

practices has increased: 
 

a great deal a moderate amount a little not at all 
4 3 2 1 

50.79365079 41.26984127 7.936507937 0 
Average knowledge gain (1-4 Likert scale) 3.429 

 
Listed below are the topics presented during this workshop. On the left, circle your knowledge of each topic BEFORE the 
workshop. On the right, circle your knowledge of each topic AFTER the workshop. 
 
How confident you are in using these practices or researching information after the workshop: 
 

5. Question: Non-existent Minimal moderate considerable 
  1 2 3 4 

1 Tomato production practices 0 1.639344 34.42623 63.93443 
2 Tomato insect IPM 0 3.278689 63.93443 32.78689 
3 Tomato diseases 0 3.278689 52.45902 44.2623 
4 Field tomato production  0 10.71429 51.78571 37.5 

5 Greenhouse/Tunnel tomato 
production 1.694915 10.16949 40.67797 47.45763 

6 Tomato fertility management 0 1.785714 51.78571 46.42857 
7 Tomato fruit quality issues 0 1.785714 55.35714 42.85714 
8 Tomato grafting 0 16.66667 59.25926 24.07407 

 
Knowledge gain 
 

 Question: Pre Evaluation 
score 

Post Evaluation 
score 

Knowledge gain     (1-4 
Likert Scale) 
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1 Tomato production practices 2.916667 3.622951 0.706284 
2 Tomato insect IPM 2.516667 3.295082 0.778415 
3 Tomato diseases 2.45 3.409836 0.959836 
4 Field tomato production  2.672727 3.267857 0.59513 
5 Greenhouse/Tunnel tomato production 2.372881 3.338983 0.966102 
6 Tomato fertility management 2.542373 3.446429 0.904056 
7 Tomato fruit quality issues 2.571429 3.410714 0.839286 
8 Tomato grafting 2.037037 3.074074 1.037037 

 Average knowledge gain   0.848 
 
 
7. What will you do differently as a result of this program?  
 
 Did Before Workshop Plan to Do in 

Next 6 Months 
No Plans to Use 

this in My 
Operation 

Does Not Apply 
in My Operation 

Change a production practice on my farm 
1.851852 62.96296 9.259259 25.92593 

Use a high tunnel or greenhouse for tomato 
production  

28.07018 28.07018 8.77193 35.08772 

Learn more about tomato pests 
12.5 73.21429 0 14.28571 

 
7. Please list two things that you learned during the conference that will make a difference in how you grow tomatoes. 

• More insect options. More on disease options. 
• I will be able to share this information with farmers in Missouri, tomato production practices, insect/pest 

management and tomato diseases. 
• High tunnel construction. Determinate vs indeterminate in high tunnels. 
• Controlling insects. Identify and manage diseases. 
• How to get chemical license, chemical suggestions on various critters.  Pick tomatoes when turning. Leave alone for 5 

to 7 days. 
• Picking before watering to enhance flavor. Not much yield difference suckers/non-suckers.  Disease and insect control 

– wat too much info to list here.  All excellent!  Mulching both in the row & between the rows helps to prevent 
diseases. 

• I learned more about using insecticides using drip systems. 
• Insect protection. 
• Not monitoring water application well enough. 
• No specific changes, but it is always valuable for me to receive reminders through these workshops to have important 

practices emphasized. Intent on scouting more & paying more attention to tomato varieties with regard to resistance 
to disease etc. 

• IPM. Plant (I couldn’t make out the next word. Sorry) 
• Advantages of grafting. Insect management in GH. 
• Grafting. 
• ID plant diseases & how to treat. ID pests & how to treat. 
• Fertigation. How to plant. 
• More consistently checking pH. Consider tissue samples to access nutrition. 
• Fertility, pest management. 
• Disease resistance. Grafting. 
• Lower pH improves tomato flavor. Snapping leaves for pruning instead of cutting. Grafting – all of it. 
• Monitor for pests before spraying.  Pick varieties more carefully. 
• Pest spray. Rotation. 
• Variety selection.  Pruning. 
• Covering between rows. 
• Pest Control. Tomato Production. 
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• Able to solve some questions we had. To check the importance of fertilizer. 
• Pollen dies @ temps over 95 degrees. Learned what a tomato pinworm moth looks like. Effects of fertility on fruit 

quality to plant development. 
• Double Cropping. Growing in perlite. 
• Temperature control. Disease control. 
• Fertilize more. Space wider. 
• Florida weave. Fertigation. 
• Small backyard gardens & small greenhouse, 20x15.  Yellowing on bottom leafs – cause. I need to place screen over 

GH exhaust & entry fans. Work on plant rotation. 
• Controlling temp in tunnel within ranges. Horizontal fans. High/low thermometer. Experiment w/grafting. 
• Disease characteristics. Other tomato deformities. 
• Bacterial diseases tend to drop down, more noticeable on leaf tips. Possibility of raising up hoop houses to 8’ – 10’. 
• Learned where to grow & what to grow. 
• Provide more spacing for each tomato plant.  Soil testing! 
• Better @ dealing w/fertilization & pests. Closer attention to night & day temps & water control. 
• High tunnel use.  Pest control. 
• Fertilize all through year.  Keep soil off plants. 
• The husband will do the bugs’ thing.  Many things to consider. 
• Varieties for greenhouses, disease control. 
• Crop rotation.  Plant deep. 
• Pests.  Modifications high tunnels. 
• Suckering differences between determinate & indeterminate.  The importance of controlling weeds & traffic in & out 

of tunnel & handling of tobacco. 
• Rotate crops for disease/pest prevention.  Get bumblebees. 
• Found resources I did not previously have.  Pruning for high tunnel tomato. 

 
8. What suggestions do you have for making this program more effective? 

• Have this program yearly and maybe move it to other parts of the state. 
• Might include short breaks. 
• No recommendations. 
• Round table discussions/mostly growers for practical use. Less professors, more growers. 
• None, well done! Liked that information applied to both large & small-scale growers. 
• More use of live examples. 
• Have similar in Central MO. 
• More hands on. 
• None. 
• Larger room, could not see all of the screen due to projection height. Website info was very difficult to access/share. 

Consider media management or hashtag for social media (#MOTomato17), need organic tract. Get more industry rep 
sponsors (seed comp.) 

• Move around the state if possible. 
• Better table seating. 
• Would have liked a farmer panel representing different growing methods/pest experiences/growing structures. 
• Handouts for all presentations. 
• N/A 
• More info on region specific pests. 
• For me more on heirloom. 
• Goes on for a bit too long. 
• None. 
• Great as is. 
• Breaks built in. 
• Overall good, no suggestions. 
• Great job thank you. 
• Please have speakers put pictures higher on slides so people in back can see.  Black/white pictures on print offs don’t 

show good pictures, which are important in identification. 
• Larger facility could move around the state. 
• None. 
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• For the amount of planning time you all had (8wks) I think you did a fantastic job! 
• Moving around between sessions, standing up! Everyone have handouts & if they have them, enough for everyone, 

especially since we had to pre-enroll.  All handouts be in color.  I’ll be spending some hours printing pictures & placing 
in my file. 

• PDF of subjects available beforehand. 
• Small printed presentations are too small to read. 
• Continue the same things. 
• Look like you had it covered. 
• NA 
• I liked the off the cuff group problem-solving scenario (Southern blight). More interactive moments like this facilitated 

by instructors would be great! 
 
9. Should we continue the Missouri Tomato Conference? 

• Yes (39 responses) 
• Definitely. 
• Absolutely. 
• Yes. Try fruit production. 
• Yes! Amazing that you were able to get such excellent presenters in such a short period of time! Well done as always. 

Thanks! 
• Yes!  Thanks, folks! 
• Yes. Good lineup of speakers. 
• Yes, consider the past. Look at what Dr. Lambeth accomplished. 
• Yes. Would also be interested in focuses on other crops. 
• Yes! Loved it. Thanks. 
• Yes! The speakers were outstanding. Knowledgeable, entertaining. Appreciate learning from industry experts. It will 

make a difference in my bottom line! 
• Very much so. 
• Absolutely yes! 
• Yes for beginners/intermediates. 
• Yes. This is great. 
• Of course. 
• Yes, good program. 
• Yes please. 
• Yes, very needed. 

 
WebApps impact reporting 
 

4. Customer Quotes - What else did you learn that you plan to use this year? 
• More insect options. More on disease options. 
• I will be able to share this information with farmers in Missouri, tomato production practices, insect/pest 

management and tomato diseases. 
• High tunnel construction. Determinate vs indeterminate in high tunnels. 
• Controlling insects. Identify and manage diseases. 
• How to get chemical license, chemical suggestions on various critters.  Pick tomatoes when turning. Leave alone for 5 

to 7 days. 
• Picking before watering to enhance flavor. Not much yield difference suckers/non-suckers.  Disease and insect control 

– wat too much info to list here.  All excellent!  Mulching both in the row & between the rows helps to prevent 
diseases. 

• I learned more about using insecticides using drip systems. 
• Insect protection. 
• Not monitoring water application well enough. 
• No specific changes, but it is always valuable for me to receive reminders through these workshops to have important 

practices emphasized. Intent on scouting more & paying more attention to tomato varieties with regard to resistance 
to disease etc. 

• IPM. Plant (I couldn’t make out the next word. Sorry) 
• Advantages of grafting. Insect management in GH. 
• Grafting. 
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• ID plant diseases & how to treat. ID pests & how to treat. 
• Fertigation. How to plant. 
• More consistently checking pH. Consider tissue samples to access nutrition. 
• Fertility, pest management. 
• Disease resistance. Grafting. 
• Lower pH improves tomato flavor. Snapping leaves for pruning instead of cutting. Grafting – all of it. 
• Monitor for pests before spraying.  Pick varieties more carefully. 
• Pest spray. Rotation. 
• Variety selection.  Pruning. 
• Covering between rows. 
• Pest Control. Tomato Production. 
• Able to solve some questions we had. To check the importance of fertilizer. 
• Pollen dies @ temps over 95 degrees. Learned what a tomato pinworm moth looks like. Effects of fertility on fruit 

quality to plant development. 
• Double Cropping. Growing in perlite. 
• Temperature control. Disease control. 
• Fertilize more. Space wider. 
• Florida weave. Fertigation. 
• Small backyard gardens & small greenhouse, 20x15.  Yellowing on bottom leafs – cause. I need to place screen over 

GH exhaust & entry fans. Work on plant rotation. 
• Controlling temp in tunnel within ranges. Horizontal fans. High/low thermometer. Experiment w/grafting. 
• Disease characteristics. Other tomato deformities. 
• Bacterial diseases tend to drop down, more noticeable on leaf tips. Possibility of raising up hoop houses to 8’ – 10’. 
• Learned where to grow & what to grow. 
• Provide more spacing for each tomato plant.  Soil testing! 
• Better @ dealing w/fertilization & pests. Closer attention to night & day temps & water control. 
• High tunnel use.  Pest control. 
• Fertilize all through year.  Keep soil off plants. 
• The husband will do the bugs’ thing.  Many things to consider. 
• Varieties for greenhouses, disease control. 
• Crop rotation.  Plant deep. 
• Pests.  Modifications high tunnels. 
• Suckering differences between determinate & indeterminate.  The importance of controlling weeds & traffic in & out 

of tunnel & handling of tobacco. 
• Rotate crops for disease/pest prevention.  Get bumblebees. 
• Found resources I did not previously have.  Pruning for high tunnel tomato. 

 
5. Learning (Short Term) Outcomes knowledge, skills or attitude change 

 
The evaluation results for this audience revealed that there was a high level of previous experience related to tomato 
production (as expected), but even so a considerable amount of learning was reported.  When asked to consider the program 
as a whole, the attendees who responded to the survey (n=60) reported an average knowledge gain of 3.429 on a 1-4 Likert 
scale, with 4=great deal of knowledge gain.  Attendees were surveyed on knowledge of workshop topics before and after the 
program, and average knowledge gain on a 1-4 Likert scale, with 4=considerable knowledge gain, was the following: Tomato 
production practices, 0.706; Tomato insect IPM, 0.778; Tomato diseases, 0.960; Field tomato production, 0.595; 
Greenhouse/Tunnel tomato production, 0.966; Tomato fertility management, 0.904; Tomato fruit quality issues, 0.839; and 
Tomato grafting, 1.037.  The overall knowledge gain was 0.848; average knowledge level improved from 2.510 to 3.360 on a 
1-4 Likert Scale.  Following the program, attendees reported confidence in understanding these topics at a considerable level, 
43%, and a moderate level, 51%.  The attendees who responded to the survey were asked to describe behavior change as a 
result of the program.  The following actions were planned within the next 6 months: Change a production practice on my farm, 
63%; Use a high tunnel or greenhouse for tomato production, 28%; and Learn more about tomato pests, 73%. 
 

6. Customer satisfaction exit survey or comments about the learning experience 
 
The attendees who responded to the survey rated the overall program as 4.730 on a 1 to 5 Likert scale, with 5=excellent.  
Attendees reported that expectations were met in the program at a level of 4.540 on a 1 to 5 Likert scale, with 5=excellent.  
100% of attendees reported that they would recommend the program to others. 
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