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TOMATOES
GETTING PAID FOR YOUR PRODUCE: AN INTRODUCTION TO PACA
Gregory Brown
McCarron & Diess
707 Walt Whitman Road, Second Floor, Melville, New York 11747
P: (631) 425-8110, F: (631) 425-8112, E: gbrown@mccarronlaw.com
http://www.mccarronlaw.com and http://www.pacawebguide.com

What is PACA?
PACA is a federal statute passed by Congress in the 1930’s to protect growers and other companies dealing in wholesale
quantities of produce from sharp practices in the produce industry.

What is the PACA Trust?
PACA requires purchasers of wholesale quantities of produce to hold produce inventory, receivables, proceeds from
the sale of produce, and other assets acquired with those proceeds, for the benefit of unpaid produce suppliers. Produce
purchasers are required to maintain the trust until all produce suppliers have received full payment of all sums owing
in connection with the produce transactions. Frequently, “sums owing” will include interest and attorneys’ fees.

How Do I Preserve My Trust Rights?
If you are licensed under PACA, you can preserve your trust rights by placing the statutory language on your ordinary
and usual billing statements, such as invoices. The statutory language is:
The perishable agricultural commodities listed on this invoice are sold subject to the statutory trust authorized
by section 5(c) of the Perishable Agricultural Commodities Act, 1930 (7 U.S.C. 499e[c]). The seller of these
commodities retains a trust claim over these commodities, all inventories of food or other products derived
from these commodities, and any receivables or proceeds from the sale of these commodities until full payment
is received.
If you are not licensed under PACA, you can preserve your trust rights by sending a separate notice to the purchaser
within thirty days of delivery.

What Does the Trust Get Me?
A produce supplier that has timely preserved it PACA trust rights may be granted an order from a court that freezes all
of the debtor’s assets until the produce supplier is paid. In any litigation, PACA also enables you to obtain a judgment
against officers and directors of the debtor without piercing corporate veil. Once judgment is entered, a valid PACA
creditor has a superior claim to trust assets over all other creditors, including the IRS. If the debtor files for bankruptcy,
in some instances the suppliers are entitled to immediate payment.

What’s the Catch?
The produce being sold must be a covered commodity – essentially, the produce must be fresh or frozen fruits or
vegetables. The buyer must be subject to PACA. A buyer is subject to PACA if it is licensed under PACA, buys more
than 2,000 pounds of produce in a single day, or if selling at retail or a restaurant, the buyer purchases more than
$230,000.00 worth of produce in a single year.
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How Do I Lose My Trust Rights?
A produce supplier can lose its PACA trust rights in a variety of circumstances. For example, payment terms must not
be more than thirty days. The supplier’s invoices and statements must contain written payment terms, such as “PACA
Terms” or “Net 10.” These terms may not vary from any pre-written contract the seller has with the buyer. The seller’s
invoices must have the PACA language, and non-licensed suppliers must send a notice of its intent to preserve its trust
rights within thirty days of delivery.
THIS IS AN ATTORNEY ADVERTISEMENT. Prior results do not guarantee a similar outcome. The information
contained in this document is provided for informational purposes only, and should not be construed as legal advice
on any matter. The information contained in this document does not constitute or create an attorney-client relationship
between us and any recipient. You should not send us any confidential information in response to this document.
Such responses will not create an attorney-client relationship, and whatever you disclose to us will not be privileged
or confidential unless we have agreed to act as your legal counsel. The material in this document may not reflect the
most current legal developments. The content and interpretation of the law addressed herein is subject to revision. We
disclaim all liability in respect to actions taken or not taken based on any or all the contents of this document to the
fullest extent permitted by law. Do not act or refrain from acting upon this information without seeking professional
legal counsel.

Greg Brown is an attorney with the law firm of McCarron & Diess, which focuses on
produce law and representing produce companies under the Perishable Agricultural
Commodities Act. In addition, the firm handles general commercial disputes and
transportation and logistics issues for companies in the produce industry. Greg has been
practicing law for ten years and in that time has handled all phases of complex commercial
disputes from inception through trial, including multi-district litigation related to the
sale and transport of produce. Greg lives on Long Island with his wife and two children,
who help him tend his four raised beds of tomatoes, zucchini, peppers and eggplants. He
welcomes any questions you may have concerning your PACA trust rights or the statute in general.
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BACTERIAL SPOT OF TOMATO: BIOLOGY AND MANAGEMENT
Beth K. Gugino
Department of Plant Pathology and Environmental Microbiology,
The Pennsylvania State University
219 Buckhout Lab, University Park, PA 16802
bkgugino@psu.edu

Bacterial spot is becoming an increasingly devastating disease of tomato in the mid-Atlantic region. Not only can
the pathogen directly damage the fruit, severe foliar infection can lead to defoliation reducing both the quality and
quantity of marketable fruit. This may be due in part to the increasing frequency of severe weather events that favor
disease development as well as shorter rotations between tomatoes due to the economic value of the crop.
Foliar lesions are initially small, dark brown or black and circular and may be surrounded by a yellow halo. As the
lesions expand, they coalesce and portions of the leaf or the entire leaf will turn yellow and die. Lesions on the pedicals
can cause flower abortion. Lesions will develop on immature fruit as a result of infection of the fruit hairs. The fruit
lesions are initially small, dark brown and raised. As the fruit ages, the lesions will increase in diameter and have a
scabby or corky appearance.
Young bacterial spot foliar lesions can be difficult to distinguish from those of early blight or Septoria leaf spot however
as the lesions expand, early blight lesions will develop concentric rings while lesions from Septoria will become tan
in the center will small black dots called pycnidia. Early blight fruit lesions will develop similar concentric rings as on
the leaves while Septoria will not cause fruit symptoms
The primary sources of bacterial inoculum are infected seed, infected crop debris and contaminated equipment (tools,
greenhouse structures, stakes, etc.). The bacteria are splash dispersed through overhead irrigation and during winddriven rain events. They enter the plant through both natural openings and wounds caused by severe weather, insect
or mechanical damage. The optimum temperature for infection is between 75 and 86°F while disease development is
favored by temperatures that fluctuate between 68 and 95°F. Warmer night temperatures between 72 and 82°F will
favor disease development while cooler night temperatures around 61°F will suppress disease progress.
The disease is caused by a group of xanthomonad bacteria once called Xanthomonas campestris pv. vesicatoria and
divided into four groups (A, B, C, and D). Now, the groups have been taxonomically reclassified into four different
species including X. euvesicatoria, X. vesicatoria, X. perforans and X. gardneri. X. euvesicatoria is the one that also
affects peppers.
When managing bacterial spot as well as other bacterial diseases, it is important to keep in mind that bacteria readily
multiply and spread under warm wet conditions; much faster than fungal pathogens. Once the bacteria land on a plant
they then need a natural opening or wound to infect unlike a fungal pathogen that can directly penetrate the plant
tissue. Therefore, in order for protectant bactericides to be effective, they must be applied and come in contact with the
bacterial cells prior to them entering the plant. This is in contrast to some fungicides that can stop the fungal infection
process even after the pathogen has initially entered the plant. Unfortunately, our ability to detect bacterial pathogens
associated with the seed and/or transplants is not below the threshold to cause disease so an integrated approach that
focuses on excluding bacteria from production system is critical for successful bacterial disease management. Since it
is primarily the immature fruit that are more susceptible, minimizing potential spread from the seed through the main
fruit set will minimize potential harvest losses.
Also plant stress whether due to environment or resulting from soil compaction, weed and pest pressure and field
operations can also play a large role in plant susceptibility to bacterial pathogens. Implementing strategies to optimize
planting and growing conditions can help also help reduce losses.
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Bacterial spot management strategies:
• Select pathogen-free seed from a reputable source. Although often easier said than done, it is important to purchase
the highest quality seed possible. The seed extraction process will not reliably eliminate bacteria from the seed so
treating the seed either with a chlorine bleach to disinfest the seed surface or a hot-water seed treatment to disinfest
the seed surface as well as eliminate bacteria that may be under the seed coat may be necessary. In order to not reduce
seed germination and viability it is important to follow established seed treatment protocols. With funding from the
Pennsylvania Vegetable Marketing and Research Program/Pennsylvania Vegetable Growers Association and the
Northeast IPM Program, four sets of hot-water seed treatment equipment have been purchased and are available for
use by growers in Pennsylvania (check with your local extension educator about availability).
• Sanitation during transplant production. Sanitation is an essential component to transplant production. Whether
you are growing your own transplants or purchasing from a supplier, sanitation practices need to be in place to reduce
potential losses to bacterial diseases. Some of these practices include:
• Removing all plant material including weeds from the greenhouse between crops.
• Using sterile potting mix and new trays, if possible. If re-using trays, sanitizing them with a disinfestant once all
the organic matter has been removed. Keep in mind that disinfestant products will be neutralized and become
ineffective in the presence of organic matter.
• Disinfest tools and equipment and greenhouse surfaces before the growing season. Wood can harbor bacterial
pathogens between seasons so minimizing the use of wood in the greenhouse is important.
• Avoid co-mingling seed lots (as well as tomatoes and peppers) both during seeding and within the greenhouse to
minimize potential cross-contamination.
• Minimize handling of the plants and movement within the greenhouse as much as possible.
• If symptoms are observed, remove the entire flat and adjacent flats to prevent further spread. Many of the
seedlings may be infected but are not yet showing symptoms and may not develop symptoms until planted in the
field.
• During transplant production minimize leaf wetness through timing of watering, managing relative humidity and
ventilation. Either bottom watering or using low pressure nozzles for watering will minimize potential damage to the
plant and ports of entry for the bacterial. Also do not handle plants when they are wet or allow them to drop on each
other when preparing for shipping.
• In the field, follow a minimum three year crop rotation out of solanaceous crops including pepper. The bacterial
spot pathogen cannot survive in the soil in the absence of crop residue. Also manage any solanaceous weeds or
volunteer that can harbor bacterial spot between seasons.
• Minimize crop stress by promoting good soil drainage, adequate crop fertility and maximizing air circulation.
Utilize drip irrigation whenever possible.
• Separate seed lots when possible to minimize potential spread if one seed lot is infested. Separate sequential
plantings and work in the youngest planting first. Once the main fruit crop is set, late-season foliar symptoms
and potential spread to the fruit are less problematic. Plowing down crop residue soon after harvest is complete will
facilitate the decomposition of crop residue and reduce spread to younger successive plantings.
• In the field, fixed-copper based products are still the primary tool for managing bacterial spot in tomato. There is
increasing concern about the potential development of copper resistance within bacterial populations in Pennsylvania
as has developed in other production regions in the U.S. The current status of copper resistance in PA is currently
not known but the collection and screening of select isolates is being planned for the 2015 growing season. In noncertified organic systems, copper can be tank mixed with mancozeb to enhance the bactericidial effect of fixed copper
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and this will also help manage any copper resistant strains, if present. An increasing number of research-based trials
have demonstrated that when applied starting early in the season, Actigard 50WG (a.i. acibenzolar-S-methyl) can
help reduce bacterial spot incidence and severity. This product works to triggers the plant’s own defense system to
produce proteins and other products that enable the plant to suppress pathogens. Typically, these defense mechanisms
are only triggered when a plant detects a pathogen. Priming or the pre-activation of the plants defenses enhances the
plants defense response. This is not a silver bullet and should be used in conjunction with an IPM program.
• In the greenhouse, bacteriophage (viruses that infect bacteria) can be used to reduce bacterial populations on the
plant surface. These viruses are very specific to the bacterial species and when they come in contact, the virus injects
its RNA into the bacterial cell where it replicates and eventually causes the bacterial cell to lysis or break open.
Streptomycin-based products can also be used during transplant production to manage bacterial populations on the
surface of the transplants.
In order to be effective, an integrated approach to the management of bacterial spot on tomato needs to be employed
from seed selection through fruit production. Although a challenge to manage, understanding the biology and
epidemiology of bacterial spot can help identify strategies to reduce losses in the field and can help explain why
management efforts may have failed.

Beth K. Gugino is an Associate Professor in the Department of Plant Pathology and
Environmental Microbiology at The Pennsylvania State University located at University
Park, PA. Her extension and research program focuses on the identification, epidemiology
and management of vegetable diseases important to the Pennsylvania and the Northeast
region. She received her B.S. in Horticulture and M.S. and Ph.D. in Plant Pathology from
The Pennsylvania State University. She was a post-doc at the New York State Agricultural
Experiment Station with Cornell University working with diseases of vegetable crops and
soil health for four years before returning to Penn State in June 2008.
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TOMATO FERTILITY

Steve Bogash
Horticulture Educator / Researcher, Penn State Extension
Packable tomato yields of #20 plus pounds per plant are readily attainable by growers willing to focus on production
details. However, fruit cracks, shoulder checks, radial cracking, yellow shoulder, and blossom-end rot are all serious
defects in tomato fruit which in turn will result in losses in the quantity of marketable fruit. There are a number of
cultural practices that growers can implement to dramatically decrease these problems. Proper irrigation management,
careful attention to balancing specific nutrients, and the use of either plastic or organic mulches have all been proven
in field trials to significantly increase fruit quality.
While weather is a factor that remains beyond growers control, shelters such as high tunnels have been shown in trials
to be “unusually effective” at increasing fruit quality through reducing rain splash on fruit and even improving light
quality when using ‘diffusion-type’ plastic films. Episodes of fruit cracking often follow rain especially in larger fruit.
In addition, keeping rain off the foliage all but eliminates a number of fungal and bacterial diseases by keeping the
leaves dry and preventing rain drop splashing-caused movement of plant disease spores. Spider mites, Aphids, Thrips,
Leaf Mold and Powdery Mildew remain common pest challenges for shelter-grown tomato plants.
In order to produce the greatest quantity of the highest quality tomatoes (peppers too) growers must:
1. Pay careful attention to soil preparation prior to planting. In the case of soilless media, the selection of the
appropriate media has long term consequences for the management of plant nutrition.
2. Select only those varieties that perform well and meet individual grower market requirements.
3. Understand their water resources thoroughly as pH and alkalinity have direct implications in water treatment
and the selection of nutrients.
4. Use moisture sensing soil appliances such as tensiometers in order to meet plant water demands as growing
conditions change.
5. Plan and implement a regular and consistent program to test soil and plant tissue to meet changing plant demands.
6. Have a well-designed, easy to maintain, well maintained, nutrient injection system. Most injectors require a
rebuilding every other year in order to maintain accurate proportioning. This is especially important with acid
injection systems as even minor changes due to wear can have a great impact on nutrient availability
7. Be prepared to apply nutrients on a regular basis to meet plant demands. This includes foliarly applied nutrients.

Preplant soil preparation
The first step in creating a high yielding, high packout tomato crop is preplant soil testing. Vegetable crops such as
tomatoes remove substantial quantities of nutrients, so test annually in order to use the best information in applying the
coming years’ nutrients. Based on soil analysis results, conventional growers will need to incorporate at least 30-50%
of nutrient requirements at soil preparation. Organic growers will want to incorporate 70-80% as organic fertilizers for
injection post planting are substantially lower analysis in N, P, & K versus conventional powdered concentrates. Slower
release fertilizers such as greensand, green potash, and burnt potash as potassium sources, aragonite as a calcium
source and magnesium sulfate (Epsom salts) applied at plow down have demonstrated high potential to further reduce
Blossom End Rot and Yellow Shoulder.
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Water resources, pH and alkalinity
Tomatoes and peppers have the best nutrient uptake at a soil solution pH of 6.2-6.5. This will maximize potassium
uptake as well as create a situation where it is possible to keep all of the other nutrients in the high end of the ‘sufficient’
zone. Regular testing of your irrigation source for pH and alkalinity will provide you with the information to adjust
your pH through the addition of acids. Note: low pH is seldom a problem, but where the irrigation solution pH is below
5.8, the use of alkaline fertilizers is indicated. The injection of alkaline materials specifically for pH adjustments such
as calcium carbonate is only recommended where the pH is below 5.5. Sulfuric acid is the most common material used
to reduce pH and alkalinity. Organic growers have had good success with citric acid for pH reduction. Nine ounces of
powdered citric acid per 100 gallons of irrigation water will reduce the pH of most water by about 1 full point on the
pH scale. Conventional growers can use the AlkCalc alkalinity calculator (http://extension.unh.edu/Agric/AGGHFL/
alk_calc.cfm) to get extremely close to a proper dose. The use of a calibrated pH meter is highly recommended to test
the irrigation stream regularly as the online calculator and citric acid recommendation are simply tools to get close to
the target pH. Water pH often changes during the growing season based on rainfall and source. Limestone aquifers
will experience an increase in pH and alkalinity in a dry season as the underground storage area decreases. Surface
waters will change with every rain event as rainwater combines with runoff.
Note on the pH scale: Even small incremental changes in pH mean a lot for soil solution chemistry. This is because the
scale is logarithmic. The difference between a pH of 6 and 7 is ten-fold. Going from a pH of 6 to 8 is 10 x 10 or 100
fold. Most tomato growers that have adopted acid injection find that their crop quality improves dramatically as their
potassium utilization improves.
Note on pH meters and litmus paper: Litmus paper is nearly useless for accurate water testing as it will age rapidly
once the package is opened and is only designed to get within ½ of a pH point. The author regularly finds litmus paper
tests to be off by 1-2 points. Purchase a high quality digital pH meter that self-temperature adjusts, read the directions
carefully, change the batteries at least annually and use fresh pH 4 and 7 calibration solutions. Replace calibration
solutions at least annually. If you notice crystallization around the lid of the solutions, it’s time to replace them. Your
test results are only as good as the solutions that you use to calibrate your meter.

Application of injected nutrients
The potassium / nitrogen (K/N) ratio deserves careful consideration. Tomato plants require substantial nitrogen
available to rapidly grow a strong plant. Nitrogen demands change during the plants lifespan. Prior to flowering, dry
matter tissue levels of 5-6% N are recommended. At flowering and during subsequent fruit fill, the ratio between K and
N becomes critical. Experiments in Southwest Michigan indicate that a 2K to 1N ratio is necessary to produce quality
fruit during fruit filling. This ratio will tend to enhance fruit firmness as well as reduce yellow shoulder. Potassium
plays a key role in water relations and epidermis (skin) elasticity. Sites that are very poor in fertility may benefit from
a 3K to 1N ratio. While tissue N levels of up to 6% are advisable as plants are growing out from a transplant, those
levels need to be brought down to 3.5-4.5% once fruit set and maturation get underway or suffer the likelihood of soft
fruit and yellow shoulder.
The Michigan research also indicated that a single foliar application of boron at .25 lb/A reduced shoulder checking.
In some, but not all cases foliar calcium applied both with and without boron was also beneficial. Growers need to
be cautious in applying micronutrients such as boron as excessive amounts can result in fruit defects and phytotoxic
damage to skin and leaves.
Once tomato plants are fruiting look for the following tissue nutrient levels (by dry matter):
Nitrogen
Phosphorus
Potassium

N
P
K

3.5-4%
.8-1%
3+%
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Calcium
Magnesium
Sulfur
Manganese
Zinc
Boron
Copper Cu

Ca
2.5-3%
Mg
.5-.9%
S
.3-1.2%
Mn
40-500ppm
Zn
20-50ppm
B
25-75ppm
5-20ppm

A good program to begin injecting nutrients is to base your initial applications on general plant population requirements.
An acre of tomatoes needs approximately #.5 of N per day. From this starting point, you can adjust your program as
necessary based on soil and tissue analysis. A tomato acre has 4,840 plants (plants 18” apart with rows on 6’ centers).
Start with a balanced fertilizer such as 20-20-20 (1-1-1 ratio) or 20-10-20 until the first flowers appear, Switch to a high
K, low N fertilizer at this point such as 9-15-30 1-1.5-3 or 4 ratio) and adjust other nutrients based on tissue results.
There is good research to support moving to a high potassium program two weeks prior to flowering as this is when
the higher consumption begins. This may explain why growers that begin to increase potassium at flowering or shortly
after find it so difficult to restore plant tissue levels.
Calcium is a little special as it does not move from older plant leaves, so plants need it regularly for reduced cracking,
firmness and preventing blossom end rot. Tissue testing will reveal whether you need to adjust this nutrient. It is not
uncommon to have to regularly tweak levels of Mg and Ca. Note that testing for tissue Ca and Mg is always measuring
past uptake. However, measuring these levels is useful in adjusting your regular feeding program.

Foliarly Applied Nutrients
Keeping up with rapidly ripening fruit demands when a single tomato plant may be ripening #8-15 of fruit at a time
requires careful attention. High yielding tomato varieties often benefit from the application of very small amounts of
Ca, Mg, B, and K to foliage. Research has demonstrated a synergy between the application of potassium to the roots
coupled with a foliar application of potassium. Regular applications of Ca, Mg and K help in maintaining sufficient
levels of these nutrients during highest demand. Carefully follow the label directions and double check your math as
there is always the potential to burn leaves and fruit through wrongly applied foliar materials. Avoiding applications
during the hottest part of the day once temperatures reach 85F will greatly reduce the potential for these phytotoxic
reactions from spray materials. Materials that are blended specifically for foliar application have adjuvants that increase
the uptake of nutrients through leaf tissue.

Some relatively new information
-Tissue phosphorus level drop shortly after fruit set is an annual event. Start tissue testing about 4 weeks after planting,
then continue every 2 weeks until last fruit set. At SEAREC, our tunnel tomatoes consistently go through a deep P
drop in plant tissue that we’ve worked through by adding a high P soluble to the mix (12-48-8 in our case, but there are
other similar materials) for several weeks. After 2-3 weeks of this high P regimen we go back to regular maintenance
fertilizers such as 9-15-30 or 8-16-42.
-When to switch from a balanced to a high K soluble? Earlier wisdom was that we switched at the onset of blossoms.
One of the reasons catching up is always so difficult is that we’ve been starting several weeks late. High potassium
usage begins several weeks before flowering. This earlier potassium need just underscores the need for a consistent
tissue testing program.
-Boron everywhere: more and more fertilizers contain boron as it is often identified as being deficient. Carefully
consider which fertilizers you choose, so as to avoid a boron toxicity.

16

TOMATOES
Steve Bogash is currently a Horticulture Educator serving Pennsylvania out of the
Cumberland County office in Carlisle. He covers vegetables, small fruit, cut flowers,
greenhouse vegetables, and specialty marketing as his primary areas of responsibility.
Tomatoes, bell peppers, container vegetables, cucumbers, and other specialty crops are
regular items in the trial gardens under Steve’s management.
Since 2008, Steve has been doing extensive trials on container-grown vegetables in
addition to his high tunnel and field tomato evaluation program started in 2000. Evaluating
more than 400 varieties of tomatoes for flavor, appearance, disease resistance and general usability has made Steve
very opinionated when it comes to tomato varieties. Steve lives with his wife, Roberta and son, Joe in Newville, PA
and is looking to create a vineyard and greenhouse business as a post-retirement form of entertainment.
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TOMATO GRAFTING AND FOLIAR DISEASES IN HIGH TUNNELS
Judson Reid, Extension Vegetable Specialist
Cornell Cooperative Extension, Cornell Vegetable Program
417 Liberty Street, Penn Yan, NY 14527
315-536-5123
cvp.cce.cornell.edu • www.youtube.com/user/ccecvp

Introduction
As soil based production continues in tunnels and greenhouses, risk of root-zone diseases, insects, nematodes and soil
nutrient deficiencies increase. Grafting, the combination of two separate cultivars into one plant, is one management
approach to these challenges.
Grafting in our studies has significantly increased tomato yields. Labor, greenhouse time and materials however
increase the cost of grafted transplants. Therefore to be profitable with this technique, a high graft survival rate is
required. Key steps for success in the grafting process follow.

Grafting
Choose a commercial rootstock and your own preferred scion (top portion).
Seed rootstock 2-3 days before scion. Seed an extra 25-50% of rootstock seed
to be sure to have plenty to choose from when looking at stem diameter.
The actual amount needed will depend on if one or two growing points are
developed from each grafted plant. Start seeds in open flats then transplant
to cells to ensure uniformity. At the 2-true leaf stage, it’s time to graft (about
4-5 weeks after seeding).
Line up the rootstock and scions at the point on the stem with the best
diameter match above the cotyledons. Using a sterile razor, at approximately
a 45° angle, cut through both stems at the same time to ensure that the cut is
true across both plants.
Join the bottom portion of the rootstock with the top portion of the scion
using a silicon grafting clip. Double check there is no gap at the graft union.
Now you have your new plant.
Mist the plant with water to reduce the transpiration stress on the new plant.
It is crucial to keep the foliage moist until the graft union has healed.
Your plant is now ready to go in the healing chamber. It is best to work in
small batches of 4-6 plants that go immediately into the chamber to avoid
stress. Be sure not to jostle the plants as air gaps can develop at the graft
union.
					Common Rootstocks:		Common Scions:
• Maxifort
• Beaufort
• Colosus

• Panzer
• Geronimo
• Rebelski
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Healing
Mist grafted plants again and immediately place them in a completely
darkened healing chamber. Maintain 100% relatively humidity and
temperature of 75-80°F.
After 3 days in a darkened healing chamber, acclimate the grafted plants
by gradually introducing ambient light and reducing relative humidity. For
example, on the fourth day after grafting, the doors to the healing chamber
could be opened for several hours then closed to allow the plants to recover.
Each day increase exposure to ambient light and humidity. Some wilting is normal.
Mist the plants at the first sign of wilting. Aim for complete healing by day 8-10 post graft.

Growing
Prepare tunnel/greenhouse soil with a high fertility demand in mind. Soil test
with a sharp eye for P, K, Mg, Ca and pH levels. Apply the above in addition
to N. This is particularly important in organic settings where nearly 100% of
the required N should be applied pre-plant.
Transplant grafted plants as soon as the graft is completely healed. Keep the
graft well above the soil line as scion roots may develop otherwise. Scion
roots would defeat the purpose of grafting as the scion will not have the same
disease resistance and vigor of the rootstock. It is equally important to prune
out any rootstock shoot growth. These shoots compete with the sci-on for
plant nutrient and will not produce desirable fruit.
Prune to either 1 or 2 growing points on indeterminate varieties. Our studies
show that 2 growing points is effective at managing excess rootstock vigor. If
pruning to two leaders, each should be given 5 sq ft growing space.
Plants can be pinched (topped) to develop two equally strong growing points,
or allowed one sucker as a secondary growing point. Each growing point should be trellised separately.

Conclusions
Economics of grafting are favorable based on
several years of Cornell Vegetable Program
research. For example, the estimated cost of
a Maxifort (a common rootstock) X Panzer
(a popular scion) is $1.50/plant versus an
ungrafted Panzer at $0.36/plant. With a mean
increase of 4.7 pounds per plant, the breakeven price required is $0.24 per pound.
Our limited experience with determinate
varieties has re-directed us to indeterminate
varieties. The indeterminate production
system allows for more pruning which

Chart 1. Survival rates out of 40 plants per six rootstock/scion
combinations in a Cornell Vegetable Program research trial.There
are many other combinations that could be made.
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harnesses the rootstock vigor. Left unchecked, as in determinate production, excess foliage can actually increase
disease incidence.

Sources for Grafting Supplies
Harris Seed Company • Hydro-gardens.com • Johnny’s Selected Seeds

Acknowledgements
Trial assistance provided by Nelson Hoover, Elizabeth Buck and Kathryn Klotzbach. Industry support provided by
Syngenta and a Speciality Crop Research Initiative block grant from NYS Department of Agriculture and Markets.
Photographs provided by Jim Monahan and Judson Reid.
Educational purposes only: The information contained in this publication is intended solely for the education of
farmers interested in the subject of grafting tomatoes and is not intended to provide all factors to be considered before
and during the process. No endorsement of products or companies is made or implied.
Cornell Cooperative Extension provides equal program and employment opportunities.

Judson Reid is an Extension Associate with Cornell Vegetable Program. Originally from a Northern New York
dairy farm, he earned B.S. and M.P.S. degrees from Cornell University. He works and lives in Penn Yan, NY.
Research interests include plasticulture and high tunnels.

20

GMO’S
MANDATORY GMO LABELING LAWS: OVERVIEW
AND STATUS OF CURRENT LEGAL ISSUES
Ross H. Pifer
Penn State Agricultural Law Resource and Reference Center
329 Innovation Blvd., Ste. 118
State College, PA 16803

Enacted GMO Labeling Laws
Connecticut Public Act 13-183 (2013)
On June 25, 2013, Connecticut’s governor signed legislation that mandates labeling of “food intended for human
consumption” as well as “seed or seed stock that is intended to produce food for human consumption” when that food,
seed, or seed stock is genetically modified or contains ingredients that were produced using genetic modification.
For such products, the required labeling must contain the words “Produced with Genetic Engineering.” Exceptions
to labeling are provided for alcoholic beverages, food intended for immediate consumption, most products sold by
a farmer directly to a consumer, and non-genetically engineered animals that had been supplied with genetically
engineered feed or drugs. This law will be enforced by the Commissioner of Consumer Protection. Civil penalties of
up to one thousand dollars per day per marketed product are authorized against each person who knowingly violates
the statute.
The statute included conditions that must be satisfied before the law will become effective. It will not become effective
until similar labeling requirements are enacted in neighboring states. Specifically, two triggers must be satisfied before
the law will become effective. First, four additional states, including one that borders Connecticut, must enact mandatory
labeling laws. Second, the aggregate population within eight defined Northeastern states that have mandatory labeling
must exceed twenty million according to the 2010 census.

Maine Legislative Document 718 (2014)
The Maine legislature joined Connecticut by passing mandatory labeling legislation in June 2013. This legislation,
known as An Act to Protect Maine Consumers’ Right to Know About Genetically Engineered Food, was enacted
on January 12, 2014 without the governor’s signature. The provisions of this law bear significant similarity to
the Connecticut statute by requiring that “any food offered for retail sale that is genetically engineered must be
accompanied by a conspicuous disclosure that states, ‘Produced with Genetic Engineering.’” It contains exemptions
for alcoholic beverages, restaurants, non-genetically engineered animals that have been fed genetically engineered
feed, and medical foods. It also provides for a de minimus exception where the total weight of genetically engineered
food ingredients are less than 0.9 percent of the total weight of a “packaged processed food.” As with the Connecticut
law, this statute does not authorize private enforcement. The Commissioner of Agriculture, Conservation, and
Forestry is charged with enforcement responsibilities. This law will become effective after five contiguous states,
including Maine, enact mandatory labeling laws. If this condition is not satisfied by January 1, 2018, the law will be
automatically repealed at that time.

Vermont House Bill 112 (2014)
After the enactment of conditional legislation in Connecticut and Maine, Vermont became the first state to initiate
mandatory GMO labeling with a so-called “no strings attached” law. Pursuant to the Vermont statute, all food that is
offered for sale in Vermont after July 1, 2016 must bear an appropriate label if that food is “entirely or partially produced
with genetic engineering.” Exemptions, similar in nature to those provided in the Connecticut and Maine legislation,
have been provided. Labeling is not required for the following products: (1) food derived from non-genetically modified
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animals even where they have been fed or injected with genetically modified products; (2) food that has been “grown,
raised, or produced” without the “knowing or intentional” use of genetically modified food or seed; (3) food that
utilizes genetically engineered enzymes; (4) alcoholic beverages; (5) processed food products containing a de minimus
amount of genetically modified food ingredients; (6) food that has been verified by an independent organization as
not having “been knowingly or intentionally produced from or commingled with food or seed produced with genetic
engineering; (7) food prepared for immediate consumption; and (8) medical food.
The Vermont Attorney General is charged with enforcement of this law and has been granted authority to engage in
rulemaking for the implementation of the law. Recognizing that a legal challenge to this law was possible, the statute
creates a Genetically Engineered Food Labeling Special Fund to be used in any potential litigation arising from the
enactment of the statute. House Bill 112 provided for an appropriation from the state of up to $1.5 million into this
fund, and immediately upon signing the legislation, Governor Peter Shumlin requested that interested individuals
contribute to this fund through the Food Fight Fund Vermont website.

Ross H. Pifer is Director of the Agricultural Law Resource and Reference Center at The Penn State Dickinson
School of Law. Mr. Pifer received his B.S. in agricultural business management from Penn State University, his
J.D. from The Dickinson School of Law, and his LL.M. in agricultural law from the University of Arkansas School
of Law. Prior to accepting his position with the Agricultural Law Center, Mr. Pifer was an attorney-advisor for
the U.S. Department of Agriculture’s Office of General Counsel. In this capacity, he served as the primary legal
advisor to the Farm Service Agency, the Rural Housing Service, the Rural Utilities Service, and the Rural Business
Service in Pennsylvania and to the Natural Resources Conservation Service in New York State. He also has
professional work experience as an associate attorney with a private law firm in Gettysburg, Pennsylvania, and as
a territory manager for the Nutrena Feeds Division of Cargill, Inc. Additionally, he has served on active duty with
the U.S. Army Judge Advocate General’s Corps in support of the NATO Regional Headquarters, Allied Forces
Central Europe (AFCENT) where he provided advice and representation to military personnel and commands
in the Netherlands, Belgium, Luxembourg, Great Britain, and Germany. He is originally from Punxsutawney,
Pennsylvania.
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DEVELOPMENT OF CAROTENOID-ENRICHED VEGETABLES WITH
INCREASED NUTRITIONAL QUALITY AND VISUAL APPEARANCE
Li Li
Robert W. Holley Center for Agriculture and Health, USDA-ARS, Department
of Plant Breeding and Genetics, Cornell University, Ithaca, NY 14853, USA
Email: ll37@cornell.edu

Carotenoids are a class of red, orange and yellow pigments widely distributed in nature. Carotenoids are highly
beneficial for human nutrition and health as they provide essential nutrients and important antioxidants in our diets.
Because humans are unable to synthesize vitamin A de novo in our bodies, plant carotenoids provide the primary
dietary source of provitamin A. Intake of foods enriched with carotenoids is known to be associated with reduced
risk of cancer, cardiovascular diseases and the age-related eye diseases, such as macular degeneration, the leading
cause of blindness in the elderly. In addition, carotenoid color is an important quality trait of fruits and vegetables.
Thus, development of carotenoid-enriched food crops not only provides the most effective and sustainable approach
to maximize the nutritional and health benefits of carotenoids to people, but also enhances visual appearance of our
food crops.
Biotech approach has been proved to be effective in successfully engineering of carotenoid content in food crops for
nutritional enhancement. The best known example is Golden Rice via rice endosperm-specific overexpression of two
carotenoid biosynthetic genes (Paine et al., 2005; Ye et al., 2000). Other examples includes tissue-specific expression
of carotenoid biosynthetic genes in producing “golden” potato tubers, high carotenoid tomato, and red carrot with a
new and high-economic value astaxanthin carotenoid.
Our discovery of an Orange (Or) gene provides another effective and complementary approach to produce carotenoid
enriched food crops. The Or mutant in cauliflower is a natural spontaneous,
single-locus gene mutation found from a white cauliflower field. The mutant
contains high level of β-carotene and turns the cauliflower head orange (Figure 1).
Commercial Or cauliflower with striking orange phenotype has been developed.
Recent study shows that the Or gene also controls the orange color in melon
fruits (Figure 1). Or is a bona fide molecular switch to induce the formation of
carotenoid sink structure (i.e. chromoplast) for stable storage (Lu et al., 2006).
To enhance carotenoid level in a vegetable crop, we expressed the Or gene in a
tuber-specific manner in potato and produced biotech potato tubers. The tubers
were orange color (Figure 1) with up to 6-fold increased level of carotenoids.
Moreover, we found that the tubers expressing the Or transgene conferred not
only the increased levels of xanthophylls, but also the accumulation of potent
provitamin A carotenoid, β-carotene, which was undetectable in the non-biotech
control tubers (Lopez et al., 2008). Furthermore, the Or transgene promoted
continuously accumulation of β-carotene during five months of cold storage. The
storage greatly enhanced the carotenoid content in the biotech tubers to a level of
10-fold over controls (Li et al., 2012). Examination of the biotech crops suggests
Fig. 1. White cauliflower and
that sequestration of synthesized carotenoids within chromoplasts offered the
orange head cauliflower mutant,
vegetable crop a unique capacity to synthesize and stabilize carotenoids during
which is caused by a mutation
growth and post-harvest storage. In contrast, no such increase of carotenoids was
of the Or gene (top). White and
observed in the tubers of vector-only controls or a yellow-flesh variety during the
orange melon fruits (middle).
same period of storage. Bioavailability test showed that the Or transgene induced
Biotech transgenic potato tubers
β-carotene was stable during simulated digestion and accessible for uptake by
that without (V) and with (Or)
human intestinal absorptive cells. This work offers a novel example of a very
the Or transgene (bottom).
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useful strategy for enhancing the nutritional value of food crops. The biotech potato tubers have potential to provide
food with better health and visual appearance.
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Dr. Li Li is an adjunct associate professor in the Plant Breeding and Genetics Section, School of Integrative Plant
Science at Cornell University. She is also a USDA-ARS Research Molecular Biologist at the Robert W. Holley
Center for Agriculture and Health in Ithaca, NY. Dr. Li Li received her Ph.D. degree in Plant Physiology and
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FOUR-SEASON HEAD LETTUCE PRODUCTION
Lewis W. Jett
West Virginia University Commercial Horticulture Specialist

Lettuce (Lactuca sativa L.) is a high-value
crop for many retail and wholesale markets.
Lettuce is a cool season crop with an optimal
temperature for growth of 60-65°F, yet it
may be possible to grow a lettuce crop yearround in the Mid-Atlantic region using a
combination of suitable varieties and season
extension technology (Figure 1).
Figure 1. High tunnels can be used for extended season head
lettuce production.

Lettuce is the second most widely grown
crop within high tunnels in the United States
behind tomatoes. Bibb and romaine head
lettuce are two popular head lettuces. Bibb lettuce or butterhead lettuce has loose, open heads with soft or tender
leaves while romaine or cos has long, firm leaves with prominent midribs (Figure 2). Bibb lettuce is an excellent choice
for expanded local production because it does
not ship well over long distances. Romaine
lettuce has a more vertical or upright growth
and produces a very dense head of leaves.
Both types of head lettuces can be harvested
at the baby stage for specialty markets.

Transplant Production
For high tunnel lettuce production, the crop Figure 2. Romaine (left) and bibb (right) lettuce for extended
should be established from transplants. season production.
Transplants allow for earlier and more uniform
harvest. Pelletized seed if available should be chosen. The container cell size should be approximately 1in2.Suitable
containers such as 96-128-cell plug trays can be used for growing lettuce plugs (Figure 3). The optimal temperature for
transplant growth is 65-75°F. A 200 ppm nitrogen solution can be used to fertilize the growing transplants each week.
The plugs are ready to be transplanted approximately 28 days from seeding.

Planting Within a High Tunnel
Lettuce can be established within a high tunnel every season of the year. Under optimal conditions, 50-75 days from
seeding will be needed to begin harvest. When
planted later in the year, the length of time
from seeding to harvest increases. However,
head lettuce for winter production should be
planted before November. Bibb lettuce should
be spaced 6-8” apart within the row and
8-12” between rows. Romaine lettuce should
be spaced 12” between plants and between
rows on the bed. Typically a 3-4 row bed is
optimal for lettuce production within a high
Figure 3. Head lettuce should be established as transplants for
tunnel. Plastic mulch is recommended since
early and uniform maturity.
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the mulch will be effective in regulating soil temperature and reducing soil moisture evaporation. In addition, the
mulch helps to reduce soilborne diseases. Black plastic mulch (embossed) is recommended for early spring, fall and
winter lettuce production, while white or reflective mulch should be used for summer lettuce production (Figure 4).
Lettuce requires frequent irrigation for optimal yield and quality. Drip irrigation with medium flow drip tape should
be used for full season lettuce production. Each bed should have 2-3 drip line laterals. A 6-9 hour irrigation cycle per
week should be followed depending on the season of the year. Beginning in mid to late November, irrigation can be
curtailed.

Recommended Varieties

Nutrient Management
The optimal pH for lettuce production is 6.5-6.8. Approximately one pound of actual nitrogen (N) per 1000 ft2 is
applied prior to planting lettuce. The remaining 0.5 lbs. of actual N per 1000 ft2 of bed space can be applied through
the drip system over the remaining 4-6 weeks of growth. Phosphorus (P) and potassium applications should be based
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on the most recent soil test. If phosphorus and potassium levels are optimal, fertilizer such as calcium nitrate (15.5-00) is recommended for lettuce production. Six pounds per 1000 ft2 can be applied prior to planting and the remaining
3.2 lbs. injected in the irrigation water over a 4-6 week period.

High Tunnel Temperature Management
The optimal temperature for production of head lettuce is 65-75°F. Thus, venting should be controlled to reach this
temperature range. Most head lettuces will grow if the temperature is >40°F. When air temperatures exceed 85°F
for extended periods of time,
the lettuces will often bolt
(produce a seedstalk) or
become bitter. Row covers
should be used to modify
temperatures for lettuce
growth. A 0.8-1.0 oz. /yd2
row cover is recommended.
When the minimum (night)
temperatures are forecast to
be lower than 40°F, row covers
should be applied to the lettuce
crop. The following morning
Figure 4. Shade cloth and white polyethylene plastic mulch are used to grow
(temperature permitting) the
lettuce in mid-summer while black plastic mulch and rowcovers are used for
rowcovers can be removed.
spring and winter lettuce production.
Avoid growing lettuce for
extended periods of time under row cover since this will often produce tip burn symptoms on the leaves.

Harvest and Postharvest Handling
Lettuce is very perishable and must
be harvested very carefully. Bibb and
romaine lettuce are ready to harvest
when the head diameter is 6-12 inches
wide. Fresh weight of the head will
range from1/4 to 2 lbs. Individual heads
are hand-cut and any discolored leaves
removed. Harvest containers such as
plastic lugs are ideal for harvesting and
storing lettuce (Figure 5). Individual
heads can be washed prior to marketing.
If the lettuce is stored, the optimal
temperature is 32-36°F and 95% relative Figure 5. Plastic harvest lugs are used to harvest, wash and store head
lettuce.
humidity.
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Economics of High Tunnel Head Lettuce Production

Lewis W. Jett is Commercial Horticulture Extension Specialist at West Virginia University in Morgantown,
WV. Dr. Jett is a native of West Virginia. He conducts research and outreach projects associated with organic
horticulture, stand establishment, conservation tillage and season extension technology.
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CULTURAL METHODS TO REDUCE DISEASE IN WINTER TUNNEL GREENS
Judson Reid
Cornell Vegetable Program

Introduction
High tunnels and minimally heated greenhouses are critical to the success of the ‘eat local’ movement. In fact a recent
USDA report indicated that the adoption of hoop houses helped New York secure the highest number of winter farmers
markets in the nation. The short days and cold climate of New York winters focus the crop production on greens and
some root crops. Spinach, chard, kale and an assortment of Asian greens yield well in protected culture and are gaining
market acceptance.
One of the many benefits of protected culture is decreased crop disease. Indeed for many diseases, particularly those
that require leaf wetness for infection, high tunnels are an excellent management tool. However, some diseases flourish
inside, even more so than in the field. Given the range of crops grown, dense canopies, cold air temperatures and lack
of precipitation in the greenhouse, make fungicide sprays a last choice.
An integrated approach to disease management, focusing on cultural controls can ensure yields throughout the winter.
The key cultural controls we have are rotation, sanitation, varietal resistance and structural design and management.
Using some common examples, we can illustrate the deployment of these management techniques in winter production
settings.

Rotation/Sanitation
This may be the hardest one! As mentioned above only a small group of greens and roots are hardy enough to make
it through a New York winter. This means that most tunnels see the same plants every year, many of which share
diseases. Beet greens for example, are popular with the ‘local’ consumer, and often combined in salad mixes. However
Cercospora Leaf Spot, a fungal disease, makes beet greens unmarketable, and can also affect Swiss chard, spinach and
some weeds such as lambsquarters. This disease overwinters in the field for 2 years, and of course will do so inside
as well.
In this case rotation would mean only growing these crops once every three years in the same structure. Most growers
simply do not have the facilities to make a rotation like this possible. Rotation within the same structure, as much as
space will allow, can help. However the fungal spores will readily move through a small greenhouse.
What to rotate with? The Asian greens, carrots and fennel are not susceptible to the same Cercopsora and are thus
options. Some growers seed a cover crop during the warmer months, others grow fruiting vegetables such as tomatoes.
The key is to stay away from beets and friends during the warm season, when there is plenty of inoculum in the air
from field plantings. Sanitation means staying weed free and removing or incorporating the crop as soon as it is
finished, or there are signs of Cercospora.

Varietal Resistance
This is an easy one! When picking out varieties for winter production, disease resistance is very important. In lettuce
Downy Mildew resistance is a key trait. Many growers have learned the hard way that a single susceptible variety
can ruin a salad mix, as other rots and diseases will follow the Downy Mildew into the planting. Although caused
by a different pathogen, Downy Mildew in spinach is equally devastating. Many catalogs now make note of mildew
resistance and market these varieties for winter harvest. By selecting disease resistance varieties, we can overcome
some of our shortcomings in rotation. Crop resistance is much more effective than fungicides.
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Structural design/management
The disease management concept that drives structural design and management is air movement. Within a structure
there are two types of air movement: lateral and ventilation. Lateral refers to air movement within the structure to
prevent stagnation within the canopy. Small fans spaced throughout the greenhouse, targeting the crop and moving
air in a circular pattern are used for this purpose. However, most winter production facilities are on the ‘low-tech’ side
and do not use these.
Ventilation is the replacement of interior air with exterior air. This is critical for several reasons. Plants are continuously
transpiring water through small openings in their leaves known as stomata. When the air around the plant becomes
too high in relative humidity, it cannot transpire. Water backs up in the system compromising leaf tissue and root
health. Disease spores spread and infect readily in this setting. Thus successful growers ventilate, even on cold days,
to replace the saturated air with colder outside air that will have a lower relative humidity.
The design of the structure can play a critical role in keeping relative humidity low. Taller structures are preferred
for light penetration and air movement. Ridge or gable vents allow for an up flow of warm saturated air. Drop-down
curtains allow for improved air mixing vs. roll-up curtains. Drip irrigation keeps the canopy dry and avoids oversaturation of the soil.
The management of row covers is also critical to prevent disease. To prevent cold temperature losses, 1-2 layers of spun
bond row cover can be suspended over the crop. For example, research at the Cornell Willsboro Farm in 2012 found
that row covers increased yields dramatically over uncovered beds (Figure 1).
As most structures rely on the sun for heat, row covers are removed on sunny days to charge the soil. Replacing the row
cover at sunset retains heat in a low tunnel over the crop. In mid-winter many growers do not remove the row cover for
days on end due to cloudy weather. However, this will also keep relative humidity higher in the crop canopy and allow
for infections to develop. Thus removal of row covers, even in cloudy weather is important for disease management.

Figure 1. Lettuce grown in a high tunnel in later winter 2012.
A final point to consider when managing for low relative humidity is plant density. If the crop canopy is too tight air
movement is again restricted and diseases such as Botrytis Gray Mold flourish. Although appropriate planting rates
vary by crop, in the winter the lower ranges of seeding rates are better. Many growers now transplant crops such as
spinach in tunnels to create a uniform stand at appropriate densities.
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Conclusion
Our goal is a cool, dry environment with maximum yields and no loss to disease. The key cultural controls we can use
to reach this goal are sanitation, rotation, varietal resistance and appropriate structure design and management.
Judson Reid is an Extension Associate with Cornell Vegetable Program. Originally from a Northern New York
dairy farm, he earned B.S. and M.P.S. degrees from Cornell University. He works and lives in Penn Yan, NY.
Research interests include plasticulture and high tunnels.
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HOW WE GROW ORGANIC TRANSPLANTS
Mike Brownback
Spiral Path Farm
538 Spiral Path Lane
Loysville, PA 17047
mike@spiralpathfarm.com

Section 1 - Seeds and Seeding Schedule
Intensive vegetable production requires a proven seeding schedule with weekly seeding of transplants to insure plants
are ready to go to the field. We need a reliable consistent supply of high quality transplants to have a consistent supply
of produce to sell.
Seeds need to be sourced from organic sources or if unavailable, untreated seed is acceptable if sourced from non GMO sources. You must document attempts to find organic and unavailability
We keep seeds organized by seed family types in our seed area and in old refrigerators (not plugged in) for protection
from fluctuating temps and from rodents.
End of each season we do a seed inventory and store seeds in in airtight plastic and keep in cold storage and/or freeze
in a chest freezer. Good idea to germ test stored seeds well in advance of seeding.
We create a spreadsheet style seeding schedule for the entire GH transplant season (January-September) in early
January, when we have the time to set the plan for our farm sales and order seeds. We stick to this plan but do make
edits to it when necessary. Good record keeping is essential.

Section 2 – Potting Soil
Potting soil must meet organic standards. Most commercial organic potting soil has been OMRI approved. If potting
soil is made on farm, the most important ingredient is high quality compost. A grow- out test trailing seed in straight
compost is a good way to determine the quality of the compost. We use oats or radish seed for compost testing. If
potting media is homemade, a lab test will verify that the nutrients are in the mix. If soil is purchased, the vendor
should have an analysis to provide you with that information.
High quality ingredients in the potting media should include some type organically approved bio control to reduce
pathogens that can cause damping off and other issues. We also add mycorrhizal fungi
Potting soil, especially organic, has a short life span/8 weeks average We have learned this, the hard way and now start
the season with fresh potting soil and make multiple batches.

Section 3 – Plug Trays
Choosing the correct plug tray (cell size) is important to ensure a transplant that pulls quickly with a firm root ball.
Plug cell size effects transplant height and size and how long before the potting soil for the transplant growth will run
out of adequate nutrition. We match different tray sizes to match seed and transplant needs.
Plug tray sizes we use:
- 200’s for pelleted lettuces, chards, spinach, sweet corn, cucumbers, alliums, melons
- 128’s for peppers, tomatoes, summer and hard squash, eggplant, brassicas
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Sanitize plug trays if re-using

Section 4 – Seeding
Our Methods- Seeding methods are important to minimize labor, save on heat costs, and reduce the time between
seeding and going to the field. We seed by:
1. By hand 2. Vacuum seeder 3. Needle seeder
Paying close attention to the germination temperatures and proper moisture is critical to consistently achieving
excellent germination rates and stands of seedlings. Know the proper germination temps for different seeds. We
generally figure to overseed by 25%
Early in season when temps are cold outside, we use a germination chamber to provide uniformity of temperature and
moisture, which works well in attaining an even germination and emergence
Our Steps for Seeding:
• Seed our plug tray by appropriate method
• Going to germ chamber requires watering on water conveyor … going to bench in a GH- layout flats and then
water with boom on mist settings
Once seedlings have germinated (not emerged) we remove from the germination chamber carts and lay out in the
greenhouse (correct temp for growing) and water promptly if necessary
In cold weather- for temp sensitive crops, we use pre-warmed water
For delicate crops (toms, melons, eggplants, peppers etc.) we move from Germ Chamber to a starter house with floor
heat- uses a hot water heater (propane.) Floor temps are set by thermostat and flats are placed directly on floor until
full emergence. After emergence, plug trays are placed on carrier trays for root air pruning. After strong stand is
established, these trays are moved to a bench/table in one of our production GH’s

Section 5 – Growing the Transplants
Newly emerged seedling need to have proper growing temperatures, amount of water, and ventilation.
Considerations/topics to discuss :
• Water: our water source for the GH’s is well water (tested 2 x a year to meet food safety standards We use 1.
Hand watering with a drenching water wand dram nozzle. 2. Overhead sprinklers 3. overhead automatic boom
with spray nozzles for misting or watering.
• 2 of our 5 transplant houses have boom watering -3 other GH’s use hose with water wand and overhead spinning
misters –work well for older transplants especially in summer months where heat is present and frequent
drenching waterings need to happen. Close side walls on windy days
• Choose correct watering method for transplant size, maturity, and crop
• Overwatering: discuss implications and signs
• Air circulation: discuss the impacts
• Temperatures: discuss the impacts
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• Fertilizing: if a high quality media is used for your potting mix, subsequent feedings of plants that take 4-5 weeks
to maturity should not be necessary. Fertilizing can be necessary with heavy feeding transplants such as onions
which take more weeks to grow to maturity than i.e. lettuce or tomatoes. Most transplants that run out of gas
before being ready to go to the field, respond to a little nitrogen. This is usually added in a liquid form and works
better with liquefied compost such as vermicompost extract.
• Hardening off: very important component for transplants going to the fields, especially in early spring when the
winds and temps are damaging Discuss how and when
• Different transplant needs to discuss: melons, cucumbers, tomatoes, alliums

Section 6 – Scouting for Insects and Disease
Plants need to be monitored for pests and disease frequently. It is important to send transplants to the filed that are free
of insects and disease
Bio controls in our GH’s include: proactive treatment of potting soil, purchased beneficial, banker plants.

Mike Brownback along with his wife, Terra, own and operate Spiral Path Farm - a
certified organic vegetable farm in Perry County, PA since 1978. They are both first
generation farmers. Today, two grown sons, Will and Lucas, both farm with the family on
255 certified organic acres; about 80 acres in produce, 4 acres under high tunnel vegetable
production and 13,000 square feet of transplant production for on- farm use. Spiral Path
Farm employs about 40 in peak of season. Organic Produce is marketed via wholesale,
CSA Members, and Farmer’s markets.
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NUTRIENT MANAGEMENT IN ORGANIC CROPPING SYSTEMS
John T. Spargo
Director, Agricultural Analytical Services Laboratory
Pennsylvania State University
University Park, PA 16802
jts29@psu.edu

Soil fertility amendments used in organic cropping systems are typically complex, whole nutrient source materials
(e.g., compost, animal manure) making balanced nutrient management challenging. Nitrogen is typically the most
limiting nutrient in organic cropping systems, but when compost or animal manures are applied at rates high enough
to meet crop nitrogen needs, phosphorus (and often other nutrients) is generally over applied. Repeated nitrogen-based
application of animal manure or compost results in excessive soil phosphors levels which can lead to crop nutritional
problems and threaten surface water quality. For this reason, sole reliance on compost or animal manures to meet crop
nitrogen needs should be avoided.
Sustainable soil fertility management on organic farms requires routine soil testing and diligent monitoring of nutrient
inputs. Monitoring nutrient inputs and soil test levels over time enables growers to adapt their nutrient management
strategies to optimize crop yield and quality and minimize environmental impact. The goal should be to maintain
soil nutrients within the optimum soil test range. Therefore, when soil test phosphorus levels are above optimum
the application of compost or animal manures should be limited to rates no greater than that required to replace
phosphorus removal by the crop. Where soil test phosphorus levels are excessive due to previous over application of
organic amendments, no phosphorus should be applied.
In order to avoid building soil phosphorus levels to above optimum or excessive levels, organic growers need to
develop creative nutrient management strategies to meet crop nitrogen needs. Growers can reduce the need for organic
amendments by including legumes (either perennial forage or winter annuals) in the rotation. For example, if hairy
vetch is planted early enough in the fall and allowed to grow late enough into the spring it can satisfy a large portion of
the nitrogen needs of even the most demanding vegetable crops. Then, only a small amount of nitrogen will need to be
provided by an organic amendment allowing a grower to apply it a rate low enough that phosphorus is not over applied.
It is also important to recognize that soil organic matter can be a significant source of available nitrogen. Where
organic amendments have been applied for several years and soil organic matter levels have been increased, lower
rates of organic amendments are often required to satisfy crop nitrogen needs. One way growers can determine a soil’s
capacity to supply nitrogen is to withhold pre-plant amendments from a small portion of the field and observe the
relative crop growth and vigor compared to adjacent areas that received pre-plant amendments.
Growers may also consider alternative organic amendments with higher nitrogen to phosphorus ratios than compost
and animal manures. These include materials such as feathermeal, soybean meal, and bloodmeal as well as a number
of commercially available pelletized blended organic fertilizers. An added benefit of these materials is that they are
easier to handle and tend to release nitrogen much more rapidly than manure and compost making them useful as
sidedress amendments. Postponing the application of these nitrogen sources until sidedress time gives growers the
opportunity to use in-season observation and soil testing (e.g., the pre-sidedress soil nitrate test, PSNT) to determine
if and how much additional nitrogen might be needed.
Sustainable nutrient management is a critical component of organic cropping systems. Good record keeping and
routine soil testing will enable growers to adapt their nutrient management strategies to meet crop nutrient needs and
minimize environmental impact. Growers must use an integrated nutrient management strategy for organic systems
that maximizes nitrogen inputs from legumes and supplements legume nitrogen with animal-based products at rates
close to phosphorus removal rates by the crop.
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Dr. Spargo is Director of the Pennsylvania State University Agricultural Analytical
Services Laboratory. John has conducted applied research on soil fertility diagnostics and
nutrient management of organic and sustainable cropping systems for over a decade. John
received his B.S. in Agronomy from Texas A&M-Commerce (2002) and his Ph.D. in Soil
Science from Virginia Tech (2008).
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NEW INSIGHTS ON WEED MANAGEMENT DECISION
MAKING FROM MENTAL MODELS RESEARCH
Doug Doohan
Ohio Ag Research & Development Center

Goals of this project were to inform weed management research agendas with the experiential knowledge of organic
farmers, and to facilitate transfer of scientific knowledge regarding weed control to the farming community. Our transdisciplinary team used mental models and bio-physical data to bridge farmer knowledge, perception and attitudes
regarding weeds, to actual outcomes on their farms.
Mental models are complex webs of beliefs, often operating below the conscious level, that affect how an individual
defines and reacts to a problem, gathers and assesses information, and makes decisions. Mental models of target
audiences can help educators develop targeted communications designed to change attitudes, beliefs and behaviors.
The initial phase of mental models research is to develop a technical, or so-called ‘expert model’ that is used as an
analytical framework for a data collection with audience members. For the technical model 16 ‘experts’ including
successful organic farmers, weed researchers and extension educators were interviewed. From the technical model an
open-ended interview protocol was developed that was used in interviews with approximately 100 farmers from the
USA, and The Netherlands. Subsequently, soil seed bank samples were collected at each farm and determined through
exhaustive germination.
Farmers, with their varying risk tolerances and perceptions of weeds and farming practice, incorporated attributes of
the farm to develop heuristics (rules of thumb) that seemed to work for them. Generally, farmers did not highly value
advice provided by extension services. Whereas experts expected farmers’ applications of ecological weed management
principles to be deficient, the data indicated broad-exposure and in-depth knowledge. Seed bank reduction and weed
identification were particular foci of farmers’ management; however, farmers generally overestimated the longevity of
seeds in arable soils, resulting in a perception of inevitability. Farmers took personal responsibility for weed problems,
in contrast to many conventional farmers who blame weeds on factors outside of their control. Farmers focused on
risks associated with various tactics more so than experts. For instance while relying heavily upon cultivation tools for
control, farmers worried about costs, crop injury, timing and soil degradation more than did experts. Farmers valued
and utilized cover crops; however, in contrast to experts, their rationale focused on sustaining healthy soils capable of
withstanding extensive cultivation rather than on direct suppression of weeds.
Several relationships between individual mental models and weed management outcomes were identified. Lower seed
bank densities were observed on US farms where more emphasis was placed on ‘experience/ risk perception’, longterm seed bank management, and less on soil cation exchange site ‘soil-balancing’, and other ‘alternative’ knowledge.
US farmers who expressed lower risk tolerances for cultivation and flaming, had higher seed bank densities. Like US
farmers, Dutch farmers who emphasized the importance of long-term seed bank management also had lower seed
bank densities than those who emphasized critical-period weed free management. In contrast to the US, soil cation
exchange site balancing was not an issue in The Netherlands. These results indicate that extension teaching should
place more emphasis upon farmers’ perceptions and needs regarding conservation of their resources, the experiential
learning model farmers use to develop heuristics for weed management, and the importance of values in their decision
making.
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Dr. Doug Doohan is a Professor and State Specialist in the Department of Horticulture &
Crop Science, The Ohio State University. He is located at the Ohio Agricultural Research
and Development Center in Wooster and holds a 75% appointment with OSU Extension.
Dr. Doohan grew up in Nova Scotia and New Brunswick. He received his training
at The Nova Scotia Agricultural College, University of Guelph, and North Carolina
State University. Prior to joining Ohio State, he was Provincial Weed Specialist in New
Brunswick and IPM Team Leader in Nova Scotia.
Since joining OSU Dr. Doohan has taught weed management and good food safety practices to approximately 9000
fruit and vegetable farmers throughout the central and eastern United States and Canada. He has authored 18 OSU
Extension Bulletins, 52 newsletter articles, and 14 farm magazine articles. In 2007 he received the Education Award
from the North Central Weed Science Society for his contributions to weed management outreach.
Dr. Doohan is the author (or co-author) of 56 peer-reviewed articles and 2 book chapters. He and his colleagues
have received more than $7 million in competitive funding in the past eight years for their research. His interest
in decision making by farmers led to development of the OSU Agricultural Risk Analysis Program. Risk analysis
has provided a robust platform from which to address diverse topics ranging from row crop weed management to
food safety education. Recent research has shown that in depth understanding of farmers’ knowledge, values, and
attitudes is needed to design and deliver high impact extension programs.
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STRATEGIES FOR WEED SUPPRESSION AND IMPROVING SOIL FERTILITY
DURING TRANSISTION TO ORGANIC VEGETABLE PRODUCTION
Doug Doohan
Ohio Ag Research & Development Center

Controlling weeds in organic production and while transitioning to organic is one of the most challenging tasks for the
farmer. Weed control has consistently ranked in the top three obstacles to successful production in survey after survey
conducted in every part of the United States. Thus it is important for farmers to understand both the agronomic aspect
of the challenge, and the human or psychological dimensions of weed management.
For most farmers today, managing weeds without herbicides is a more difficult task than was encountered by
grandfather. Grandfather (or grandmother) most likely operated a mixed farm in which livestock were central and the
primary means of generating off-farm income. Livestock also facilitated efficient recycling of nutrients and required
keeping extensive tracts of farm land in hay or pasture for many years. Long periods of sod depleted the soil seed
bank, thereby reducing the problem of annuals like pigweed and lambsquarters when cash crops were grown. This
practice of long sod rotations broken up by a sequence of one or two intensively hoed and cultivated crops kept weed
populations under control. Roguing, or hand pulling of escaped weeds before seed production was also a common
method that by its nature prevented weed problems from building up. Farms were small, usually held within a family
for generations, and the farmer was experienced in balancing the needs for inputs (such as weed control) with the
resources available on the farm unit.
Today’s organic farmer is likely to have acquired a farm on which extensive and large reserves of weed seeds have
accumulated under conventional management. This situation occurs because letting weeds go to seed was not so much
of a consequence for the conventional farmer because there was an expectation that they could be controlled excellently
with next year’s herbicide. Moreover the modern organic farmer is unlikely to be in a position to keep large tracts of
land in sod for several years in order to deplete the seed bank. For many, just obtaining sufficient livestock manure or
compost to supplement soil fertility is a big challenge. Thus the search for easy to implement answers is intense.
Most organic farmers in the eastern United States have looked to physical approaches to weed control and have come
to realize that these methods are variable in outcome, difficult to manage, costly, and often damaging to the soil. The
truth is nothing compares to a modern herbicide as an highly effective method of killing weeds without harming the
crop. Farmers our team has interviewed speak of persistent observation, trial and error, and refinement of proven
methods as the road (not the key) to better weed control. Nevertheless there is a strong desire for simple rules-of-thumb
that will always provide consistenlthy good results. Unfortunately, such rules-of-thumb for weed control generally
don’t exist. Even the old adage of ‘one-year’s seeding, seven-year’s weeding’ is misleading. ‘One-years seeding, threeyear’s weeding’ would be more correct, assuming that no weeds are allowed to produce seed in years two and three.
Going a step farther, what works on one farm may or may not work on another. Implements for tillage and cultivation
are as varied as farm enterprises. Each farmer will need to do a lot of observation about what works on others farms
followed by much experimentation and adaptation to determine what truly works on one’s own.
Our research has shown that farmer’s with the smallest number of weed seeds in their soils are those whose orientation
is towards preventing weeds from going to seed. Not suprisingly they also report the smallest frustration and anxiety
about weeds. You will find that these farmers are aware of the ‘state-of-weed-control’ in their fields all of the time.
They know that they can never rest on their laurels, just as surely as the Biblical story of the enemy who crept into
the fields at night to spread the tares, they know that weeds can reinvade a field silently and without fanfare. You will
see these ‘seed-bank management’ oriented farmers spending much time mowing, occaisionally plowing under a
weedy planting soon after emergence, investing in cover crops, and experimenting with new and usually customized
cultivation equipment. They know that the harvest and the post-harvest periods are times when weeds are most likely
to shed seed if not physically removed from the field.
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In the quest for rules-of-thumb to make weed control easier and more predictable, one of the most common themes
we hear is that a correctly balanced soil will suppress weed growth. Approximately 60% of the organic farmers in
Ohio and Indiana believe in this concept to at least some degree. Many farmers expend considerable time and expense
in balancing their soils and some claim to have seen weeds diminish when balance was achieved. By soil balancing
I refer to the basic cation saturation ratio theory of soil management that calls for approximately 60-80% of the
soils exchange capacity saturated with Calcium, and much smaller proportions of Magnesium and Potassium. Soil
balancing is often purported to provide measurably improved crop quality as well as insect and disease resistance.
Unfortunately there is little beyond anecdotal evidence to support these claims. With this disclaimer, we can also assert
that a large experiment on soil-balancing is being conducted by organic farmers across the country and it is likely
that some of the observations being made will prove to be valid under the magnifying glass of scientific examination.
For illustration, we know that limestone and gypsum applications are central to soil-balancing practices, and both are
generally beneficial to the soil. In particular many soils in the eastern United States will benefit from gypsum even
after the pH has been corrected with limestone. Improved crop growth in gypsum amended soils (‘balanced soils’)
is likely to be more competitive with weed growth thereby lessening the weed problem, even if indirectly. Hopefully
farmers and university researchers working together to better understand soil balancing will shed light on the risks and
benefits of this pratice in the near future.

Dr. Doug Doohan is a Professor and State Specialist in the Department of Horticulture &
Crop Science, The Ohio State University. He is located at the Ohio Agricultural Research
and Development Center in Wooster and holds a 75% appointment with OSU Extension.
Dr. Doohan grew up in Nova Scotia and New Brunswick. He received his training
at The Nova Scotia Agricultural College, University of Guelph, and North Carolina
State University. Prior to joining Ohio State, he was Provincial Weed Specialist in New
Brunswick and IPM Team Leader in Nova Scotia.
Since joining OSU Dr. Doohan has taught weed management and good food safety practices to approximately 9000
fruit and vegetable farmers throughout the central and eastern United States and Canada. He has authored 18 OSU
Extension Bulletins, 52 newsletter articles, and 14 farm magazine articles. In 2007 he received the Education Award
from the North Central Weed Science Society for his contributions to weed management outreach.
Dr. Doohan is the author (or co-author) of 56 peer-reviewed articles and 2 book chapters. He and his colleagues
have received more than $7 million in competitive funding in the past eight years for their research. His interest
in decision making by farmers led to development of the OSU Agricultural Risk Analysis Program. Risk analysis
has provided a robust platform from which to address diverse topics ranging from row crop weed management to
food safety education. Recent research has shown that in depth understanding of farmers’ knowledge, values, and
attitudes is needed to design and deliver high impact extension programs.
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A COMPARISON OF ORGANIC CUCURBIT PRODUCTION
TECHNIQUES- PLASTIC VS. STRIP TILLAGE FIELD
PREPARATION WITH AND WITHOUT ROW COVER
Jason M. Lilley and Elsa Sánchez
Department of Plant Science, The Pennsylvania State University
Lilleyjm@gmail.com; ess11@psu.edu

The demand for increasing locally and sustainably grown produce faces many challenges. Sustainable cucurbit
production in the Mid-Atlantic region involves the integration of management strategies of the many pests and diseases
that attack cucurbit crops, while maintaining high soil quality and profitable yields. Research at The Pennsylvania
State University’s Russell E. Larson Research and Education Center in Rock Springs, PA has been conducted over the
past two growing seasons (2013-14) investigating the use of strip tillage compared to black polyethylene mulch and
raised beds in two experiments: one on organic summer squash (Cucurbita pepo ‘Lioness’) and the other on organic
muskmelon (Cucumis melo ‘Athena’). Within these production systems the effectiveness of spunbonded polypropylene
row covers was also tested.
Using plastic mulch is a common practice in summer squash and muskmelon production due to its ability to nearly
eliminate in-row weed competition while increasing soil temperatures resulting in high yields. Aside from these
benefits, plastic mulches have many drawbacks including the input costs of the material, environmental consequences
of annual disposal, intensive tillage required for installation, and the increased potential of soil erosion. We evaluated
strip tillage with and without the installation of row covers as an alternative to using plastic mulch.
Pest and disease pressure can be extremely difficult for organic cucurbit producers to manage. Striped cucumber
beetles (Acalymma vittatum) and bacterial wilt (Erwinia tracheiphila) are two of the most damaging problems in
cucurbits. Bacterial wilt is vectored by the striped (and spotted (Diabrotica undecimpunctata)) cucumber beetles.
Beetles infect plants through feeding and fras deposition. Bacterial wilt has been shown to reduce cucurbit stands by
up to 60% (Leib et al 2000). We evaluated row covers as a management strategy for the cucumber beetle/ bacterial
wilt complex.
This research followed the National Organic Standards for the management of both experiments. A cover crop seeding
mix of 75% winter rye (Secale cereal) and 25% hairy vetch (Vicia villosa) at a rate of 90 lb/A was planted in early
September, the fall before both growing seasons. A roller crimper was used to terminate the winter rye when it reached
anthesis and the hairy vetch when it had had formed a minimum of 2 pods per vine. Strip tillage plots were prepared
by making two passes with a Hiniker™ 6000 strip tiller on seven foot center-to-center row spacing. Plastic mulch plots
were prepared using a chisel plow, rototiller, and a bed shaper and plastic layer to form 2.5 foot wide and six inch high
raised beds covered with 1.25 mL embossed black polyethylene mulch. Drip irrigation was used in both the plastic
mulch and strip tillage systems.
At transplanting row covers were installed over half of the test plants, while the other half were left uncovered.
Agribond™ AG-30 was used for the summer squash experiment while Agribond™ AG-19 was used for the muskmelon
experiment. Row covers were left on until 50% of the summer squash plants in strip tillage plots had at least one
blossom. Row covers were removed from the muskmelons 10 days after blossoms were observed in the strip tillage
plots. Strip tillage plots were weeded after row covers were removed and once more mid-harvest. Plastic mulch plots
were not weeded in-row.
Due to waiting for the appropriate stage of cover crop development to achieve effective termination with the roller
crimper, planting was not achieved until relatively late in the season (June 26, 2013 and July 10, 2014). This late planting
date is of smaller consequence for summer squash because there is a short time to harvest (50 days for ‘Lioness’),
showing potential to be used as a second or mid-season planting. Muskmelon is a longer season crop (‘Athena’ melons
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takes 75 days to harvest) and the late planting proved risky as colder temperatures set in before harvest was completed
in 2014.
Row covers had a significant effect on plant growth rates. Row covers significantly increased average air and soil
temperatures compared to plots without row covers (Figures 1 and 2), significantly increasing plant size at row cover
removal. Row covers also served to protect the young plants from pests at a time when they are most susceptible to
insect damage and disease. The combination of the increased rate of plant development and the extended time without
pest damage has shown to greatly decrease the incidence of bacterial wilt in other studies (Hernandez, 2012, Saalau
Rojas et al., 2011). In these experiments bacterial wilt incidence was low in all treatments. The increased plant size
and decreased early pest pressure as a result of row cover use translated to significant yield advantages in two of eight
comparisons.

Figure 1: Air temperature was recorded 16
inches above the soil surface from 7/16/20148/12/2014 (the duration of row-cover use)

Figure 2: Soil temperature was recorded at
a depth of 6 inches from 7/16/2014-8/12/2014
(the duration of row-cover use

Row covers resulted in equal yields when compared to not using row covers within strip tillage and plastic
mulch treatments except the 2014 muskmelon and summer squash strip tillage treatments (Figures 3 and 4). In
the 2014 strip tillage muskmelons, this advantage was miniscule and compared to the non-row cover treatment that
yielded no marketable fruit. The 2014 summer squash in strip tillage plots with row covers resulted in yields that
equaled the plastic mulch plots. Summer squash yields in plastic mulch plots were decreased as a result of leaf petiole
damage due to late row cover removal.
Plants grown in the strip tillage system had significantly lower yields than in the plastic mulch system in both
years, with one exception (Figures 3 and 4). In 2013, muskmelon yields from plants grow in the strip tillage system
were 37% lower than from those grown in the plastic mulch system and lower in 2014. In 2013, summer squash grown
in the strip tillage system with row covers produced 62% lower yields than when grown in the plastic mulch system,
yet in 2014 this treatment resulted in yields that were equal to those seen with the plastic mulch system. The overall
lower yields in the strip tillage plots follows a trend of equal or lower early season nitrate levels in strip tillage plots
followed by dramatically lower nitrate levels at season’s end. Soil temperatures were also significantly higher in plastic
mulch plots.
This research showed that the use of row cover creates increased air and soil temperatures, and therefore increased rates
of plant development, while decreasing pest pressure in the early stages of crop development. Despite these benefits,
the material, installation, and retrieval of row covers is costly. The lack of increased yields seen from row cover use
in this trial brings to question the economic viability of their use, however yields of the summer squash on the plastic
mulch system may have been negatively affected by late row cover removal. Despite these results, other studies have
shown row cover use to be economically beneficial in years of high pest pressure (Saalau Rojas et al., 2011).
42

ORGANIC VEGETABLES

Figure 3; Season Yields. Marketable lb. of
Figure 4; Season Yields. Marketable lb. of
Organic Muskmelon per 15 Plants: NOTE- Organic Summer Squash per 15 Plants: Note2013 and 2014 yields analyzed separately
2013 and 2014 yields analyzed separately
The use of plastic mulch resulted in higher yields than strip tillage and generally higher nitrate levels and elevated soil
temperatures. The long growing season of muskmelons, makes their production following the above described strip
tillage field preparation not an economically viable option. While some yield losses are acceptable in this system due
to decreased field preparation time and decreased input costs, the reduction in productivity seen in the muskmelon
trials were beyond an acceptable level. While the summer squash grown in the strip tillage system with row cover
matched the productivity of the plastic mulch in the 2014 season, it produced significantly lower yields in 2013. The
need for specialized tillage equipment, and the lateness of planting, and increased weed pressure are all obstacles to
the successful use of this production technique for these crops. Further research should be conducted on the use of
earlier maturing cover crops for earlier planting in strip tillage. An investigation of other alternatives to plastic mulch
may also unveil new methods with the benefits of plastic mulch without the environmental consequences associated
with that material.

References:
Saalau Rojas, E., Gleason, M. L., Batzer, J. C., and Duffy, M. 2011. Feasibility of delaying removal of row covers to suppress bacterial wilt
of muskmelon (Cucumis melo). Plant Dis. 95:729-734.
Leib, B. G., Jarrett, A. R, Orzolek, M. D., Mumma R. O. 2000. Drip Chemigation of Imidacloprid Under Plastic Mulch Increased Yield and
Decreased Leaching Caused by Rainfall. Transactions of the ASAE. 43:615-622.

Jason Lilley is a graduate assistant with the Department of Plant Science at the
Pennsylvania State University. There he has focused his thesis research on field
preparation techniques and row cover use for cucurbit production. He has his B.S. degree
in Horticulture from Delaware Valley College. He formally worked as an agriculture
extension volunteer with the U.S. Peace Corps promoting conservation tillage practices,
cover crop use, and school gardens. Jason is from Houlton, ME.

Elsa Sánchez is an Associate Professor of Horticultural Systems Management in the
Department of Plant Science at Penn State University. Her responsibilities are 60%
extension and 40% teaching. Current extension projects focus on sustainable and organic
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University. Elsa and her husband, Chris, live in State College, PA with their daughters
Laurel and Lilly.
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SNAP BEANS
GROWER INSIGHTS
Stephen Kistler
Kistler Farms

Preparation for growing a snap bean crop starts the year before planting. Soil testing is done for each field and a cover
crop of rye grain is established after harvest of short season field corn.
Approximately 3 weeks before snap bean planting, the rye at about 30 inches high is killed with glyphosate. The surface
residue of rye straw and corn stalks helps to preserve soil moisture, prevents soil splashing on the bean and reduces
pod diseases. The residue also creates a favorable environment for slugs and baiting materials could be required after
emergence. Pre-plant tillage is limited to one trip with a gen-till aerator tool with a cultipacker attached. Because of
the rye, corn stalk residue row mounted row cleaners are set aggressively to clear a clean seed bed. Fertilizer at 250 lbs.
12-18-12-8s is banded with the planter. Seeding rate at 110000sd/ac in 30 inch rows. After planting all fields are rolled
with a cultipacker to push down stones and flatten ridges. It is important to create a level and smooth field surface
for the best machine harvesting result. A Pre emergence Dual product herbicide is sprayed. If the weather forecast is
certain of at least .25 inches of rain within 3 days Reflex is added to the pre emergence. This combination can result
in season long weed control. About 25 days after planting a post weed spray of Raptor and Basagran can be applied
if needed. The crop is scouted for the arrival of potato leafhopper and other insects. An insecticide for control of pod
contamination by corn borer can be done 2-3 weeks before harvest.

Stephen Kistler is owner operator of Kistler Farms located in Columbia County Pa. Cropping includes field
corn, soybeans wheat and processing snap beans. He has a BS degree in Ag. Mechanization from The Penn. State
University and serves as a board member on the Pa. Vegetable Marketing and Research Board. He and his wife
Tina have three grown children.
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APPS FOR PEST MANAGEMENT

Andrew D. Frankenfield
Penn State Extension-Montgomery County, 1015 Bridge Road, Suite H, Collegeville, PA 19426
adf13@psu.edu
Smart phones and tablets are becoming much more common place today on the farm. There are practical applications
for these phones aside from taking selfies and posting them on Facebook or Instagram. Numerous applications
(apps) are available to assist farmers with their pesticide management. Apps are available for mixing and loading,
sprayer calibration, pesticide recordkeeping and selecting the appropriate sprayer tips. There are also apps for pest
identification, agricultural new and weather. Other useful apps include a flashlight, calculator, notes, voice memos,
camera, timer and reminders.
One simple way I use my phone is when I am filling my 300 gallon produce sprayer I set my timer on my phone for
30 minutes. I know it takes about 40 minutes to fill it, so in case I get distracted and forget the alarm will sound and
remind me. More than one once I was reminded by my phone I need to go back and check the sprayer before it over
flowed.
More apps are being developed and more are out there than I have listed. This is what I have found to be the most user
friendly and potentially helpful for farmers.

Tank Mix Calculator for iPhone + Android
Build pesticide tank mixes for your fields. Build a spray recipe from our database of 11,000+ pesticides by simply
entering area, tank size, total spray volume per acre and choose pesticides. Tank Mix Calculator generates a Bill of
Goods, calculates each individual load and number of loads required to cover acreage.
http://www.farmlogic.com/farmlogic_products/tank-mix-calculator/

TankMix App for iPhone only
The DuPont TankMix Calculator Application lets you quickly and easily calculate how much product and water you
need for effective applications based on your acreage or spray tank size. Choose from a wide selection of units of
measure and work in either numerals or fractions.

Calibrate My Sprayer for iPhone + Android
Improperly calibrated pesticide spraying equipment may cause either too little or too much pesticide to be applied.
This free mobile app was created to aid in the proper calibration of spraying equipment. Simply select the type of
sprayer you want to calibrate (Broadcast or Banded), insert values in each input box, select what you want the app to
calculate (Volume/Area or Catch/Nozzle), and tap ‘Calculate’. Each input’s units can be customized by tapping the
units. Sprayers can be saved with user-defined names. http://www.clemson.edu/extension/mobile-apps/

Mix Tank for iPhone + Android
Very similar app for Growmark Products called FS Adjuvants
Mix Tank is designed to assist agricultural applicators with the proper tank mixing sequence of crop protection
products. Mix Tank also captures product use rates and application information with Mix Sheets and conveniently
maintains accurate Spray Logs for easy record keeping.
http://www.mixtankapp.com/
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TeeJet Technologies (Spray Select)
The TeeJet Technologies SpraySelect App allows you to quickly and easily choose the proper tip or nozzle for your
application. Just enter speed, spacing and your target rate, Select your drop size category and you have a list of tips
that will work for your application. The right nozzle is just a few seconds away.http://www.teejet.com/english/home/
products/spray-products/sprayselect-tip-selection-app.aspx

Other Useful Apps
Ag Weed ID for iPhone + Android
Ag Weed ID is an in-hand tool to help producers identify weeds during scouting in 6 major row crops (corn, cotton, rice,
sorghum, soybeans, and wheat), from the experts at Penton Farm Progress Group. Our database includes information
and images for about 75 of the most common weeds, and enables you to narrow your search by crop, season, and
location so that you can compare weeds that might be relevant to you right now.

ID Weeds for iPhone + Android
ID Weeds is produced by the University of Missouri’s College of Agriculture, Food and Natural Resources’ Division
of Plant Science.

AgWeb for iPhone + Android
Get the latest agribusiness news and advice. Read ag management news, farm business blogs and articles from one
trusted source | AGWEB.com

DTN/The Progressive Farmer for iPhone + Android
This app meets your information needs with access to award-winning agriculture news, commodity market data, and
industry-specific weather intelligence.

Lancaster Farming for iPhone + Android
Weather Underground for iPhone + Android
This weather app I like most for the radar. I also like the ability to look up personal online weather stations and see
rainfall amounts in real time.

SoilWeb for iPhone and Android
This application uses the GPS built into the smartphone to acquire your current location, and then submits an HTTP
request to a server via the SoilWeb API. A graphical summary of the soils mapped at your current location is presented
on screen, with links to details through an online soil survey, or via the USDA-Natural Resources Conservation
Service official series description archive.

GAP Certified
The GAP Certified app provides on-the-go data entry to help farmers meet the requirements for GAP certification.
Designed for users of GAP Certified, this app allows you to enter data on your phone or tablet that will then sync with
your account. From recording wildlife sightings to tracking storage temperatures, you can enter the details you’ll need
for the reports that are required during your annual GAP audit. The app is free but requires a subscription of$29/month
or $319/year. However it may be beneficial for someone required to be GAP Certified. http://www.gapcertified.com/
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Andrew Frankenfield is an Extension Educator in Montgomery County on the Field
Crops and Forages Team with Penn State Extension. In addition to working with field
crop farmers he also works with vegetable producers in the area as a result of his
vegetable knowledge since he also is a vegetable producer himself. He has his B.S. degree
in Agribusiness and his M.B.A in Food and Agribusiness both from Delaware Valley
College. He lives in Souderton on the family farm with his wife Tanya and three children
Delaney, Tanner and Sage.
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IS THERE A DRONE (UNMANNED AIRCRAFT SYSTEM)
IN YOUR FARMS FUTURE?
J. Craig Williams: Extension Educator, Penn State Extension

There are many sides to the use of UAV’s in Agriculture. The current rules and expectations are changing each month.
I will cover some of them and discuss the pros and cons of this technology to use in agriculture.
Addition information is available at the following web sites.
• References:Official is FAA https://www.faa.gov/uas/faq/
• Search Drone or UAV on Twitter, Google, and online agriculture UAV bloggers
• Current UAV’s ( 12-4-14)
• The aircraft is flown strictly for hobby or recreational use;
• The aircraft is operated in accordance with a community-based set of safety guidelines and within the programming
of a nationwide community-based organization;
• The aircraft is limited to not more than 55 pounds unless otherwise certified through a design, construction, inspection,
flight test, and the aircraft is operated in a manner that does not interfere with and gives way to any manned aircraft;
and
• When flown within 5 miles of an airport, the operator of the aircraft provides the airport operator and the airport air
traffic control tower … with prior notice of the operation….
• Flown within Visual Site of the operator
• Stay under 400 Feet
• References:Official is FAA https://www.faa.gov/uas/faq/

J Craig Williams has been with Penn State Extension since 1990, Based in Tioga County,
Wellsboro, PA
J Craig has been providing adult and youth extension education and conducting research
projects on many subjects. Craig has been involved in Penn State Extension education for
almost 25 years: Educational subjects Range from: Calf care to Youth dairy shows, Livestock
and cattle mortality management to Management intensive grazing workshops. Crop and dairy
insurance & farm bill programs to Income over feed cost studies. Dairy Day programs, Crop
day and pesticide workshops, Dairy Cattle hands-on milking management and udder dissection workshops.
He is currently hosting a PA Soybean grant and planting trial in Tioga and Potter county.
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COOPERATIVE CSA MODELS: PARTNERING WITH OTHER FARMS
John Good
Quiet Creek Farm

I am the owner and lead farmer at Quiet Creek Farm CSA in Kutztown, PA. My wife Aimee and I operate a 250
member CSA farm located at the Rodale Institute. We grow certified organic produce for our farm members on 10
acres we have leased from the Rodale Institute for the past 9 years. We grow all of the produce our members receive in
their weekly share. We have found that acting as a host delivery site for other farms’ CSA programs has been a great
way to augment and diversify the products we offer to our members.
All of our 250 CSA members come to the farm weekly to pick up their produce. We are aware of the sacrifice this
requires on their part and have done our best to make our farm a one stop shop for local, sustainably made products.
We have found that offering a diverse array of farm products has made our CSA attractive to new members and also
increases our retention of existing members. Working cooperatively with other farmers and producers has been a great
way for us to achieve the goal of offering our members a “whole-diet” CSA.
One way to expand the products we offer our members is hosting other farms’ CSA programs. It is a convenient way
for our members to shop with local, sustainable producers and gives these producers a reliable market for their own
CSA offerings. It is a simple way of doing business on our end as well. We do not have to collect payments, stock
inventory, or assume product ownership for these share programs. Each partner farm collects share payments and
provides us with a sign in sheet for members to check off when they pick up their share. We simply provide a host site
for the producers to deliver their products. In return for this service, we generally receive a complimentary share from
the producer.
Our members can pick up a weekly fruit share from a local orchard. We host a bread share with loaves baked fresh
on pick up days by an artisan baker. Our pastured poultry farmers offer egg and chicken shares. We provide a pick
up site for a cheese share provided by a local dairy. We even work with a small, local vendor who provides a monthly
share of frozen wood-fired pizzas. We have chosen not to grow during the winter months for our CSA, but instead
have partnered with another farm to offer this service to our members. Other items such as mushrooms, grass fed beef,
forest-raised pork, and wild alaskan salmon are offered several times a season on a pre-order basis directly from the
producers.
We have plans to work with our assistant farm manager to produce a winter CSA share on our farm as well. We can
offer the land, resources, and customers, and she can focus her energy on producing a quality winter share, including
many storage crops grown during the late summer. This will not only allow us some much needed rest in the winter,
it will also give another farmer the opportunity to earn a livelihood on our farm while providing our members food
year round.
Working cooperatively is not only a great way to expand your CSA, it has the potential to greatly expand the
availability of local farm products for farmers and consumers. Perhaps the final frontier in the CSA movement will be
the development of truly cooperative CSA’s with many farmers raising crops to be centrally gathered and distributed to
the CSA membership through food hubs. These types of enterprises are starting to become more common throughout
the country, and may be the next step in expanding the regional food movement to more consumers than ever before.
Small CSA farm cooperatives offer a great opportunity for farmers to pool resources and products to efficiently and
profitably enter the mainstream food distribution system.
We started out farming twelve years ago thinking we could do it all; raise veggies, livestock, and fruits. In the end we
realized that growing mixed vegetables for our CSA already required us to specialize in diversity. We have found that
working with other farmers and producers has been the best way for us to offer our members the greatest variety of
local, sustainable food. It allows us to focus our efforts on growing the best vegetables possible, and let other farmers
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continue to do what they best. Working with other farms and producers has not only made our CSA more appealing
to our members, it has expanded the marketing opportunities for the neighboring farms that supply us with their
products. It has strengthened not only our farm, but our entire rural community.

John Good owns and is the lead farmer at Quiet Creek Farm CSA in Kutztown, PA. He and his wife Aimee run a
250 member CSA farm on land leased from the Rodale Institute. They grow 10 acres of certified organic produce.
All CSA members pick up their shares at the farm. In 2015, Quiet Creek Farm CSA will be entering it’s 10th season
of operation producing high quality, organic produce for members of the farm’s local community.
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ADDING A CSA TO YOUR RETAIL FARM MARKET
Kurt W. Alstede
General Manager, Alstede Farms, LLC
Chester, New Jersey
908-879-7189
www.alstedefarms.com
kurt@alstedefarms.com

Patricia Cirelli
CSA Administrator, Alstede Farms, LLC
Chester, New Jersey
908-879-7189
www.alstedefarms.com
trish@alstedefarms.com
The goal of this session is to share our experience with fellow farmers and industry leaders regarding the addition of
a CSA (Community Supported Agriculture) to our retail fruit and vegetable farm.
Our objective is to supply you with real industry information drawn from our successes and failures so that you may
have practical knowledge that you may utilize or apply in your own operation.

Overview of Alstede Farms
Alstede Farms is a 1st generation, all-retail, fruit and vegetable farm that was founded in 1982 by Kurt Alstede. It is
comprised of over 500 acres of crop land situated just 45 miles west of New York City in Western Morris County in the
town of Chester, New Jersey. Nearly all of the farm land is permanently preserved in the state’s farmland preservation
program. Over 300 acres of tree fruit, small fruit, and vegetables are all sold retail to its customers through its on farm
retail store, PYO, urban tailgate markets, and its own “Highlands Harvest Club” CSA. The farm also offers a wide
variety of on the farm agritourism activities.
Kurt, a 1985 graduate of Delaware Valley College with a BS in Horticulture, continues to actively manage and operate
the farm in conjunction with his wife Barbara, an upper and mid-management team, and a very dedicated team of part
time and seasonal employees. A total of 195 staff members are employed at the peak of the season.

Overview of the Highlands Harvest Club CSA
The Highlands Harvest Club was the vision Kurt and his management team built upon CSA models that they had seen
working in small farms in the Northeast. Originating in the 2010 crop season, the first year included approximately
250 members for 27 weeks.
2014 represented the completion of the 5th season with approximately 1100 members over the span of 31 weeks with
an additional 4 week extension for December.

What Led Us to Start a CSA?
Changing consumer shopping habits led us to consider adding a CSA to our farm. Since September, 2008 retail
tailgate sales numbers had been decreasing and we were looking for something to redirect our customers towards.
We had reviewed CSA’s just two years earlier and had concluded that they did not fit our business model and had at
that time dismissed them as a consideration.
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Upon reconsideration we thought that perhaps we needed to look at a CSA as a high end fruit and vegetable subscription
service and focus on what we could give the members…not so much seeking anything from them…except for full
payment in advance. We sought in essence to create and special customer experience based upon a unique relationship
that would be established directly with the farmer.

How Have We Improved it Over the Years?
• From one pick up day per week to three.
• From on-farm pickup exclusively to adding off-site “CSA chapter” locations, corporate partners, and home
delivery.
• From two share sizes to three.
• From two payment methods to multiple payment methods.
• From in-person/phone enrollment to online enrollment.
• From fruits and vegetables only to unique, add-on items such as local eggs and local fresh turkeys.
• From a single cube van to multiple refrigerated trucks.
• From packing one box at a time to an assembly line.
• From the CSA being administered as a part time job to someone doing it full time.
• From basic membership to enhanced membership.
• From sustainable only to the addition of certified organic.

There Are CSA’s and Then There Are CSA’s
Very traditional CSA’s continue to exist and thrive with smaller total membership that require members to contribute
to work load, accept crop shortages, fill their own shares, and accept shares that may not always have a wide assortment
of crops.
There are very untraditional CSA’s that are run by non farmers who source the share contents from farmers and other
vendors. There is no direct connection to the farmers and people pick up their shares in urban areas.
Our CSA model offers a very wide variety of fruits and vegetables with nearly every item, every week being truly home
grown. It is all paid in advance, prior to the start of the season. We offer a service- and quality-focused membership
that does not require members to work on the farm. We seek to provide an experience that is fun, that offers economic
value, that offers additional farm access, and which includes high-quality, nutritious, local, homegrown fruits and
vegetables.

Everyone Has One….Now What?
We were one of the first to offer this new, service-orientated CSA model. This exclusivity did not last long, however. In
our first year there were no CSA’s within a 15 mile radius of our farm. Today we are familiar with at least 7 in that same
geographic area in addition to our own. This competition requires us to be constantly vigilant with our marketing, the
quality of our products, and the experience that we provide our members.
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Kurt Alstede is the Grandson of German immigrants, and hegrew up in a family owned service station business in
New Jersey where he learned firsthand entrepreneurial and customer service skills from his father and grandfather.
He began his career in agriculture in 1982 at the age of 18 when as a first generation farmer he began raising
vegetables and doing custom work in his hometown of Chester, New Jersey while at the same time working for a
neighboring farm.
An Eagle Scout, Kurt graduated as the Salutatorian from West Morris Central High School in Chester, New Jersey
in 1982 and went on to earn a Bachelor of Science degree in Horticulture from Delaware Valley College of Science
and Agriculture in 1985 where he also completed studies in Agronomy and Agribusiness.
Throughout his college tenure he continued to grow his farming business which eventually became to be known
as Alstede Farms. Direct retailing to consumers began in a small farm stand in 1985 with Pick Your Own
commencing in 1987. In 1990 the Farm Store that is used today was built and over time the business evolved from
raising hay, grain, and wholesale vegetables to being an entirely retail based business raising nearly 300 acres of
tree fruits, small fruits, vegetables, and flowers. Today the farm’s entire output is sold through the on farm store,
PYO, tailgate markets, and CSA. Agritourism also compliments the farm’s retail offerings. The farm today employs
18 fulltime year round staff members and seasonally up to 165 people in both the production and retail segments of
the business. Kurt functions as the General Manager and is supported by a strong management team that includes
his wife of 17 years, Barbara.
Kurt has been an active volunteer firefighter for nearly 35 years and has served or is currently serving in several
different capacities of local, county, state, and federal government. He is also engaged in a variety of agricultural
organizations. Kurt and Barbara have three children; all of whom are home schooled at the farm: Rebekah (13),
Sarah (10), and Karl (7). All three children are active contributors to the family business during the busy harvest
seasons. When Kurt is not busy farming he enjoys stamp collecting, history, travel, and watching the New Jersey
Devils win Stanley Cups. Kurt and his entire family are dedicated to the future of production agriculture, the
responsible stewardship of God’s natural resources, and to protecting and promoting rural American values.
Patricia “Trish” Cirelli is the Highlands Harvest Club Community Supported Agriculture (CSA) Program
Administrator at Alstede Farms, located in Chester, NJ. In 2015 she will be starting her sixth year of full-time
employment.
Trish was born and raised in Morristown, NJ and studied education at Fairleigh Dickenson University. When she
was 9 years old, her Aunt Barbara married Kurt Alstede, founder and General Manager of Alstede Farms. Trish
began spending more and more and more time at the farm. Any chance she had, she was hanging out on the farm,
and was even a paid employee when she was 12 years old. (Cuddling with the bunnies and being her Aunt’s shadow
might’ve been the unofficial job description.) Her father worked at Alstede Farms during this time as well, further
proving that we were truly a “family farm.”
After seeing how the farm worked and watching the business grow and change over time, she talked about one day
working there full time – being a part of such a diverse and unique farm operation was a dream of hers for many
years. After college, she decided to do what she had always wanted to do. In 2010, she began working at the farm
full-time, in a variety of roles including supervising special events, animal care, retail supervision, as well as CSA
administration. She is now primarily involved in CSA administration, as well as supervisory roles in animal care
and produce distribution.
Working at Alstede Farms has provided a fantastic learning experience and many new opportunities throughout
the years. Her favorite thing about working at Alstede Farms is being able to see the production side of farming,
and being able to learn new things about the process of planting, growing, and harvesting a wide variety of fruits
and vegetables each season. She enjoys traveling to other farms all over the country, as well as attending farm
conferences frequently, further developing her passion for the agriculture industry.

53

POLLINATORS AND POLLINATION
POLLINATOR BIOLOGY, NUTRITION, AND HEALTH
Harland Patch
Pennsylvania State University
Center for Pollinator Research
hmpatch@psu.edu

Poor nutrition is implicated as a factor contributing to pollinator declines across the global. With increasing urbanization
and agricultural intensification there can be fewer pollen and nectar resources and fewer breeding and nest sites.
Increased stressors such as pathogens, parasites and pesticides can also interact with poor nutrition resulting in poor
pollinator health. In the context of agricultural pollination services and landscape restoration the questions arises as to
which plants provide the best nutrition for pollinating species. But little is known about pollinator nutrition and how
host plants are chosen, although there are clear, temporal and spatial patterns to host finding behavior. Work in this
area will help inform restoration projects and illuminate the evolution patterns of plant-pollinator communities.

Dr. Harland Patch is a Research Scientist and Lecturer at Penn State University. He focuses his current research
on understanding the behavioral and molecular mechanisms associated with bee nutrition and how nutrition, in
turn, affects bee health. His master’s thesis identified the secondary plant compounds sensed by female papilionid
butterflies to indicate their host plants. For his doctoral work at the University of Illinois at Urbana-Champaign he
focused on the molecular mechanisms of insect olfaction. Later he conducted bioinformatics and molecular research
to understand the architecture of complex behavioral traits. Currently Dr. Patch is working with collaborators to
understand the underlying factors that contribute to pollinator host plant choice. He is also involved in ongoing
projects to determine the causes of pollinator declines in the US and in Africa. Dr. Patch teaches Molecular
Ecology, Pollination Biology and an undergraduate course on honey bees, among other classes.
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CUCURBIT POLLINATORS, POLLINATION, AND IPM
Shelby J. Fleischer, Department of Entomology
The Pennsylvania State University, University Park, PA 16802

Cucurbit crops include crops from 4 genera: (i) squash/pumpkin, (ii) cantaloupe/muskmelon, (iii) cucumber, and (iv)
watermelon. Plants typically require movement of large, sticky pollen grains to set quality fruit. In cucumber, most
cultivars also require pollen transfer, although there are a few which set fruit without pollination.

Who provides pollination?
Bees pollinate cucurbit crops, but the species that do the job varies among crops, and among landscapes and regions of
the US. In our region, honey bees plus a few wild species appear to be the most important in cantaloupe/muskmelon.
In cucumbers, in addition to honey bees, there are more wild species that contribute important pollination services
[28 wild species in central Indiana (Smith 2013)]. Watermelons also were serviced by a wide assortment of wild
bee species and models show that wild bees provided full pollination in ~90% of small, diversified farms in NJ and
eastern PA (Winfree et al 207a, b). Honey bees alone provided pollination in ~70 to 80% of the farms. The presence of
both honey bees and wild bees ensured resiliency in pollination services. In the squash/pumpkin, the majority of the
pollination services we have measured in PA come from two wild bee species: the squash bee (Peponapis pruinosa)
and one species of bumble bee, the common eastern bumble bee (Bombus impatiens). This has also been seen in NY
(Artz and Nault 2011, Artz et al 2011, Petersen et al 2013), MA (Alder and Hazzard 2009), and VA (Shuler et al 2005,
Julier and Roulston 2009).

Management to ensure healthy bee populations
From 50 to >100 species of bees inhabit Pennsylvania agroecosystems. Ensuring high quality floral resources
throughout the season helps conserve this diverse community, along with honey bees. Diverse, season-long floral
provisioning could be particularly valuable for the diverse array of bee species providing pollination to cucumbers,
muskmelon, and watermelon.
For squash/pumpkin, we should focus on the squash bee and eastern bumble bee. The squash bee is a specialist - it
requires pollen from squash/pumpkin. It is a solitary bee, which nest and overwinters in the soil. It emerges in late
June or early July, and having squash flowers present may help ensure colonization. Ensuring these crops are in
the landscape is important to building populations over time, and some have suggested early-planting of Cucurbita.
Landscapes with no-till had higher populations of squash bees (Shuler et al 2005). Grassy areas, and exposed soil,
could serve as nesting sites. Sufficient soil moisture may help with nesting (Julier and Roulston 2005).
The common eastern bumble bee is a generalist so diverse and continuous floral resources are important. Overwintered
queens are establishing nests in late March, April, and May. Queens are finding and building nests, laying eggs,
keeping the brood warm with her body heat, provisioning brood with pollen sometimes mixed with nectar, and rearing
the first generation of brood. She needs plentiful, diverse, and high quality floral resources in close proximity to her
nest. We are experimenting with cover crops, planted in September of the previous year, and allowed to flower in
the spring, to provide floral resources during this time. During mid-summer, the cucurbit crops may act as a floral
resource but it may be mostly a nectar source, and non-crop plants may be important to supplement this or provide
pollen resources, but they also might compete for bumble bee visits. For example, bumble bees will visit thistle and
solanaceous weeds, and not pumpkin, if these weed are flowering in your field. As summer comes to a close, female
offspring become reproductive, males are produced, mating occurs, and mated females – called gynes - will attempt
to overwinter. Gynes need substantial resources if they are to successfully overwinter. We are trialing seed mixes
designed to flower during the time that gynes are acquiring resources for overwintering. Buckwheat and sunflowers,
planted in midsummer, are flowering in late August and into September, and are visited by the common eastern
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bumble bee. There are also a very wide range of perennial species, and weedy species that exist in our landscape, that
are visited by bumble bees.
We are making progress in estimating the number of colonies that send foragers into an area using population genetics,
to count ‘sisterhoods’. In diversified landscapes, approximately 100 colonies sending foragers into smaller pumpkin
fields (Sidhu 2013), and ongoing work is looking at samples from larger fields.

IPM
Cucurbit production also requires management of cucumber beetles and the bacterial pathogen they vector, squash
bug, squash vine borer, aphid-transmitted viruses, and mites – plus a diverse array of fungal and bacterial pathogens.
Balancing crop protection needs with efforts to sustain pollinators is difficult. Limiting neonicotinoids to seedtreatments minimizes the residues that show up in nectar and pollen. Avoid neonicotinoids in watermelon, because
they do not need protection from cucumber beetles. Squash/pumpkin flowers close by mid-day, so limiting all foliar
sprays to after the flowers have closed, is certainly helpful. For the other crops, spraying as late in the day, or at night,
minimizes the residue on the flowers that the bees could contact the next day. Only spraying when scouting indicates
the need helps, and for aphids and mites, using the selective aphicides and miticides can reduce the risk to bees. The
2015 Commercial Vegetable Production Guide has revised the pollinator section with a good overview, and
guidelines for pesticide issues include:
• Know the pesticides you are using and their toxicity to bees.
• Systemic seed treatments may result in residues in nectar and pollen. However, residues tend to be much lower from
seed treatments compared to foliar treatments.
• Never use an insecticide on a flowering crop or on flowering weeds if bees are present.
• Flowering time varies among varieties. Bees pollinating one variety or crop may be at risk while another post-bloom
crop or variety is being treated. Also, bees may be visiting flowering weeds in and around crops. Be aware of these
situations and avoid the application if there is risk of drift onto blooming crops and weeds if bees are present. If a
spray must be applied, use the least toxic material and apply late in the day or at night when bees are not foraging.
• Avoid pre-bloom pesticides just before bees are brought onto a crop. If one is needed pre-bloom, select a material with
lower bee toxicity and apply only when bees are not foraging, preferably late evening.
• Do not apply pesticides post bloom until after managed colonies are removed.
• Honey bees need water for temperature regulation and brood production. Provide a clean water supply near the hives.
Keep wheel ruts and areas around the sprayer fill point drained to eliminate a possible insecticide-laden water source.
• Many fungicides are known to interact antagonistically with insecticides, which can lead to higher toxicity to bees.
Avoid fungicide application on flowering crops when bees are present.
• Give beekeepers at least 48 hours notice before spray application to allow for the movement of bees.

Resources
We are part of The Integrated Crop Pollination Project (Project ICP) (www.icpbees.org) which is integrating managed
and wild bees for achieving pollination services in commercial production agriculture.
Alder, L. S., and R. V. Hazzard. 2009. Comparison of Perimeter Trap Crop Varieties: Effects on Herbivory,Pollination,
and Yield in Butternut Squash. Environ. Entomol. 38(1): 207- 215
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Artz, D. R., C. L. Hsu & B. A. Nault. 2011. Influence of Honey Bee, Apis mellifera, Hives and Field Size on Foraging
Activity of Native Bee Species in Pumpkin Fields. Environ. Entomol. 40: 1144-1158
Artz,D. R., & B. A. Nault. 2011. Performance of Apis mellifera, Bombus impatiens, and Peponapis pruinosa
(Hymenoptera: Apidae) as Pollinators of Pumpkin. J. Econ. Entomol. 104(4): 1153-1161
Julier HE, Roulston TH. 2009. Wild bee abundance and pollination service in cultivated pumpkins: farm management,
nesting behavior and landscape effects. J. Econ. Entomol. 102: 563-573.
Petersen JD, Reiners S, Nault BA. 2013. Pollination Servies Provided by Bees in Pumpkin Fields Supplemented with
Either Apis mellifera or Bombus impatiens or Not Supplemented. PLoS ONE 8(7): e69819. doi:10.1371/journal.
pone.0069819
Shuler RE, Roulston TH, Farris GE. 2005. Farming practices influence wild pollinator populations on squash and
pumpkin. J. Econ. Entomol. 98: 790-795.
Sidhu, C. S. 2013. Farm-level and landscape-level effects on Cucurbit pollinators on small farms in a diversified
agroecosystems. Ph.D. Dissertation. Penn State University
Smith, Bentley, Reynolds. 2013. Wild bees visiting cucumber on midwestern U.S. organic farms benefit from nearfarm semi-natural areas. J. Econ. Entomol. 106: 97-106.
Winfree, R., N. M. Williams, J. Dushoff, and C. Kremen. Kremen. 2007a. Native bees provide insurance against
ongoing honey bee losses. Ecology Letters 10: 1105–1113ell Publishing Ltd
Winfree, Rachael, Neal M. Williams, Hannah Gaines, John S. Ascher, and Claire Kremen. 2007b. Wild bee pollinators
provide the majority of crop visitation across land-use gradients in New Jersey and Pennsylvania, USA Journal of
Applied Ecology

Dr. Fleischer is on the faculty of the Department of Entomology at The Pennsylvania State University where he
specializes in population dynamics of insects. He has been worked in vegetable agroecosystems for over 20 years.
He previously was a Research Scientist at Virgina Tech and Research Associate at Auburn University. He received
his B.S. in Biology from St. Mary’s College of Maryland, his M.S. in Entomology from Virgina Tech and his Ph.D.
in Entomology from Auburn. A native of Washington, D.C., he and his wife Barbara have two daughters, Megan
and Erin.
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GOVERNMENT CONSERVATION PROGRAMS FOR POLLINATORS
Mace Vaughan
The Xerces Society, 628 NE Broadway, Ste 200, Portland, OR 97232
mace@xerces.org

Over the past several years, the beekeeping industry has faced dramatic winter hive losses and growing challenges to
maintaining their hives. At the same time, we have seen dramatic declines in bumble bees, monarch butterflies and
other pollinators across North America, as well as a significant increase in the number of studies demonstrating that
wild bees in our farm landscapes are still providing valuable pollination services. As a result, the USDA conservation
agencies are increasingly supportive of pollinator conservation measures nationwide. This includes working with
landowners to help create and protect habitat for pollinators and other beneficial insects on the farms. In this talk, Mace
Vaughan (Xerces Society Pollinator Conservation Program Co-Director and Joint Pollinator Conservation Specialist
with the NRCS West National Technology Support Center in Portland, OR) will discuss the pollinator conservation
efforts currently underway within the USDA. He also will provide information on how USDA conservation programs
can be used to support pollinators while also addressing water quality, soil health, erosion control, and other natural
resource concerns for the Chesapeake Bay watershed.
For example, in Pennsylvania the NRCS is promoting pollinator conservation through these specific programs: the
Conservation Stewardship Program (CSP), the Conservation Reserve Program (CRP), the Environmental Quality
Incentives Program (EQIP), and the Wetland Reserve Easement program (WRE). They are also working closely
with Penn State University and the Xerces Society on technical guidance for farmers and for their field office staff
on how to create pollinator friendly habitat around farms and orchards. More information about PA NRCS programs
can be found at http://www.nrcs.usda.gov/wps/portal/nrcs/main/pa/programs/financial/. Many of the conservation
practices supported by NRCS can be implemented in ways that benefit pollinators and other beneficial insects.
Specific pollinator-related conservation practices can include: Conservation Cover, Field Border, Hedgerow, Riparian
Forest Buffer, Wetland Creation, Habitat Development for Beneficial Insects for Pest Management, and Establishing
Pollinator and/or Beneficial Insect Habitat.

Mace Vaughan, the Xerces Society Pollinator Conservation Program Co-Director and Joint Pollinator
Conservation Specialist to the USDA’s Natural Resources Conservation Service’s (NRCS) West National
Technology Support Center. Mace has led Xerces’ Pollinator Conservation Program since 2003 and acted as Joint
Pollinator Conservation Specialist to the NRCS since 2008. In his tenure at the Xerces Society, the pollinator
program has grown from a small pilot project on California farms to a national program implementing pollinator
conservation projects across the US. Supervising twelve pollinator conservation specialists and several consultants
across the U.S., he now oversees the largest pollinator conservation team in the country. This work at the Xerces
Society and the USDA NRCS has led to the implementation of tens of thousands of acres of pollinator habitat on
farms throughout the U.S.. Through education and outreach events, Vaughan has directly reached thousands of
agency staff and farmers.
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POND MANAGEMENT

Bryan Swistock
Penn State University, Department of Ecosystem Science and Management
308 Forest Resources Building, University Park, PA 16802
Email: brs@psu.edu
Natural or man-made ponds dot the landscape throughout the Mid-Atlantic States. It is difficult to even estimate
the number of earthen ponds but one survey found over 3,000 ponds in just one county of southeast Pennsylvania!
Construction of irrigation and other farm ponds was most popular in the 1950’s and 1960’s because there were
government incentives to build farm ponds for fire protection, livestock and irrigation. In recent years, there has been
a renewed interest in pond construction as an alternative water supply during droughts. A recent Penn State survey of
pond owners found that aesthetic appearance and fishing were the most common primary uses of earthen ponds with
irrigation accounting for about 10% of primary pond uses.

Planning and Design Features
Proper pond management starts with identification of the primary goals for the pond. Many pond owners become
frustrated by trying to manage a pond for many different uses including fishing, swimming, irrigation and wildlife.
While many ponds can be used for multiple purposes, it is best to identify the primary use of the pond (such as
irrigation) and devise a management strategy that focuses purely on that use.
When building a new pond there are a number of factors that need to be considered including topography, land-use,
soil texture, and water supply when locating a pond site. Springs and seeps make excellent sources of water for ponds
because they typically provide consistent flows of high-quality groundwater. The alternative is to collect water from a
surface stream or collect surface runoff from a watershed around a pond. Steeper slopes of 2:1 are commonly used on
irrigation ponds to maximize water storage and prevent aquatic plant and algae growth. The size of the pond will be
determined by the site characteristics and the money you are willing to spend on construction and maintenance. Ponds
that are to be used primarily for irrigation generally need to be large to accommodate the amount of water typically
needed for irrigation.
Attention must be paid to several features of the pond. For irrigation ponds, water intakes are often suspended above
the pond bottom to prevent excessive metals and sediment in the irrigation water. A properly sized outlet pipe should
also be installed to allow for free flow of water from the pond through the dam. An antiseep collar around the outlet
pipe will prevent water from seeping around the outlet pipe and eroding a channel through the dam. A dry hydrant,
or non-pressurized pipe system along the bank of the pond, can be installed in the pond to provide for fire protection.
Dry hydrants usually pay for themselves in reduced insurance premiums.

Pond Problems and Management
There is no doubt that ponds require more attention and maintenance than a similar area of land. In fact, more than
three-fourths of pond owners report problems with their ponds such as excessive plant and algae growth (52%),
nuisance wildlife (34%), leaks (26%), water quality issues (9%) or fish kills (8%). Routine maintenance can reduce
or eliminate some of these problems and an annual inspection can be helpful in identifying some issues before they
become serious and more difficult to resolve. An inspection should include visual survey of the inlet, outlet, dam,
banks and emergency spillway to check for signs of erosion or minor leaks around the dam. Remove floating debris
that can clog or damage the outflow pipe. If a dry hydrant is installed, make sure access is available for fire trucks or
heavy vehicles.
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Approximately one-fourth of pond owners report problems with pond leakage. Pond leaks are usually serious and
expensive issues that can often be avoided through proper pond construction practices. In most cases, a pond must be
drained to properly repair leaks usually through delivery and compaction of new clay material on the bottom. Other
products, such as bentonite, are sometimes used to fix leaking ponds.
Water quality problems are also common in ponds. Water testing through a state accredited laboratory can help
to identify common issues. Irrigation ponds should be routinely tested for metals (iron and manganese), pH, total
dissolved solids (TDS), alkalinity and E. coli bacteria. Metals can clog irrigation plumbing and may have direct growth
effects on irrigated plants. Excessive TDS, alkalinity and pH can also be problematic for some plants – especially in
greenhouse environments where precipitation is not available for dilution. E. coli bacteria can affect the safety of
edible portions of plants and may be required testing under the recent Food Safety and Modernization Act. Data from
hundreds of ponds across Pennsylvania showed that each of these water quality problems occur in 5 to 25% of ponds.
If the pond is to be used for swimming, fishing or stock watering, more detailed water quality testing should be done
on the pond water including temperature, dissolved oxygen, nitrate, and sulfate. Muddy water problems are common
and can be solved by removing the source (usually bottom dwelling fish, geese, or bank erosion), or by treating the
water with chemicals. Pond owners interested in having a water test done by a state accredited laboratory can contact
the Penn State Agricultural Analytical Laboratory to obtain a test kit for pond or irrigation water (http://agsci.psu.edu/
aasl/water-testing).
The most common problem among irrigation ponds is an overabundance of aquatic plants and algae which clog
irrigation equipment, kill fish and limit other uses of the pond. This abundant plant growth is the result of nutrients
and sediment that are delivered from the pond watershed. Understanding the drainage area and possible sources of
nutrients in the pond watershed is critical to successfully preventing nuisance growth of aquatic plants and algae.
Blooms of algae and aquatic plants can be controlled using a variety of methods including mechanical removal,
aeration, drawdown, herbicides or biological controls. The first step is to properly identify the problem plant or algae.
Consultants, Extension educators and various web pages can be helpful in identifying plants and targeting control
strategies. Accurate measurements of the pond are also necessary (pond area, water volume, and residence time) to
accurately dose any chemicals or herbicides that might be used to control aquatic plants.
Additional problems may be experienced with nuisance wildlife or fisheries management. Wildlife problems are
usually related to excessive Canada geese, muskrats or beavers. A variety of methods are available to discourage
or remove these problem animals. For example, riprapping the shoreline can discourage muskrats and geese can be
controlled by allowing a vegetated buffer strip to grow around the perimeter of the pond. Various fish can do well in
irrigation ponds and can provide additional recreational benefits from the pond but care should be taken to keep the
number of different species to a minimum. Fish kills are not unusual and may be related to the loss of dissolved oxygen
from decaying plant and algae or natural diseases. Aeration and proper aquatic plant management can minimize the
chances of fish kills in most ponds.

More Information
To learn more about all aspects of pond management, visit the Penn State Extension pond management website at:
http://extension.psu.edu/water/ponds.
Bryan Swistock is a Senior Extension Associate in the Department of Ecosystem Science
and Management at Penn State University. For the past 27 years, he has conducted
applied research and extension programs related to private water systems, water
conservation, pond management, and watershed management. He received a B.S., degree
in Environmental Health from Indiana University of Pennsylvania and a M.S., degree in
Environmental Pollution Control from Penn State University. A native of Indiana, PA, he
and his wife Kim have two children and one grandson.
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John Melora - Customer Relationship Manager johnm@leerain.com
Lee Rain, Inc. 2079 East Wheat Road, Vineland, NJ 08361
856-691-4030
www.leerain.com

Setting the Stage
In agricultural production, increasing yields and resource use efficiency improvement are always desirable objectives,
but a lot depends on how irrigation is managed. In this discussion, we will talk about previously conducted agriculture
production projects. Along with the understanding of the environment (above and below the soil surface) with which
we carry out our methodologies, we will briefly explore the applied agriculture analytics and Plant-Triggered Irrigation
actions. More importantly, we will measure the expense of operational inefficiencies or in other words, the cost in the
absence of the solution.
At certain stages in the life cycle of vegetable or fruit production, irrigation water must be applied at an optimum level
to achieve maximum yields. Water restrictions and or water surpluses at different growth stages have an impact on the
crop’s yield and quality. In order to eliminate a limiting factor, which could retard the plant’s physiological growth and
productivity, an appropriate and organized approach to irrigation is required. Disregarding what we previously knew
about irrigation, we discovered that a newly created solution process, via an integrated leading-edge methodology, has
the potential to improve an irrigation system’s return on investment.
By viewing irrigation as a performance optimization tool, rather than exclusively as an expense associated with
production, new opportunities can be defined. Thus, if we speak in terms of setting goals and objectives, defining costs
associated with an improperly designed system, looking at the expenditure associated with an inadequately managed
system, along with quantifying the results and identifying the return on investment, irrigation has the potential to be
viewed as an investment. As a result, irrigation deserves a thorough understanding of its potential impact through
enhanced management capabilities in order to maximize returns.

Myths vs. Reality
It is generally misunderstood that irrigation or the water associated with irrigation is all good, no matter the
circumstance. This simply is not the case. In this discussion we outline myths of irrigation and break down the reality
or truth both about irrigation in general. Along with that, we discuss several myths associated with what is actually
occurring below the soil surface and how it impacts the plant, yield, water availability, accessibility of nutrients and
energy use efficiency.
Myths of Irrigation - Common:
• Myth: Some forms of irrigation are better than others. Reality: Quality design capacity and proper management
matters more than irrigation type.
• Myth: An off-the-shelf irrigation design is good enough. Reality: A diagnostic design linked to goals/objectives
should be measured against ROI
• Myth: The best irrigation strategies are predetermined schedules/regiment. Reality: Making sound irrigation decisions
based upon plant needs is superior.
• Myth: Humans are the best judge of irrigation scheduling. Reality: The plant itself provides the most precise means
to define optimal growing conditions – i.e. Plant Triggered Irrigation
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Myths of Irrigation - Below the Soil Surface:
• Myth: Within the soil profile – All irrigated water, in any amount, is beneficial to the crop. Reality: When, where and
how much water can positively or negatively impact Production / Yield / Quality
• Myth: All roots at all depths are actively retrieving water/nutrients. Reality: A large majority of active roots are
located in the top 8-12 inches of the soil profile i.e. Active Root Zone
• Myth: Plant stress only occurs when it is too dry. Reality: Plant stress can occur when a field is too wet and too dry
• Myth: All water/nutrients are consumed by the plant. Reality: Available water/nutrients located below the Active
Root Zone are by and large unavailable to the plant

Using Irrigation as a Performance Optimization Tool
In order to use irrigation as a tool for optimizing performance, it requires an integrated irrigation process that includes
the setting of goals, assembling a diagnostic design, using precision management and finally measuring the results
in terms of ROI. Thus, it takes the right people, the right questions and the right sequent in order to make quality
decisions.

Setting Goals and Objectives
Diagnostically designed and precisely managed irrigation touches each and every goal and objective. Especially if the
mission is to improve yield, increase profits, enhance water / fertilizer / energy use efficiencies, hit quality targets or
meet government regulations.

Diagnostic Irrigation Design Considerations
In the diagnostic design process, there are multiple considerations that should be weighed. They include design capacity
to meet peak crop needs, crop evapotranspiration (ET), water holding capacity of the soil, application limitations,
rainfall, system run time, infiltration rate, runoff calculations, water hydraulics and slope. For example, if an irrigation
system is unable of meeting peak crop needs for water, university studies indicate that irrigation shortfalls, at critical
stages of growth can impact yield/quality/size by almost 50%, which may reach $2,500/acre or $250,000 per 100 acres

Precision Management
Precision Management, such as Plant-Triggered Irrigation is the next level of performance optimization. But first we
must reveal key factors such as identifying the Most Active Root Zone, estimating the Water Use Efficiencies and the
measurement of Stress Days.

Plant-Triggered Irrigation
The objective of Plant-Triggered Irrigation management is to utilize the plant itself to establish proper timing and
amount of irrigation for greatest effectiveness. This will minimize yield loss due to crop water stress, maximize yield
response to other management practices, and optimize yield per unit of water applied. All of these factors contribute to
profitability. Poor irrigation management that results in either excessive or inadequate water application can significantly
reduce the potential for profitability. Utilizing Plant-Triggered Irrigation for proper irrigation management also helps
reduce the potential for runoff and reduce soil erosion and pesticide movement into surface and groundwater.
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Most Active Root Zone
The root structure provides physical support for the plant, and mines the soil for water and nutrients. Leading-edge
analysis breaks down this root activity, and identifies where roots are most active, and efficient in the uptake of water.
We identify the Most Active Root Zone where root activity is 80% or more of total water uptake. Thus, irrigating or
fertigating for the deepest roots is inefficient and has a cost.

Water Use Efficiency
Once the Active Root Zone has been identified, we can measure how effective water applications are in keeping water
within that zone. Consequently, operational waste has a cost. For example, in a recent Ag Management Strategies
Report, 81% of the total water applied was located within the top 12 inches of the soil profile - where the most active
roots are located. Conversely, 19% of the total water applied was located between the 16 and 20 inch depth - where the
least active roots are located. The estimated fuel required to pump excess water in this example equals almost $3,000
for 100 acres or $60,000 over 20 years (Calcs: 20 acre inches @ $153/ac (fuel) @ Over watering rate of 19% = $29/ac)

Plant Stress Days
Plants are most productive under optimal growing conditions and the environment in which roots support plant
performance is no exception. In this presentation, Plant Stress Days are defined as a condition of too much, or lack
of water within the Most Active Root Zone of which our analysis can identify these stressful conditions. The impact
of excess water, for example, on crop growth and yield is influenced by crop type, soil characteristics, duration of
excess water or flooding, crop stage, soil and air temperature, and other factors. The ultimate goal is to tightly manage
irrigation to the optimal needs of the plant by using Plant-Triggered Irrigation.
For example, in a recent 100 day summary, the data indicated that there were only 32 days of optimum root conditions,
which were on target. On the other hand, there were Stress Days from being too wet @ 35 Days, Stress Days from
being too dry @ 22 Days, and Stress Days from being severely dry @ 11 Days. This means that, 68% of the time
the plant was under performing because the root environment was in a stressful state or condition. The key point
being that the only “visible” signs of plant stress (i.e. wilted/drooping plants) occurred for 11 days under severely dry
conditions. The remaining 57 days of stress were undetectable to the naked eye and can only be measured through the
analysis of the data we collect.
Impact of Plant Stress Days can be interpreted as the potential loss opportunity. In a recent watermelon production
study, the cost of 68 Stress Days equated to $4,840 per acre or a 20 year impact may reach $96,808 (Clemson University
- Plant Triggered Irrigation Study). This example indicated that if the goal was to limit Stress Days to no more than 30
days, the findings indicated that the plants responded positively by improving production from 69,000 lbs/ac to 109,00
lbs/ac.

Measuring Success
How does an operation measure success or what are the indicators that possibly lead to a successful outcome? If a
producer is aiming for higher yield, maybe too much plant stress is holding back management’s ability to achieve this
goal. On the other hand, high energy costs and low yield could be preventing higher profits. If improved water use
efficiencies are the objective, then maybe energy inefficiency is getting in the way. If the mission is to reduce fertilizer
costs, then maybe the goal is to reduce the amount of fertilizer pushed below the Active Root Zone. Maybe the goal
is to improve energy use efficiencies by keeping track of reducing the energy inputs per yield/box/pound, because the
energy costs per unit needs to be improved. Thus, the measurement of success can be expressed in expenses (energy/
water) as compared to revenue (yield). Until now, managing/reducing Plant Stress Days as it relates to the Most Active
Root Zone has never viewed as an opportunity, all of which can be implemented through diagnostically designed and
precisely managed irrigation system.
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Making Quality Decisions
If an operation is seeking to make quality decisions, then what are the key questions that might need answering?
• What is the energy expense for irrigation per pound, ton, box or unit?
• What is the current or targeted water consumption per pound, ton, box or unit?
• What is the fertilizer use efficiency per pound, ton, box or unit?
• For this operation, what is an acre inch of water worth?
• Could it be that the amount of Plant Stress Days are reducing potential?

Multiple Understandings Summarization
In our examples we outlined the possible costs in the absence of the solution.
• Poor irrigation design which was unable to meet peek crop water needs at critical times during plant or fruit
development, the profit impact might be $250,000 per 100 acres/yr for fresh tomatoes.
• The fuel costs for overwatering and sending water below the active root zone might reach $3,000 per 100 acres/yr.
• The yield impact of insufficient management of irrigation was estimated to be $484,000 per 100 acres/yr in a recent
Clemson University study, all of which was the result of too many Plant Stress Days.

Summarization of Integrated Irrigation
Since our discussion has been about making quality decisions that seeks to meet a predetermined return on investment,
the key is to set goals, diagnostically design an irrigation system, utilize precision management as a tool and ultimately
measure the results achieved.
The new future also demands more powerful information. Although some sources of data connect and some divide,
what is indisputable is that all data has meaning, but it is the processes that bring scalability to the findings and
solutions. It’s all about producing efficient and sound conclusions capable of managing the planet’s precious supply of
natural resources or improving operational efficiencies.

John Melora is a Customer Relationship Manager for Lee Rain, Inc. and has been with the team for more than 10
years. John has a B.S. degree in Agronomy from Delaware Valley College. John’s agronomic background brings
considerable knowledge and experience to meet the challenges growers face daily. He is dedicated to growing
the potential of irrigation science and technology and believes passionately in the power of innovation to help
customers solve complex problems in order to achieve success
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SOIL MOISTURE AND FERTILIZER MANAGEMENT
George J. Hochmuth
Soil and Water Science Department
2181 McCarty Hall-A
University of Florida
Gainesville, FL 32611-0290
hoch@ufl.edu

Water and fertilizer are two important inputs for successful and profitable vegetable production. Both inputs are
receiving increased attention from growers because both inputs are becoming a larger part of the overall crop
production budget. Further, farmers (along with society) are more concerned about increasing nutrient efficiency on
the farm so that losses to the environment are minimized. Irrigation and fertilizer management work hand-in-hand;
most researchers and extension specialists emphasize the importance of gaining a high level of management over
irrigation practices before we can optimize management of crop nutrients. This focus recognizes that nutrients can
move with the water in the soil and can be lost below the root zone, especially in soils with sand-dominated texture.
Maintaining soil moisture at optimal levels for crop production also helps minimize leaching of nutrients from the root
zone. The principles discussed here apply equally to conventional and organic vegetable growers. Let’s look at some
of the principles involved in managing soil moisture and how we can keep the water and the nutrients in the root zone.
The word “soil moisture” is a general term referring to the amount of water held in a soil and we all recognize that
the amount of water held in a soil at any time will vary depending on factors such as soil texture (the proportion of
sand, silt, and clay in the soil), the organic matter content of the soil, time from the most recent water input (irrigation
or rainfall), rate of crop extraction of water, and climatic conditions. At any one instance, soil water may be in three
main pools: gravitational water, plant available water, and hygroscopic water. Gravitational water is the water that is
currently moving through the soil profile under gravitational pull following an irrigation or rainfall event. The water
remaining in the soil after gravitational loss is either available water or hygroscopic water. Available water is the water
in the soil that plants can extract and this pool of water is the quantity that we can manage. If all of the available water
is extracted by the crop or evaporates, we reach what is called the permanent wilting point. There is still some water
left (the hygroscopic water) but this water is unavailable to the plant because it is held too tightly by the soil particles.
The amount of available water in a soil can be quantified – we can calculate the volume (gallons per acre) of available
water that our soil may hold. It will be maximum just after gravitational loss has ceased. This knowledge provides
us with the ability to set up a water balance or a check book approach to managing the available water. The available
water in the soil is like our bank accounts. We can add to the account with rain and irrigation and we have withdrawals
from the account due to plant use and evaporation. A sandy-loam soil, for example may have 1.4 inches of available
water per foot of soil. This equates to 1.4 inches times 27,150 gallons per inch of water equals 38,000 gallons of water
in an acre-foot of soil. More water can be held in finer-textured soils and less in coarser soils. We are interested in
the available water in our crop’s root zone. Knowing the soil types on your farm is an important starting point for
managing soil moisture, crop water use, and for preventing loss of nutrients. Available water holding capacities of
your farm’s soils can be obtained from your local NRCS or Extension office. The total available soil water for the crop
depends on the root zone – how deep are the plant roots? As the crop grows and develops a deeper root system, so the
available water volume will increase.
The other piece of the puzzle is the water bank extraction or withdrawal. Water is lost from a crop/field system in
two ways – water loss from the plant called transpiration, and water lost from the soil and plant by evaporation. The
combination is called evapotranspiration or ET. This quantity can be estimated by specialists with knowledge about
factors including the climate and crop growth stage, and these values are tabulated for various crops and production
seasons. For example, crop specialists and irrigation engineers at the University of Florida have provided crop ET
values for crops in the state through the Florida Automated Weather Network at http://fawn.ifas.ufl.edu/. Growers
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have access to these data for pairing with their soil available water information to calculate irrigation needs for any
particular time in the season.
In the water budget or irrigation check-book approach the user keeps track of the water inputs and withdrawals, and
schedules irrigation to maintain the available water in a comfortable zone, called the management allowable depletion.
The grower may wish to keep the available water no lower than 40%; another grower may be more comfortable
maintaining the available water at 60% (allowing only 40% to be used before an irrigation event). Generally a target
of 50% is a good rule of thumb. The decision is largely based on a grower’s level of comfort and knowledge about the
reliability of the irrigation system for making timely irrigations. When it is time to irrigate, do you refill the available
water to 100% or do you allow a small unfilled portion that can hold rainfall? Maintaining the soil water at 100%
leaves no room for holding rainfall, and rainfall on soil maintained at 100% may result in leaching of nutrients.
Using the water budget can provide for careful management of irrigation, maintaining the soil moisture at a level
for optimum crop production yet not overwatering which could lead to losses for nutrients, a cost to the grower and
also possibly a negative impact on the environment. Most irrigation specialists recommend that the water budget
approach be supplemented with soil moisture indicator equipment such as a tensiometer, or one of various types of
electrical (resistance) devices. These devices provide immediate data about soil moisture and help confirm your budget
approach to irrigation management. The system described herein has been computerized and can be highly automated.
Consulting with an irrigation technology expert with the university, private consultant, or an irrigation company
can provide information to assist in how detailed one wants or needs to be. There are many levels of the technology
available now and the science keeps developing. All farmers using irrigation should continually investigate these
options for fine-tuning irrigation management.
Fertilizer management becomes easier when we optimize our irrigation management. Three of the more important
aspects for nutrient management are the right rate, the right timing, and the right placement. These aspects of nutrient
management also are linked. The amounts of nutrients to use are derived from decades of fertilizer research and, for
most nutrients, are predicted from a soil test. Placing the fertilizer near the root zone enhances the chances of crop
uptake and improves the nutrient use efficiency. For example broadcasting fertilizer before the crop is planted may be
easier and faster, but may lead to lower nutrient use efficiency if the nutrients are lost before the crop can gain access
to all the nutrients. Banding may be a preferred approach using the right timing. Applications of nutrients closer to
the time when the crop is most likely to absorb the nutrients may be good for gaining the best use of the nutrients.
Fertigation is the term given to applying nutrients with the irrigation water. This is easy to do for drip-irrigated crops,
or even for sprinkler irrigated crops later in the growing cycle when the root system is widespread in the soil. Choosing
the best approach for fertilizer management ties in with irrigation management. Over-irrigation may lead to leaching
of nutrients and excessive fertilization or poor timing may worsen with too much irrigation water.
Finally, there is nothing like digging in the soil to check where the water might be moving to. We need to dig to
determine the extent of the root zone for calculating the available water. We also should dig to prove that our irrigation
management system is working properly. One easy way to visualize where the water is relative to the root zone, is with
a blue color or marker dye. The dye can be sprayed on the soil surface for sprinkler irrigation or can be injected into a
drip irrigation system. Digging a day after the injection or irrigation will reveal how deep the dye moved and thus how
deep mobile nutrients like nitrogen have moved.
As we move further into the best management era, it will be increasingly important to try to gain more management
over farm inputs like water and nutrients. Nothing is perfect. Mother Nature throws wrenches into our finely tuned
system, but if we employ some of the available technologies for water and nutrient management, we can better plan
for and recover from those challenges. Water and nutrient management are linked on the farm and managing one with
attention to the other will help us be more profitable and, at the same time, minimize risks to the environment.
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George Hochmuth is Professor in the Soil and Water Science Department of the
University of Florida in Gainesville, Florida. He has a three-way split appointment among
research, teaching, and extension, all dealing with soil fertility, nutrient management, and
water quality. He obtained the Ph.D. in Plant Breeding and Plant Genetics, with minors
in Plant Pathology and Plant Physiology from the University of Wisconsin, Madison, WI.
He was on the faculty of the University of Massachusetts, Amherst, MA, prior to joining
the University of Florida in 1984. He grew up on a family vegetable and grain farm on the
Eastern Shore of Maryland.
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Inge Bisconer
Technical Marketing and Sales Manager
The Toro Company
1588 N. Marshall Ave.
El Cajon, CA 92020
Inge.Bisconer@toro.com
Bill Wolfram
District Sales Manager
The Toro Company
757-710-0320
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What is it?
Drip irrigation systems consist of blocks of
lateral pipes with online or inline emission
devices that emit water directly to the root zones
of crops, and sub-main pipeline networks that
supply water to the laterals within a block. The
adjacent illustration shows many layout options
for typical drip irrigation systems.
Irrigation system uniformity tells how evenly
water is applied throughout the block and
indicates how much over-irrigation must occur
to ensure the driest part of the block receives
enough water and nutrients to support the crop
i.e., how much over-irrigation will be required
to compensate for imperfect uniformity. Drip
irrigation uniformity is typically expressed as
distribution uniformity (DU) or emission uniformity (EU), either as a decimal or a percentage. A system’s uniformity
at the time of design is considered theoretical “design uniformity”, while measured uniformity in an operating drip
system is considered actual “field uniformity”. The system’s gross application rate is usually stated in GPM or inches
per acre, and once known it is downgraded by the system’s uniformity to determine the net application rate for
irrigation scheduling purposes.

How is it determined?
Drip irrigation uniformity may be predicted by the designer, or measured in the field. The predicted design uniformity
is a result of the designer’s component selection, sizing and layout considering block shape, size and topography.
Since flow is directly affected by pressure, and pressure is directly affected by topography and friction loss through
pipelines, uniformity is best when pressure variation within the block is minimized, or when components are selected
that minimize sensitivity to pressure variation.
Measured uniformity in the field is the result of design uniformity after installation and under actual operating
conditions. This includes the effect of water quality and actual system pressure and flow. For example, if emission
device clogging is occurring due to poor water quality or lack of system maintenance, if there are leaks in the mainline,
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submains or laterals due to poor installation or field damage, and/or if system operating pressures are not maintained
within the design operating window, then field uniformity will be lower than predicted uniformity. Field uniformity
may be determined by taking flow measurements from a number of emission devices within the block and then
dividing the average measurement of the “low quarter measurements” (lowest 25% of the readings) by the overall
average.

Why is irrigation uniformity important?
Irrigation uniformity is important because it directly affects crop performance, operating costs, and control of applied
water and nutrients to the environment. One of the main advantages of drip irrigation is the opportunity to obtain
high system uniformity. In general, drip irrigation systems often achieve over 90% uniformity with proper design,
installation, operation and maintenance. This is in contrast to typical uniformities of 40-60% for gravity systems
and 50-75% for sprinkler systems. To help translate the importance of uniformity, the following table illustrates how
many hours are required to apply a minimum of 1.0 inch of water to all plants in an irrigation block assuming various
emission uniformities and assuming an application rate of 0.10 inches per hour.
Note that if the drip irrigation system were perfectly
uniform (EU = 1.0), then the system would need to
run 10 hours to apply 1.0 inch of water, whereas if the
system had an EU of 50% (EU = .5), then the system
would need to run twice as long, 20 hours, to apply
a minimum of 1.0 inch of water to the driest part of
the field. Running the system twice as many hours
means twice as many gallons of water and fertilizer
applied, twice as much fuel use and twice as much
labor expense to achieve the same result: applying 1.0
inch of water.
Another way to view the results of poor uniformity is as a percent increase in runtime. In the figure below, a 75% EU
results in the necessity for a 33% increase in runtime:
Perhaps more importantly, in addition to avoiding the
costs associated with unnecessary system runtime,
high drip irrigation uniformity leads to more uniform
crop production and enhanced crop health and vigor
since all plants in the block receive the proper amount
of water and nutrients, ideally at the right time. As a
result, yield and quality are increased while inputs
are reduced. Another way of stating this is that water
use efficiency, nutrient use efficiency, and/or overall
resource use efficiency is improved and more “crop
per unit of input” is achieved.
Over the past decades, countless growers and
researchers of fruit, nut, vegetable, field and nursery
crops have reported and documented increased crop
yield and quality per unit of water, fertilizer, labor and
fuel applied with drip irrigation systems. In addition,
highly uniform drip irrigation systems provide more
flexibility to spoon feed the crop and to target water and nutrients exclusively to the crop rootzone. This helps decrease
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weeds, pests and disease and the resources
typically used to control them, and also helps
prevent the application of water and fertilizer
where unwanted due to wind drift, runoff or
deep percolation beyond the rootzone. As
a result, achieving high system uniformity
with a well designed, installed, operated and
maintained drip irrigation systems leads to
improved farm profits and more sustainable
farming practices. The adjacent illustrations
summarize the benefits of drip irrigation in
fruit, nut, vegetable and field crops.

How can drip irrigation uniformity be
maximized?
Drip irrigation uniformity may be Benefits of micro-irrigation for fruit, nut, and vegetable crops.
maximized with proper design, installation,
operation and maintenance. Although all irrigation system types share some basic hydraulic principles and equipment,
such as pumps and delivery pipe, drip irrigation systems require specialized knowledge to choose the right types and
sizes of system components to ensure that the system applies water uniformly to each plant, and so that the system
may be flushed and maintained to ensure a long life. Prior to the availability of software, designers manually calculated
system hydraulics including friction loss and flow uniformity, or they used charts and nomographs developed for
this specific purpose. With the introduction of consumer computers, early versions of drip irrigation design software
automated many of these tasks and allowed a higher level of accuracy.
Today, drip irrigation design has never been easier or more accurate.
Toro’s AquaFlow drip irrigation design program takes advantage
of recent advancements in computer processing, programming
techniques and display screen technology to optimize drip irrigation
design. Designers can now evaluate more selection options more
quickly, and with more accuracy than ever before, thus improving
the decision-making process for selecting drip irrigation system
components. This results in higher uniformity and better, more cost
effective drip irrigation system performance which improves the
return on investment (ROI) for the farmer.
The figure on the following page shows two of AquaFlow’s
Uniformity Maps that illustrate drip irrigation block uniformity with
color where highly uniformity blocks have fewer colors. For example,
the uniformity map on the left used Aqua-Traxx Classic drip tape
and has more colors, and lower uniformity, than the uniformity
Benefits of micro-irrigation for field crops. map on the right which used Aqua-Traxx FC flow control drip tape.
Each design used a drip tape with the exact same flow rate, spacing,
internal diameter and length of run under the same topography and with the same submain supply, but since AquaTraxx FC has superior hydraulic performance than Aqua-Traxx Classic, the resulting block uniformity is improved
using Aqua-Traxx FC. Thus, with all other variables remaining constant, the choice of drip tape alone can significantly
affect drip irrigation system uniformity.
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In addition to design, system
installation,
operation
and
maintenance are also extremely
important. Even though recent
innovations in drip irrigation
component
design
and
manufacturing have made clogresistant, highly uniform drip
tapes, dripline and other emission
devices readily available, the nature
of agricultural water sources,
fertilizer injection practices, natural
limitations of filtration equipment
and the general agricultural growing
environment make maintenance
a priority. Toro’s Drip Irrigation
Owner’s Manual helps growers understand system set-up, irrigation scheduling, fertilizer application and system
maintenance including flushing and chemigation.
Because significant portions of drip systems are buried and can’t be easily viewed, monitoring the drip system status
with pressure gauges and flow meters is the key to ensuring high uniformity and diagnosing problems. After the
system has been connected, flushed and pressure-tested with control valves properly set — and it’s been verified that
all underground components are working properly — baseline pressure readings should be taken before and after the
filter, before and after the block control valves, and at the end of some lateral lines to ensure the system is operating as
intended. In addition, the system flow rate should be routinely monitored at the pump station, and the condition of flush
water from the ends of laterals and submains checked regularly to trigger flushing and chemigation events.
In summary, high drip irrigation uniformity may be achieved and maintained over many years with proper design,
installation, operation and maintenance. With highly uniform drip irrigation systems, farmers may efficiently spoon
feed their crops water and nutrients to achieve higher, more uniform yields with fewer inputs. This results in improved
farm profits, more food production with fewer inputs, and more sustainable farming practices. For more information
visit toro.com or driptips.toro.com.

Bill Wolfram is District Sales Manager for Toro Micro Irrigation and has over 20 years working the drip irrigation,
including 14 years as manager for a large tomato growing operation in Florida, Georgia, California and Virginia.
He is a Certified Irrigation Designer by the Irrigation Association. His responsibilities include training and sales
for Dealers and Growers in the northeast for Toro Micro Irrigation. He has a BS and MA in Agriculture from the
University of Florida currently lives in Accomac, VA with his wife Sheila.
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2014 ONION VARIETY TRIAL
M. D. Orzolek
Penn State University

Date seeded:
February 4, 2014 – 288 trays
February 11, 2014 – 200 cell trays – NMSU varieties

Date transplanted in field:
April 23, 2014 except the Tozer varieties

Population:
generally 44 plants per plot

Establishment treatments:
April 24, 2014
Injected through the drip irrigation system - Root Power @ 1.0 pt/A + More Power @ 1.0 pt/A. Foliar application of
BioForge @1.o pt/A + Stimulate @ 0.75 pt/A to all onion transplants.

Variety					Seed Company

Bulb Color

Great Western					Sakata Seed			

yellow

Dulce Reina					Sakata Seed			

yellow

Aruba						Sakata Seed			

yellow

Candy						Seedway			

yellow

Expression					Seedway			

yellow

Sedona						Bejo				

yellow

BGS 280

yellow

Bejo



Red Label					Bejo				

red

Red Sky					Bejo				

red

Red Jewel					Bejo				

red

Blush						Bejo				

red

NMSU 09-38

New Mexico State



red

NMSU 11-51

New Mexico State



red

NMSU 12-43

New Mexico State



red

NMSU 11-41

New Mexico State



yellow

NMSU 11-50

New Mexico State



yellow

NMSU 11-72

New Mexico State



yellow
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Additional varieties seeded 3/14/14 – 98 cell trays and transplanted into field on May 13, 2014 with 24 onion plants per
variety/replicate.
BS-LY-010

Tozer Seed



yellow – LD

BS-LY-016

Tozer Seed



yellow – LD

BS-LW-013

Tozer Seed



white – LD

BS-LR-012

Tozer Seed



red - LD

Results:
Growing conditions in 2014 were more ideal for sweet Spanish onions grown on raised beds with plastic mulch and
two rows of drip tape than the last several growing seasons - mild and wet. Varieties were transplanted in late April,
about 2 weeks earlier than normal. Twenty-five pounds of nitrogen was injected into the drip irrigation tape over
a 7-8 week period after transplanting. Onions were irrigated at least twice a week for 3 to 4 hours per application.
While weed control was good to excellent the first 10 weeks after transplanting, rain in late June resulted in moderate
weed populations (both grasses and broadleaves) between the onion rows. Several hand hoeing operations in June/
July signif-icantly reduced weeds and increased harvesting efficiency. There was a minor onion thrip population that
developed in mid June. However the foliar application of Spintor and the injection of Root Power at 2.0 pts./A plus
Molybdenum at 0.5 pts./A (Stoller Chemical) into the drip tape on June 16, cleaned up the thrip problem within 2 days
and kept the on-ions thrip free.
The highest marketable onion bulb yield was obtained from the variety Great Western compared to Candy and
especially Expression (current sweet Spanish onion standards in Pennsylvania Table 1). Both Dulce Reina and Sedona
produced higher marketable onion yields compared to Candy. The pungency ratings for the onion varieties in 2014
were moderately low, all below 5.0 mM of pyruvic acid that describes a mild sweet onion flavor (Table 2). Sedona, Red
Label, Red Sky,Blush and BS-LR-012 contained the highest percent soluble solids compared to the other varieties.
Great Wester, Dulce Reina, Ex-pression and Sedona produced the highest percentage of large/jumbo onion bulbs
(higher than 80%) that were 3.0 inches in diameter or larger compared to Candy. There were 8 red onion varieties in
this trial, and NMSU 9-38, Blush and Red Sky produced very attractive red bulbs with good bulb size, quality and
yield. These three varieties are worth trialing commercially in 2015.
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Table 1. The marketable yield of eighteen Spanish onion varieties evaluated at the
Horticulture Research Farm, Rock Springs, PA – 2014.
Variety

Great Western
Dulce Reina
Aruba
Candy
Expression
Sedona
BGS 280
Red Label
Red Sky
Red Jewel
Blush
NMSU 9-38
NMSU 11-51
NMSU 12-43
NMSU 11-41
NMSU 11-50
NMSU 11-72
BS-LY-010
BS-LY-016
BS-LW-013
BS-LR-012

Total MKTX
Yield- T/A
41.9
30.3
22.8
27.1
36.9
30.0
25.4
18.2
27.7
17.7
23.3
28.7
25.5
22.7
21.6
27.2
22.3
21.1
24.8
23.1
22.7

Avg. bulbY
wt. - oz
20.1
13.8
11.8
12.4
17.6
15.0
12.1
9.0
11.2
8.5
13.6
11.7
12.5
9.6
9.3
11.8
8.5
9.7
11.4
11.1
10.9

%LargeZ
bulbs
95.3
82.3
63.3
70.2
90.1
83.1
61.3
32.9
65.0
41.9
74.8
54.2
65.0
40.3
26.6
58.8
37.8
34.6
71.1
60.9
52.2

X – The total marketable yield is based on an onion population of 50,000 plants/A
including jumbo and collosal bulb sizes.
Y – The average bulb weight in ounces included all bulbs greater than 2.5 inches in
diameter.
Z – The percent large bulbs included all onion bulbs greater than 3.0 inches in diameter.
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Table 2. The soluble solids and pungency rating of twenty-one Spanish onion varieties evaluated at the Horticulture Research Farm, Rock Springs, PA – 2014.

Variety
PungencyZ
% Soluble SolidsY
Great Western
3.7
6.1
Dulce Reina
3.8
7.0
Aruba
3.6
7.0
Candy
3.3
7.3
Expression
3.1
5.9
Sedona
3.2
8.3
BGS 280
2.8
6.1
Red Label
3.7
8.2
Red Sky
3.9
9.3
Red Jewel
3.6
7.9
Blush
3.6
9.0
NMSU 9-38
3.3
6.4
NMSU 11-51
3.3
5.8
NMSU 12-43
4.0
7.1
NMSU 11-41
3.6
7.5
NMSU 11-50
3.1
5.9
NMSU 11-72
3.2
6.0
BS-LY-010
4.0
6.2
BS-LY-016
3.9
6.2
BS-LW-013
3.6
6.2
BS-LR-012
4.3
8.7
________________________________________________________________________
Y – The percent soluble solids (sugars) as measured by Waters Agricultural Laboratories,
Camilla, GA.
Z – Pungency was measured by determining the pyruvic acid content of the bulb by Waters Agricultural Laboratories, Camilla, GA. Onions may be classified as to pungency
according to the following scheme:
* very mild sweet onion..... 1- 4 mmoles pyruvic acid/kg weight of bulbs
* mild sweet onion............. 5- 7 mmoles
* intermediate pungency.... 8-10 mmoles
* pungent ...........................11-15 mmoles
very pungent .................... >15 mmoles

Michael D. Orzolek is Professor Emeritus of Vegetable Crops, Department of Plant Science, The Pennsylvania
State University. He came to Penn State in 1981 with a three-way appointment – 60% Extension, 22% Research
and 18% Teaching. Since his retirement in July, 2012, he has kept active conducting applied field research and
moving his office to the Horticulture Research Farm, Rock Springs, PA. He has done extensive research on stand
establishment, plastic mulches, high tunnels, weed management and tillage systems. Mike is still the current
Director of the Penn State Center for Plasticulture and the CP High Tunnel Research and Education Facility at Rock
Springs, PA..
Dr. Orzolek formerly was Extension Vegetable Specialist at the University of Delaware (1974-81). He received his
B.S. in Biology from Alliance College, his M.S. in Horticulture from West Virginia University, and his Ph.D. in
Horticulture/Botany from the University of Maryland.
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GARLIC POST-HARVEST TRIAL RESULTS

Crystal Stewart
Cornell Cooperative Extension Eastern NY Commercial Horticulture Program
PO Box 25, Johnstown, NY 12095 cls263@cornell.edu
Post-harvest handling is a yearly challenge for growers in the Northeast. Often the success of the crop continues to be
dependent on the weather even after it is out of the ground, with drying going well in dry years and poorly in rainy
years. We set the goal of determining the optimal handling to dry garlic through three on-farm post-harvest trials in
2012 and three more in 2013. Through these trials we were able to determine that garlic can tolerate more light, heat,
and pruning during the drying process than was previously demonstrated, and that we can create a more effective
drying environment regardless of the weather using high tunnels.

Choosing post-harvest treatments
Treatments were chosen based on what growers throughout New York indicated worked well for them and through
the advice of the Garlic Seed Foundation. The following options were chosen: drying occurred either in a high tunnel
with shade cloth or in an open air structure such as a shed or barn; Roots were either left on the bulb until drying was
completed or cut off immediately (leaving the basal plate intact); tops were either left on until drying was completed
or cut off at various heights during or directly after harvest, and garlic was washed immediately after harvest or was
left unwashed. These treatments were combined in every possible way on each of the three farms.

Effects of treatments on bulb quality, disease incidence, drying time, and final weight
High Tunnel vs. Open Air: Across the trials garlic in high tunnels dried an average of three days faster than garlic in
open air structures. Garlic dried in high tunnels had slightly better wrapper quality (tighter, less discoloration) than
garlic dried in open-air structures at one site during both years. Garlic
dried in tunnels also had slightly lower disease incidence (Aspergillus,
Embellisia and Botrytis), though disease was not severe in any site or
treatment in either year. No garlic treatments showed damage from
being dried in the high tunnel.

Image 1: Garlic dried in a high tunnel
as part of the post-harvest trial. Fans
help keep air temperature and humidity
uniform in the tunnel even when it is
closed. Image: Crystal Stewart

The environment in the high tunnel needs to be carefully managed in
order to be most effective. Technically temperatures can reach 121° F
before waxy breakdown, the physiological disorder resulting from high
temperatures, is initiated. However, to account for uneven heating in
the high tunnel and possible delays in dropping temperatures through
ventilation, the grower cooperators agreed that 110° F was a safer
limit. Thermometers to monitor the temperature were located at the
same height as the garlic.

Limiting temperature is just one aspect management. Maintaining air
movement in the high tunnel through the use of internal fans helps
even out the temperature and humidity, particularly if drying racks
are stacked (Image 1). The grower cooperators also agreed running dehumidifiers at night and whenever the high
tunnel was closed was beneficial, as it removed up to 20 gallons of water from the air during an eight-hour period and
kept conditions closer to optimal. Without closing the tunnel and running dehumidifiers the humidity in the tunnel can
reach up 100%, which pauses or reverses the drying process.
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Roots trimmed vs. roots untrimmed:
No statistically significant differences were observed between these treatments in regards to bulb quality, weight, or
disease incidence in either year. Root pruning is considerably more difficult and time consuming on wet roots than
dry roots.

Tops trimmed vs. tops untrimmed:
Trimming the tops mechanically in the field using a sickle-bar mower
greatly increased the speed of harvest and reduced the space needed
for drying. Top trimming did not have a significant effect on disease
incidence in dried bulbs, but there were differences in bulb weight at
two of the farms in year one, with un-cut bulbs being slightly heavier
Table 1: Treatments and average weights (Table 1). It was unclear if this difference was due to weight loss or to
double bulbs, since the number of bulbs is greater in the treatments with
aggregated from three trial sites, each
lower weights. Because of this question, relatively uniformly sized, nonwith three replications per treatment.
doubled bulbs were chosen for the samples during year two instead of
taking every bulb from a plot, including doubles, as had been done in year one. In addition to this change, additional
cutting lengths were also added to determine if leaving some stem would affect weight or disease incidence. During
year two, the pruning length did not affect the dried weight of bulbs significantly (Table 2). Furthermore, there were
no significant differences in disease incidence across any of the trimming treatments.

Washed vs. unwashed:
Washed garlic initially had very clean, tight wrappers,
but became more discolored than the unwashed garlic
during the drying and curing process. Most discoloration
could be removed by removing 1-3 wrapper leaves, but
this extra step is time consuming. Disease incidence,
particularly Aspergillus and Embellisia, was slightly
higher in washed garlic. This treatment was discontinued
after year one of the study because the returns from the Table 2: Treatments, aggregated weights of treatments
process were deemed too low.
across replications, counts, and average weights per
head from year two. Data was combined from all three
sites.
Discussion of results and next steps:
These trials have demonstrated that it is possible to dry garlic quickly and effectively by creating a warm, dry
environment. Garlic can be dried at 110° F without damage to the bulbs. Furthermore, one to two layers of shade cloth
provides enough protection for bulbs to prevent damage from the sun.
These trials have also demonstrated that trimming the tops of the garlic while it is in the field rather than drying the
whole plant intact does not increase disease issues or reduce bulb weight. This finding is particularly useful to growers
who find that they have too much garlic for their drying area, as they can remove the tops without concern that the
garlic will become unmarketable or lose value as a result.
Notably, all of these trials were conducted in relatively dry years. We might expect that if the season had been wetter,
differences between high tunnel and open-air drying systems would have increased rather than decreased. The worse
the outside conditions for drying, the more important it becomes to be able to control the environment. High tunnels
offer more significant opportunities for control than most barn systems.
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Not every grower will be able to use a high tunnel system to dry garlic, or will want to cut the tops. These recommendations
do not need to be followed exactly for success, but if a grower is struggling with disease and post-harvest breakdown,
applying the principles of limiting humidity and increasing temperature while drying should prove beneficial, whether
accomplished in a high tunnel, a hay mow, etc.
To follow-up on these studies, we would like to address growers’ questions about the effects of these treatments on
longer-term storage and on quality factors such as sulfur compound concentration, and would like to determine what
the best environment is to store garlic for one, three, or 6 months.
If there are questions about how to apply these treatments to a specific post-harvest system, please contact Crystal.
These project was made possible through the support of Northeast SARE.

Crystal Stewart works with diversified organic, small and beginning vegetable farmers throughout eastern New
York, helping them to improve both their sustainability and profitability for long-term success. She works closely
with the Amish communities in the region, and actively supports to development of marketing opportunities
including a local produce auction and consumer cooperatives. She provides on-farm support to address pest and
disease issues and cultivation of all vegetable crops with state-wide responsibility for garlic.
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BACTERIAL DISEASE MANAGEMENT OF ONION
Beth K. Gugino and Emily E. Pfeufer
Department of Plant Pathology and Environmental Microbiology,
The Pennsylvania State University
219 Buckhout Lab, University Park, PA 16802
bkgugino@psu.edu

Bacterial diseases of onion may account for 50% or more yield loss from individual
fields in a given year, but these losses are often variable between farms. The
major bacterial pathogens of onion in PA are the center rot pathogens, Pantoea
agglomerans and P. ananatis, and the soft rot pathogens, Pectobacterium
carotovorum and Pseudomonas marginalis, with some farms experiencing losses
due to slippery skin, caused by Burkholderia gladioli. Center rot is characterized
by a single rotting scale within the bulb that resulted from the bacteria moving
down a symptomatic interior leaf into the neck and then bulb. The surface rot
pathogens often cause a soft rot that originates in the outer bulb scales and is more
easily culled in the field during harvest. Center rot is a particular problem when
growers store bulbs for later sale because diseased bulbs are not detected at harvest
and are then are rejected by the wholesaler after coming out of storage due to the
discolored interior rings.
Attempts have been made by growers to manage bacterial diseases in onions with
copper bactericides and other chemicals, such as hydrogen dioxide. However, the
efficacy of such spray programs in reducing bulb decay is unclear, and despite
multiple applications during the growing season, growers still sustain unacceptable
levels of bulb decay. Through research funded by the Pennsylvania Vegetable
Marketing and Research Program, Simply Sweet Onion Committee and the Northeast Regional IPM program, we
now have a better understanding of the potential sources of onion bacterial pathogens and what on-farm management
and environmental factors are associated with increased losses due to bacterial diseases at harvest with the goal being
to develop targeted disease management strategies that expand the growers’ IPM toolbox and reduce losses due to
bacterial diseases.

Reducing potential sources of bacterial inoculum.
Over the course of a two year project in 2011 and 2012, replicated on-farm survey plots were established on 28 and 26
farms in Pennsylvania, respectively. Onion transplants, soil, weeds and harvested bulbs were sampled and potential
bacterial pathogens were detected and identified by polymerase chain reaction (PCR) using bacterial species specific
primers as well as through traditional bacterial isolation techniques. Pathogenicity tests were conducted with select
isolates from each potential bacterial inoculum source. Pathogenic isolates of Pectobacterium carotovorum subsp.
carotovorum, Pantoea agglomerans, and Pseudomonas marginalis, were the most common bacterial pathogens in the
PA onion cropping system and occurred in soil, transplant and weed tissues, in addition to being present as epiphytes
on the surfaces of both onion transplants and common weeds. Pathogenicity tests with isolates from the surfaces
and tissue of weeds demonstrated a range in virulence exists among the weed-derived isolates, ranging from nonpathogenic to highly aggressive. In addition, rep-PCR facilitated strain tracking of Pantoea ananatis isolates indicated
matching strain isolates from surface-disinfested weed tissue collected at mid-season and a latently infected onion that
had been in storage for four months. This suggests that weeds may play a role in onion bacterial diseases by supporting
a wide diversity of strains of these bacteria. Pathogenicity testing also suggested that a higher proportion of pathogenic
isolates were isolated from the surface of the common weed lambsquarters (Chenopodium album) than from redroot
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pigweed (Amaranthus retroflexus) and purslane (Portulaca olearacea), some of the most common weed species in
Pennsylvania onion fields.
Based on this research, transplants and weeds are the more likely sources of bacterial inoculum infecting onions.
Maintaining a good weed management program is critical. Weeds can harbor bacterial pathogens as well as help create
microclimates that are more favorable for disease development. Research is currently underway to identify transplant
treatments that will reduce bacterial pathogen populations on the transplants prior to transplanting into the field. The
presence of bacterial pathogens not only on the surface of the transplants but within the tissues of surface sterilized
plants also points toward seeds also being a source but more research in needed to confirm this hypothesis.

Reducing soil temperatures at bulbing.
In PA, onions are often transplanted into black plastic covered raised beds because the warmer soil temperatures early
in the season promote early crop development. However, during the heat of June and July, the warmer soil temperatures
provided by the black plastic may actually create more favorable environmental conditions for bacterial diseases to
develop and spread. Research conducted over the past few years in replicated field trials as well as data collected
from the two-year study have clearly established a positive relationship between higher soil temperatures at bulbing
and increased bacterial disease incidence at harvest. In trials evaluating alternative plastic mulches, the incidence of
bacterial bulb rots at harvest were significantly reduced when the onions were grown of black biodegradable plastic,
reflective silver and white. However in cool springs, like this past year, crop development can be delayed on reflective
silver and white mulch because of the lower soil temperatures. In an effort to maintain the benefits of black plastic,
several growers have started to slash and perforate the plastic along the sides of the mulch beds at bulbing to increase
air flow and reduce soil temperatures to reduce bacterial disease losses.

Plant nutrition.
As with many plant diseases, adequate plant nutrition seems to play a significant role in bacterial disease incidence
at harvest. Managing plant disease through nutrition can be complex. In the two-year study, foliar nitrogen and foliar
carbon plant tissue levels at mid-season were negatively related to bacterial disease incidence at harvest while preseason levels of soil nitrate were positively related. Based on this research as well as on another small plot research trial,
focusing on managing early-season plant fertility prior to bulbing is important. Replicated research trials are being
planned for 2015 and 2016 to evaluate the application timing (full season vs. prior to bulbing) and reduced nitrogen
rates on marketable yield and bacterial disease incidence in order to fine-tune current nitrogen recommendations.

Timing harvest to reduce bacterial disease losses.
Each year, growers must decide the most appropriate time to harvest their onions, and may base their decision on
several criteria, such as the calendar date, the proportion of plants with lodged foliage, or average onion bulb size.
Some growers choose to harvest earlier than initially planned as a result of perceived bacterial disease pressure in the
crop. This logic stems from the understanding that once the neck of the onion is dried down, bacterial pathogens can
no longer move from the leaves into the bulb. However, onion bulbs put on the majority of their size in the last four
weeks of the season, and even a few additional days in the field may result in significantly greater yields over the span
of an entire field.
In 2013 and 2014, three replicated field trials were conducted and four commercial farms were scouted to establish a
foliar disease severity rating threshold that could help growers’ time harvest to maximize yield and minimize losses
due to bacterial diseases. A foliar disease severity scale of 0 (healthy) to 7 (≥50% of leaves bleached and collapsed) was
developed based on field observations. This was determined to be well correlated to bacterial disease incidence in the
bulbs at harvest so as foliar disease severity increased during the season so did the number of symptomatic onion bulbs
at harvest. Although the relationship between marketable yield and foliar disease severity was less well correlated due
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to the many factors such as fertility, water availability and microclimate that contribute to marketable yield, using a
foliar disease severity ratings between 3 (½ of a leaf is chlorotic or bleached) and 4 (one entire leaf is bleaching and
wilting) may be another tool that growers can use to help time harvest to minimize bacterial disease losses.
At harvest, it is important to make sure that the onion necks are thoroughly dried and the onions completely cured
prior to storage. Once the onion neck tissue is thoroughly dried, the bacteria can no longer travel into the bulb. If
topping green onions, periodically clean the cutting tools to prevent the potential spread of bacteria between plants.

Beth K. Gugino is an Associate Professor in the Department of Plant Pathology and
Environmental Microbiology at The Pennsylvania State University located at University
Park, PA. Her extension and research program focuses on the identification, epidemiology
and management of vegetable diseases important to the Pennsylvania and the Northeast
region. She received her B.S. in Horticulture and M.S. and Ph.D. in Plant Pathology from
The Pennsylvania State University. She was a post-doc at the New York State Agricultural
Experiment Station with Cornell University working with diseases of vegetable crops and
soil health for four years before returning to Penn State in June 2008.
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SWEET, GREEN AND OVERWINTERING ONION VARIETIES FOR
PLASTICULTURE & BARE GROUND
Gordon C. Johnson
Extension Fruit and Vegetable Specialist
University of Delaware, Carvel Research and Education Center
16483 County Seat Highway, Georgetown, DE 19947
Email gcjohn@udel.edu

Six trials with direct seeded green onions and mini bulb types were planted in the spring, summer, and fall of 2011 and
2012. Over 30 different green onion varieties have been tested and those with best adaptation for spring, summer, and
fall have been determined. Newer varieties recommended include Parade, Green Banner, Pride, Nabechan, and SSR
B0-06 which perform well across seasons.
Small plot overwintering bulb onion trials were conducted in 2011 and 2012. From these trials, four varieties were
identified for further testing: T-420, Bridger, Toughball, and Desert Sunrise.
In 2012-2013, six bub ltrials were conducted. This included:
1. A large plot direct seeded overwintering onion trial with 3 varieties, 2 planting systems (stale seedbed vs conventional),
three planting dates, 2 nitrogen rates, and multiple populations
2. A small plot direct seeded overwintering onion trial
3. A small plot transplanted overwintering onion trial in bare ground
4. A small plot transplanted overwinter onion trial on plastic mulch
5. A spring comparison planting on direct seeded versus transplanted intermediate day onions in black plastic mulch
6. A spring comparison planting on direct seeded versus transplanted intermediate day onions in bare ground at 2
planting dates.
Results from the 2012-2013 overwintering onion trials indicated that stale seedbed plantings have much reduced weed
pressure; low rates of Goal herbicide right after planting and delayed applications of Prowl herbicide just prior to
emergence did not cause injury and had better weed control than at standard uses; and highest nitrogen rates (120 lbs/a)
produced higher yields. Plant densities of 4 plants per foot produced the highest yields and acceptable size grades.
The most striking result was that planting date was critical in producing saleable bulbs. With the varieties we tested,
the direct seed bare ground plantings made in the last week in August and first week in September had high rates of
bolting whereas the second week in September planting had low rates of bolting. Transplanted onions in plastic had
severe bolting in late September and mid-October plantings. Late September bare ground plantings did not mature
well. Planting date was found to be critical for overwintered onion success and the planting window will vary with
growing system.
Spring intermediate day onion trials showed that late March transplanted onions in black plastic out-yielded all other
treatments – direct seeded into plastic early or later, transplanted in plastic in April, and direct seeded or transplanted
bare ground in March or April. This has been the preferred system in Pennsylvania with intermediate day onions and
Delaware results confirm that early transplanted onions on black plastic outperform other systems.
Storage work with both the overwintered onions and intermediate day onions showed that intermediate day onions had
little or no storage potential without cold storage and rots were a common problem. The overwintered onions tested
had excellent storage ability (sixth months) with minimal shrinkage and losses to rots.
82

ONION AND GARLIC
2014 Trials
Four trials were conducted for the 2014 season. This included:
1. One overwintering trial of varieties that performed well in past trials.
2. An overwintering trial of other varieties with potential
3. A variety trial of 56 spring transplanted onions on bare ground
4. A variety trial of 56 spring transplanted onions on plastic
In addition a trial of fall direct seeded overwintering onions on plastic has been planted.
The 2014 overwintering trials were planted 2 weeks later to avoid bolting issue found in the 2013 trials. January 2014
was one of the coldest months in recent decades and temperatures dropped below 0° F for extended periods of time.
Survival was poor and the trial was terminated due to excessive loss of plants. The issues with overwintering onions
must be solved to make this a viable practice.
2014 spring trials showed that there was a significant advantage to planting on plastic. March planting dates outperformed
early April plantings. A number of promising yellow varieties of both sweet Spanish and storage types were identified.
Red onion varieties tested were poorly adapted with significant bulb rots. Several white onion varieties were identified
with potential.
Handouts from results of 2014 trials will be provided at the session.

Gordon Johnson is the Extension Vegetable and Fruit Specialist at the University of
Delaware Carvel Research and Education Center near Georgetown, DE. He conducts
applied research in vegetable, fruit, and specialty horticulture crops. He is also responsible
for extension programs for vegetable and fruit crops. He has his B.S., degree in Agronomy
from the University of Maryland, M.S. degree in Horticulture from Clemson University
and his Ph.D. in Plant Science from the University of Delaware. A native of Gettysburg, PA
he and his wife Yacintha reside in Denton, MD.
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GROWING, HARVESTING AND MARKETING LEEKS THE SPRING VALLEY WAY
Eli Cook
Spirng Valley Farmu

Getting started:
• Variety planning
• timing
• Starting transplants in the greenhouse

Field preparation:
• preparing the soil
• laying plastic
• pre-watering
• insect removal
• herbicides

Planting
• Proper dibble
• depth
• spacing
• timing

Growing
• water
• fertilization
• insects
• disease
• weeds

Harvesting
• optimum size
• timing
• methods
• winter harvesting

Marketing
• washing and cleaning
• bunching
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• price
• methods of sale
• the perfect leek
Growing in the winter
• in -ground storage
• high tunnels
• low-tunnels
• storing

Summary:
All things Leeks!

M. Eli Cook is owner of Spring Valley Farm and Orchard in Slanesville, WV. He has a bachelors degree in
buisness and marketing from WVU. He started growing produce at age 12, utilizing the family garden and selling
at a local farmers market. Now 23 years, later he and his wife Misty grow diversified produce and fruit on their
355 acre farm. They market 90% of their produce through large year round grower only farmers markets in the
Washington DC area. Their specialty is producing vegetables year round both indoors in their 11 hybrid hi-tunnel
greenhouses, and outdoors using experimental solar heated low-tunnels. They bring new meaning to season
extension and enjoy the challenges mother nature has to offer.
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EFFECTIVE MARKET SIGNAGE
Caleb Torrice & Steve Frecon
Tabora Farm and Orchard

LOGOS
What makes a good logo?
A picture is worth 10,000 words. So what does your picture say about your farm? Old fashioned quality or modern
technology? Family friendly or Do Not Enter? Take a look at some great logos as well as some not so effective logos.
The two second test with “man on the street videos”
The initial impression of an advertisement or sign is measured in seconds. Watch a video where we get the initial
reactions to logos in the first second a customer sees it.

ART WORK
Why do some stores spend thousands on art work in their store and others use the back of paper plates? Is there a
happy medium? What is appropriate for your location? What are some easy ways to make effective art work relate to
your signage.
Look at Whole Foods signage and Zingerman’s artwork.

WORDING
What are some buzz words to use in signage? What is the most important aspect of the signage; price, product or
adjective? What words should always be avoided in signage?

THE GOOD, THE BAD & THE UGLY
A photo montage of hilarious signs that work, that never should have been made, and generally confusing signs.

Caleb Torrice along with his wife and kids own and operate Tabora Farms in Chalfont PA. Tabora is a diverse
farm market including a bakery, deli, catering, country store, gift baskets, winery and u-pick operation.
Steve Frecon is a partner in Frecon Farms and Frecon Farm Market. In addition to growing over 75 acres of fruit
and managing a farm market, he is also involved in a brewery, cidery and bakery operation.
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MARKET DÉCOR-THEMS, DISPLAY AND WINDOWS
Brit Carlson|
Ruie & Grace, 708 Buckingham Dr. Silver Spring, Md 20901
ruieandgrace@gmail.com

Your stores windows are your customers’ first introduction and impression of your store. Major retailers often consider
this as an equivalent to a catalog. With this in mind, your windows should be thought of as the most important point of
display within your store. Using different key principles of design making effective and compelling window displays
can be achievable and enjoyable for all involved.
It is important to consider what the viewer can actually see. If your window is viewed from both the outside and inside
it is crucial that you give both perspectives proper attention.
The first step is to come up with a subject for your window. Keeping your product in mind some of your most successful
themes are going to be found in nature and seasons. Now you want to try to come up with original designs for these
familiar “themes”. Developing a story based on the theme is the easiest way to do this. Instead of just “Christmas”
think the nutcracker. Instead of just “valentine’s day” think “romance”.
Successful displays should always be developed using the principles of design, which function as a visual guideline.
Balance and emphasis are the “principles” that will help you develop your composition, which is the placement and
arrangement of the visual elements being used.
• Balance is the consideration of visual weight. Typically darker,
larger elements are more successful at the bottom, with larger
more colorful at the top. There are 3 rules for creating a properly
balanced display.
1. The “Rule of Odds” suggests that an odd number of objects are
more interesting than an even. Thus, if you have a grouping
of more than one object you should group it in odd numbers.
In addition if you are using more than one kind of material or
visual element your display will feel more balanced if you have
at least three. Even numbers read more flat and uninteresting
to the viewer.
2. The “Rule of Space” is the consideration of the negative,
“inactivated” space in addition to the space your display takes
up. Not enough negative space will looks cluttered and can
leave the viewer feeling overwhelmed. Too much space and
the display looks unfinished and empty. To help you determine
the proper amount we have the final rule.
3. The “Rule of Thirds” explains how much room your display elements should take up. You should try to “activate”
1/3 of the space leaving 2/3s open. Here are some samples of balanced compositions that consider these rules:
• Emphasis is your displays “focal point” or “center of interest”. Step out and give your window a good look to
determine where your customers eye-level is. From there you have a good idea of where your focal point/emphasis
should be.
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• Proportion and scale - having a mix of sizes throughout makes for more interesting displays and helps guide the eye.
In addition, changing the scale of objects piques viewers’ interest as well. Imagine a line of apples mixed in with one
very large papier-mâché apple. This change in scale is also an example of the next principles.
• Unity/Variety-you can create variety when elements are changed. Repeating a similar shape but changing the size
can give can give you unity and variety at the same time. Keeping the same size, but changing the color can also
give variety and unity at the same time. Repetitions with slight variations can be both interesting and comfortably
familiar.
In addition to these “principles” it will help to consider these “Elements of Visual Design”:
• Color-Color palettes set up the atmosphere of the display. The colors should always compliment any product that is
featured. Choosing one color or two matching or contrasting colors can help create stunning displays. Remember,
different colors have different meaning to people and inspire different emotions.
• Texture-Contrast in texture can enhance a display. The roughness of natural wood bark against the smooth sheen of
an apple creates visual interest.
• Landscaping-The elevation of products is referred to as landscaping. This is a great way to guide the customers’
attention and highlight items. Using risers and props will help achieve this.
Having a strong collection of props can make creating window displays much easier and less labor intensive. They
are an excellent tool to help develop a personality and narrative. Props can be anything from an old used apple crate,
to a landscape painting from a thrift store, or a stack of firewood. Go to second hand shops and look for old suitcases,
camera tripods, or old bikes or baskets you can paint in bright colors. Successful props evoke emotions and narratives
while offering good stacking solutions and can help add height and depth.
It’s important to build a good display “tool box”. Here is a list of basic components we use most often in our displays:
Tape measure, scissors, staple gun, two-sided tape (mounting tape), hammer and nails, utility knife, glue gun and hot
glue sticks, screw driver and screws, masking tape, fishing line and eye hooks.
Lighting is another very important component that is often an “after-thought” but she be considered right away. It is
recommended to not light displays directly overtop because it creates harsh shadows. Consider lighting from the sides
or the floor using inexpensive clamp lights or install directional track lighting to give you more control. This will help
you highlight your focal point.
You must time your displays well. Developing a display calendar can be a useful tool to help ensure that displays are
updated immediately after the end of a holiday or season. You can easily increase a windows life span by doing simple
refreshes every couple of weeks. These refreshes could include changing out the product, adding fake snow for a
winter transition or bringing in fresh cut flowers for an early spring transition.
It is important to practice very mindful editing throughout but especially at the end of every display. It is easy to feel
the need to create intricate complicated display but often simple displays are more effective and attractive.
Combining all of these elements will help create memorable and compelling window displays that highlight your
personality and engage your customers.
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Brit Carlson is a freelance artist working in the D.C Metro area. She received her Bachelors of Fine Art
from Maryland Institute College of Art in 2008 and spent the next 4 years as an in house display artist for the
retailor Anthropologie. It was here that she developed the techniques for creating successful displays as well as
understanding their usefulness as effective marketing tools. She is the Co-Founder of Ruie and Grace, a company
that focuses on unique displays for weddings and events and offers design services and consulting for retail window
and store displays. Their clients includes the retailers Anthropologie, J. Crew and Fleurir Chocolate and their work
has been featured multiple times on the popular wedding blog, Ruffled.
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MARKET LAYOUT

Jennifer Brodsky
Kitchen Table Consultants
112 Righters Ferry Road, Bala Cynwyd, Pa 19004
267.275.1198 – jen@kitchentableconsultants.com

Inspire. Engage. Delight. The sales will follow.
Have you ever had a conversation with a sales person and they don’t really listen to you? They are too busy telling you
the story they want to tell, making sure to tick all the boxes of every sale, special feature, great deal, etc. in the hopes
that you will buy exactly what they are selling, in the quantity and configuration that best suits them? Now think back
to a salesperson you have dealt with that welcomes conversation, is curious about you, the needs of your business or
family, shares ideas, connections, information that benefit you, even if it is not directly related to closing the sale. That
salesperson becomes a trusted colleague; maybe even a friend, someone you know has your best interest at heart. The
sale just comes naturally. Ah, don’t we love those folks? They are there to help. You are probably thinking, “Okay Jen,
but what does this have to do with the layout of my market?” and I would say, a lot more than you think.
The goal of a thoughtful market layout is increased sales, right? Well, maybe not. The goal of a good market layout is
to inspire, engage and delight your visitors at every turn. The sales WILL follow. The result is increased sales but it’s
not the goal of a thoughtful market layout.
Always start with the customer experience.
• Slow them down – there is a popular misconception that customers want to get though the purchasing experience as
quickly as possible. If that were true, they would not have driven 15 minutes out of their way to shop at your market,
instead of picking up sweet corn at the big box store when they went there to get toilet paper and the rest of it. They
WANT to be at your market. Arrange movable display pieces in a way that gently moves customers through the
entire market, but gives them the time and space to be delighted, surprised and engaged. There is one place we want,
no need, to be speedy and that is at checkout. We all know we could have a whole session about how to get really
good at the checkout process, right?
• Surprise them – Keep your displays fresh with new product, seasonal items and new combinations of product. Bring
forward unusual pairings. Move display pieces to keep the market experience fresh but always remember to keep
anchor displays so the customer can still locate their favorites!
• Engage them – Customers want to be a part of the action. They want to feel engaged with your farm family so be
sure to create personal “call out” sections from staff for favorite or featured products. Prominently display “the who,
what and where” of as many products as possible. Tell the story.
• Inspire them - The more comfortable customers are with different preparations and ingredients, the more likely they
are to shop for seasonally available items. Create tasting stations near bountiful displays of the seasons best. Offer
cooking demonstrations, recipe cards, seasonal kits such as salsa, apple pie or green smoothie are a great way to
inspire folks to better utilize fresh ingredients.
• Direct them – use signage and smart layout to make sure that a customer can always find a price, a basket and the
checkout counter. Make the beautiful seasonal produce and locally produced items are the customer’s focal point, not
a search for the shopping basics.
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How can layout impact sales and how to measure impact of product placement?
The on-farm market is a place of constant bustle. It is easy to get into a seasonal routine and stick to it. There are so
many things to do, who has time to map out seasonal layouts, sales plans, etc.?
• Make a plan - set aside a 2 or 3 hour block before each season to review last year’s sales and map out goals for this
year. Block it out on the calendar for the whole year in advance. If this kind of planning is not your thing, figure out
the right person on your team has the aptitude and interest. Make it a priority.
• Do a weekly walk through with your staff at the same time each week. See your market through the eyes of a new
customer and make adjustments accordingly.
• Review your 10 top selling items each week during your walkthrough and review location, display, pricing, specials,
etc. Track changes based on adjustments and this will give you information about what sells best where, and how to
effect sales using those tools. A special is not always the best way to move more product – it could be location, sales
unit (by piece, pound, container), tastings, etc.
We can’t hire full time display professionals so how to we make a difference? Take lessons from the pros.
• Regional and national supermarket chains are moving towards the look and feel of a farm market, so we need to be
aggressive in our approach to marketing and that includes market layout.
• Don’t be afraid to take cures from the big guys. National chains invest heavily in display and merchandising teams.
Be observant when checking out national chains and take note of new things to try in your market.
• National chains do store “re-sets” earlier that locally owned, independent stores. Track seasonal re-sets and note them
on your calendar for next year.
• Since most stores frown upon us upstarts taking photos, check out large chain instagram, facebook and pinterest
pages to track trends and new ideas.
Family owned on-farm markets have a distinct advantage – they have a story to tell that folks want to hear,
they have a farm that families want to visit. Use all the tools in your toolbox to make the customer experience
exceptional!

Jennifer Brodsky is the Principal of Kitchen Table Consultants. Jennifer’s expertise
in sustainable food developed during 14+ years of hands-on experience on farms, in
non-profits and in dynamic retail operations. Her farming career began at Montgomery
County’s first certified organic farm where she served as General Manager of their market,
PYO and public programs. She went on to become the General Manager of terrain at
Styer’s, a 10-acre award winning nursery, café and home store. During her tenure as
Chief Operating Officer at Greener Partners, she was awarded the Governor’s Award for
Environmental Excellence for the successful revitalization of 130-acre Longview Center
for Agriculture as a thriving farm, local food market and hub. Jennifer was the founding member of the Tri-State
CRAFT program and co-founded Kitchen Table Consultants, a firm dedicated to helping locally focused farm and
food businesses stay profitable. She feels profoundly fortunate to work with passionate farmers and retailers, and
loves going to work every day. Jennifer serves on the PASA Eastern Regional Advisory Committee and acts as a
Fox School of Business Distinguished Advisor. She and her partner Eric live in Worcester Pa with their laying hens
and a mutt named Kassie.
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SWEET CORN VARIETIES

Blake E. Myers
Independent Consultant for:
Siegers Seed Co., 13031 Reflections Drive, Holland, MI 49424
Many of the corn varieties that were setting new quality standards, just a few years ago, have come and gone. The life
expectancy of a sweet corn variety is far shorter than when varieties such as Silver Queen (1960), Butter and Sugar
(1954), or Peaches and Cream (1967) dominated markets for decades at a time. The names and reputations of these
varieties have long outlived their peak sales.
Consumers of those past decades felt an eagerness for the “really good corn” to be ready and bought it with a knowledge
of its name and familiar expectations about its quality. Times were simpler, and the choices were fewer. When they
bought “Silver Queen,” they probably also had a reasonable expectation that they were actually getting “Silver Queen.”
When was the last time that a customer walked into your stand or market and said, “What I’d really like is a dozen
EXP15XXSC?”
The market has gotten cluttered with catch phrases and choices. Imagine a customer trying to pick between conventional,
organic, GMO, non-GMO, supersweet, sh2, shQ, augmented, augmented plus, sugary enhanced, SE, synergistic,
sprayed, non-sprayed, bicolor, white, and yellow. Now, add some alpha numeric names to that mess. It may be easier
for a customer to walk away, than make a decision. Perhaps it is time that we move back to basics, and remember what
it is that drives customers to buy sweet corn; flavor, texture and appearance, tradition.
I’m not suggestion that we limit choices to the growers, what I am suggesting is that we try to limit confusion to the
consumer. Consistency is key, and consistently great, is the answer.
Let’s dispel a myth about flavor. Kernel color has nothing to do with flavor. But color does have a lot to do with appeal
and local traditions. My N.E. sales break down into 73% bicolor, 19% yellow, and 8% white. Bicolor has almost
become the “universal color,” in the northeast. The 19% yellow is almost entirely for shrunken shippers. White has
some very loyal pockets in Pennsylvania, areas of the mid-Atlantic and also California. There is almost no breeding
effort being put toward yellow synergistic. Can you eliminate a color without losing sales?
There are very good choices in both synergistic and augmented (sh2), varieties. Some markets tend to favor one type
over the other. You really should determine if you are primarily a synergistic grower or a sh2 (Augmented) grower.
Switching back and forth between the types causes isolation issues, but also seems to create dissatisfaction among
consumers. There are some very compelling vigor reasons for roadside growers to start their season with SE/synergistic
varieties, but switching between those classes, and augmented (sh2) varieties throughout the season seems to leave
the customers confused about what to expect. Be as consistent as your planting schedule allows. If you are shipping,
the choice has pretty much been made for you, you need to grow sh2 (Augmented) varieties. There are some new
genotypes available in sh2 (Augmented) varieties that promise to deliver improved vigor and may allow planting in
cooler conditions. Abbott and Cobb has patented a process for improved vigor under the trademark SuperSeedWare®
or (SSW®). Converting varieties to SSW® is a 100% natural process. Other companies, such as Crookham, have also
found natural ways of improving vigor in augmented (sh2) varieties. It may be possible to start your season with high
quality augmented varieties.
Quality is complex interaction between texture, sweetness, and the types of sugar, flavor, pericarp and personal
preferences. Of those characteristics, the pericarp is the one that I hear most often commented upon. Before any
of the other quality factors are perceived, a consumer notices the “bite,” texture and “mouth feel.” Was the kernel
hard, crunchy or gummy? Did stick to the consumers teeth? High quality synergistic varieties such as Sweetness,
SV9014SB, Primus, Providence, and BC 0805 are certainly gourmet. But it is a myth that all sh2 varieties are tough.
Many of the first introductions of sh2 varieties were tough. They were conversions of field corn. That changed with the
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S.E./Synergistic varieties which were good in my 2014 trials:
Color:
Bicolor

Early
Sweetness (67)

2nd Early
CSQBF13-631 (72)
(Not yet available)

Mid-Season
Allure (75)
SV9014SB (76)

White
Yellow

N/A
N/A

Illusion (72)
N/A

Illusion (72)
N/A

Main Season
Montauk (79)
Essence (79)
Providence (82)
Mirage (78)
Honey Select (79)

Late
Primus (82)
BC 0805 (82)
Mattapoisett (80)
N/A

Augmented (sh2) varieties that performed well in my recent trials:
Color:
Bicolor

Early
4739 SA (68)
(Not yet available)

White

N/A

Yellow

Early, good choices
are coming in 2016.

2nd Early
XTH 2472 (72)
XTH 20173 (73)
XTH 2074 (74)
Anthem XR (74)
Mirai 421 (72)
XTH 3473 (73)
Vision MXR (73)

Mid-Season
Nirvana (75)
XTH 2475 (75)
Mirai 315 (77)
XTH 3674 (74)
Mirai 425 (75)
Eden (75) N/A
Mirai 002 (76)
AXC SS7403RY (75)

Main Season
ACes (78)
SnACk PACk (78)
AP 358 (78)
AP 426 (78)
Glacial (79)

Late
Obsession (79)
Obsession II (79)
EX 7143 (80)
SV9010SA (81)
SV 9813 SC (79)
SV 1580 SA (80)

SC 1336 (82)

SV 9012 SD
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In summary, stay current and try new varieties, but at the same time, don’t over complicate your program. Be excited
In summary, stay current and try new varieties, but at the same time, don’t over complicate your program. Be excited
about
the quality that you are delivering and pass that excitement to your customers, but don’t confuse the customer
about the quality that you are delivering and pass that excitement to your customers, but don’t confuse the customer
with every latest buzz word or alpha numeric name. Changes are still coming at a rapid pace. Some of the biggest
with every latest buzz word or alpha numeric name. Changes are still coming at a rapid pace. Some of the
changes in the next
few years will be improved vigor on high quality hybrids, and improved disease tolerance.
biggest changes in the next few years will be improved vigor on high quality hybrids, and improved
disease tolerance.

Blake Myers is a vegetable seed consultant for Siegers Seed Company. His territory includes
Pennsylvania, New York and New England. He joined Siegers Seed Company in 1994 after working three
years for Syngenta (Rogers Brand), and 11 years at Harris Moran. He has his B.S., degree from Purdue
University. Blake specializes in sweet corn and evaluates between 400 and 1000 varieties per year. A native of Goshen,
Indiana, he lives with his wife, Jennifer, and they have five children. Jennifer and Blake reside in Rochester, NY. The
Blake Myers is a vegetable seed consultant for Siegers Seed Company. His territory
opinions expressed in this paper are his own, and not necessarily the opinions of Siegers Seed Co. (2014)
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UNDERSTANDING AND MANAGING SWEET CORN LEAF DISEASES
Alyssa A. Collins
PSU Southeast Ag Research & Extension Center, 1446 Auction Road, Manheim, PA 17545

While generally not as concerning as other management issues, stalk and foliar diseases of sweet corn can be
problematic for any grower. Although not every disease is seen every year depending on environmental conditions,
here we will review what some of the more common and troubling diseases are, and how to deal with them.
Due to the use of fungicide and insecticide treatments in most commercially available seed varieties, seed and seedling
diseases are usually not much of a concern for sweet corn. Most of the diseases of sweet corn develop mid-way or later
in the season.

Bacterial Diseases
Bacterial diseases are not able to be managed using fungicides, so it is important to distinguish these from fungal
diseases. An extension educator or plant disease clinic can help diagnose these diseases, often by examining the tissue
for signs of ooze.
Stewart’s Wilt
Because Stewart’s wilt is spread by the corn flea beetle, it is less severe in seasons following cold winters. This disease
can affect young plants, causing them to wilt quickly in a way which resembles injury or nutritional deficiency. More
commonly, a leaf blight is observed after tasseling which, when severe, can cause entire leaves to die and leave the
plant vulnerable to stalk rots. Resistant varieties are available for this disease and insecticide seed treatments may be
helpful in reducing beetle populations.
Goss’s Wilt
A relatively uncommon disease in our region, Goss’s wilt has been making more frequent appearances lately. Symptoms
are similar to that of Stewart’s wilt, but the flea beetle is not needed to overwinter or transmit the pathogen. Instead, the
bacterium survives in crop residue and weed hosts. Control measures include resistant hybrids and tillage immediately
following harvest.
Bacterial Stalk Rot
Bacterial stalk rots tend to manifest in midsummer with sudden lodging. Upon closer examination, stalks appear dark,
water soaked and slimy. This disease is more common and severe in seasons with heavy, frequent rains or overhead
irrigation. In the latter case, a top rot may develop and move downward on the plant. Since the pathogen survives in
crop residue, deep plowing may help prevent future outbreaks.

Fungal Diseases
Smut
Corn smut is relatively common, but minimally impactful. There are no truly resistant varieties available, however,
later maturing and larger varieties tend to be less susceptible than earlier, smaller ones. Since injury can predispose
tissue to infection, be sure to protect the plant from insect feeding and mechanical damage.
Rusts
Common rust is our most prevalent leaf rust in sweet corn in this region, however, Southern rust was also found in
DelMarVa late in 2014. A good approach to the control of both rusts is the selection of a hybrid with some resistance.
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Generally, white varieties are more susceptible than yellows, however, research hybrid ratings before making your
choice. If rust is present prior to whorl stage (more likely in later-season plantings), a fungicide may be necessary.
Leaf Blights & Spots
As a result of heavy inoculum load in the Mid-Atlantic, leaf blights and spots have become more common in corn.
Since much sweet corn is grown in the vicinity of no-till field corn systems, the spores of fungi that survive on corn
surface residue may blow from neighboring fields into a sweet corn field despite efforts at rotation on the part of the
sweet corn grower.
The most common leaf spots include Grey Leaf Spot (GLS) and Northern Corn Leaf Blight (NCLB). Typically,
GLS appears earlier in the season. Its matchstick-like, thin, rectangular lesions affect leaves and their development is
favored by warm, humid conditions. The fungus that causes GLS overwinters in corn debris and spreads upwards on
the plant through the season.
NCLB has become more problematic for corn growers over the last several years. The lesions of this disease resemble
those of GLS when young, but as they age they become larger and cigar-shaped. In severe cases they may coalesce
and cause entire leaves to die. This disease thrives in humid conditions, somewhat cooler than the temperatures that
favor GLS.
These diseases generally do not endanger the yield or flavor of sweet corn, but may cause some unacceptable aesthetic
damage if the husk is affected. Scout regularly to monitor leaf spots. If needed, a fungicide can be applied to prevent
progression of the symptoms to the husk.
Fungicide options and rates may be found in the 2015 Commercial Vegetable Production Recommendations Guide.

Dr. Collins was born and raised in the Pinelands of southern New Jersey where her family grew blueberries. After
getting her Bachelor’s at Rutgers and working as an IPM scout and research assistant during the summers, she
pursued a Master’s degree in Plant Pathology from N.C. State University while studying soil health in transitional
farming systems. She received her doctorate from the University of Delaware where her work was on the use of
cover crops to prevent pumpkin fruit rots and then went on to a post-doctoral position in agronomy. Since 2010 she
has been director of Penn State’s Southeast Research and Extension Center. She is also an Assistant Professor in
the Department of Plant Pathology and Environmental Microbiology, with a research focus on field crop disease
management.
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NO-TILL SWEET CORN THROUGH THE SEASON

Andrew D. Frankenfield
Penn State Extension-Montgomery County, 1015 Bridge Road, Suite H, Collegeville, PA 19426
adf13@psu.edu
I’ve been growing and selling sweet corn for 20 years. In 2002 we expanded operation from our seasonal farm wagon
by the roadside to a permanent building at the farm. It was also in 2002 that we purchased a “new” used JD 7000
corn planter, converted it to no-till and started using it to no-till field corn, soybeans, sweet corn and pumpkins. The
first few years I still did some tillage, especially for early sweet corn. I didn’t like losing the soil health benefits of
continuous no-till and cover crops just so I could plant early sweet corn. As I built up my confidence and the soil
structure improved I began no-tilling all of my sweet corn.
I grow between 15 and 20 acres of sweet corn and 3-4 acres of pumpkins, all no-till. The other vegetables I raise
conventionally with raised beds, biodegradable plastic and drip tape. The primary market for all of my produce is for
our retail farm market. Excess corn and pumpkins are sometimes wholesaled to nearby farm markets.
No-till sweet corn is much more than not plowing to prepare the seedbed. Cover crops are a key component of the
system. I only have the ability to irrigate certain fields, so about three out of four years a field will likely be in sweet
corn. As soon as we finish picking a field it is either mowed down or green chopped to feed our beef cows. Then we
burn it down with glyphosate plant a cover crop within a week, sometimes the same day.
We purchased a no-till grain drill with a small seed box about five years ago which gave us the ability to plant a variety
of cover crops. The past couple years the earliest corn was picked by the mid/late July and we seeded a mixture of
forage sorghum, crimson clover, annual ryegrass and radish. I taped off every other row in the main seed box and put
the sorghum in there. Then in the small seed box I taped off the opposite rows and put in the mixture of crimson clover,
annual ryegrass and radish. That was then green chopped in late September and early October and fed to the cattle.
I will plant that mixture until mid-August when the forage sorghum seed is used up in the main box, I remove the
tape and add cereal rye. I also remove the tape from the small seed box and continue planting the mixture of crimson
clover, annual ryegrass and radish until mid-September. From then on I plant cereal rye with a couple pounds to the
acre of radishes.
I normally aim to plant my first planting of sweet corn in early April. I have been planting into the fields where there
was forage sorghum, annual ryegrass, crimson clover and radishes. The sorghum and radishes winterkill leaving only
small annual ryegrass and crimson clover. I don’t do any herbicide treatment prior to planting, I plant into green living
cover crop, and this also helps pull moisture from our slow to dry clay soils. Prior to corn emergence I will spray with
glyphosate and a residual herbicide, currently Lumax. I select varieties that have good cold soil emergence; temptation
has been a good early bicolor over the years.
I typically plant at least one bicolor and one white variety with similar days to maturity. Usually I will plant just 2
varieties first, and then wait until a couple weeks or when they emerge and plant another planting toward the end of
April. I use Growing Degree Days to calculate when a planting will be ready to harvest and when to plant the next
planting. This method has worked well for me; it takes some time to keep track of the high and low temperatures each
day but provides a consistent supply of corn during the growing season. My second planting will usually be a larger
planting, consisting of 2 short season, 2 mid-season and maybe 2 full season varieties. The 3rd thru 12th plantings are
typically between 2 and 4 varieties planted until about July 15th to allow me to harvest into October.
Depending on our rye straw supply we may cut some of the cereal rye for straw just prior to flowering to bleach out
for straw. If we have a sufficient supply of straw we will burn down the rye cover crop at about knee high to keep it
from getting too talk and becoming an issue to plant into. The beauty of no-till planting is I don’t need to work the soil
prior to planting. If it looks like it is going to rain later in the day and I was going to plant the next day anyway, I will
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go out and plant the field. Getting back into the field to spray it before the corn emerges is easier too after a rain using
no-till. I will also spray the residual herbicides ahead of planting, especially in June or July when I am planting more
frequently, typically every 4 or 5 days.
Planting into soil that has residue cover is good especially in dry periods because there is more moisture under the
mulch. Very rarely will there not be enough soil moisture to germinate a planting. As you know uneven emergence
or delayed emergence due to dry soil conditions will delay the maturity of your planting causing headaches at harvest
time. There is a balance however, too much residue, especially on my soil types will prevent the soil from drying
enough to get into the field to plant. That’s why I target burning down the cover crops at knee high, so there is good
residue cover, but not too much like tall rye rolled down which will prevent the soil from drying at all. This residue
also is beneficial for erosion control and slows evaporation losses. I also feel the cover crops open up the soil to allow
the corn roots to get to moisture deeper in the soil profile during dry periods and allows me to delay irrigation for a
few days until it rains again or I decide it is time to irrigate. I irrigate using municipal water (fire hydrant) so I would
rather not use it, but realize once the crop begins to show signs of stress I need to.

Keys to success.
Avoid soil compaction
This is not always possible, but stay on the travel lanes. We plant 20 row sections. So insecticide sprays and harvesting
is done by driving on those driveways. We hand harvest into 5 gallon buckets. Other times of the year when timing
isn’t as critical say off when it is wet. Sometimes there will be margin soil conditions at planting time. I have found
after no-tilling for a number of years you can smear a crop in if you need to and get away with it. However it is not the
best idea, but you need to do what you need to do. When planting into wet conditions reduce your down pressure to a
minimum and lighten the weight in your planter as much as possible.
Planter attachments
There are all kinds of attachments that can be added to planters to improve their performance. I started with a 4 row
wide conventional John Deere 7000 with no coulters in the fall of 2001. That winter I added a heavy duty spring kit to
each row unit which allows me manually adjust the down pressure on the row unit. I then added a Yetter unit mounted
13 wave coulter and a Yetter finger row cleaner to each row unit, lastly I added Keeton seed firmers to each seed tube.
I no-tilled successfully for about 5 years that way. Then I wanted to make a few more improvements. The dry fertilizer
double disk openers wouldn’t get the starter fertilizer in the ground deep enough to really benefit the seedling. I took
them off and added a 50 gallon liquid tank in the middle of the planter and totally tubular to dribble 5 gallons of liquid
starter per acre in the seed trench. At that time I also replaced the seed disks and converted 2 rows of the planter with
reduced inner diameter gauge wheels and spiked closing wheels along with a drag chain. I have been thinking putting
my starter disks back on and using the dry fertilizer boxes to apply urea to the side of the row. That would eliminate
my need to use UAN with my herbicide and allow me to spray water as the carrier and make spraying small batches
easier to mix. I have not converted the whole planter to reduced inner diameter gauge wheels and drag chains because
I have not seen a visible emergence and/or yield advantage to the rows without them. We used bedded pack manure
and I like the row cleaners to move the clumps of manure out of the way. My row cleaners are not the floating type, I
need to manually set them at a fixed position. Only in the early spring when the soil is cold will I set them aggressive
that I am scratching the soil, most of the time they are just moving the larger residue, manure or debris out of the way
of the row unit.
No-till requires a change of your mind set. You don’t need to have a field that is moldboard plowed, disced and
culitmulched to plant a sweet corn crop. I would argue my no-till fields do as well or better than those that are tilled in
my area. If you are not going do continuous notill, I feel you might as well just keep tilling. The real benefits of no-till
take a few years to be visible. I remember a couple years into no-tilling I couldn’t get the planter in the ground. The
soil had dried out and became hard as a rock. Now with our organic matter increasing and using cover crops every
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year the ground has become much more mellow. However that nice mellow ground if left uncovered over the winter
will erode, so it needs to be protected with cover crops and crop residue.
We haven’t sold the moldboard plow, chisel plow, disk or cultipacker. They are used very little anymore, only to
prepare the ground for plastic to grow the other vegetables. Maybe someday I will notill them too, but until then we
will keep the tillage equipment around, besides they aren’t worth much anyway!

Andrew Frankenfield is an Extension Educator in Montgomery County on the Field
Crops and Forages Team with Penn State Extension. In addition to working with field
crop farmers he also works with vegetable producers in the area as a result of his
vegetable knowledge since he also is a vegetable producer himself. He has his B.S. degree
in Agribusiness and his M.B.A in Food and Agribusiness both from Delaware Valley
College. He lives in Souderton on the family farm with his wife Tanya and three children
Delaney, Tanner and Sage.
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ORGANIC SWEET CORN WITHOUT THE WORMS--IT CAN BE DONE!
James Crawford
New Morning Farm

Overview:
At New Morning Farm we grow sweet corn as part of a diversified vegetable operation. Out of the forty acres that are
in production each year, corn comprises about 6 acres. This gives us about 16 to 17 weeks of consistent harvests that
satisfy several retail markets, plus some overflow that we sell to our wholesale cooperative.
1st Planting Dates – Transplant 4/15, Direct seed 5/20
Plant spacing – Bare Ground 9” in row, 34” btwn rows
Total Planted – 6 acres
Number of gens – 16; .4a/planting
Direct Seed – MaterMacc planting 8-16
TP Method – Lannen (carousel transplanter) gen 1-7; waterwheel into black plastic 9” in row, 22” btwn rows
Irrigation – Overhead, 1”/week
Varieties – Xtra-Tender 270, 378, 282 (all Sh2)
Storage – 32degrees F high humidity; keeps for 7-10 days

Varieties selection:
We select 3-4 varieties based on specific factors that allow us to consistently market high quality sweet corn. We
exclusively grow supersweet varieties that have the Sh2 gene, as opposed to the SE (sugar enhanced) or SU(sugary)
genes. The SH2 varieties have a higher sugar to starch ratio, and the sugars convert more slowly to starch, which
means that the kernels are tenderer, we have a wider harvest window, and improved storage life. This ultimately allows
us to achieve our goal of supplying our customers with a consistently high quality product at market every week. We
also look for varieties that have good ratings for disease resistance. We select varieties that have different days to
harvest so that we have the ability to delay direct seeding in the field in the event of weather conditions that prevent
tillage and seeding. Our customers like to have different options, so we also select varieties that are different colors,
white or bicolor.

Fertility:
Sweet corn is a heavy nitrogen feeder. Considering crop rotations, it will ideally follow a crop that is not a particularly
heavy feeder but would have had manure or compost applied the previous year. We use soil tests to tweak fertilizer
applications, but standard application is 5 tons of poultry manure per acre that will give us about 120-150lbs/acre of N.
Using cover crops prior to planting corn increases organic matter, and using a leguminous cover crop will contribute
to a consistent mineralization of soil N throughout the season.

Season extension/consistent harvests:
We seed about the first seven weeks of corn in the greenhouse starting April 1st, and transplant them at 15-18 days
from seed date. This allows us to circumvent issues that come with trying to direct seed into cold soil, being poor seed
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germination and higher pressure from seed corn maggot. The first generation of corn we seed is the variety with the
least days to maturity, and we also seed a variety that will mature a week later on the same day, which is our second
generation of corn. Yet a third variety is what we use as our standard variety, with the longest days to harvest. When
we are done transplanting and ready to move into direct seeding into the field, we want to be on track to seed our
standard variety, so we have the flexibility to seed a shorter days to harvest variety later on if the field conditions do
not allow us to work or if soil temperatures are still low. We want soil temperatures to be at least 50-55 degrees F.
We transplant with either a carousel transplanter into bare ground, or black plastic if the soil is too wet for tillage. For
insurance against adverse weather,we aim to have plastic pre-laid to receive at least one generation of corn, sometimes
two.
We cover at least the first two weeks of spring transplants with row cover, without hoops. The row cover is .55 oz.
per square yard, the equivalent of Agribon 19. All row cover is removed from the transplants when threat of frost has
passed, usually the last week of May, which is a week or two after we begin direct seeding.

Pest and disease control:
Early in the corn plant development, around tassel, European Corn Borer (ECB) is a concern. Visual monitoring of
feeding damage in the whorl of the plant in conjunction with the reports that are found on the Penn State pest watch
website is necessary. Most likely, all generations will need at least one spray application right when the corn is at row
tassel. Another application may be necessary depending on the pest pressure in the area and visual monitoring on the
farm. We also use a biological control for ECB, a parasitoid wasp called Trichogramma ostriniae, which we release
right before row tassel. We purchase Trichogramma from IPM Labs of Locke, NY.
The other main insect pest to monitor and keep in check is Corn Earworm (CEW). Adults of this pest are a pale buff
color with a dark spot on either wing, which lay eggs on fresh corn silk. Monitoring on the farm has shifted from
primarily using the PSU pest watch website, to doing our own monitoring on the farm in the crop with the use of a
pheromone and white heliothis traps. Control for this pest when adults have been trapped has been to make a single
application of a pest control material with oil into the tip of the ear on every plant, using a special hand tool called a
“zealator, ”available from Johnnies Selected Seeds. This must be done at the proper timing to avoid missing the pest or
subjecting the ear to other problems. In a typical year trap-counts tell us that there is no need for this time-consuming
practice in more than half of our plantings.
Three key diseases pose a threat to corn production at NMF. The diseases we have the potential to see are Stewart’s
Wilt, Rust, and Northern Corn Leaf Blight (NCLB). The varieties of corn that we grow exhibit some resistance to
these diseases. Most years, we do not see any disease, however, in the past it has been evident that the white varieties
of corn show a lower level of resistance to NCLB.

Weed control:
Successful weed control is largely dependent upon critical timing with a tine weeder, targeting weeds at thread stage.
First tine-weeding is done pre-emergence or in the case of transplanting, within a few days of transplanting, if possible,
followed by one or two more cultivations with the tine weeder. This is followed by belly mounted sweeps when the
corn is 4-6” tall. When corn is on black plastic, we use a Hillside Cultivator to maintain weed control on the plastic
edges.

Harvest and post-harvest handling:
We begin harvesting corn for markets in the first week of July, hopefully in time to make the July 4th markets, and
will continue harvesting weekly into October. Harvest begins at the break of dawn before the sun begins to warm the
corn. Three dozen ears are put into a mesh (onion-type) sack, and then these sacks are hauled to a cooler and promptly
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spread out without stacking any sacks on top of each other. They are left this way for four-six hours. This cooling
period is crucial for keeping the sugar content of the kernels intact.

Marketing and sales:
Consistently bringing high quality, delicious corn to our markets adds to our credibility for our customers, and allows
us to charge a premium price for our product. Successfully and consistently providing this specialty crop has brought
people back to our stand again and again.
We purposely overplant in order to be sure to maximize the retail market supply, but we stay within the limits of
what can be absorbed through our wholesale market, where we also can claim a profitable price. Additional costs
of mechanical weed control and “zealating”, compared to conventional practices, are offset by fewer trips with the
sprayer and by much higher prices for certified organic. Typically we are pricing corn at $9/doz retail and $5/doz
wholesale, with no resistance from buyers. Our corn yields, ear size, and cosmetic appearance are all very comparable
to conventional corn.

James Crawford is the owner/operator (with his wife Moie) of a vegetable farm in Southern Huntingdon County,
PA. Since 1972, the Crawfords have been growing approximately 50 different crops on 30 acres for fresh market,
wholesale through the Tuscarora: Organic Growers Cooperative and direct to consumers at farmers’ markets in
Washington, D.C. All crops are certified organic. Tomatoes are the most important crop for the Crawfords.
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WILDLIFE DAMAGE MANAGEMENT FOR SWEET CORN PRODUCERS
Matt Rice
Staff Wildlife Biologist
PO Box 60827 Harrisburg, PA 17106
(717) 236-9451
matthew.e.rice@aphis.usda.gov

Wildlife management activities related to crops can be a complicated matter to handle due to the diversity of species,
habitats, laws, and experience level of those experiencing damage. Both avian and mammalian species can cause
significant crop damage, and management activities differ within species of both groups. Most avian species are
governed by the United State Fish and Wildlife Services and are under federal protection, whereas mammalian species
are primarily managed by state game agencies. In Pennsylvania mammal species are managed by the Pennsylvania
Game Commission and there are specific laws that relate to the control of these species. Although exclusion and
harassment are both very effective methods in reducing damage from avian and mammalian species, lethal control
activities are often necessary to help enforce non-lethal practices and further reduce damage. Both exclusion and
harassment are legal means and can be conducted without a permit or authorization from the regulatory agency. Lethal
measures may be conducted but prior to taking action it is important to determine the methods and other restrictions
for your area.

Exclusion
One of the primary ways to reduce damage to sweet corn is through exclusion, this is especially true when dealing
with mammal species (white-tailed deer, black bear, raccoons, wild hogs, and other primarily terrestrial species).
The main method of exclusion is fencing, with electrified fencing being the most effective tool. Although this may
seem like a time-consuming and expensive technique, there are many advantages of installing a temporary electric
fence. The first is that this tool can work 24 hrs a day, with minimal maintenance. Depending on design, it works on
many species, can be used seasonally, and can be reconstructed annually. The most effective type of electric fence is
multiple braided wire, going from ground level to 5-6 ft high. Although species such as deer can jump over a fence of
this height, it will help reduce the number of animals that can easily enter the fields. Increased weaves of wire toward
the base of the fencing will help reduce access to species like raccoons, groundhogs, opossums, black bears, and deer,
especially younger animals that may not be able to jump over the fencing. Installation of a solar powered charger and
batteries will prevent the need to have power to the site and makes the system more mobile so that it can be used on
different fields. Fencing may not be required during the entire growing cycle of the corn, but only when damage is
observed or crops are most vulnerable. If crops are staggered so they can be harvested throughout the summer, the
same fence may be able to be moved between the fields to protect them when they are most vulnerable. It is important
to monitor fences to ensure that they are in good condition throughout the season and that they have not been damaged
and the power source is working correctly.
Habitat management around fields can also be beneficial in reducing damage to sweet corn. Removal of attractive
habitat and refuge near fields, including brushpiles, rock-piles, old buildings, and vegetation adjacent to the fields.
These features allow wildlife, especially small mammal species, refuge close to the food source.

Harassment
There are many tools that can be used to deter wildlife from using crops as a food source. Many larger property owners
have employed propane cannons as a tool. These are propane powered noise making devices that can be moved around
the field interior. They are very loud and can be heard from over a mile or more away. Other harassment includes
sirens, lights, and effigies or decoys. These all can be effective tools for short term harassment. One key is to use them
on a limited basis and move the devices around the field. Wildlife can get accustomed to these techniques and they
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will quickly become ineffective. Even propane cannons will cease to deter wildlife from using fields. The combination
of harassment with exclusion can be very beneficial and significantly increase the effectiveness of the techniques.
These methods can also be effective with reducing avian damage, and this is often how they are used, with effects
on mammals an additional benefit. One drawback to harassment is that is can be time consuming. The most effective
harassment is conducted while animals are using the resource. Also, the need to move the devices around the affected
area as well as turning them on and off will take time during each day.

Population Management
Although exclusion and harassment can be effective methods on their own, they may not completely eliminate the
problem and lethal control activities may be required. This can include shooting, trapping, and chemical applications.
One benefit when conducting lethal control of mammals is that local population management can be accomplished.
The most cost effective method is hunting and trapping. Control during the legal hunting and trapping seasons can
affect populations throughout the year. This can also supplement localized control operations during the growing
season. Many landowners are tentative to open their property to sportsmen, but often state wildlife agencies will limit
the lethal techniques that landowners can employ if lands are not enrolled in a public access program. It is best to
check with local wildlife conservation officer to determine what options might be available to you. Many hunters are
interested in sites to hunt deer, bear, groundhogs, raccoons, and foxes, all species which can impact sweet corn during
the growing season. Additionally, trappers are often looking for properties to access, it is important to make sure
these individuals are targeting all legal species when they conduct trapping activities in the fall and winter. Reducing
raccoon populations during these months can help reduce damage during the summer.
Most states have laws that allow landowners to lethally remove crop damaging species outside legal hunting seasons.
These vary by state and site, so it is best to visit with the local wildlife enforcement officer. A site visit from them is
often required prior to conducting any lethal control activities outside the hunting season. Although deer are often
the focus of these management activities, other species such as raccoons and groundhogs which can cause significant
damage can also be managed through lethal control practices. The most common method employed to control deer
is shooting and there are many strategies that can be employed when attempting to remove deer through this method.
Shooting activities can be time consuming, but they can also benefit by removing specific individual animals that are
causing damage and work as harassment methods for others.
Raccoons and groundhogs can be controlled through trapping. There any many trap types that can be employed,
but this can also be time consuming, difficult to learn, and there is concern about catching non-targets. Raccoons
and opossums can be captured in species specific traps, which are easy to use and help reduce concerns of catching
non-target animals. Simple cage traps can also be used to help reduce damage. It is important to remember that
animals taken through trapping should be euthanized on site and not transported and released. There are concerns
over transferring a known problem animal to a different location where they will cause damage, transferring diseases
to a new area, and the high mortality of relocated animals. Check the local game laws for more information related to
relocation of wildlife.
The use of poisons to help control wildlife is often unlawful. This is because most are non-specific in their targets
and can have harmful side effects on the local wildlife populations. There are some chemicals that can be used to
help reduce wildlife threats though. Burrowing animals such as groundhogs can be controlled with the use of gas
cartridges, which are a CO2 emitting device that can be placed in borrows and will suffocate the animals inside. Gas
cartridges can be purchased from a variety of sources and no pesticide license is required for their use. Aluminum
phosphide is a similar method of controlling groundhogs, but this chemical is more difficult to obtain, requires a
pesticide license, permits, and site specific conditions for its use. There may be other chemicals that are suggested for
control of ground dwelling wildlife, but many are not licensed or legal for use. It is important to check with agencies
such as the State Department of Agriculture and Wildlife or Game agency in your area prior to the use of toxicants,
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fumigants, or poisons. There are other methods that have also been proposed, such as the use of compressed air or
underground propane exploders but these and similar products are often illegal.

Conclusion
Wildlife management can be a complicated activity to attempt without professional guidance on techniques and laws.
It is best to first research the management methods that you are considering, consult with a damage management
expert, and visit with local wildlife law enforcement prior to the employment of any techniques. It is important to
remember that multiple management methods can be employed together to help reduce damage threats. With dealing
with mammal damage, unlike problems with birds, local population management even if it conducted outside the
growing season can be effective in reducing damage.

Matt Rice is a Staff Wildlife Biologist with the USDA-Wildlife Services Program. He has
worked for the USDA for 6 years conducting a wide range of wildlife damage management
projects and in the wildlife field for over 12 years on a wide range of wildlife management,
conservation, and control projects throughout the Northeast, Midwest, and West. He holds
a BS in Wildlife Biology from Slippery Rock University and has completed graduate
research and coursework at Southern Illinois University of Carbondale. He is a native of
western Pennsylvania and currently resides in the Harrisburg area.
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HEALTH EFFECTS OF PESTICIDES: GET THE FACTS
Emelie Swackhamer and Lee Stivers
Penn State Extension, Lehigh, Northampton and Washington Counties

People want to know how pesticide use could affect them. Residents who live near your fields, people who buy your
produce, employees of your farm, members of your family and even you may be interested in information about
the potential health effects of the pesticides you use. If you give people off-the-cuff answers that are meant to be
reassuring, but not based on science, you may prompt them to be less careful than they should be. Conversely, some
responses may prompt people to act out of fear instead of truly understanding risks.
Where can you find research-based information about the health effects of pesticides? Internet searches turn up a large
number of articles. Some are highly technical and would take a good deal of time and knowledge to interpret, some
describe observations that are not scientific and others are designed to sell products and services. Finding reliable
sources of research-based information on the internet is not always straightforward.
So, how do pesticides affect people? It seems like it should be a simple question to answer, but it really is not. This
presentation will cover how to find health effect information from the National Pesticide Information Center (NPIC).
The NPIC is a cooperative effort between Oregon State University and the United States Environmental Protection
Agency (US EPA). The NPIC is a source that really tries to sift through all of the research-based information that is
out there and produce a summary that people can use to make informed decisions. We will discuss how to access
comprehensive, unbiased information from experiments that have been done to define the acute and chronic health
effects of specific pesticides. This information is found in the GENERAL and TECHNICAL fact sheets offered by
NPIC for many active ingredients in commonly used pesticides.
We will look at some of the information found in these fact sheets for glyphosate and imidacloprid. We will show
results of studies of acute and chronic toxicity, and discuss how these factors are a piece of the equation you need to
consider when evaluating the risk potential.
To access the NPIC, go to http://npic.orst.edu
or call 1-800-858-7378 to speak to someone
directly. Their hours of operation are MondayFriday between 8:00 a.m. - 12:00 noon Pacific
Standard Time. Many of their fact sheets
are also available in Spanish, and they have
Spanish speaking telephone representatives
available. If you want a printed copy of any of
their fact sheets mailed to you, ask your local
county Penn State Extension office.
The information provided by NPIC does not in
any way replace or supersede the restrictions,
precautions, directions or other information
on the pesticide label or any other regulatory
requirements, nor does it necessarily reflect
the position of the US EPA.
Knowledge can influence your attitude and behaviors when you use pesticides. It is always better to understand the
potential hazards of the products that you use.
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Emelie Swackhamer is a Horticulture Extension Educator with Penn State Cooperative
Extension, serving Lehigh and Northampton Counties. She works with vegetable growers,
the green industry, Master Gardener volunteers and consumers. She has a BS degree is
Plant Science from Penn State University and a MS degree in Plant Pathology from North
Carolina State University.

Lee Stivers has been a horticulture educator with Penn State Extension in Washington
County since 2001. She is a member of Penn State Extension’s statewide Horticulture
Team, specializing in vegetables, small fruits, greenhouse production, and wine grapes.
Prior to moving to Pennsylvania, lee worked for Cornell Cooperative Extension and the
University of California, Davis, where she received her Master’s degree in 1989.
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NITROGEN RELEASE AND DISEASE SUPPRESSIVE ACTIVITY OF FOUR
COMPOST AMENDMENTS ON THREE VEGETABLE FARMS

Lori Hoagland
Dept. of Horticulture and Landscape Architecture, Purdue University, 625 Agriculture Mall Dr., West Lafayette, IN
47906; lhoaglan@purdue.edu

Abstract:
Plant and animal byproducts can replenish soil organic matter, supply nutrients, and influence disease incidence
on vegetable farms. However, amendment composition and site-specific soil and climatic factors that are not well
understood affect these processes, making management challenging. In this project, repeated applications of four
organic fertility amendments are being evaluated on three organic vegetable farms in Indiana and Ohio. Preliminary
results indicate that both farm and amendment type alter nitrogen availability and pest incidence in cabbage and winter
squash. On-going analyses will determine how resident soil microbial communities are influencing these processes,
improving our understanding of the role of soil microbes and amendments in crop productivity. Results are expected
to increase the practice of on-farm research, and help organic farmers improve nutrient and disease management on
their farms.

Background:
Healthy soil is the foundation of sustainable crop production. Characteristics of a healthy soil include: good structure to
facilitate water infiltration and plant root growth, a storehouse of nutrients released throughout the growing season, and
a diverse and active soil microbial community that cycle nutrients and help plants withstand biotic and abiotic stress. To
maintain soil health on intensively managed vegetable farms growers must continuously replenish soil organic matter.
Animal and plant byproducts are well known for their potential to contribute soil organic matter as well as supply
nutrients for crop plants. In some cases, amending soil with these byproducts has also been found to suppress soilborne and foliar diseases. However, effectively meeting crop fertility needs with these amendments is challenging and
their application does not always result in pathogen suppression. Carefully designed on-farm experiments that track
nutrient release from these amendments will help organic vegetable growers improve nutrient management on their
farms. Such studies will also help identify factors that influence the disease suppressive activity of these amendments,
allowing growers to better manage diseases on their farms. The specific objectives of this project are to: 1) identify soil
amendments that improve soil health, provide plant available nutrients during periods of critical nutrient uptake, and
increase crop productivity on organic vegetable farms, 2) determine how resident soil microbial communities interact
with soil amendments to regulate nutrient cycling and disease suppressive activity, and 3) demonstrate and increase
the practice of on-farm research.

Methods:
A three-year trial was initiated in spring 2013 to quantify effects of repeated applications of four organic fertility
amendments (Table 1) on three vegetable farms (LIFE Farm, Martinsville, IN; EcOhio Farm, Mason OH; and, Feel
Good Farm, Sheridan, IN). The experiments are arranged in a randomized complete block design with four replicates
on each farm. The amendments include: partially composted chicken litter (3-4-3), a mixture of animal byproducts (85-5), a mixture of plant and animal byproducts (7-5-10), and vermicompost (1.2-2-1) supplemented with chicken litter.
Amendment application rates are based on nitrogen needs of the crop in each year, assuming 50% of the N would
become available for plant uptake during the current growing season. Vegetable crops grown in the trial include:
cabbage (Brassica oleracea) cv. Red Express (2013), squash (Cucurbita pepo) cv. Sweet Reba (2014), and tomato
(Solanum lycopersicum) cv. to be determined (2015). A winter cover crop mixture of cereal rye (Secale cereale L.)
75% and hairy vetch (Vicia villosa) 25% is planted following each vegetable harvest. Vegetable crops are evaluated
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for stand establishment, disease severity, leaf nutrients, and yield and fruit size. Soil samples are collected three
times during each growing season and once each fall. Soil samples are analyzed for soil nutrients, labile soil carbon,
microbial activity, microbial community diversity, and pathogen suppressive activity. Field days are held at one farm
in each year to discuss on-farm research methodology, and share results of these trials.

Results to date:
During the 2013 growing-season N availability varied among farms and amendments. The largest differences in N
availability were observed shortly after transplanting where the animal byproducts and plant & animal byproduct
treatments were greater than the chicken litter and vermicompost treatments. Early season plant vigor averaged
across the farms was lower with plant & animal byproducts than with the other amendments, and leaf N was lower
with plant & animal byproducts than with the vermicompost treatment. Cabbage yield across the three farms was
not affected by the amendments, however at EcOhio farm, yield was greater with the plant & animal byproducts
than the vermicompost treatment. Disease incidence varied among farms and amendments. Black rot (Xanthomonas
campestris pv campestris) occurred at all locations and when averaged across EcOhio and LIFE farms, was worst
with the vermicompost treatment, least with plant & animal byproducts, and intermediate with chicken litter and
animal byproducts. Throughout the season black rot was worse at EcOhio than LIFE, but was not affected by soil
amendments at Feel Good Farm.
Preliminary results of the 2014 growing-season indicate that leaf chlorophyll, which is commonly used to estimate leaf
N, varied among farms and amendments. Leaf chlorophyll was greatest at EcOhio, intermediate at LIFE, and lowest
at Feel Good Farm. When averaged across farms, leaf chlorophyll was greater with animal byproducts than plant
& animal byproducts and chicken litter. Squash yield was greater at LIFE than EcOhio, but there was no difference
between the amendments. Squash was not harvested at Feel Good Farm due to significant damage by flooding. Pest
severity varied among farms and amendments. Symptoms of Silverleaf whitefly (Bemisia argentifolli), an insect pest
rarely seen in Indiana, was evident at both LIFE and Feel Good Farms, but not EcOhio. When averaged across the two
farms with symptoms, silverleaf severity was worse with animal byproducts than plant & animal byproducts. Powdery
mildew, caused by several pathogens including Podosphaera xanthii, was also evident at all three farms. Early in the
growing season, powdery mildew was worst at EcOhio, intermediate at LIFE, and lowest at Feel Good Farm. When
averaged across farms, powdery mildew was greater with chicken litter than the other three amendments. At harvest,
powdery mildew was worse at EcOhio than LIFE, and when averaged across these two farms, damage was greater
with animal byproducts and vermicompost than chicken litter. General symptoms of wilt, insect damage and leaf
browning were greater at EcOhio than LIFE, and downy mildew (Pseudoperonospora cubensis) was greater at LIFE
than EcOhio, though there were no effects of amendment. Preliminary results of pathogen bioassays in soil collected
from LIFE farm with Rhizoctonia solani, a soil-borne pathogens that causes damping off, indicate that infection was
greater with Nature Safe than the other amendments.
These results indicate that site-specific soil and climatic factors as well as amendment characteristics influence nutrient
release and pest severity on organic vegetable farms. Differences in nitrogen availability have previously been related
to disease severity, either increasing or decreasing severity depending on the disease and chemical composition of N
compounds in soil. On-going analyses will determine how resident soil microbial communities contribute to these
dynamics, increasing our understanding of the role of soil microbes and organic amendments in soil and plant health.

Practical implications:
This research shows that two organic fertilizers containing the same percent nitrogen won’t necessarily supply that
nitrogen to the soil or crop at the same rate. Growers need to evaluate fertilizers on a case by case basis, and re-evaluate
application rates and timings when switching to a new product. A resource that may be helpful in this regard is the
Organic Fertilizer and Cover Crop Calculator from Oregon State (http://smallfarms.oregonstate.edu/calculator). The
calculator has not been validated for conditions in the Eastern US, but it provides a starting point that is better than
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nothing. Soil and leaf tissue tests, as well as sap nutrient analysis can also help growers better predict nutrient release
and uptake with different amendments. General guidelines for using sap nutrient analyses to predict nutrient uptake
can be found in the Midwest Vegetable Production Guide (http://mwveguide.org/).
This research shows that organic fertilizers can affect disease incidence and severity, but because we don’t yet know
how to predict what the effect will be, it is difficult to make a useful recommendation. For particularly problematic
diseases growers may find it worthwhile to make careful observations and/or establish trials on their farms to further
knowledge about these effects. Resources for conducting on-farm research are available through SARE (http://www.
sare.org/Learning-Center/Bulletins/How-to-Conduct-Research-on-Your-Farm-or-Ranch/Text-Version/On-FarmResearch), and OFRF http://ofrf.org/sites/ofrf.org/files/docs/pdf/on-farm_research_guide_rvsd.pdf).
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LIVING MULCH DEMONSTRATION
Judson Reid
jer11@cornell.edu
Cornell Vegetable Program

Introduction
Although plastic mulch benefits vegetable farmers by conserving moisture and heating the soil, it presents several
sustainability issues in regard to soil and water protection and production economics. The use of herbicides and
cultivation impairs environmental sustainability, while cultivation and hand-weeding impair social and economic
sustainability due to a high labor requirement and fuel costs. A living mulch sown between the plastic beds could be
a powerful strategy that efficiently mitigates these issues.
For several years the Cornell Vegetable Program has worked with winter grains such as rye between rows of plastic
beds. However, rye seemed to decrease crop yield, as well as break down too early to control late season weeds. A
number of studies and colleagues suggested the inclusion of clover into the system. These benefits include:
• Late season weed control.
• Grains provide adequate shade to allow the clover to establish and early season weed control (on its own clover will
not provide early season weed control).
• Clover as a legume can provide some of the nitrogen the grains require, potentially decreasing nutrient competition
with the vegetable crop.
• Clover may attract less lepidoteran pests than grains.
To continue our research in 2014 we established 4 living mulch treatments between rows of peppers (cv: Revolution)
on a cooperating farm in Penn Yan, NY. The living mulches are rye, barley, rye+barley and clover+barley. Our seeding
rates were 150 lbs/ac for grains and 20 lbs/ac for the Dutch White clover. Seeding occurred immediately after plastic
was laid, prior to pepper transplant. Fertility and pest management per grower standards. To measure the effect of the
living mulch we collect data on yield, weed growth and crop nutrient levels.

Observations to date
Our observations to date in 2014 support the inclusion of clover in the living mulch. For example when included with
both barley and rye, the clover plots had much less
weed growth than the grains alone (figure 1). Barley
in particular has been ineffective at reducing weed
growth. Rye+Clover has given the best weed control,
although we are noticing a trend of increased weeds
in all plots as the season progresses.
Yield differences also support the inclusion of clover,
which when combined with rye yielded nearly twice
as much as rye alone (Table 1). There are however
no significant differences in number of fruit per plot,
indicating the living mulch may influence fruit size.
Figure 1. Percent ground cover divided between weeds
and 4 living mulches.
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weed control treatment. In this case a composted
dairy manure was applied to clean row middles.
Yield was much higher in these plots (Table 2), likely
due to increased soil moisture and nutrients. It is in
short not a fair comparison to living mulch. We can
however observe that rye+clover shares a grouping
with compost in both terms of weight per plot and
fruit number per plot.

Conclusions

Table 1. Weight of peppers per plot and number of fruit
Living mulch can provide very good weed control per plot amount 4 living mulches.
in plasticulture vegetables. Among the combinations
we’ve examined so far this year rye+clover seems to emerge as our top choice. The use of composted dairy manure is
intriguing, but may not be practical on a larger scale and presents food safety
concerns.
The Cornell Vegetable Program thanks NESARE and the cooperating farmers
for their support of this project.

Table 2.Yield of peppers with
living mulch and compost
treatments.

Judson Reid is an Extension Associate with Cornell Vegetable Program. Originally from a Northern New York
dairy farm, he earned B.S. and M.P.S. degrees from Cornell University. He works and lives in Penn Yan, NY.
Research interests include plasticulture and high tunnels.
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SOLVITA, HANEY, FOOD WEB, CORNELL SOIL HEALTH TEST: WHAT
ARE MY SOIL HEALTH TEST OPTIONS AND WHAT WILL THEY TELL ME
Kristen Devlin, Northeast SARE Pennsylvania State Program
Charlie White, Penn State Extension
501 ASI Building, University Park, PA 16802, cmw29@psu.edu

Introduction
A healthy soil has the capacity to support optimum plant growth by providing services including nutrient cycling,
biological control of plant pests, and regulation of water and air supply. Less healthy soil will have diminished capacity
to support these functions. Soil health is influenced by a number of interrelated biological, chemical, and physical
qualities, which, when measured individually, are useful indicators of a soil’s health. Many of these soil properties can
change over time and in response to management decisions. Therefore, producers will find it useful to know where
their soil falls on the continuum of soil health so they can identify production limitations and implement management
decisions aimed at overcoming these limitations and reducing inputs and associated costs. This article describes some
of the key indicators of soil health and examines some soil tests designed to measure them.

Key indicators of soil health
Soil organic matter (SOM) influences several physical, biological, and chemical properties of a soil, and therefore plays
a seminal role in soil health. The carbonaceous fraction of soil that is derived from once-living material (microbes,
plant roots, detritus, etc.), SOM contributes positively to soil structure, water drainage and retention, and pH buffering.
SOM also serves as a primary food source for a soil’s microorganisms, which in turn release nutrients from SOM
in a form that is readily available for uptake by plant roots, a process known as mineralization. The portion of SOM
that is most readily available to microbes is called active carbon, and is another indicator used to assess soil health. In
addition to active carbon, the amount of potentially mineralizable nitrogen that can be supplied to plants from SOM
can be used as a soil health indicator.
In addition to mineralizing SOM, soil microorganisms contribute to soil health by cycling nutrients and exuding
sticky organic compounds that bind soil particles together into aggregates, thus improving soil physical properties.
Therefore, the activity and composition of a soil’s microbial community is another way that some labs measure soil
health. Different laboratories measure soil biology using different methods, which are discussed in more detail below.
While most soil microorganisms promote positive soil health, soil borne pathogens are microorganisms that can cause
diseases in crops. Pathogen pressure assessments seek to identify whether disease-causing pathogens are present in the
soil, and the extent to which the microbial community is suppressing them.
Chemical indicators of soil health have long been the focus of more traditional soil testing goals, and this article
assumes readers are already familiar with the standard chemical indicators of soil pH, phosphorous, potassium, and
minor elements, or micronutrients. For more information about these items, see references.
Several soil physical properties are important components of soil health, including aggregate stability, porosity, and
surface and sub-surface hardness. Aggregate stability relates to how well soil particles clump together into larger
structures called aggregates and how stable these aggregates are in the face of heavy rainfalls. Created and maintained
through the actions of plant roots, soil organisms, and SOM, aggregates contribute to the size of the pores that exist
between solid soil mineral and organic matter particles. Porosity contributes to how well a soil drains and retains
water, and is measured by the amount of water a soil sample retains in different conditions. Compaction, or hardness,
results when a soil’s large pores are lost. It is measured using a penetrometer, a tool that quantifies the amount of
pressure (expressed in pounds per square inch) required to break through a soil’s surface (top 6”) and sub-surface (618” below the soil surface).
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Several tests are available to help producers identify and understand these biological, chemical, and physical properties
of their soil, but many of these tests take different approaches. Here we examine the soil health testing services offered
by three laboratories in or near the mid-Atlantic region, and describe the differences between them, as well as benefits
and limitations of each.

Solvita, Haney, and the Soil Health Tool from Woods End Laboratories
Solvita is the proprietary name given to several tests developed by Woods End Laboratories. The Solvita Field Soil
Biology Check allows growers to assess the activity of their soil’s microbial community in the field. The Solvita
Labile Amino Nitrogen (SLAN) test measures N in simple organic molecules, such as proteins and amino acids,
and is a relative indicator of the potentially mineralizable nitrogen in a soil. The Solvita CO2-burst test measures soil
respiration in a controlled laboratory setting, and is described in more detail below. These tests are offered by a number
of labs in the country, including Woods End Laboratories.
Woods End Laboratories also offers a Soil Health Tool that combines the Solvita CO2-burst protocol with four other
biological measures of soil health developed collaboratively by Woods End Laboratories and Dr. Rick Haney of the
USDA-ARS. The Solvita CO2-burst protocol for measuring soil respiration involves drying and then re-wetting part
of the submitted soil sample (to mimic fluctuating moisture conditions found in the field) and incubating it for a 24hour period. The amount of CO2 released as a result of the metabolic activity of the microbes that are active in the
soil is then measured using a digital reader. Expressed in parts per million, this number offers an indication of how
biologically active the soil is, with a high number indicating a thriving microbial population.
Next, an additional portion of the submitted soil sample is combined with distilled water and is then shaken, centrifuged,
and filtered. The resulting water extract is used to measure the amount of water soluble carbon and nitrogen in the soil.
The ratio of water soluble organic C and N (WSO-C:N) is an indicator of the amount of N that will be mineralized
from SOM in proportion to the amount of CO2 that is respired during the CO2-burst procedure. If the WSO-C:N is
above 20, the nitrogen mineralization credit is zero. As the WSO-C:N value declines, the nitrogen mineralization credit
calculated from the CO2-burst increases. Maximum nitrogen mineralization credits are achieved in soils with high
CO2-burst measurements and low WSO-C:N values. In addition to using the results of this procedure for calculating
nitrogen mineralization credits, water soluble organic C is used in conjunction with the CO2-burst protocol to calculate
active carbon. The amount of C that is mineralized during the incubation period is divided by the total water-soluble
organic C pool to determine the percentage of microbially active carbon.
Finally, a third portion of the submitted soil sample undergoes “the Haney test.” Here, the soil is combined with H3A
— a weak acid solution intended to mimic root exudates found in a typical plant-root environment. This soil-H3A
solution is shaken, centrifuged, and filtered, and the resulting H3A extract is used to determine the plant-available
amount of inorganic N, P, and K present in the soil. The use of H3A is unique to the Haney test. More common
methods use a solution that is very acidic (like the Mehlich 3 method) or very alkaline (like the Olson method) to
extract the nutrients from the soil sample, regardless of the sample’s pH. The developers of the H3A solution maintain
that using an extractant that more closely mimics the pH of the soil sample will give a more accurate indication of the
nutrients available to plants.
The soil respiration, C:N ratio, active carbon, and nutrient measures described here are included in the Soil Health
Tool that currently costs $55.00. For an additional $20.00, Woods End Laboratories adds a measure of SOM, pH,
magnesium, sodium, estimated cation exchange capacity, and aggregate stability.
Results from the Soil Health Tool are compiled into a one-page document that provides the numeric values for all the
indicators measured, along with a score ranging from low to extremely high that allows producers to see which soil
health qualities are most limiting. It also provides nutrient recommendations. An interesting and unique component of
this report is that an economic value of a soil’s biologically available nutrient pool is provided based on the equivalent
price of purchased fertilizer. The report also offers cover crop mix recommendations (e.g., 50% legume and 50% grass)
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based on the soil’s overall health score. However, because these are the only recommendations provided in the report,
producers may have to do significant follow-up research in order to know how to address other soil health issues raised
in their report. Further, because the methods used in the Soil Health Tool are so new, they may produce results that are
difficult to explain or interpret. For example, the nutrient recommendations derived from the H3A extract do not have
nearly the level of calibration data available for developing recommendations as do the more traditional soil testing
methods, such as the Mehlich 3 extract.

Cornell Soil Health Test
Like the Soil Health Tool offered by Woods End, Cornell’s Soil Health Assessment looks at SOM, soil respiration, soil
proteins (which measures a similar N source as the Woods End SLAN test), soil chemistry, and aggregate stability,
although some of the methods used to measure these indicators differ.
For example, Cornell’s soil respiration test includes a four-day incubation period, versus the 24-hour incubation period
used in the Solivta CO2-burst protocol. Also, Cornell uses a modified Morgan extractant for its nutrient analysis,
instead of the H3A solution used in the Haney test. The modified Morgan extractant was developed for use in the
Northeast states where soils are typically more acidic.
The Cornell assessment also includes a measure of root pathogen pressure. The pathogen pressure bioassay is
conducted by growing a disease susceptible bean variety in the submitted soil sample for 4 weeks in a greenhouse.
After 4 weeks, the bean roots are washed free of soil and rated for disease prevalence. Available water capacity is
measured by the amount of water the soil can hold between field capacity and permanent wilting point. Surface and
sub-surface hardness measures are also included, but require the use of a penetrometer, a tool that most producers
don’t have at their disposal. Therefore, they must arrange to borrow one and perform this test themselves. Cornell’s
website indicates that they can mail a penetrometer to people who don’t have access to one.
In the report that results from the Cornell Soil Health Test, a value is assigned to each of the indicators examined,
as well as a scaled rating that illustrates whether the particular property measured represents a constraint, is suboptimum, or optimum/near-optimum. These results are augmented with a multi-page report that explains each soil
health indicator tested, how it is tested, and how the submitted soil sample scored. Particularly valuable are the
management recommendations provided, based on the soil sample’s performance in each indicator area. These include
suggestions for cover crop qualities to seek out in order to address key soil health issues (e.g., shallow-rooted, highbiomass, or disease-suppressive cover crops). The Cornell Soil Health Test currently costs $85.00.

Soil Food Web Analysis
While the Woods End and Cornell tests examine biological, chemical, and physical characteristics of a soil, the soil
food web analysis focuses only on the complex mix of organisms that fill various functional roles in the soil ecosystem.
By assessing the make-up of the microbial population and the relative abundance of different functional groups found
in the soil, a food web analysis evaluates whether the mix of organisms that will best support plant growth are present
in sufficient quantities. Soil Foodweb, Inc., a soil-consulting firm founded by soil biologist Dr. Elaine Ingham, works
with two U.S. laboratories to offer soil food web analysis, including Soil Foodweb New York, Inc., based in Center
Moriches, NY. (The other U.S. lab, Earthfort, is based in Corvallis, OR, and offers testing services very similar to Soil
Foodweb New York.)
Soil Foodweb New York offers two soil food web testing packages, the Bacteria and Fungi Package and the Total
Foodweb Package. The Bacteria and Fungi package, which currently costs $98.00, measures the total amount of
bacteria and fungi present in the soil as well as the active (metabolizing) fractions of these populations. This suite
of tests allows for direct comparisons of fungi and bacteria populations, which is used by the testing lab to develop
management responses aimed at correcting imbalances in the microbial community. However, it is unclear in the
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scientific literature whether fungal/bacterial ratios have significant implications for soil health (van Bruggen and
Semenov, 2000).
The Total Foodweb Package, which currently costs $240.00, includes all the measures of the Bacteria and Fungi
package plus measures of protozoa and nematode populations and mycorrhizal colonization. Protozoa, single-celled
animals that are much larger than bacteria, play a key role in nutrient cycling by consuming nitrogen-rich bacteria
and thereby releasing N for use by plants and other soil organisms. Nematodes are a diverse group of non-segmented
worms that includes many beneficial species. Like protozoa, nematodes play an important role in nutrient cycling. In
addition to looking at total nematode population, this test also identifies nematodes by genus and functional groups.
Mycorrhizal colonization looks at the extent to which mycorrhizal fungi have colonized plant roots in the soil sample.
Mycorrhizal fungi form a symbiotic association with plant roots where the plant provides the fungus with sugars and
the fungus assists the plant with acquisition of nutrients, especially immobile nutrients such as phosphorus and zinc.
The Total Foodweb Package also includes an estimate of the soil’s nitrogen cycling potential (express in pounds per
acre) based on the levels of protozoa and nematodes found in the sample.
With either of these testing packages, the quantitative results are accompanied by recommendations aimed at correcting
any detected imbalances, based on the specific crops being grown. Any of the individual tests that make up these two
qualitative
which is currently
offered
for $35.00,
provides
indication
the$35.00,
status provides
of
packages
can also test,
be purchased
separately.
A qualitative
test,
whichaisgeneral
currently
offeredoffor
a general
bacteria,
fungi,
protozoa,
and
nematodes
in
a
soil
sample
(ranging
from
not
detected
to
very
high),
but
indication of the status of bacteria, fungi, protozoa, and nematodes in a soil sample (ranging from not detected to very
does not provide quantitative measurements or follow-up recommendations.
high), but
does not provide quantitative measurements or follow-up recommendations.
Table 1. Summary of methods used by each testing package to measure different soil health indicators.
Soil health
indicator

Soil Health Tool from
Woods End Lab

Soil Health Tool from
Cornell

Soil Organic Matter
Active Carbon
Soil Microbial Activity
and Community
Composition

Included in premium
Measured by dividing
CO2-Burst C into total
water-soluble organic C
Activity measured via
soil respiration over 24
hours

Included
Measured via
Potassium
Permanganate extract
Activity measured via
soil respiration over 96
hours

Potentially
Mineralizable
Nitrogen

Estimated by SLAN and
combination of CO2Burst and WSO-C:N

Estimated by soil
protein analysis

Pest/Pathogen
pressure
Soil chemistry

CEC
Available Water
Capacity
Surface/Sub-surface
hardness
Aggregate Stability

Pathogen pressure
measured by bean root
bioassay
Measured using H3A
extractant. Regular test
includes P, K, Ca, Fe,
and Al. Premium test
includes Mg, Na. pH is
also included.
Included in premium

Food Web Analysis

More traditional soil
test, such as one
offered by Penn State
Available as an add-on

Activity and community
measured by
microscopy and direct
counts
Estimated by protozoa
and nematode counts
included in Total
Foodweb package
Root-feeding
nematodes are
identified in Total
Foodweb Package

Measured using
modified Morgan
extractant: P, K, Mg,
Fe, Mn, Zn.
pH is also included.

Measured using Mehlich
3 extractant: P, K, Ca,
Mg, Cu, S, Zn. pH is also
included.

Included
Included

Included

Included
Included in premium

Included
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ORGANIC MATTER AND SOIL FERTILITY
John T. Spargo
Director, Agricultural Analytical Services Laboratory
Pennsylvania State University
University Park, PA 16802
jts29@psu.edu

Soil organic matter is generally recognized as the most critical measure of soil quality due to its significant influence
on a number of soil physical, chemical, and biological processes. Soil organic matter improves several soil functions
including water holding capacity, soil structure, biological activity, and nutrient storage; each of these has a direct or
indirect influence on soil fertility.
In coarse-textured soils, organic material bridges the gaps between sand grains, increasing water-holding capacity.
In fine-textured soil, organic material helps maintain porosity by improving aggregate stability. These improvements
in water holding capacity and soil structure improve soil-plant-water relations which enhance crop health and soil
nutrient recovery.
Cation exchange capacity is a measure of the ability of soils to retain positively charged ions (e.g., K+, Ca2+, Mg2+),
which is controlled by the clay and soil organic matter content; both materials supply negatively charged sites for
adsorption of cations. On a mass basis, soil organic matter has much higher cation exchange capacity than clay. For
example, the cation exchange capacity of soil organic matter is in the range of 100 to 300 meq/100 g, while the cation
exchange capacity of common soil clay minerals is in the range of 10 to 100 meq/100 g. In coarse-textured soils, soil
organic matter can account for the majority of the cation exchange capacity.
Serving as an important pool of essential plant nutrients is another important function of soil organic matter. In
cultivated soils, soil organic matter contains approximately 95% of the soil’s supply of nitrogen, 80% of its sulfur, and
50% of its phosphorus. It is also an important soil pool of several micronutrients including boron and molybdenum. Soil
organic matter supplies nutrients through the process of mineralization — the decomposition of organic compounds by
microbial action into carbon dioxide and mineral constituents. Soil microbes are most active in warm soils (over 70°F)
that are moist, but well aerated, with a pH between 6 and 7. Mineralization under these conditions occurs quickly.
The optimal range of soil organic matter for vegetable production or soil quality varies across soil types. Native soil
organic matter content of most mineral soils in the mid-Atlantic is typically in the range of 2 to 5%. Several factors
control the amount of soil organic matter contained in soil, including soil texture, drainage, and climate. Well-drained,
coarse textured soils naturally tend to have lower levels of soil organic matter; due, in part, to the rapid microbial
decomposition rates favored by these soil conditions. In fact, it is difficult to maintain high levels of soil organic matter
in coarse textured soils without drastic, and sometimes unsustainable, measures. Finer textured mineral soils will
support higher levels of soil organic matter, but in our climate the upper limit of natural soil organic matter levels is
generally around 5%. Higher levels can be achieved, but typically require significant inputs of compost and/or animal
manure.
While our focus tends to be on the total quantity of soil organic matter, it is also important to consider its quality. Soil
organic matter includes both active and stable fractions. The active fraction consists of root and microbial exudates as
well as the fragmented remains of plant and animal residues in various stages of decomposition. The stable fraction is
principally humified soil organic matter or simply, soil humus. Each of these fractions, or types of soil organic matter
plays a unique role in soil fertility. The active fraction is most important to nutrient turnover while humus contributes
more to soil cation exchange capacity. As the name implies, the active fraction decomposes rapidly and typically
makes up only 5 to 10% of the total soil organic matter. Management practices tend to have the largest impact on the
active fraction of soil organic matter and can either enrich or deplete this critical pool of soil nutrients.
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Soil organic matter is in a constant state of flux — additions and losses occur simultaneously. To maintain soil organic
matter levels, additions and losses must be equal and to increase soil organic matter, additions must be greater than
losses. Managing optimal soil organic matter involves reducing the rate of loss or increasing the rate of additions.
Soil organic matter can be lost by both wind and water erosion; however, the primary loss mechanism for soil organic
matter is microbial decomposition. Soil microbes use soil organic matter as a source of energy, converting it into
carbon dioxide and mineral elements. The rate of microbial decomposition of soil organic matter is controlled by
a number of factors including: soil temperature, moisture, aeration (oxygen), and the quality or characteristics of
the soil organic matter. Soil management can have a strong influence on the rate of decomposition. For example,
aggressive tillage and cultivation increases aeration and destroys the soil aggregates that protect soil organic matter
from microbial decomposition. Reducing tillage and cultivation is an effective management strategy to maintain, or
even increase, soil organic matter content.
There are a number of ways to increase or maintain soil organic matter. Increasing the quantity of plant residues
returned to the soil is one of the most sustainable methods of maintaining or increasing soil organic matter. Most
vegetables leave little residue in the field and soil organic matter will usually decrease if only vegetable residues
remain in fields. Adding cover crops to the rotation can add significant amounts of biomass, but this generally just
maintains levels of soil organic matter; it is difficult to increase soil organic matter with most cover crops. To increase
soil organic matter, sod forming crops should be included in the rotation. Another more rapid and direct method of
increasing soil organic matter is the application of organic amendments, such as compost. While the application of
organic amendments is among the most effective methods of rapidly increasing soil organic matter, the implications
for nutrient management and environmental quality must be considered.
Despite the low soil organic matter levels of many productive soils in the mid-Atlantic region, soil organic matter is
an important component for improved water holding capacity, soil structure, cation exchange capacity, and nutrient
supply. Soil organic matter is dynamic, with constant gains and losses. Producers can improve soil organic matter
levels by reducing tillage, using crop rotations that include sod, planting cover crops, and the judicious use of compost
and animal manure.

Dr. Spargo is Director of the Pennsylvania State University Agricultural Analytical
Services Laboratory. John has conducted applied research on soil fertility diagnostics and
nutrient management of organic and sustainable cropping systems for over a decade. John
received his B.S. in Agronomy from Texas A&M-Commerce (2002) and his Ph.D. in Soil
Science from Virginia Tech (2008).
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EXPERIENCES WITH A FIXED SPRAYER
SYSTEM IN HIGH TUNNEL RASPBERRIES
Dale-Ila M. Riggs
Berry Protection Solutions and The Berry Patch
15370 NY 22
Stephentown NY 12168
berryprotection@fairpoint.net

In 2012, Spotted Wing Drosophila (SWD) raised havoc with raspberries and blueberries throughout the Northeast.
On my farm, we lost 40% of our blueberry crop and 20% of our fall raspberry crop to SWD. Prior to SWD, I had
always been able to grow my fall raspberries (planted in a tunnel) and my blueberries in a no-spray system. To be
able to harvest my fall raspberries, I found myself on a 3 day spray schedule, originally using organically approved
insecticides. I quickly learned that no organic materials other than Entrust had any efficacy against SWD, and I started
alternating Delegate and Assail insecticides, combined with sugar as a feeding stimulant.
By using a 3-5 day schedule, clean picking, and solarizing berries that showed any signs of infestation, I was able to get
a handle on the infestation, ultimately only losing about 20% of the crop. However, I was not a happy farmer. Because
I have a small farm, and because the raspberries are planted in a tunnel, the only equipment that I had to spray with
was a backpack sprayer. On my third application, with many more to go during the season, I decided that either we
would find a way to have a sprayer system built inside the tunnel, or I would tear out my raspberry plants, and use the
tunnel for 3 season vegetable production.
As President of the NYS Berry Growers Association, I knew that the industry must address the SWD threat by coming
up with significant resources for research, or we would likely wind up with a significantly reduced berry industry.
SWD is a game changer for every fall raspberry and late season blueberry grower in the country.
Cornell University researchers Dr. Art Agnello and Dr. Andrew Landers have worked for years on designing and
testing a fixed sprayer system for apples. Add Dr. Greg Loeb – Cornell’s Small Fruit Entomologist – and we had a team
with the expertise to work on designing a fixed sprayer system for SWD in a raspberry tunnel. I approached the NYS
Farm Viability Institute to see if they had funding available outside of their “normal funding cycle” for work on such a
project. Fortunately, they were very open to the idea of using some funds that were available. Art, Greg, and Andrew
put together a proposal and scope of work that was funded immediately.
Tunnels lend themselves to fixed sprayer systems extremely well as a support system for the weight of water filled
pipes is already in place in the form of the tunnel cross-members. The system that the research team designed and
tested in the tunnel was made entirely from “off the shelf” materials that any grower can buy at a hardware store and
irrigation supplier. Major components in 2013 were ¾” irrigation tubing, ¼ inch micro-tubing drop tubes every 5 feet,
greenhouse micro-sprinklers, pressure regulating valves on the micro-sprinklers, a manifold system of valves and
pressure gauges at the inlet, and a sprayer. Two lines were installed for each row. I applied materials once a week. I
filled each line of the system until the system was brought up to pressure. After all the lines were filled, I ran each line
for 30 seconds for an application time. I then drained the lines back into the sprayer tank, and the mixture was used on
a control section that was sprayed with a backpack sprayer as a comparison for efficacy. In 2013, this trial was done at
The Berry Patch, a raspberry research tunnel in Geneva, and a blackberry research tunnel in Ithaca.
In 2013, we obtained commercially acceptable control in our raspberry tunnel using the fixed sprayer system. We
had much lower infestation rates than the Geneva or Ithaca sites, presumably due to our clean harvest program. We
harvest 6 days a week, no berries are left on the ground, and potentially infested berries (those showing a droplet of
juice in the bottom) are separated from the rest, put into a plastic bag and solarized in direct sun for at least 24 hours
before they are discarded. The low infestation rates in the backpack sprayer treated controls are most likely due to a
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thinner plant stand from a less vigorous variety and the possibility
of better under leaf coverage from the ability to aim the hand-held
sprayer nozzle in any direction. I tend to spray from the bottom of
the plant to the top with the nozzle pointed upwards to be able to
get under-leaf coverage.
In 2014, the research team modified the system to make it more
user-friendly for draining and another line was added over the
center of each row to protect tall canes and canes in the middle
of a vigorous canopy. We added an air compressor to the system.
Applications were made by filling the whole system with solution,
one line at a time, just until the check valves started to open, then
running the air compressor on each line until the nozzles were
blowing air. This resulted in an application time of 30-40 seconds
per line.
Once again, we obtained commercially acceptable control with
the fixed sprayer system. The slightly higher infestation rates
in 2014 can be explained by two events. First, due to a family emergency, there was a 10 day gap in applications
between September 7th and 17th. SWD populations peaked during the first 10 days of September, just as a delayed
application occurred. Secondly, we started to have some issues with clogged nozzles in September. At least 55 percent
of the emerged SWD between September 8th and September
22nd can be accounted for in the 3 sampling zones where we
had some nozzle-clogging issues. Once all the nozzles were
thoroughly cleaned, we had no more SWD infestations. Also, on
September 22nd, unsprayed berries from just outside the tunnel
were collected and 86 SWD emerged from just 15 berries, for
an average infestation of 5.4 SWD per berry – approximately
a 22 fold increase over those sprayed even though 3 areas had
nozzle clogging issues.
The fixed sprayer system has worked very well at The Berry
Patch. It is easy to use, it is safe for applicators because the
system is operated from outside of the spray area. It is fast and
efficient, and by spraying at dusk, we are able to protect our very
healthy bee population. The cost is very reasonable. All components of the system can be purchased from established
suppliers for a total cost of about $1400 for a 30 x 144’ tunnel.
To get optimal benefits from the system, one must be a better grower. Gone are the days of letting the fall raspberries
grow every which way and just propping up the canes with baling twine. You will have much more success with this
system by training and positioning canes. Canopy management will be key. The air compressor is vital for a healthy,
vigorous canopy to get material into the center. This system is still a prototype, but it is a winning prototype that has
worked very well for me. In 2014, we harvested berries from July 20th to November 15th with less than 1% of the
berries discarded for possible infestation. I have gone from being ready to tear out all my raspberry plants to looking
at what varieties I want to plant in my one vacant row. That is what I call a success story.
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Dale-Ila Riggs is the owner of “The Berry Patch” in Stephentown NY, and recently
started “Berry Protection Solutions” as a distributor of Tek-Knit insect netting and other
agricultural fabrics. As the owner/operator of The Berry Patch she runs a diversified berry,
vegetable, and cut flower operation, marketing through her farm store, and year-round at
one Farmer’s Market , and to restaurants in the Berkshires of Western Massachusetts . She
is the President of the NYS Berry Growers Association and has led the charge to obtain
funding for research solutions for managing Spotted Wing Drosophila, obtaining just shy
of one million dollars in the last two years for SWD research and education programs.
Dale-Ila earned her B.S. in Plant Science and International Agriculture from Utah State University and her M.S. in
Horticulture and Adult Education from Oregon State University. A fifth generation Vermonter, she and her husband
Don Miles, started their now 240 acre farm from scratch in 1997. Prior to starting her farm, she was a Regional
Vegetable Specialist for Cornell Cooperative Extension, winning the National Crop Production Award in 1997.
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PROGRESS TOWARDS MANAGING
SPOTTED WING DROSOPHILA ON BLUEBERRIES

Cesar Rodriguez-Saona, Robert Holdcraft
Marucci Center for Blueberry/Cranberry Research & Extension, Rutgers University, NJ
And Agenor Mafra-Neto
ISCA Technologies, Inc., Riverside, CA
In the northeastern US, the first adults of the invasive insect pest, spotted wing drosophila (SWD), were found in 2011.
Since then, this insect has become a serious pest of blueberries, strawberries, raspberries, and blackberries in our
region. We are currently evaluating various chemical and behavior-based tactics to manage this pest in blueberries. In
2014, studies were conducted to: a) determine the efficacy of SPLAT SWD (ISCA Technologies Inc.), an emulsified
wax formulation that combines an attractant with an insecticide, and b) determine the efficacy of a new insecticide
(Exirel) in combination with attractive baits and sugar.

Evaluation of SPLAT SWD
The objective of this experiment was to determine the efficacy of SPLAT SWD applied at 6.5 L/ac for controlling
SWD infestation in highbush blueberry. The experiment was conducted in a blueberry field cv ‘Elliott’ located at
the Rutgers P.E. Marucci Blueberry/Cranberry Center in Chatsworth, New Jersey. The field was divided into three
blocks. Each block consisted of 5 rows with 21 plants per row for a total of 105 bushes per block, which was divided
into two treatment plots of 50 bushes each (5 rows x 10 plants), separated by a 1 bush-wide buffer strip between
plots. The fifty bushes in one of the plots were treated with SPLAT SWD and the 50 bushes in the other plot were
left untreated (control plots). Applications were made on 27 July and 4 August with an R&D Sprayer’s MeterJet®
Spray gun (Spraying Systems Co., Wheaton, IL), using a 1.0 liter plastic bottle. The sprayer was calibrated to deliver
6.5 L per acre at 40 psi, using a single D3 orifice, yielding 5.37 ml per bush. Each treated bush received four SPLAT
dollops (1.34 mL per dollop), spread evenly around the bush. On 5 August, the number of adult SWD in each plot
was enhanced by releasing lab-reared flies. Twenty five vials containing approx. 10 flies (3-10 days old) of mixed sex
each were placed in each plot, totaling 250 flies released per plot. In total, 150 vials equaling approx. 1,500 flies were
released in all 6 plots. Vials were spaced out evenly across each plot, with 5 vials in each row placed at the base of
every other bush. Ten 1-pint (by volume) samples of ripe blueberries were harvested from each plot on 11 August (7
days after the second SPLAT SWD application, and 6 days after release of the lab-reared flies). Samples were taken
from two diagonal transects across the center of each plot. Five pints were taken per transect, one pint from each row.
Pint samples were weighed and placed in 32 oz deli containers, then incubated on a light bench in the laboratory under
a 14L:10D photoperiod, and 25-28°C for 10 days prior to evaluation. Larval infestation data were collected using
the salt water extraction method that consisted of submerging the berries in warm salt water (~1000 ml NaCl : 5 gal
H2O), which causes larvae to leave fruit. Larvae and pupae, caught by a 30 mesh sieve, were counted and the number
of larvae per pint sample and number of larvae per kg of berries were calculated (no. larvae/mass ripe fruit, “larvae”
includes all larvae and pupae). Percent reduction in larval infestation was calculated as [% Larval Control = [1-(No.
larvae in SPLAT SWD plots / No. larvae in control plots)]*100]. Data were analyzed using ANOVA.
SPLAT SWD reduced larval infestation by ca. 58% compared to the control (Table 1).

Efficacy of Insecticidal Baits
The objective of this experiment was to determine the efficacy of two rates of Exirel alone, two rates of Exirel plus
Monterey Bait, Monterey Bait alone, Exirel plus Monterey Bait + sugar, Exirel plus Suzukii Bait (Bioiberica) + Sucrose,
and one rate of Delegate as treatments against SWD on highbush blueberry. Treatments and rates were: Exirel 10SE
alone at 8 and 16 floz/ac, Exirel 10SE at 4 and 8 floz/ac both with Monterey Bait added at 0.5% spray volume (2.5 gal/
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Table 1. SPLAT SWD Field Efficacy.
Treatments Rate/ac

n*

SWD /
pint

% Larval
Control

Berry Mass
(g/pt)

SWD / kg

SPLAT
SWD

6.5 L

30

3.9 ± 0.1 A

(57.6)

312.6 ± 1.8 A

12.3 ± 0.2 A

Control

-

30

9.2 ± 1.4 B

-

303.3 ± 1.9 B

30.7 ± 5.0 B

* n = 3 replicates x 10 pints per replicate. Samples harvested 7-days after second
application.
Means within a column followed by different letters are significantly different (P = 0.05).
Number in parenthesis is % Larval Control = [1-(No. larvae in SPLAT SWD plots / No.
larvae in control plots)]*100
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salt water (~1000 ml NaCl : 5 gal H2O), which causes larvae to leave fruit. Larvae and pupae, caught by a 30 mesh
sieve, were counted and the number of larvae per berry was calculated (no. larvae/no. ripe fruit, “larvae” includes all
larvae and pupae). Data were analyzed using ANOVA and means separation by Tukey test at P = 0.05. Percent data
were arcsine square-root transformed and count data were ln(x+1) transformed prior to analysis. Percent adult control
was calculated as % Adult Control = [1-(% live SWD in treatment / % live SWD in control)]*100. Percent reduction
of larval infestation was calculated as % Larval Control = [1-(no. larvae per berry in treatment / no. larvae per berry
in control)]*100.
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Results from week 1, 2, and 3 are presented in Tables 2, 3, and 4, respectively. Both insecticides tested, Exirel and
Delegate, alone provide good SWD control. In general, the higher Exirel rate (16 fl oz/acre) was often numerically,
but not statistically, better than the lower rate (8 fl oz/acre) in controlling SWD. Also, in most cases, Exirel had better
residual activity than Delegate. The Monterey bait had no adulticidal activity and adding this bait to Exirel did not
enhance its insecticidal activity either. Interestingly, mixing Exirel with the Monterey bait and sugar tended to reduce
its insecticidal activity. The mechanism for this remains unknown. However, the two baits, Monterey and Suzukii,
performed differently such that mixing Exirel with the Suzukii bait and sugar maintained high insecticidal activity.
This suggests that the Suzukii bait is a better attractant for SWD.
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Table 2. Week 1
1 DAT
Treatment

Insecticide Bait
Rate/ac Rate/ac

N

Exirel 10SE

8 floz

-

14

0.0 ± 0.0 B

0.0 ± 0.0 A

Exirel 10SE

16 floz

-

14

9.5 ± 4.8 A B

2.4 ± 2.4 A

Exirel 10SE + Monterey Bait

4 floz

0.5% vol 14

0.0 ± 0.0 B

0.0 ± 0.0 A

Exirel 10SE + Monterey Bait

8 floz

0.5% vol 14

2.4 ± 2.4 B

9.5 ± 4.8 A

88.1 ± 2.4 A B

-

0.5% vol 14

30.4 ± 8.1 A

5.1 ± 2.6 A

64.5 ± 10.6B C

(4.0)

78.6 ± 7.1 A B C

(69.9)

4.3 ± 2.3 B C 0.39 ± 0.23B

(68.7)

Monterey Bait alone

% Live

1

1

1

% Moribund

% Dead

100.0 ± 0.0 A
88.1 ± 6.3 A B
100.0 ± 0.0 A

% Adult
3
Control

No. Larvae

(100.0)

4.7 ± 0.9 A B 0.30 ± 0.06B

(76.0)

(69.9)

1.3 ± 0.9 B C 0.12 ± 0.09B

(90.4)

(100.0)

0.7 ± 0.3 B C 0.05 ± 0.02B

(96.1)

(92.5)

1.0 ± 0.6 B C 0.07 ± 0.04B

(94.8)

1

23.3 ± 6.2 A

Larvae / Berry

1

2.13 ± 0.58A

% Larval
4
Control

(0)

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol 14

9.5 ± 9.5 A B 11.9 ± 2.4 A

Exirel 10SE + Suzukii Bait + Sugar

8 floz

0.5% vol 14

0.0 ± 0.0 B

0.0 ± 0.0 A

100.0 ± 0.0 A

(100.0)

0.0 ± 0.0 C

0.00 ± 0.00B

(100.0)

Delegate 30WG

6 oz

-

14

0.0 ± 0.0 B

0.0 ± 0.0 A

100.0 ± 0.0 A

(100.0)

0.3 ± 0.3 B C 0.04 ± 0.04B

(96.7)

Control

-

-

14

31.7 ± 2.1 A

24.2 ± 17.1A

44.1 ± 19.2C

-

22.0 ± 4.6 A

% Adult
3
Control

No. Larvae

-

1.26 ± 0.13A

3 DAT
Treatment

Insecticide Bait
Rate/ac Rate/ac

N

Exirel 10SE

8 floz

-

20

32.0 ± 9.3 A

5.0 ± 3.2 C

63.0 ± 11.9A

(40.7)

20

% Live

1

1

1

% Moribund

% Dead

1

Larvae / Berry

1

12.4 ± 4.2 A B 0.91 ± 0.31B C

16 floz

-

25.0 ± 9.6 A

11.0 ± 4.0 B C

64.0 ± 13.4A

(53.7)

Exirel 10SE + Monterey Bait

4 floz

0.5% vol 20

44.0 ± 10.8A

13.0 ± 5.4 B C

43.0 ± 8.0 A

(18.5)

29.6 ± 1.6 A B 2.55 ± 0.09A B

8 floz

0.5% vol 20

26.0 ± 4.3 A

30.0 ± 3.5 A B

44.0 ± 7.0 A

(51.9)

17.6 ± 6.0 A B 1.52 ± 0.52A B C

Monterey Bait alone

0.5% vol 20

47.0 ± 11.7A

15.0 ± 4.2 A B C

38.0 ± 11.1A

(13.0)

41.4 ± 7.8 A

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol 20

51.0 ± 10.2A

9.0 ± 1.9 B C

40.0 ± 9.6 A

(5.6)

24.2 ± 7.2 A B 2.05 ± 0.67A B C

(16.2)

Exirel 10SE + Suzukii Bait + Sugar

8 floz

0.5% vol 20

47.0 ± 15.5A

16.0 ± 1.9 A B C

37.0 ± 15.0A

(13.0)

15.6 ± 6.1 A B 1.08 ± 0.38B C

(55.8)

Delegate 30WG

6 oz

-

20

24.0 ± 4.8 A

37.0 ± 7.2 A

39.0 ± 8.4 A

(55.6)

24.4 ± 3.7 A B 2.21 ± 0.42A B C

(9.8)

-

20

54.0 ± 11.0A

15.0 ± 1.6 A B C

31.0 ± 11.0A

-

Control

-

1

Means within a column followed by different letters are significantly different (Tukey test, P ≤ 0.05).

Adjuvant added to all except for the Delegate treatment: 0.125% Dynamic, sugar added at 3 lb/ac.
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40.8 ± 5.6 A

0.51 ± 0.11C

(63.0)

Exirel 10SE
Exirel 10SE + Monterey Bait

7.2 ± 1.8 B

% Larval
4
Control

3.74 ± 0.63A

2.45 ± 0.33A B

(79.3)
(0)
(38.0)
(0)

-
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Table 3. Week 2
1 DAT

Exirel 10SE

InsecticideBait
n
Rate/ac Rate/ac
20
8 floz
-

Exirel 10SE

16 floz

-

Exirel 10SE + Monterey Bait

4 floz

0.5% vol 20

Exirel 10SE + Monterey Bait
Monterey Bait alone

Treatment

% Live

%
1
Moribund

1

% Dead

% Adult
3
Control

1

No. Larvae

1

Larvae / Berry

1

% Larval
4
Control

21.0 ± 12.3B C

1.0 ± 1.0 A

78.0 ± 12.5A B

(55.3)

1.4 ± 0.7B C 0.08 ± 0.04D

(90.9)

8.0 ± 4.1 C

2.0 ± 2.0 A

90.0 ± 5.7 A

(83.0)

0.8 ± 0.5C

(92.5)

59.0 ± 10.0A B

4.0 ± 2.4 A

37.0 ± 10.9B C D

8 floz

0.5% vol 20

5.0 ± 1.6 C

6.0 ± 2.4 A

89.0 ± 3.3 A B

(89.4)

-

0.5% vol 20

78.0 ± 8.0 A

2.0 ± 2.0 A

20.0 ± 8.7 C D

(0)

25.4 ± 3.7A

1.81 ± 0.26A

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol 20

83.0 ± 3.0 A

7.0 ± 2.0 A

10.0 ± 3.2 D

(0)

18.2 ± 7.1A

1.30 ± 0.51A B

Exirel 10SE + Suzukii Bait + Sugar

8 floz

0.5% vol 20

28.0 ± 17.5B C

4.0 ± 1.9 A

68.0 ± 17.5A B C

(40.4)

Delegate 30WG

6 oz

-

20

16.0 ± 4.8 B C

7.0 ± 2.5 A

77.0 ± 3.7 A B

Control

-

-

20

47.0 ± 13.9A B C

0.0 ± 0.0 A

53.0 ± 13.9A B C D

%
1
Moribund

% Dead

20

(0)

0.07 ± 0.04D

6.0 ± 0.6A B 0.43 ± 0.05B C D

(51.6)

3.4 ± 2.2B C 0.24 ± 0.16C D

(72.6)
(0)
(0)

8.4 ± 4.7A B 0.60 ± 0.33B C D

(32.3)

(66.0)

0.4 ± 0.4C

(97.2)

-

12.4 ± 2.1A

% Adult
3
Control

No. Larvae

0.03 ± 0.03D
0.89 ± 0.15A B C

-

3 DAT
Treatment

InsecticideBait
Rate/ac Rate/ac

n

Exirel 10SE

8 floz

-

20
20

% Live

1

1

14.0 ± 8.0 A B

11.0 ± 5.6 A

75.0 ± 9.9 A B

(70.8)

1

Larvae / Berry

1

% Larval
4
Control

8.2 ± 2.6A B 0.53 ± 0.20B

(78.4)

1.2 ± 0.6B

0.07 ± 0.04B

(97.0)

11.8 ± 4.2A B 0.74 ± 0.30B

(70.0)

Exirel 10SE

16 floz

-

8.0 ± 3.7 B

4.0 ± 1.9 A

88.0 ± 5.1 A B

(83.3)

Exirel 10SE + Monterey Bait

4 floz

0.5% vol 20

30.0 ± 8.4 A B

7.0 ± 3.0 A

63.0 ± 10.4A B

(37.5)

Exirel 10SE + Monterey Bait

8 floz

0.5% vol 20

14.0 ± 5.8 A B

9.0 ± 5.6 A

77.0 ± 7.5 A B

(70.8)

5.6 ± 1.7B

0.20 ± 0.08B

(92.1)

-

0.5% vol 20

47.0 ± 11.8A

5.0 ± 1.6 A

48.0 ± 12.5B

(2.1)

35.4 ± 5.9A

2.06 ± 0.38A

(16.7)

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol 20

46.0 ± 11.8A

8.0 ± 2.5 A

46.0 ± 13.0B

(4.2)

33.4 ± 6.2A

2.42 ± 0.40A

(1.9)

Exirel 10SE + Suzukii Bait + Sugar

8 floz

0.5% vol 20

4.0 ± 1.9 B

3.0 ± 2.0 A

93.0 ± 3.4 A

(91.7)

3.0 ± 1.3B

0.16 ± 0.10B

(93.4)

Delegate 30WG

6 oz

-

20

12.0 ± 5.6 A B

14.0 ± 4.3 A

74.0 ± 9.4 A B

(75.0)

6.8 ± 3.9B

0.38 ± 0.18B

(84.4)

-

20

48.0 ± 7.5 A

-

36.8 ± 4.3A

2.47 ± 0.43A

-

Monterey Bait alone

Control

-

7.0 ± 1.2 A

45.0 ± 8.2 B

1

Means within a column followed by different letters are significantly different (Tukey test, P ≤ 0.05).

Adjuvant added to all except for the Delegate treatment: 0.125% Dynamic; sugar added at 3 lb/ac.
Table 4. Week 3
1 DAT
Treatment

Insecticide Bait
Rate/ac Rate/ac

n

Exirel 10SE

8 floz

-

20

3.0 ± 2.0

Exirel 10SE

16 floz

-

20

3.0 ± 2.0

% Live

% Moribund

% Dead

% Adult
3
Control

No. Larvae

B

11.0 ± 2.9 C

86.0 ± 4.0 A

(92.7)

0.0 ± 0.0 D

0.00 ± 0.00D

(100.0)

B

4.0 ± 1.9 C

93.0 ± 3.4 A

(92.7)

1.2 ± 0.7 C D

0.05 ± 0.03D

(98.8)

1

1

1

1

Larvae /
1
Berry

% Larval
4
Control

Exirel 10SE + Monterey Bait

4 floz

0.5% vol

20

5.0 ± 3.9

B

11.0 ± 5.1 C

84.0 ± 8.0 A

(87.8)

6.0 ± 1.9 C

0.28 ± 0.09D

(93.6)

Exirel 10SE + Monterey Bait

8 floz

0.5% vol

20

0.0 ± 0.0

B

5.0 ± 5.0 C

95.0 ± 5.0 A

(100.0)

7.0 ± 2.8 B C

0.43 ± 0.17D

(90.2)

Monterey Bait alone

-

0.5% vol

20

24.0 ± 4.3

A 58.0 ± 5.8 A

18.0 ± 2.5 B

(41.5)

36.4 ± 4.1 A

2.60 ± 0.36B

(40.9)

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol

20

46.0 ± 11.3 A 16.0 ± 2.4 B C

Exirel 10SE + Suzukii Bait + Sugar

0.5% vol

20

8 floz

Delegate 30WG

6 oz

-

20

Control

-

-

20

38.0 ± 13.4B

(0)

19.2 ± 1.4 A B

1.48 ± 0.15C

(66.4)

0.0 ± 0.0

B

3.0 ± 3.0 C

97.0 ± 3.0 A

(100.0)

1.2 ± 1.0 C D

0.09 ± 0.08D

(98.0)

1.0 ± 1.0

B

3.0 ± 2.0 C

96.0 ± 2.9 A

(97.6)

0.2 ± 0.2 D

0.02 ± 0.02D

(99.6)

41.0 ± 7.5

13.0 ± 4.6 B

-

57.6 ± 4.0 A

4.40 ± 0.61A

-

A 46.0 ± 10.7A B

3 DAT
Treatment

Insecticide Bait
Rate/ac Rate/ac

n

Exirel 10SE

8 floz

-

20

% Live

1

6.0 ± 2.4 B

% Moribund

% Dead

% Adult
3
Control

No. Larvae

9.0 ± 2.9 A

85.0 ± 3.5 A B

(90.2)

0.0 ± 0.0 C

0.00 ± 0.00D

(100.0)

93.0 ± 2.5 A B

(96.7)

0.0 ± 0.0 C

0.00 ± 0.00D

(100.0)

65.0 ± 10.7B

(72.1)

13.8 ± 5.5 A B

0.59 ± 0.24B C

(58.9)

(88.5)

1.6 ± 0.7 B C

0.08 ± 0.04C D

(94.6)

1

1

1

Larvae /
1
Berry

% Larval
4
Control

Exirel 10SE

16 floz

-

20

2.0 ± 1.2 B

5.0 ± 2.2 A

Exirel 10SE + Monterey Bait

4 floz

0.5% vol

20

17.0 ± 5.6 B

18.0 ± 5.8 A

Exirel 10SE + Monterey Bait

8 floz

0.5% vol

20

7.0 ± 2.5 B

7.0 ± 3.4 A

86.0 ± 4.8 A B

72.0 ± 5.1 A

3.0 ± 3.0 A

25.0 ± 6.9 C

(0)

16.0 ± 1.5 A

0.90 ± 0.07A B

(37.8)

2.0 ± 1.2 B

2.0 ± 2.0 A

96.0 ± 1.9 A

(96.7)

0.0 ± 0.0 C

0.00 ± 0.00D

(100.0)

0.5% vol

20

Exirel 10SE + Monterey Bait + Sugar 8 floz

0.5% vol

20

Exirel 10SE + Suzukii Bait + Sugar

8 floz

0.5% vol

20

4.0 ± 1.9 B

1.0 ± 1.0 A

95.0 ± 1.6 A B

(93.4)

0.0 ± 0.0 C

0.00 ± 0.00D

(100.0)

Delegate 30WG

6 oz

-

20

16.0 ± 9.7 B

7.0 ± 3.4 A

77.0 ± 12.7A B

(73.8)

2.6 ± 1.4 B C

0.11 ± 0.07C D

(92.2)

-

20

61.0 ± 8.1 A

20.0 ± 6.3 A

Monterey Bait alone

Control

-

-

1

19.0 ± 6.8 C

Means within a column followed by different letters are significantly different (Tukey test, P ≤ 0.05).
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-

21.6 ± 3.8 A

1.44 ± 0.31A

-
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Cesar Rodriguez-Saona is the Extension Specialist in Blueberry and Cranberry Entomology at Rutgers PE
Marucci Center for Blueberry & Cranberry Research & Extension, Chatsworth NJ. He conducts applied research
on the development and implementation of cost-effective reduced-risk insect pest management practices and
delivers educational information to growers. He received his M.S. degree in Entomology (Biological Control)
from Oregon State University and his Ph.D. in Entomology (Integrated Pest Management) from the University
of California, Riverside. Prior to joining Rutgers University, he worked for the USDA-ARS in Phoenix, AZ,
University of Toronto in Ontario, Canada, and Michigan State University in East Lansing, MI. He is native of Lima,
Peru. He and his wife Corinne have two sons Renzo and Marcello.
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USING EXCLUSION NETTING TO MANAGE
SPOTTED WING DROSOPHILA IN BLUEBERRIES
Dale-Ila M. Riggs
Berry Protection Solutions
15370 NY 22
Stephentown NY 12168
berryprotection@fairpoint.net

In 2014, I received a Northeast Sustainable Agriculture Research and Education (NE SARE) Farmer grant to test the
feasibility of using insect netting to prevent Spotted Wing Drosophila (SWD) from infesting my half acre blueberry
planting. Because the NE SARE grant did not cover the costs of the netting, funding from the NYS Legislative
allocation to the NYS Berry Growers Association was used to purchase the netting from Tek-Knit Industries in Mont
Royal, Montreal, Quebec.
I adapted my existing bird netting support system of greenhouse hoops to work as a support system for the netting.
Six rows of blueberries (250 feet long) were covered with 80 gram netting using 3 pieces of 26 foot wide netting. The
pieces of netting were joined together by wrapping them around greenhouse purlins and clamping them, using plastic
greenhouse clamps approximately every two to three feet. The sides were anchored on the ground by wrapping them
around purlins, clamping the netting, and placing rock bags on the netting approximately every 5 feet. One row of
blueberries was covered with one piece of 26 foot wide 60 gram netting from TekKnit, and one row was covered with
only bird netting. The row that was covered with bird netting was sprayed with two applications of Delegate plus sugar
on July 29th and August 5th and two applications of Assail plus sugar on August 10th and August 24th. Berries were
harvested for sale from July 11 through September 20. Berries were sampled weekly from July 15 through September
15, examined through a dissecting scope for oviposition damage, and put in a rearing chamber to rear out SWD. The
control plot and 60 gram netting had 75 berries collected every week; the 80 gram netting had 225 berries collected
every week.
A photo of the netting is below with a designated entry to the planting. The summarized data below clearly shows that
the 80 gram netting successfully excluded SWD from the planting. Berries sampled on September 8 had a total of
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8 SWD reared out from a sample of 225 berries.
Berries sampled on September 15 had a total of
4 SWD emerge from 225 berries. The first SWD
emerged from fruit collected on August 14 – 1
each in the 60 gram and control treatments. Peak
infestation occurred in the 60 gram netting on
Sept. 2 (never sprayed) when 47 SWD emerged
from 75 berries. Peak infestation occurred in the
control on September 8 (last spray was on August
24) when 51 SWD emerged from 75 berries. At
The Berry Patch, the first SWD larva was found
in raspberries on July 22nd.
Despite the prototype nature of the project, and
learning curves associated with anchoring netting
that survived through 60 mph winds and hail in
thunderstorms, this trial clearly shows that 80 gram insect netting is a viable alternative for managing SWD. Beside
providing protection from SWD, it prevents bird predation, and protects the crop from hail. It is three in one protection.
The netting can be obtained from Tek Knit’s Eastern U.S. distributor:
Berry Protection Solutions 413-329-5031, berryprotection@fairpoint.net. A website will be available in the future.

Dale-Ila Riggs is the owner of “The Berry Patch” in Stephentown NY, and recently
started “Berry Protection Solutions” as a distributor of Tek-Knit insect netting and other
agricultural fabrics. As the owner/operator of The Berry Patch she runs a diversified berry,
vegetable, and cut flower operation, marketing through her farm store, and year-round at
one Farmer’s Market , and to restaurants in the Berkshires of Western Massachusetts . She
is the President of the NYS Berry Growers Association and has led the charge to obtain
funding for research solutions for managing Spotted Wing Drosophila, obtaining just shy
of one million dollars in the last two years for SWD research and education programs.
Dale-Ila earned her B.S. in Plant Science and International Agriculture from Utah State University and her M.S. in
Horticulture and Adult Education from Oregon State University. A fifth generation Vermonter, she and her husband
Don Miles, started their now 240 acre farm from scratch in 1997. Prior to starting her farm, she was a Regional
Vegetable Specialist for Cornell Cooperative Extension, winning the National Crop Production Award in 1997.

128

SMALL FRUIT
WHAT’S NEW IN BLUEBERRY WEED CONTROL
Eric Hanson
Department of Horticulture
Michigan State University

Weed management is a challenge in blueberries. Bushes grow slowly so they do not compete strongly with weeds.
Since blueberries are such long-lived, various perennial weeds nearly always become problems in older fields. A
number of new herbicides have recently been labelled to combat blueberry weeds. Current herbicide recommendations
for Michigan growers are available in the Michigan Fruit Management Guide, Extension Bulletin E-154. Before using
any herbicide, make sure it is legal for your state; some labels vary by location.
The standard weed management system for blueberries in Michigan includes early season applications of judiciously
chosen pre-emergent herbicides. Some growers use organic mulches to suppress weeds and some have begun planting
on raised beds covered with weed barrier fabric. Row middles are usually maintained in a cover such as fall planted
annual rye or permanent sod.

NEW PLANTINGS
Young blueberry plants are more susceptible to herbicide injury so the types and amounts of materials used differ
from established plants. Safe preemergent herbicides for new plants include Surflan, Trellis and Devrinol. The new
Surflan XL 2G and Devrinol XT products have been formulated for protection from sunlight degradation so they
do not need to be incorporated by irrigating or cultivating after application. Surflan XL 2G has little value for most
growers because few have the appropriate equipment to accurately spread granular products. Trellis (isoxaben) is
labelled for non-bearing blueberries and replaces the older product Gallery. Trellis will be most useful for control of
annual broadleaf weeds such as common lambsquarters, ragweed, black nightshade and smartweed, whereas Surflan
and Devrinol are stronger on annual grasses. All need to be applied before weeds emerge.
If grasses become a problem in young plantings, consider Fusilade (non-bearing only), Poast or SelectMax. Apply
these to young, actively growing grasses for best results. Glyphosate products can be used in new plantings, but avoid
them if possible. Glyphosate can injure or kill blueberries, even if just a small amount of leaves or stems are treated.
Affected plants that are not killed outright will struggle for several years.
In years two or three, plants are still small and easily injured, but several more effective preemergent herbicides can be
used with caution. These include several older materials such as Princep, Karmex, Sinbar, and Solicam, and some new
ones such as Dual Magnum, Matrix and Sandea. A new product that may be used after the first year is Casoron CS.
This is a liquid form which is much easier to apply than the old granular formulation. From our experience, the liquid
and granular forms at the same rate of active ingredient are equally effective.

ESTABLISHED PLANTINGS
We are fortunate to have quite a few herbicides to choose from for established plantings. In addition to older materials
(Princep, Karmex, Sinbar, Solicam, Casoron), several new products are available. The key is to choose products
that best match the mix of weeds. Think first about combinations that provide suppression of grasses and broadleaf
weeds. Princep and Karmex are stronger on broadleaf weeds, whereas Sinbar and Solicam are effective on grasses.
Combining broadleaf and grass materials controls a broader spectrum of annual weeds. If preemergent herbicides are
chosen properly, annual weeds can be controlled adequately with an application in April or May.
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NEWER PRODUCTS
Zeus XC (sulfentrazone) was recently labelled for blueberries that have been in the field for 3 years or longer. Zeus is
a preemergent herbicide that should be applied before weeds emerge in the spring, or tank mix with a postemergent
burndown herbicide such as Gramoxone or Aim. Do not apply after petal fall unless a shielded sprayer is used. Zeus
controls sedges and selected broadleaf weeds and grasses. This includes some common blueberry weeds such as most
annual grasses, several pigweeds, smartweeds, black nightshade, and yellow nutsedge. Weed control may be reduced
in soils with very low pH and/or high contents of organic matter and clay. Best control is achieved if ½ inch of rain or
irrigation is received after application. The pre-harvest interval is 3 days.
Chateau (flumioxazin) has been labeled on blueberries for a few years and the pre-harvest interval was shortened
to 7 days last year. Chateau controls many broadleaf and grass weeds, including chickweeds, dandelion, common
groundsel, lambsquarters, eastern black nightshade, several pigweeds, ragweed, and most annual grasses. Chateau
also provides some burn-down of small weeds if combined with surfactant or crop oil concentrate (COC). Apply 6 to
12 oz of product per acre to bushes that have been in the field for 2 years or more.
Sandea (halosulfuron) provides preemergent and postemergent control of many broadleaf weeds such as pigweed,
ragweed, smartweed, and even yellow nutsedge. Treat nutsedge when 3-5 leaves are present. Two applications with
non-ionic surfactant are most effective. The second application may need to be after harvest. Rates are 0.5 to 1.0 oz
per acre and no more than 2 oz per year. Do not use on ‘Elliott’ bushes less than 3 years in the field. PHI is 14 days.
Dual Magnum (s-metolachlor) is another effective herbicide on nutsedge, but has a 28 day PHI. Use only on bushes
established at least one year. Use 0.67 pints on young bushes on sandy soils and 1.33 pints on large bushes on heavier
soils. Only one application is allowed per season.
Stinger (clopyrolid) is primarily a postemergent herbicide that is strong on weeds in the composite and legume
families, such as thistle, asters, dandelion, goldenrod, ragweed, clovers, and wild bean or groundnut, but also controls
nightshades, smartweeds, wild buckwheat and plantain. Stinger is only labeled for blueberries in some states and has
some odd timing restrictions (see chart). Stinger is a growth regulator type herbicide and is most effective when weeds
are up and growing. Rates are 2.6 to 5.3 fl oz per acre, and not more that 10.6 oz per season.
Matrix (rimsulfuron) controls a broad spectrum of annual grasses and broadleaf weeds. Do not use Matrix on sand
soils or on bushes less than a year in the field. Apply 4.0 oz per acre once per year with non-ionic surfactant. Avoid
contact with growing shoots and leaves. This product has the same mode of action as Sandea, so don’t use these
products together or sequentially. PHI is 21 days.

APPLICATION TIMING
Most herbicide labels include specific application times.
Some are less specific. Best timings for weed control
and pre-harvest intervals (PHI) vary and are not always
specified. The following table was developed to help
describe when herbicides should be applied.

Resistance Management
Herbicides kill weeds by disrupting specific plant
processes, and they are classified based on these modes of
action. If herbicides with the same mode of action are used
repeatedly, resistant weed populations may develop. The
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Resistance Management
Herbicides kill weeds by disrupting specific plant processes, and they are classified based on
these modes of action. If herbicides with the same mode of action are used repeatedly, resistant
SMALL
FRUITthe common blueberry herbicides by
weed populations may develop. The table
below groups
their
modes
of action.
To avoid
resistance,
rotate
between
oraction.
use combinations
with different
table
below
groups
the common
blueberry
herbicides
by their
modes of
To avoid resistance,
rotate between or
modes
use combinations with different modes.
Modes of action of blueberry herbicides.
Herbicide
Mode of action
Karmex, Princep, Sinbar, Velpar

Inhibit photosystem II

Casoron, Trellis

Inhibit cellulose synthesis

Sandea, Matrix

ALS inhibitor

Solicam

Disrupt carotenoid synthesis

Stinger

Synthetic Auxin growth regulator

Surflan

Inhibit microtubules (cell division)

Devrinol, Dual Magnum, Kerb

Inhibit VLCFAs (cell division)

Callisto

HPPD inhibitor (pigments)

Aim, Chateau, Zeus

PPO inhibitor (disrupts membranes)

Poast, SelectMax

Lipid synthesis inhibitors

Gramoxone

Photosystem I electron diverters

REDUCEDAND
REDUCEDANDNON-CHEMICAL
NON-CHEMICAL APPROACHES
APPROACHES
Here
are
some
thoughts
for
organic
or those
wanting
to avoid
herbicides
as much
Here are some thoughts for organic growers growers
or those wanting
to avoid
herbicides
as much
as possible.
First, as
make sure
First, are
make
sure from
all perennial
weeds
are removed
from
the site
beforetillage
planting,
allpossible.
perennial weeds
removed
the site before
planting,
using cover
cropping,
repeated
and/orusing
glyphosate
cover cropping,
tillage and/or
glyphosate
applications.
such as
applications.
Weeds repeated
such as quackgrass,
canada
thistle, virginia
creeper Weeds
and milkweed
arequackgrass,
nearly impossible to
eradicate once blueberries are planted without strong herbicides.
Mulching with bark and wood chips suppresses some weeds but also benefits blueberries in other ways. Surface mulch
can control annual weeds effectively but many perennial weeds (e.g. quackgrass, thistle) are actually promoted by
mulch. This is why it is so important to eradicate perennials before planting blueberries. Add a 2-4 inch deep layer of
mulch under the bushes and supplement this as the mulch degrades. Pine or other conifer products are preferred but
any locally available, economical material may suffice as long as it does not contain black walnut or weed propagules
(seeds, roots). Mulched plantings usually require hand weeding as well. One caution; pulling large weeds from near
blueberry bushes can disrupt blueberry roots and set plants back. Try to remove weeds when they are smaller and take
care not to damage bushes.
Raised beds covered with woven weed barrier fabric are becoming more common in many areas. Fabrics control most
weeds in the plant row, last many years and are permeable to rain so irrigation is simplified. Gravel or wood chips
may be needed to suppress weeds in the planting holes. Growers in Michigan install trickle irrigation under the fabric.
There is a learning curve for managing nutrition and water.
Weeds between blueberries can also be controlled non-chemically with specialized tilling equipment such as rotary
hoes (e.g. WeedBadger). The hoe moves in and out to till between the bushes. Some growers have used this system
over years. Although herbicides are avoided, tilling is very time consuming and can damage roots or occasionally
whole plants. Rotary hoeing does not control perennial weeds that eventually establish in or next to the crown of the
bush.
Lastly, several organically approved herbicides are on the market. From my experiences, these have limited value in
blueberries. They are relatively weak burn-down chemicals that kill small annual weeds but do little to larger weeds
or perennials. They also need to be applied repeatedly and are expensive.
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Eric Hanson is a Professor and Extension Specialist at Michigan State University. He received degrees from
Nasson College (BS), the University of Maine (MS) and Oregon State University (PhD). His responsibilities are
to provide production information to berry crop producers and research production topics, including fertilization,
weed management, high tunnel berry production, growth regulator use, variety evaluation, and recently organic
production challenges for blueberries and raspberries. Teaching includes classes on Plant Mineral Nutrition and
Berry Crop Production.
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HOW WE GROW AND MARKET STRAWBERRIES
AND RASPBERRIES AT STRAWBERRY TYME FARMS
John Cooper
Strawberry Tyme Farms, Inc.
1250 St. John’s Rd W, Simcoe, ON N3Y 4K1, Canada

Strawberry Tyme Farms got its start in 1961, when my father and his brother-in-law started farming. At that time, they
grew mainly apples, and continued in the apple business until 1980, at which point they split, and each went their own
way. It was then that my father added the strawberry nursery business and production of fresh vegetables, including
tomatoes and peppers, to the crop mix. He also began growing strawberries. When concerns about Alar use on apples
hit the news in the 1980’s, we decided to decrease our apple production, and increased the acreages of the strawberry
nursery and fruiting strawberries gradually over a 5 to 10 year period. We were then a company that consisted of
85% strawberry plant production and 15% strawberry fruit production, and the vegetables were gone. At that time,
we were growing both green top (also known as fresh dug) strawberry plants for export out of Canada to southern
production areas, and dormant plants for the northern market. All of these were June-bearing varieties. In the late
1990’s, we added day-neutral varieties, and in 2001, we started growing raspberries as well. Presently we grow Junebearing strawberries, day-neutral strawberries, summer-bearing raspberries, and fall-bearing raspberries, in addition
to operating the green top and dormant strawberry plant business. Our business is now split at 65% fruit production,
and 35% nursery production.
The strawberry varieties we grow for fruit production are ‘Honeoye’ and ‘Sapphire’ June-bearers, and the day-neutral
‘Albion’. We grow ‘Killarney’ and ‘Nova’ for summer-bearing raspberry production, and ‘Polka’ for fall production.
Our June-bearing strawberries are all grown on bare-ground raised beds with solid set irrigation. These plantings are
harvested for one season and then replaced. Our day-neutral strawberries are grown on plastic-mulched raised beds
with drip irrigation, and are set up on the California-style 4-row bed system. In both cases, the beds are fumigated
prior to planting.
We use dormant bare-root plants for the June-bearing fields, and both bare-root and plug plants for the day-neutral
production fields. We plant the June-bearing fields with a typical mechanical transplanter, but the day-neutrals are all
planted by hand regardless of the plant type. Our raspberries are all planted on raised beds covered with mulch and
drip irrigation, and all of our acreage is grown inside high tunnels. We use an I-trellis system that utilizes wooden
tomato stakes and nylon baler twine.
We market all of our berries through two main avenues that are split about 50/50. About half of our production is
sold to the five main supermarket chains in Ontario, and the other half is sold into the Farmers Market system of the
province. For supermarket sales, we deliver to the distribution centers for the five chains, while the farm market fruit
is sold either directly from our farm and is distributed through the Toronto Food Terminal.
Both our strawberries and raspberries are sold in lidded containers for all supermarket sales, and in open-top containers
for all farm market sales. We are told that the requirement for lids in the supermarkets is because of a food safety
regulation, but the farm markets still want everything without a lid. This is so the fruit sold there looks different from
what the consumer would buy in a supermarket.
All of our berries are harvested using offshore labor provided thru the FARMS program. This is a Canadian program
that is basically identical to the USA H2A program.
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John Cooper graduated from the University of Guelph 1985 with a Diploma in Hort. He went to work on the
family farm immediately. Strawberry Tyme is a partnership betweem John, his dad, Gary Cooper, and his wife,
Diane, who does all the plant sales and all the payroll. She also looks after the greenhouses along with being their
own on staff registered nurse. They grow nursery plants of strawberry, raspberry, asparagus, and they broker
different raspberries, blueberries, and rhubarb plants. They also grow June bearing strawberries ,day neutral
strawberries, summer and fall bearing raspberries, and grape & cherry tomatoes. They have a process facility to
process strawberries, a pack line for tomatoes, and they operate a custom cooling business. Strawberry Tyme is
now farming about 900 acres including grain and rotational crops. They employ 7 people year round, 90 people for
7 months & up to 225 people during our peak in September and October.
They are Canadian distributors for Haygrove Tunnels, a tunnel company from England selling multi bay crop
tunnels. These tunnels are used to protect many crops including strawberry, raspberry, blueberry, cherry, flowers,
and high value vegetables. They now have 5 acres of fall bearing raspberries and 5 acres of summer bearing
raspberries under tunnel. Also, they have 4 acres of strawberries under tunnel and 14 acers of grape & cherry
tomatoes under tunnel.
John and Diane have 3 kids, Meg, Dalton, and Mason.

134

SMALL FRUIT
RECYCLING HORTICULTURAL FILMS: HANDLING AND MARKETING
Lois Levitan, PhD
Recycling Agricultural Plastics Program (RAPP)
Cornell University, Ithaca New York 15853

Recycling horticultural films is challenging. But the challenges are surmountable. What follows is a quick summary
of the challenges, how they can be surmounted, and what exactly is meant by recycling.
Recycling is a multi-stepped process that involves collecting used material, reclaiming it, and then manufacturing
new products with the recycled content. The term usually refers to mechanical transformation of used material,
e.g., shredding old plastic and then heating and molding the pieces into a new form. However, pyrolysis and related
technologies use heat, pressure and, in some cases, a catalyst to chemically recycle plastic back to oils, gases, waxes, and
simple monomers. Materials that enter the recycling stream are not fully recycled until they are made into something
new by one of these processes. I.e., simply hauling recyclables away from the farm (or other place where they were
used) does not constitute recycling.
The recycling life cycle involves users who separate recyclables from garbage, haulers who collect the recyclables,
and reclaimers (also called processors) who do some of the following: clean, shred, compact, densify, pelletize, etc.
Reclaimers will buy plastic recyclate from haulers only if they can sell their processed plastic to manufacturers who
will incorporate it into new products. (To increase efficiency, improve the profit margin, and guarantee that they will
have an adequate supply, many recycling companies carry out more than one of these recycling functions. They will,
for example, both
collect and process plastic, or process and also manufacture new products.) Very importantly, for recycling to be
successful and sustainable over time, consumers—industrial and commercial buyers, government procurement
offices, and individuals—must choose to buy products that are made with recycled content. Purchasing power is the
fuel that keeps the gears of recycling turning.
At risk of overplaying this metaphor, the quality of the recyclate is the throttle on the recycling engine. The system will
chug along smoothly only when the material intended for recycling meets the quality specifications of the designated
recycling market. If it does not, the
market will not accept the plastic and
the delicately balanced system will
grind to a halt.
Horticultural films include several
quite different products: mulch and
fumigation films, low and high
tunnels, greenhouse and hoophouse
covers, irrigation tubes, bags for
inputs and storage, and more. At
this point in time, virtually all are
recyclable, though each with some
challenges. These challenges fall
into one of three categories: (i)
characteristics inherent to these
plastics, (ii) characteristics of the
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products after use on farms and in nurseries, and (iii) cost and logistics of collection and transport from fields (or
nurseries) to recycling markets.
Characteristics of horticultural films. Though sheets of horticultural film may look simple, they are highly technical
products designed for performance. Even the thinnest of films is likely to have multiple extrusion layers, each with
additives for specific purposes such as inhibiting UV degradation, reflecting sunlight, repelling insects, retaining heat,
holding moisture, adding flexibility or stretch, adding rigidity or tensile strength, shortening or adding to useful life,
preventing the transfer of oxygen, etc.
Some of these additives and physical characteristics affect recyclability. For example, an oxygen barrier layer is
embedded between layers of some polyethylene mulch films. If the barrier layer is made of nylon, most recyclers
are unable to process it because nylon has a much higher melt temperature than polyethylene. But if the barrier layer
is EVOH (ethylene vinyl alcohol), many recyclers find that it can be a small percentage of the mix without affecting
processing.
And although color does not alter the processing characteristics of plastics, it will often determine whether a recycler
is eager or unwilling to accept the plastic for recycling. Most recyclers put a higher value on clear and white plastics,
in part because color specifications of new products are difficult to meet when dealing with a varied or dark-colored
supply stream. Thus dark-colored films—even if clean—might languish because of lack of market demand.
Characteristics of horticultural plastic products after use. It is a truism that most horticultural films get wet and
dirty simply doing the job they are designed to do. They come in contact with mud, soil or soilless growth medium,
fertilizer and pesticide chemicals, grit and gravel. If used outdoors they are exposed to sun, rain, snow and wind.
If the films that cover greenhouses (also hoophouse and tunnels) can be removed and compacted efficiently, without
landing on the ground and becoming contaminated by mud and grit, they are a high quality plastic sought by recyclers.
The challenge to recycling these films is in establishing protocols for removal that meet the time constraints of growers
and quality requirements of recyclers.
[Please contact the author if you have developed such a system. It could serve as a model for others.]
On the other hand, mulch film and other products that lay on the ground (e.g., irrigation tubing, drip tape, fumigation
film) are likely to be wet and dirty by the time they come off the field. In the past, this dirt load precluded their
recycling. However, with advances and improved efficiencies in equipment, increasing numbers of recyclers are
investing in washlines or in vacuum or shaker systems for dry cleaning these plastics. Thus even mulch films can be
cleaned sufficiently to meet the specifications of certain recycling markets that specialize in handling dirty plastics
(mulch film plastics are also challenging because they are so thin and often incorporate a mix of plastic resins).
However, until the mulch film goes through the washline, it may be carrying 70% of the bale weight in moisture, plant
debris and soil. The costs of transporting such a load may be prohibitively high, limiting the geographic radius the
market can reasonably serve. High transportation costs are a strong argument for developing practices and equipment
to remove the bulk of the debris in the field, during the process of lifting the film and rolling or otherwise compacting
it for transport.
Another argument for cleaning plastic in the field is to avoid transporting soil pathogens and weed seeds from one
region to another, as could occur with long-distance transport of moist film. Attention should also be paid to where and
how the residues from cleaning are disposed. If residues cannot be returned to the field they come from, they could
perhaps be used as landfill cover. Field research is needed to determine how such residues should best be handled; e.g.,
whether the soil should be sterilized prior to being spread, especially if it will be spread on horticultural fields.
Cost and logistics of collection and transport from farms to recycling markets. With new generations of recycling
equipment and technologies, it is now technically feasible to recycle even difficult materials like horticultural mulch
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film. The biggest stumbling block that remains in most areas of the country is that the value of used horticultural plastic
(i.e., the amount that recyclers will pay) is less than the full cost of collection and transportation. The challenge is to
integrate recycling into agricultural production systems, integrate agricultural recycling with broader infrastructures
for materials management, and figure out how costs will be covered and allocated.
Several large-scale processors of mulch film have recently opened their doors in the horticultural hotbeds of the
country, potentially simplifying the logistical challenges in the areas they serve. Despite other differences in their
business models, all deal directly with large farms within a small radius of their plant. These markets have set protocols
for drop-off or collection, dictated how the plastic should be prepared (left loose, rolled, baled, etc.) and set the terms of
trade, which typically involves no cash back but also no tipping fee. (Elsewhere, some recyclers have charged a penny
a pound to accept mulch and similar films.) These terms are advantageous to growers as long as costs to recycle are
less than for other means of disposal.
However, in regions of the country where production is less concentrated, markets are unlikely to be able to guarantee
their supply by working directly with farmers. In these areas, intermediaries are needed to (i) educate growers how to
prepare plastic to meet market specifications, (ii) organize collections in order to amass sufficient quantity to market
(typically the threshold is 40,000 lbs to fill a tractor-trailer), (iii) acquire means to compact or otherwise prepare the
plastic for long-distance transport, (iv) identify a storage location where plastic can sit until a full load is collected, (v)
ensure that the location is equipped with a loading dock and/or machinery to load the truck (and has personnel to do
the work), (vi) identify suitable markets for the material, and (vii) find funds to cover these costs.
The Recycling Agricultural Plastics Program (RAPP) has explored a number of alternatives and options at each of
these decision points, and will discuss them in more detail during the conference presentation. Resources are posted
on the program website and staff can be consulted with questions.
The tricky business of identifying suitable markets for difficult-to-recycle plastics will also be discussed. Because
markets are fluid. and because markets that are viable in some areas of the country may be out of the question for
more distant supply streams, specific markets are not named here. Instead program organizers are advised to search
the online PlasticsMarkets.org database, which will soon incorporate some of the specific criteria needed to identify
viable markets for agricultural/horticultural plastics.

Lois Levitan founded the Recycling Agricultural Plastics Program (RAPP) at Cornell University about a decade
ago, prompted by seeing a need for legal alternatives to disposing of these throwaway plastics by the typical
practices of open burning and dumping. RAPP is a many faceted program, involving:
• Work with growers to develop and promote ‘best management’ protocols that keep field plastics in condition to
recycle.
• Work with equipment designers and fabricators to develop and acquire custom equipment for compacting and
processing these plastics.
• Work with colleagues around New York State and beyond to develop infrastructure for collecting plastic in
sufficient quantity and of adequate quality to be of interest to recycling markets.
• Work with recycling markets that are willing and technically able to turn used plastics into new products or
convert old plastics back to oil and plastic monomers.
Lois brings an inter-disciplinary background to these multi-faceted challenges. Following a stint many years ago as
an anthropology student at the University of Chicago, she completed an undergraduate degree in Forest Biology at
the SUNY College of Environmental Science and Forestry and received graduate degrees from Cornell University,
where she now works as a Senior Extension Associate in the College of Agriculture and Life Sciences.
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LOW TUNNELS FOR STRAWBERRIES: WHAT WORKS AND WHAT DOESN’T
David Pike
115 Mountain View Road, Farmington, Maine 04938-6407
dcpike@beeline-online.net

I have grown summer-bearing strawberries for forty years and day-neutral (DN) strawberries for about ten years. As
a small grower, I am able to experiment to determine what works and what doesn’t. Having used the plasticulture
system for fifteen years, my presentation will concentrate primarily on my experimentation with low tunnels (using
DN strawberries) and the development of a system to lengthen the life of the DN planting by renovation. In Maine it is
possible to have fresh strawberries from late May to late October.

LOW TUNNEL
Excessive rain storms late summer into the fall cause a lot of unsaleable fruit that has to be culled out. To address this
problem, I constructed a portable modular low tunnel using ¾ in. EMT tubing attached to thirty foot long, two inch
diameter, irrigation pipes. Each thirty foot section weighed seventy pounds and was held down by ground augers.
Six sections were placed end to end for a one hundred eighty foot low tunnel. Bungee cords were used to keep the
plastic taut at all times, even in strong winds and during hot days. For foliar feeding, pesticide application and frost
protection, tubing was attached to the ridge pole and drop-down misters were placed every five feet. For venting and
harvesting the sides are rolled up. During pollination the plastic must be rolled up outwardly (to protect the pollinators)
or inwardly prior to heavy rains. This system will take a lot of wind. However, if strong winds are anticipated, gather
up and tie the plastic to the ridge pole.

RENOVATION
I have been experimenting to get a second year from the life of a DN planting. I find that SanAndreas is more winter
hardy and out-produces Albion by approximately 50%. Clean debris after the snow melts and cover with floating row
cover (for earlier harvest) and remove it at blossom time. This will provide an earlier crop by ten days to two weeks
before summer-bearing varieties ripen. There will be a noticeable decline in new blossoms during this harvest time,
but plants will re-invigorate after renovation. This is done while the summer-bearing strawberries are producing. The
DN strawberries will start to set blossoms immediately and will be harvestable shortly after the summer-bearing
season ends. After the plant sets out a few runners, cut these runners and stretch the plastic at the planting hole to
promote branch crowns for larger fruit. This crop will peak late August or early September and produce into October.
On May 1, 2013, I planted 2500 SanAndreas and Albion strawberry plants on 0.2 acres.
1. Harvest for season 2013:

2500 quarts

2. Harvest for season 2014: (Spring=1200 quarts)(Fall=1800 quarts)

3000 quarts

David Pike and his wife Verna live in the foothills of the Western Maine Mountains and have three grown
children. David has a degree in Electronic Engineering and is retired from a local paper mill where he was
Electrical/Instrument Superintendent. He grows June bearers and day-neutral strawberries using the plasticulture
growing system.
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LOW TUNNELS FOR STRAWBERRIES: WHAT WORKS AND WHAT DOESN’T
Eric Ménard
Dubois Agrinovation, Saint-Remi, Quebec, Canada J0L 2L0

Low tunnels are used in a number of countries for strawberry production. They provide protection from inclement
weather, and protect the plants from environmental stresses and pests. The major challenge for Eastern strawberries
growers is to be able to extend the production early in the spring and late in the fall, when the market is not saturated.
Advantages of low tunnels are that they can provide frost protection of 4 to 6 degrees F, warm the soil, and create a
temperate micro-climate. The new low tunnel system ‘’Tunnel Flex’’ has been developed to achieve this objective and
is helping to increase yield and fruit quality with a low investment relative to the cost of high tunnels.
This type of tunnel used in the “Tunnel Flex” design is referred to as a “caterpillar type”, because of its shape. “Tunnel
Flex” tunnels are used to cover individual beds which may consist of 2 rows of strawberries as is typically used in the
eastern U.S., or 4 rows of strawberries as is more common in California. These tunnels have relatively vertical sides,
and are peaked in the center.
Installation is relatively easy, but progresses more efficiently if several people are available to help. Low tunnels should
be oriented perpendicularly to the prevailing wind. Hoops are installed by hand, typically 5’ to 6’ apart, with heavier
hoops installed at the end of each row. Each hoop has an integrated eyelet at its base, to which steel stakes can be
hooked in order to anchor the hoops. Bungee cord tie-downs are fastened on to hold the plastic taut. The ends of the
plastic are tied and anchored at the ends of the rows.
The tunnels should be kept closed until the temperature is about 68 degrees F, at which point the side opposite the
wind should be opened. Both sides of the tunnel should be opened if the temperature is 78 degrees or more. The type
of plastic that is used has effects on disease pressure, and also on heat retention. We are currently using IR-blocking
plastic, which helps with preventing excessive heat buildup during the day, but also retains heat within the structure
at night.

Eric Menard has been a specialist in plasticulture since 1996. He is the Business Development Director for Dubois
Agrinovation. In 2005, he was the first one to introduce the biodegradable & compostable mulch film in North
America. He has participated in the development of low tunnels for strawberries since 2008. Since 2012, he has
been working on the development of a new system to produce organic fruit trees. Eric is a graduate of University
of Montreal, where he majored in Industrial Relations. Also, he has a certificate degree in Business Administration
from the HEC.
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LOW TUNNELS FOR STRAWBERRIES: WHAT WORKS AND WHAT DOESN’T
Kathy Demchak
Penn State Univ., 102 Tyson Bldg., University Park, PA 16802

Low tunnels are frequently used in the production of vegetable crops, and more recently have been tried for strawberry
production. They are considered to be a lower-cost alternative to high tunnels, and can protect strawberries from the
elements and extend the production season both earlier and later. With vegetables, a fabric row cover is used which
allows water to pass through, whereas with strawberries, plastic is used.
A number of different low tunnel designs have been tried. Dr. Kim Lewers at USDA-Beltsville has been working with
low tunnels for the last few years. Her tunnels are constructed using 12’-long wire hoops, placed about 4’ apart and
inserted to a depth of 2’ to 2.5’. This makes low tunnels that are about 2’ higher than the beds. The plastic Kim uses
is 12’ wide, with the extra plastic rolled under for the length of the row to add strength. Before the hoops are inserted
into the ground, stoppers made of short lengths of semi-rigid poly pipe are threaded onto them to hold the tunnel sides
up as needed, and baling twine is wrapped around these stoppers and across the top of the tunnels to hold the plastic
on tight. The ends of each row of plastic are gathered and tethered to posts.
In the course of running a trial on day-neutral cultivars under low tunnels, I tried some variations on the low tunnel
theme to reduce the cost in terms of money or time. Most of them probably cost more in the long run. Here are some
things that worked, and some that didn’t. 1) We used 76”-long wire hoops instead of 12’-long ones, mostly because we
have too many large rocks at Rock Springs to be able to insert the hoops very deep. Using shorter hoops worked better
than I would have guessed, but the tunnels were low, which made them really unpopular with everyone working in
the trial. Higher low tunnels would have been better. 2) Instead of using stoppers and baling twine, we held the plastic
down with another set of hoops over the plastic. This saved labor at installation time, but probably cost more time in
the long run because we had to re-adjust them after rainstorms. 3) As others have done, we connected the hoops with
string and/or baling twine, and anchored them to T-posts at the end of the rows. By the time we were finished, the low
tunnels felt seriously sturdy yet flexible. 4) I could see how rolling up the extra plastic would add strength, but was
hoping to avoid using 12’ of plastic to cover a 2.5’ bed. So, we tried using a 6’ width of plastic, and rolling that. After
our first rainstorm, a gallon or more of water had collected in places along the length of the row. This occurred because
any slack or ripple in the plastic served as a place where water could collect. We eventually cut the plastic so there was
no extra along the edges. Thus, we used about 2.5’ of plastic of the original 12’ width. We didn’t have problems with
water accumulating anymore. 5) To control the temperature, others raise and lower the sides of their tunnels. Since we
no longer had sides after cutting off the extra plastic, we pulled our 1.25-oz row cover over the field when we needed to
increase warmth, which slid on really easily over the tunnels. That was faster than raising and lowering the sides and
allowed us to continue harvest until Nov. 8th. But, using row cover would add more cost if you didn’t already have one
that you didn’t need for another purpose. 6) It troubled me that pollinators would fly up to the peak of the tunnels, and
eventually get trapped in the gathers at the row ends. Many times, they never did find their way out. Since we were
using plastic that was only 2.5’ wide, we rolled the plastic at the ends of the rows onto a piece of PVC pipe and then tied
the PVC pipe to the anchors. This made a flat surface so the bees just bounced their way out. Another solution may be
to use a different type of plastic that doesn’t confuse the bees.
Low tunnels have potential, and the low tunnel system as currently used at Beltsville appears to work very well;
however, changes that would reduce costs and labor would be helpful.
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Kathy Demchak has been at Penn State since 1983, working first in the area of vegetable and tree fruit nutrition
and later in berry crops. Recent research projects have included work on blueberry cultivar evaluation, blackberry
cultivar evaluation and cold-hardiness, high tunnel production of strawberries, raspberries, and blackberries, and
day-neutral strawberry production. She earned a B.S. in Horticulture from Penn State and an M.S. in Horticulture
from Virginia Tech. She happily lives in a rural area of Centre County, with husband Jeff, and sons Tim and Jeff.
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PROPER POSTHARVEST HANDLING OF BERRIES
Lee Stivers
Penn State Extension, Washington County

Fresh berries pose several postharvest challenges:
Strawberries, raspberries, black raspberries, blackberries and blueberries are picked fully ripe for best appearance and
eating quality. Because they are so delicate and easily damaged, they are usually picked directly into final containers to
minimize handling, so grading and sorting of damaged or decaying fruit happens as the crop is picked. Relatively high
respiration and transpiration rates, as well as susceptibility to molds mean berries should be cooled rapidly following
harvest. Even when they are handled under optimal harvesting, temperature, and humidity conditions, their shelf life
is still short compared to most fresh fruits and vegetables. Finally, even though we all know that consumers should
be washing the berries before consuming them, we also know that this doesn’t always happen. That makes farm food
safety procedures to minimize the risk of spreading food-borne pathogens especially critical.

General postharvest handling recommendations for berries:
Managing the quality of fresh berries through postharvest and marketing steps begins at planting. Pre-harvest factors
include variety selection, field practices that protect fruit from damage and decay (e.g. high tunnels, mulches, and
managing pests), and providing smooth laneways so that harvested fruit aren’t damaged during transport from the
field. Control of postharvest molds (Botrytis, Rhizopus and others) may begin with fungicide applications during
bloom.
At harvest, berries should be picked during the coolest hours of the day, but when berries are dry, and placed directly
into their final containers. Choose containers that will provide ample protection for the berries but that also allow the
movement of air through the containers. Pickers must be trained to pick carefully, gently, and only those berries that are
ripe, undamaged, and free of decay. Containers of berries should be shaded while in the field and during transport to
the packing shed. Do not overfill containers, or berries on the bottom will be damaged. Clean hands, clean containers,
and healthy workers are essential! Keep those animals, both domestic and wild, out of the berry crops during harvest.
Rapid cooling lowers respiration rates and the growth of molds, and is essential for maintaining quality, appearance,
and shelf life. Forced air cooling is quicker and more effective than passive room cooling, but relative humidity should
be kept at 90-95% to minimize water loss. A forced air system can be easily created within a cooler using simple
designs and low cost equipment and materials. Do not let berries come into contact with water or ice, and also avoid
letting cooled berries warm up to ambient temperatures or water will condense on the surface, encouraging molds.
One tip for those growers selling smaller quantities at farmers markets during hot, sunny days in summer: transport
berries in pre-chilled ice chest coolers, with frozen gel packs, wrapped in newspaper, on the bottom layer. Refrigerated
trucks, CoolBotsTM or other portable coolers can be used for larger volumes.

Strawberries:
Strawberries should be harvested near- to full-ripe. The standard recommendation is to cool strawberries to 32-34o F
using forced air immediately after harvest for maximum storage potential. However, research from Cornell (Shin et. al,
2008) indicates that growers have an alternative if they are willing to reduce shelf life by a few days. These researchers
found that strawberries picked at the white tip stage and cooled to 50 o F held up well and even ripened somewhat.
This method addresses the problem of surface condensation and dulling of berry color when strawberries are cooled
to 32-34o F but then warm up to ambient temperatures during marketing or in the home. With either method, keeping
relative humidity high (90-95%) helps maintain the fresh appearance of both the red berry and the green cap or sepal.
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Caneberries:
Raspberries have the shortest shelf life of all the small fruits. High water content and transpiration rate, susceptibility
to molding, color changes, and physiological breakdown (“leakers”), not to mention spotted-winged drosophila
infestation, can all conspire to turn a flat of just-picked raspberries into a watery decaying mess within a twenty-four
hour period under poor conditions. Blackberries and black raspberries are a little hardier, but still must be picked at
full color and ripeness for best quality. For best results, pick caneberries when it is cool and dry, scrupulously avoid
injured or decaying berries, use small containers (half-pints for raspberries), cool rapidly to 32-34o F, and move them
out as quickly as possible!

Blueberries:
Blueberries must be picked fully ripe for best flavor. It is important to train workers to pick without including the stem,
and to recognize the signs of a fully ripe blueberry: complete uniform blue color with no red tinge. Red tinged berries
may turn blue after picking but will not be as sweet or flavorful. Overripe, damaged or decaying berries should not be
picked. Berries should be protected from compression damage, shaded in the field and cooled to 34-35o F within two
to four hours of harvest, using forced air at 90-95% humidity.

Resources and References:
Shin, Y., J. F. Nock, R.H. Liu, and C.B. Watkins, 2008. Cooling Strawberries—Going Halfway May Be Enough. New
York Fruit Quarterly, vol. 16, no. 2.
Northwest Berry and Grape Information Network. Post Harvest Handling of Blueberries. www.berrygrape.org/postharvest-handling-of-blueberries/
University of California Postharvest Technology Center, UC Davis: www.postharvest.ucdavis.edu/producefacts/#fruits
• Strawberry: Recommendations for Maintaining Postharvest Quality, and
• Bushberries: Blackberry, Blueberry, Cranberry, Raspberry: Recommendations for Maintaining Postharvest Quality.
North Carolina State University Postharvest Publications: www.bae.ncsu.edu/programs/extension/publicat/postharv/
• Postharvest Cooling and Handling of Strawberries;
• Postharvest Cooling and Handling of Blueberries;
• Proper Postharvest Cooling and Handling Methods;
• Forced-Air Cooling; and
• Cool and Ship—A Low-Cost, Portable Forced-Air Cooling Unit.
North Carolina State University. Postharvest Handling and Storage of Blackberries and Raspberries. www.rubus.ces.
ncsu.edu/rubus-postharvest-handling-and-storage-of-blackberries-and-raspberries
Lee Stivers has been a horticulture educator with Penn State Extension in Washington
County since 2001. She is a member of Penn State Extension’s statewide Horticulture
Team, specializing in vegetables, small fruits, greenhouse production, and wine grapes.
Prior to moving to Pennsylvania, lee worked for Cornell Cooperative Extension and the
University of California, Davis, where she received her Master’s degree in 1989.
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WHAT THE WINTER OF 2013/2014 TAUGHT US ABOUT FLOATING ROW COVERS
Michael J. Newell
University of Maryland, College of Agriculture and Natural Resources
Wye Research and Education Center
Queenstown, MD 21658

Floating row covers (FRC’s) have found their place in the annual plasticulture system of growing strawberries. Or more
precisely, several places for use in this system. FRC’s use in the Fall to promote crown and flower bud initiation, in the
Spring to advance flowering, fruiting and for frost/freeze protection. And for cold protection as an over-wintering tool.
FRC’s are available in several weights. As the FRC weight increases, the level of cold protection increases, but the light
levels transmitted through the FRC’s decreases. These two factors should be considered in determining which weight
FRC to use and for what purpose. Generally, to promote growth, lighter weight covers with high light transmission
are better used post-plant in the fall. Heavier covers (or multiple-covers) for over-wintering and depending on plant
phenology and predicted low temperatures in the spring, the optimum FRC weight to use can vary.
Today’s presentation will focus on FRC use during the winter months. Our original recommendations for “overwintering” a Chandler annual plasticulture planting had more to do with trying to mimic what we were doing with the
perennial matted row system of growing strawberries. That is, we normally would cover the perennial system with
straw in late December and remove sometime in March. It was an easy management decision/recommendation to
make and we went with it for many years and is still a general recommendation.
Over the years, our Chandler yields had fluctuated as we trialed various planting dates, fall FRC management (both
weights and deployment timings) and transplant plug treatments. Our annual per plant average over 20 years now is
1.2 lbs. per plant. Our yield extremes have been up to 2 lbs. per plant to a low of 0.6 lbs. per plant. We had always been
relatively confident that yield loss was not due to spring frost or freeze damage using FRC’s and/or sprinkler irrigation
for flower protection. Our most prolific years, 2012, 2002 etc. have always been when the winters were the mildest
without extreme low temperatures.
For over-wintering protection we were always concerned with “how low” the temperature was under the FRC. Recently
I’ve become more aware of how warm it can get under the FRC’s during the daylight hours even in the winter. These
warming temperatures during a period when we want the plants to remain cold acclimated and somewhat dormant
may be the cause of some spring yield reductions.

Mike Newell is the Horticultural crops program manager at the Wye Research and
Education Center where he assist scientist and graduate students conduct applied research
for all types horticultural commodities. Mike has been responsible for conducting
strawberry research at the Center since 2002 focusing on the annual strawberry
plasticulture system. He has a B.S. and M.S. from the University of Maryland and resides
on Eastern Shore of Maryland.
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INTEGRATED MANAGEMENT OF MAJOR DISEASES ON BRAMBLES
Mahfuzur Rahman
Extension Plant Pathologist
West Virginia University, Morgantown, WV 26506

Production of good quality brambles (blackberry, raspberry, boysenberry etc.) for an extended period of time from a
plantation largely depends on keeping them disease free. A wide range of disease problems can affect brambles, and
some of those diseases can quickly turn them unproductive or berry quality seriously deteriorated. In addition with
environmental and nutritional disorders, a range of fungal and viral diseases are the major concerns and should be
dealt with preventatively on a yearly basis by developing and following a detailed plan. Preparation needs to be taken
by knowing the susceptibility/resistance of bramble variety to major diseases. However, prevailing weather condition
in many cases can alter the disease response of a variety. For example, a planting site that keeps morning dew longer
on the leaves or canes or receives less sunlight due to its position near the wooded area will have higher fungal disease
severity than normal.

Leaf and cane diseases:
Anthracnose, Spur blight and Cane blight are the common diseases that can attack most of the brambles. Anthracnose
caused by fungal pathogen Elsinoe veneta is much more severe on black and purple raspberries than on red raspberries.
On young canes, symptoms appear in the spring as small, purple spots that enlarge to about 1/8 inch in diameter,
become sunken at the center, and turn gray with a purple border. This disease is relatively easy to identify by looking
at the sunken lesions. Infected leaves may show purple to brown spots that eventually take a shot hole appearance.
Spur Blight caused by Didymella applanata is usually a bigger problem on red raspberries than on black raspberries.
In mid to late summer, chocolate brown to purple blotches appear around individual buds on canes. Spur blight when
occur on leaves, the symptom appear as V shaped lesion from the apex of the leaf which can be identified very easily.

Cane blight Management Research:
Cane blight is a serious disease of brambles caused by Leptosphaeria coniothyrium, that infects all species of Rubus
and also causes stem canker on roses and other ornamentals. Dark brown to purple cankers appear on main canes
or branches that extend several inches along the cane and may include bud. However, it is not as confined to areas
surrounding buds like spur blight. The fungus overwinters on dead tissue of old fruiting canes that serve as a ready
source of infection for injured primocane tissues from the spring through the late summer. Black pimple like structures
in the affected areas produce abundant spores during wet weather. The risk of cane blight is greatly increased when
primocanes are injured or improperly pruned. Although pruning cuts provide a major infection site, insect damage,
herbicide damage, freeze injury, or injury from farm machinery or other mechanical operations will likewise provide
sites for infection. It was observed that most cane blights located at the base of the canes where they were wounded
by old cane stubs. Once inocula are on the fruiting canes, it is necessary to spray fungicide to prevent infections of
primocanes. However, established infections on fruiting canes can’t be removed or cured by fungicide spray as most
of these chemicals are primarily protective not curative, making the mechanical removal of infected canes an essential
cultural practice during the growing season. Old, inappropriately pruned cane stubs were also found infected with
cane blight fungus in more than 80% of the cases in the second year. Thus, proper removal of fruiting canes and
application of effective chemicals together with facilitating quick drying and cultural operations that minimizes injury
on canes will play an important role in managing the disease.

Fungicidal control:
Application of recommended fungicides in a trial in WV did not provide adequate control of the disease. Fungal
isolates were collected from the treated canes and tested invitro (controlled lab condition). Fungicides that have been
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used previously (Captan, Pristine, Cabrio) by
growers in the field were found ineffective in
suppressing fungal growth indicating inefficacy
or resistance. Few other new fungicides such
Quilt Xcel and Inspire XT were highly effective
(Fig. 1). Quilt Xcel also provided good control of
the disease from subsequent field trial. However,
Inspire XT, most effective product from this
test was not available from the company to label
and use it on brambles.

Rust Diseases:
Orange rust is the most important of several
rust diseases that attack brambles particularly
blackberries, dewberries, and black and purple
Fig. 1. Growth suppression of Leptosphaeria coniothyrium in
raspberries. This is a systemic disease, once
vitro by different fungicides (Cabrio and Pristine from current the plant is infected, the entire plant is infected
recommendation for controlling cane blight, Proline, Quilt
for life. Stunted, deformed, and pale green or
Xcel and Inspire XT are new products). EC50 value (fungicide yellowish new leaves in the early spring is the
concentration required to suppress 50% growth) for newer
diagnostic symptoms of orange rust. Undersides
fungicides are significantly lower (<0.1 ppm) than currently
of the leaves may be covered with waxy blisters
recommended fungicides. This pathogen maintained >60%
that later become bright orange and powdery.
growth even with 10 ppm fungicide concentration for Cabrio
Control of orange rust: Entire plant should be
and Pristine, indicating inefficacy or a potential resistance to
removed with root system as soon as symptoms
these products.
of orange rust is detected. It is also necessary to
remove and destroy all wild blackberries and raspberries in the area that might serve as a source of disease.
In addition, late leaf rust and cane and leaf rust may also occur on brambles that can be controlled in most cases with
preventative spray programs.

Root diseases:
Verticillium wilt and Phytophthora root rot are the two major root diseases of brambles, the latter being most common
in heavy and poorly drained soil. The plant loses vigor because roots are rotted and uptake of water and nutrients is
inhibited. Infected plants may be stunted; and lower one inch of the stem above the soil line may turn brown or black.
Preventative application of phosphonate such as Agri-Fos together with improved drainage provided satisfactory
disease control to some growers.
Dr. Mahfuzur Rahman is an Extension assistant professor and plant pathology specialist
at WVU Extension Service. He received his B.S. in agriculture from Bangladesh
Agricultural University, M.S. in plant pathology from Oregon State University, and Ph.D.
in plant pathology from Simon Fraser University, Canada. He conducted post-doctoral
research at North Carolina State University on Integrated Disease Management in
strawberry with Dr. Frank Louws. Rahman joined WVU Extension Service in the summer
of 2011. He conducts applied research and provides leadership for statewide educational/
informational programs in plant pathology that include disease identification, management
recommendations, and integrated disease management. He serves as the state contact and liaison for National
Plant Diagnostic Network (NPDN). He monitors regional pest outbreak and spread of important plant diseases and
provides early warning to growers about potential disease outbreaks and ways to prevent and control them.

148

SMALL FRUIT
FOOD SAFETY CONSIDERATIONS WHEN
USING IRRIGATION IN STRAWBERRIES

Luke LaBorde
Penn State Univ., 442 Rodney A. Erickson Food Science Bldg., University Park, PA 16802
Kathy Demchak
Penn State Univ., 102 Tyson Bldg., University Park, PA 16802

Background
As of this writing, the FDA is in the process of evaluating public comments related to revision of the requirements
proposed under the Food Safety and Modernization Act (FSMA). Produce Safety Standards currently proposed will
require testing of irrigation water for E. coli bacteria as an indicator for microbes that would be harmful to human
health, and treatment of the water if necessary. The rule has not been finalized; and further changes are likely, as
the public comment period on proposed revisions was open through December 15, 2014. A final regulation can be
expected in October of 2015.
All growers with yearly produce sales greater than $500,000 will be covered under the regulation. Those with total
produce sales under $25,000 will not be covered. There will be exemptions for extremely small farms that sell most of
their produce directly to consumers, restaurants, or grocery stores. Once the rule is finalized, how long farms have to
comply will depend on farm size. How frequently water will need to be tested will depend on the water source, with
surface water (irrigation pond or creek) requiring more frequent testing than well water. Growers using a municipal
source will be able to use test results from the water supplier.
As the rules are currently written, any water that contacts the edible portion of the crop (i.e., the strawberry fruit any
time after the berries start to form) would fall under the regulations. Water used for pesticide or foliar nutrient spray
applications, for overhead irrigation or frost protection, or in trickle irrigation if the fruit comes into contact with the
water, would fall under the regulations. Water used for trickle lines under plastic mulch, and thus not coming in contact
with the berries would not be regulated. One positive development is that some interval of time between application of
water and harvest will be able to substitute for treatment, since harmful microbes naturally die off in the field as their
environment dries out and they are exposed to UV rays from the sun. Currently FDA is proposing to allow growers
to assume a 1-log reduction in E. coli numbers (67% reduction per day, or 90% every 2 days) following water contact
with the crop. Whether this will make a difference in the need to treat water during harvest depends on the original E.
coli levels and how frequently the fruit is harvested. However, the allowance for this reduction will be of huge value
for early and mid-bloom frost protection events, as this is when the largest volumes of water are normally used and
could otherwise require treatment.
For those growers who might need to apply overhead irrigation, one concern is whether sanitizer needed to treat
irrigation water from ponds would have negative effects on either the relatively delicate blossoms (either the pollen or
stigmas to which the pollen sticks) or might affect the surface of developing or ripe fruit, especially when in contact
with these plant parts for long periods of time, as might be the case for when overhead irrigation is being used for frost
control. To answer these questions, a series of experiments was conducted in the lab and field.

Studies conducted in 2014
In the first study, laboratory data were obtained on the concentration of sanitizer required to reduce the concentration
of E. coli to a safe level. Through this work, the concentration of peroxyacetic acid that reduced bacterial numbers to
one millionth of the original inoculated levels within a 2-minute period of exposure was determined to be 8 ppm of
peroxyacetic acid (8 ppm PAA). This was thought to be the maximum concentration that a grower would likely need
to use, and thus the concentration to test to determine whether crop damage would be likely.
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Day-neutral strawberry plants were then used for field experiments so that blossoms and fruit at all stages would be
present when needed. Experiments were conducted in late summer and fall after plants were blooming in sufficient
numbers to reach conclusions. The water source was one of the irrigation ponds used for Penn State’s Horticulture
Research Farm and the sanitizer used was Sanidate 12.0 (18.5% hydrogen peroxide, 12% peroxyacetic acid, Biosafe
Systems).
In a preliminary field experiment on August 27, blossoms of ‘Portola’ and ‘Monterey’ plants were submerged in vials
of solutions containing only pond water, or Sanidate diluted with pond water to form an 8 ppm PAA solution, using
4 replications (2 per variety) in a randomized complete block design. Blossoms remained submerged and thus were
in constant contact with the solutions for 1, 2, 4, or 18 hours. Non-treated blossoms were also marked. Blossoms and
fruit were examined 3 times per week for negative effects (deformed berries or discoloration of fruit or floral parts).
No effects from treatments were seen, though some berry damage from tarnished plant bug feeding was present.
Berries given a 1 to 5 rating for berry shape on September 17 as the green berries attained full size, with 1 indicating
a perfect shape, and 5 indicating misshapen berries. The average rating for berries not submerged at all was 3.0.
The average rating for berries developing from blossoms submerged in water alone was 2.8, and for berries from
blossoms submerged in the 8 ppm PAA solution was 2.2, with no significant differences among treatments. Under
these conditions, blossom contact with the sanitized solution was safe and there was no damage to the blossoms or
fruit into which they developed.
In a second field experiment intended to simulate overhead irrigation in a grower’s field, plants of the varieties Seascape,
San Andreas, Portola, and Monterey were established in a matted row system on June 25. One 32’-long row of each
variety was planted in blocks, with a 60’ space between groups of plants so overhead irrigation could be used for
treatment application without overlap. The application pattern of water with standard impact sprinklers was measured
across each block and was too variable for further work; thus this system was replaced with customized risers that
allowed connection of heavy duty garden hose and garden sprinklers to standard aluminum solid-set pipe. This was
found to result in a much more uniform application pattern while applying a very similar amount of water per area
to impact sprinklers. Sanidate was diluted using pond water and mixed in containers in the field. This solution was
then injected into irrigation lines using proportioners that injected the diluted solution in a 1:28 ratio, plus or minus
15%, calculated to apply the needed 8 ppm solution of peroxyacetic acid. Samples of water applied to each plot were
collected hourly, and concentrations of PAA were confirmed using a PAA test kit (Reflectoquant, EMD Millipore,
Billerica, MA) and found to be + 1.5 ppm of the calculated value. During actual treatment on October 10, all plots were
watered for 4 hours total, with Sanidate not injected at all (only pond water being applied for 4 hours), injected for the
last 1 hour of irrigation (3 hours of pond water followed by 1 hour of 8 ppm peroxyacetic acid), injected during the
last 2 hours of irrigation (2 hours of water followed by 2 hours of 8 ppm PAA solution), or injected for the entire time
(4 hours of an 8 ppm PAA solution). All blossoms that were open were tagged just prior to treatment application and
were examined twice per week until all berries were fully-sized. No signs of damage to the blossoms, fruit deformities,
or discolored berries were found from any of the treatments. Thus, again the conclusion was that damage to blossoms
or berries from injection of this sanitizer even at a very high concentration was unlikely to occur. One interesting
observation considering berries harvested immediately after the treatments were applied, was that those watered with
the 8ppm PAA solution for 4 hours had less rot than those watered with untreated water (6% compared to 40%), when
evaluated 2 days after harvest. However, this was a fleeting effect, as differences in keeping quality of berries at the
next harvest (3 days later) were minimal. Note also that there was not a “no irrigation” treatment for comparison.

Conclusions
The regulation has not been finalized yet, so we can’t be sure exactly what the requirements will be. In any event, many
growers will likely opt for production methods that will minimize or preclude the need to irrigate with large volumes
of sanitized water. Related to strawberry irrigation methods, options include:
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a) only allowing irrigation water that would require treatment to contact the fruit at times when the days-to-harvest
interval exceeds that calculated to reduce E. coli levels to acceptable levels,
b) using trickle irrigation rather than overhead even in matted row production to minimize the amount of water that
might need to be treated,
c) switching to raised bed plasticulture to avoid fruit contact with irrigation water,
d) using well water or a municipal water source if the surface water source requires treatment,
e) using row covers for frost protection or to minimize the amount of overhead water used.
These regulations could spark renewed interest in alternative frost protection methods such as propane-fueled flamers.
Growers may wish to closely monitor the development stage of the blossoms and fruit, and weather to ensure that frost
protection is actually needed. Site selection will have added importance in minimizing the need for frost protection
where possible.
There are many commercial laboratories that test water. Regardless of which lab you use, make sure that you ask for
total counts of E. coli, and not just whether it is present or at undetected levels. Keep a record of microbial population
changes that occur over the season to help you understand what your level of risk is and what changes you can make to
reduce those risks. In April of 2014, a GAP water testing kit was created in collaboration with John Spargo, Director,
Agricultural Analytical Services Lab and Bryan Swistock, Extension Associate, Water Resources Coordinator. The
kit, which is currently distributed by Penn State Extension offices, consists of a shipping box with an insulated liner, a
sterile sample bottle, two ice-packs, detailed sampling instructions, and a submission form. The fee for total coliform
and E. coli testing is $35. A description of the Penn State GAP Water Testing program and a water sample submission
form is available at http://agsci.psu.edu/aasl/water-testing/farm-food-safety-gap-water-testing.
Growers should stay apprised of changes to the regulations in order to make sure that they are in compliance with the
final rule. Individual states may have additional requirements, and all growers who are not direct-marketing should be
aware that their buyers may have additional requirements. For more information, Pennsylvania growers may contact
their nearest Extension office or Luke LaBorde by email at lfl5@psu.edu or by phone at 814-863-2298, and visit the
Penn State Farm Food Safety web site at http://extension.psu.edu/food/safety/farm for GAP information and news.
There is a link to FDA produce standards information that is continuously updated. Growers outside of PA should
contact their local extension office or food safety personnel and state-specific food safety web sites for information.
Thanks to the Pennsylvania Vegetable Growers Association and the Pennsylvania Dept. of Agriculture for providing
funding for the above studies.

Kathy Demchak has been at Penn State since 1983, working first in the area of vegetable and tree fruit nutrition
and later in berry crops. Recent research projects have included work on blueberry cultivar evaluation, blackberry
cultivar evaluation and cold-hardiness, high tunnel production of strawberries, raspberries, and blackberries, and
day-neutral strawberry production. She earned a B.S. in Horticulture from Penn State and an M.S. in Horticulture
from Virginia Tech. She happily lives in a rural area of Centre County, with husband Jeff, and sons Tim and Jeff.
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GETTING STARTED SELLING PERENNIALS: THESE YOU NEED TO HAVE
Sinclair A. Adam Jr.
Penn State Extension 2120 Cornwall Rd. Suite 1 Lebanon, PA 17042 email saa19@psu.edu\

Herbaceous perennial plants comprise a wide range of Genera, species and cultivars in today’s marketplace. Thousands
of selections are grown in the USA each year, and over 20000 names are listed in the “Naamlijst Van Vaste Planten”
the Perennial Plant Association recognized taxonomic reference. Plants grown for sale in this commodity group can
be generated by seed, grown from plugs, from divisions, or by finishing tissue culture plantlets. Most of the plants
you would want to grow can be obtained from propagation nurseries that provide a wide range of cultivars in packs
or small pots, providing a ready source of plant materials in a timely fashion. An increasing consumer interest in
native herbaceous plants, for natural landscapes, and for specific contributions to ecology; have added even more
selections to the array that is available to the grower. Often customers will want a plant that grows in dry shade, or is
deer resistant, or blooms for a long period, and are not concerned with a plant’s origin. Today, these native and exotic
species are often part of a propagation nursery’s offerings. In other cases a specialized propagation nursery that deals
mainly in native species can be a good source. Excellent sources for these plants are found both within and outside of
Pennsylvania. Most will ship by UPS, FedEx, or truck to your operation.
With such a wide choice in perennial plants available to a grower, the selection of what to place in an operation’s
inventory can be overwhelming. The Perennial Plant Association promotes a “Plant of The Year” each season, and if
you used a computer search engine and typed in the “10 best perennials” you would get over 2 million opinions, from
many geographic regions. If you are just at the point of considering adding perennials to your operation, it might be a
good plan to proceed into this diverse plant group cautiously at first and then expand where your customers want you
to go. Determine what physical space is available for the perennials, or how much financial commitment is desired for
these plants. All of these considerations will help make the decision easier.
The top 10 best selling perennials that are grown in PA and nationally would include representative of Achillea,
Coreopsis, Echinacea, Ferns, Hemerocallis, Heuchera, Hosta, Phlox, Rudbeckia, and Salvia. Some selections of these
groups should be part of the herbaceous perennials grown. Specific cultivars that have been strong performers in terms
of sales outside of these groups include: Scabiosa ‘Butterfly Blue’, Geranium ‘Rozanne’, Geranium x cantabrigiense,
‘Biokovo’, Campanula carpatica, Actaea ‘Hillside Black Beauty’, Chrysanthemum ‘Sheffield’, Sedum ‘Autumn Joy’,
Brunnera –silver leaf selections, and Penstemon ‘Husker’s Red’.
Production of these perennials can be done in one season, but many growers prefer to overwinter some perennials
and produce others in early spring. Potting should be done in a timely fashion allowing 8-12 weeks for maturation of
a one-gallon product, and 4-6 weeks for quart sized product. The bulking up phase is done in late summer-fall out of
doors or under cover in the late winter and early spring. This schedule will often be determined by plant bloom time. In
growing a selection that blooms in April and May, it would be best to have the bulking up phase of the growing cycle
in late summer-fall. For plants that bloom later in the season spring potting can be successful, as the bulking up phase
would occur in March and April.
Most herbaceous perennials grow very well in a constant feed situation using 100-150 ppm nitrogen. Some plant
selections will produce better results under higher feed conditions. Daylilies and Hosta can benefit from slightly higher
feed levels for example. Ferns will generally require less, and are sensitive to over fertilization. Time-release fertilizer
is often a prudent way to provide for the crop’s nutritional requirement throughout the growing cycle, providing the
correct nutritional requirement over a period of months. Fertilizer applied in liquid form, can be reduced from 100-150
ppm nitrogen to 75-90 ppm in the final phases of production, without a negative impact on plant quality.
Consumers appreciate the value of perennial plants, since they are perennial as opposed to annual, but may be thinking
these are low or no maintenance plants. They should be disabused of this false impression, as they will need to divide
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most perennials on a 2-3 year basis to maintain good garden performance. Proper insect and disease control needs
to be practiced by the consumer for good garden performance. Perennials in today’s marketplace are often longer
blooming than the perennial plants grown in the past. Planted in a mixed array such as a border or island bed, they do
provide a long season of interest. Some perennials are very tough and reliable garden plants lasting for years, others
are a bit shorter lived, and may require replacement in a few years. In selecting the best performers, from successful
performing genera, your customers will get the greatest satisfaction.

Selected Perennial Plant Print Resources:
Naamlijst Van Vaste Planten. Available from PPA: http://www.perennialplant.org
Armitage Allan 2008. Herbaceous Perennial Plants: A Treatise on Their Identification, Culture and Garden Attributes
Stipes Publishing LLC.
Perry, Leonard 1998. Herbaceous Perennial Production: A Guide from Propagation to Marketing NRAES (Extension
Publication). Online @ http://host31.spidergraphics.com/nra/doc/Fair%20Use%20Web%20PDFs/NRAES-93_Web.
pdf

Sinclair Adam has received a BS from the Univ. of Wyoming in Plant and Soil Science 1983, and a MS from the
Univ. of Vermont in Plant and Soil Science 1988. He has been in education at Univ. of Vermont (Adjunct) 2013,
Temple University (Adjunct & Senior Lecturer) 2000-2006, & Research Fellow 2002-2006. Also serving at The
Barnes Foundation as an Instructor 1995-1997. Sinclair has over 30 years industry experience: Recently, as Plant
Scientist, for Vermont Organics Reclamation, and owner, of Dunvegan Nursery from 1989-2009. He was a Range
Manager Greenleaf Enterprises 1988-1989, and Assistant Horticulturalist at The Brandywine Conservancy. Sinclair
has been published in research on plant propagation, nitrogen nutrition of perennial plants, germplasm releases
from 1990-2006 in the Journal of Environ Hort, HortScience, Perennial Plant Assn. Journal, Daylily journal, IPPS
proceedings, and American Nurseryman). He has been an invited speaker at the VT Flower Show, Univ. of VT,
Solar Fest, PPA, Northern New England Nursery Conference, Millersville Native Plant Conf., US Nat’l Arb. Lahr
Conference, Delaware Extension Meeting, New England Greenhouse Conference, and IPPS. Holder of 15 plant
patents, Sinclair has developed Tiarella, Chrysanthemum, and Phlox selections for industry, and is a member of
ASHS, PPA, Pi Alpha Xi, & the Hardy Plant Society.
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REPLACING NEONICOTINOIDS IN THE GREENHOUSE

Raymond A. Cloyd
Professor and Extension Specialist in Horticultural Entomology/Plant Protection
Department of Entomology, Kansas State University, 123 Waters Hall, Manhattan, KS 66506-4004
Phone: 785-532-4750 • Email: rcloyd@ksu.edu
Neonicotinoid systemic insecticides are widely-used in greenhouse production systems to suppress populations of
phloem-feeding insect pests such as aphids, whiteflies, mealybugs, soft scales, and leafhoppers. Neonicotinoids may be
classified into two distinct chemical groups: N-nitroguanidines and N-cyanoamidines. The N-nitroguanidines include
imidacloprid, dinotefuran, and thiamethoxam. The only N-cyanoamidine used in greenhouse production systems
is acetamiprid. The commercially available neonicotinoid systemic insecticides include imidacloprid (Marathon),
thiamethoxam (Flagship), dinotefuran (Safari), and acetamiprid (TriStar). All can be applied to the growing medium
with the exception of acetamiprid. These systemic insecticides have a higher selectivity for insects than mammals
compared to other insecticides in the chemical classes, organophosphate and carbamate. The mode of action of the
neonicotinoids is as agonists at the nicotinic acetylcholine receptors of insects. They act on the central nervous system by
binding to post-synaptic enzyme receptors and permanently blocking them. This blockage disrupts nerve transmission
and contributes to rapid, uncontrolled nerve firing, leading to hyperexitation, paralysis, and death. It should be noted
that nearly all of the neonicotinoid systemic insecticides used by greenhouse producers are converted into metabolites
that are actually more toxic to insects than the parent compound. For example, imidacloprid is converted into olefin,
and 4- and 5-hydoxy; dinotefuran is converted into the UF metabolite; and thiamethoxam is converted into clothianidin
(which is the active ingredient in some commercially available products used in turfgrass and interiorscapes). The
specific benefits of systemic insecticides such as the neonicotinoids are 1) plants may be protected throughout most
of the growing season without having to make repeat applications, which is different from many contact insecticides
were multiple applications are typically required; 2) less susceptible to ultra-violet (UV) light degradation, or washoff from rainfall or overhead irrigation following an application; 3) minimal, if any, unsightly residues on leaves
when applied to the growing medium; 4) in general, plants are less harmful to workers and customers compared to
plants that receive spray applications of an insecticide; 5) minimal issues associated with drift in comparison to foliar
applications of insecticides; and 6) less direct impact on natural enemies and bees.
Despite the benefits presented above, there may be issues associated with both direct and indirect effects of systemic
insecticides to honey bees and bumble bees. This has resulted in a movement—not based on science—to reduce
(even ban) the use of neonicotinoid systemic insecticides, and prohibit the sale of horticultural plants in garden centers
and retain chain stores including Home Depot and Lowe’s that have been treated with these systemic insecticides.
Although there is much misinformation affiliated with this issue, greenhouse producers may be pressured to consider
using alternative insecticides. However, it should be stated that when using any pesticide whether it be an insecticide,
miticide, or fungicide it is important to read the label directions. When used in accordance with the label directions
and applications are timed appropriately, especially when applied as a granule or drench to the growing medium,
there should be minimal impact on bees and other pollinators. The neonicotinoid systemic insecticides are valuable
insecticides to greenhouse producers and when used according to label directions may minimize worker exposure
and potentially mitigate resistance developing in insect pest populations. Furthermore, they may reduce the number of
applications associated with contact or short-residual insecticides. Below is a listing—although not comprehensive—
of insect pests in which neonicotinoid systemic insecticides are used against or labeled for including aphids, whiteflies,
mealybugs, scales, and fungus gnats; and a number of potential alternative insecticides (common name and trade
name) along with their modes of action so that proper rotation programs can be developed.

Aphids
1. Pymetrozine (Endeavor): selective feeding blocker.
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2. Spirotetramat (Kontos): lipid biosynthesis inhibitor.
3. Tolfenpyrad (Hachi-Hachi): mitochondria electron transport inhibitor.
4. Potassium salts of fatty acids (M-Pede): desiccation or membrane disruptor.
5. Petroleum oil (Ultra-Pure Oil/SuffOil-X): suffocation or membrane disruptor.
6. Clarified hydrophobic extract of neem oil (Triact): suffocation or membrane disruptor.
7. Acephate (Orthene): acetylcholine esterase inhibitor.
8. Bifenthrin (Attain/Talstar): prolong opening of sodium channels.
9. Spinetoram + sulfoxaflor (XXpire): nicotinic acetylcholine receptor agonist, GABA chloride channel activator, and
nicotinic acetylcholine receptor disruptor.
10. Pyrifluquinazon (Rycar): unknown mode of action.

Whiteflies
1. Pymetrozine (Endeavor): selective feeding blocker.
2. Flonicamid (Aria): selective feeding blocker.
3. Spiromesifen (Judo): lipid biosynthesis inhibitor.
4. Pyriproxyfen (Distance): juvenile hormone mimic.
5. Novaluron (Pedestal): chitin synthesis inhibitor.
6. Buprofezin (Talus): chitin synthesis inhibitor.
7. Potassium salts of fatty acids (M-Pede): desiccation or membrane disruptor.
8. Petroleum oil (Ultra-Pure Oil/SuffOil-X): suffocation or membrane disruptor.
9. Clarified hydrophobic extract of neem oil (Triact): suffocation or membrane disruptor.
10. Beauveria bassiana (BotaniGard): unknown mode of action.
11. Isaria fumosoroseus (NoFly/Preferal): unknown mode of action.
12. Spinetoram + sulfoxaflor (XXpire): nicotinic acetylcholine receptor agonist, GABA chloride channel activator,and
nicotinic acetylcholine receptor disruptor.

Mealybugs
1. Potassium salts of fatty acids (M-Pede): desiccation or membrane disruptor.
2. Petroleum oil (Ultra-Pure Oil/SuffOil-X): suffocation or membrane disruptor.
3. Clarified hydrophobic extract of neem oil (Triact): suffocation or membrane disruptor.
4. Kinoprene (Enstar): juvenile hormone mimic.
5. Buprofezin (Talus): chitin synthesis inhibitor.
6. Acephate (Orthene): acetylcholine esterase inhibitor.
7. Cyfluthrin (Decathlon): prolong opening of sodium channels.
8. Spinetoram + sulfoxaflor (XXpire): nicotinic acetylcholine receptor agonist, GABA chloride channel activator, and
nicotinic acetylcholine receptor disruptor.
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Scales
1. Potassium salts of fatty acids (M-Pede): desiccation or membrane disruptor.
2. Petroleum oil (Ultra-Pure Oil/SuffOil-X): suffocation or membrane disruptor.
3. Clarified hydrophobic extract of neem oil (Triact): suffocation or membrane disruptor.
4. Kinoprene (Enstar): juvenile hormone mimic.
5. Buprofezin (Talus): chitin synthesis inhibitor.
6. Acephate (Orthene): acetylcholine esterase inhibitor.
7. Bifenthrin (Attain/Talstar): prolong opening of sodium channels.
8. Spinetoram + sulfoxaflor (XXpire): nicotinic acetylcholine receptor agonist, GABA chloride channel activator, and
nicotinic acetylcholine receptor disruptor.

Fungus Gnats
1. Beneficial nematode, Steinernema feltiae (Nemasys/Scanmask/Entonem).
2. Predatory rove beetle, Dalotia coriaria.
3. Predatory mite, Stratiolaelaps scimitus (formerly Hypoaspis miles).
4. Pyriproxyfen (Distance): juvenile hormone mimic.
5. Diflubenzuron (Adept): chitin synthesis inhibitor.
6. Cyromazine (Citation): chitin synthesis inhibitor.
7. Chlorfenapyr (Pylon): oxidative phosphorylation uncoupler.
8. Bacillus thuringiensis subsp. israelensis (Gnatrol): midgut membrane disruptor.
Remember, when using any contact or systemic pesticide be sure to follow the acronym—TCF. This stands for timing
(T) of application when the most vulnerable life stages of the pest are present such as larvae, nymphs, and adults;
coverage (C) of all plant parts, and frequency (F) of applications. A pesticide is only going to work—and be effective—
as long as you abide by the label recommendations. So, be sure to always READ THE LABEL.

Dr. Raymond A. Cloyd is Professor and Extension Specialist in Horticultural
Entomology/Plant Protection in the Department of Entomology at Kansas State University,
Manhattan, KS. Dr. Cloyd has an extension (70%) and research (30%) appointment.
His research and extension program involves plant protection in greenhouses, nurseries,
landscapes, turfgrass, conservatories, interiorscapes, Christmas trees, and vegetables
and fruits. Dr. Cloyd has a B.S. degree in ornamental horticulture and a minor in plant
protection/pest management from the California Polytechnic State University—San Luis
Obispo (San Luis Obispo, CA); and an M.S. and Ph.D degree in entomology from Purdue
University (West Lafayette, IN). He was formally a professor at the University of Illinois (Champaign-Urbana, IL).
Dr. Cloyd has published over 70 scientific refereed publications and over 500 trade journals on topics related to pest
management/plant protection. In addition, he has authored or co-authored numerous books (Pests and Diseases of
Herbaceous Perennials, IPM for Gardeners, Plant Protection: Managing Greenhouse Insect and Mite Pests, and
Compendium of Rose Diseases and Pests), book chapters, manuals, PICT or pocket guides, and extension-related
publications. Dr. Cloyd is a frequent speaker at state, national, and international conferences and seminars. He is
originally from California, and he and his wife Kimberly have a daughter, Allison.
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YOU’RE KILLING YOUR OWN PLANTS:
GREENHOUSE SANITATION MAKES BETTER PLANTS

Gary W. Moorman, Professor of Plant Pathology
Penn State University, Dept. of Plant Pathology and Environmental Microbiology
111 Buckout Lab, University Park, PA 16802
Where do diseases begin? The greenhouse manager who can answer this question is in an excellent position to prevent
losses due to plant pathogens by reducing or eliminating the numbers of pathogens at their source. The major sources of
living things that commonly plague greenhouse crops are: INFESTED SOIL, DEBRIS FROM PREVIOUS CROPS,
PLANTS KEPT ALL YEAR, VEGETATIVELY PROPAGATED CROPS, WATER, and AIR. Sanitation procedures
are most effective against soilborne and plant or plant debris-borne plant pathogens. They are least effective against
airborne pathogens. The following is a guide to assessing the various procedures and equipment used in a greenhouse,
keeping in mind the risk of pathogen population development in the crops being grown. Underlined points noted here,
are where sanitation measures are critical. Use this guide to assess the disease risk to your crops.

I. Potting/Container Mix
A. Grower-prepared: Sand and field soil are likely to carry pathogens while vermiculite, hydrogels, and perlite are,
by virtue of their manufacturing, free of pathogens and insects. Peat moss, unless it comes from near the surface of a
bog, is not likely to carry plant pathogens. Heat can eliminate all pathogens if applied properly. Chemical fumigation
generally kills most but not all organisms, and leave some residue to which certain plants are very sensitive.
B. Commercial, soilless mix: It is rare for a commercially prepared soilless mix to harbor pathogens.
C. Storage and moving the mix: Potting mix stored on bare ground or in uncovered locations and open or torn,
plastic-covered bails could become contaminated by stray, untreated soil or plant debris. Hand tools and equipment,
including the bucket of a front-end loader, can be sources of contaminated soil.

II. Potting Area
Potting benches, and floors should be cleaned and disinfested periodically.

III. Pots and Flats
Used containers must be thoroughly washed to remove all lumps of soil and then disinfested. There must be NO bits
of potting mix left in them when the process is complete.
Storage of pots and flats: Pots and flats should be stored in the original boxes (closed) or in a covered area so that
pathogen-contaminated soil is not likely to get onto them.

IV. Planting
Workers wear clean clothes not contaminated with soil or plant sap that may harbor pathogens. They should not have
been handling plants elsewhere in the facility prior to planting. Machinery used in planting should be disinfested
periodically. Dibble boards or other tools used to make holes in the potting mix should be disinfested periodically and
kept off the floor.

V. Benches, floors, or surface on which pots are placed
Benches should be at least 24” above the floor. Solid-topped benches should be thoroughly cleaned and then disinfested
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prior to plant placement. Expanded metal bench tops, wooden slat, and other bench tops and porous cement floors or
other paved surfaces on which pots are placed should be thoroughly cleaned and disinfested between crops.

VI. Plant Material
A. Seedling Production: Only new pots and flats and the highest quality water and potting mix should be used.
B. Vegetatively Propagated Material
Stock Plants: Stock plants must be under a strict insect and disease management schedule.
Propagation: If knives are used for taking cuttings, they must be thoroughly cleaned of sap and then disinfested when
moving from one stock plant to another. Cutting-ends should be dusted with the hormone and not dipped in a common
container that may become contaminated with a pathogen, The cutting bed should be divided or flats, rooting cubes,
or similar products used so that not all the cuttings will have been exposed to a pathogen in one area.
C. Unsold plants: Unsold plants held for subsequent seasons must be kept under strict insect and disease control.

VII. Spacing of plants
Stock plants should be in rows parallel to air flow with space between rows to allow adequate air circulation to inhibit
Botrytis and other foliar pathogens.

VIII. Handling of plants during production
Stock plants should be handled only by one or two of the most trusted employees early in the day before they handle
any other plants. Disbudding, harvesting cuttings, cleaning the potting soil surface, and removing the fading lower
leaves should be done separately or assigned to one person to each task so that the rest of the plant is not touched.
Always handle plants known to be healthy first and work toward areas where insects or diseases are known to occur
so that they minimize the spreading of pathogens on hands and clothing. If gloves are worn, they should be exchanged
periodically for clean gloves. It is best to use disposable gloves and change them regularly. Workers who smoke, use
snuff, chewing tobacco, or other tobacco products should do so in a location away from the plants and then wash their
hands thoroughly before going back to work. Tobacco products must be left in a location where work clothes and tools
will not become contaminated.

IX. Growing facility
A. The stock plant house should be completely separate from all other parts of the operation. Condensation drip onto
plants should be minimized. Greenhouse vents, cooling pads, and other open areas should be screened with a mesh
size that will prevent the entry of aphids, whiteflies, and larger insects.
B. The growing area, benches, or other surfaces should not allow the pooling of water.

X. Watering Practices
Well water or municipal water should be used on seedlings and stock plants. If overhead irrigation is used, try to
prevent splashing of pathogens from plant to plant. If capillary mat, drip, ebb and flood, or trickle irrigation watering
is used, keep watering times to a minimum. Keep hose-ends off the ground. Water early in the day so that relative
humidity within the crop canopy decreases before night. If irrigation water is captured and recycled, pass it first
through a filter or screen to remove coarse particles before it returns to a tank or reservoir. Treat recycled water with
heat, chlorine, ozone, uv light, etc. to eliminate plant pathogens prior to the next irrigation. Between crops, completely
empty and thoroughly clean and disinfest water recycling tanks and plumbing.
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XI. Cultural Practices
Avoid over-fertilization, nutrient deficiencies, and nutirient toxicities. Apply plant growth regulators in the manner
defined by the product label only to plants listed on the product label. When grooming plants, promptly remove the
debris from the production area or place it in covered waste containers.

XII. Worker Training and Practices
Workers should understand the most common places where pathogens and insects are harbored. All workers should be
able to recognize what is normal and what is abnormal for each crop. Workers should be educated to understand how
their specific tasks could introduce or spread plant pathogens in the production area. Workers should clean as much
soil as possible off shoes before walking on ebb and flood floors.

XIII. Misc. Practices
Debris should be disposed of promptly in appropriate covered containers, away from the production area. Weeds and
escaped crop plants should be removed from under benches and near the production area. Weeds immediately outside
greenhouse vents should be cut or removed on a regular basis. Cull piles should be located downwind of the production
area and periodically covered with soil. If culled plants and container mix are accumulated in a truck or other vehicle,
that should be removed from the production area promptly or covered in some manner until it is emptied or removed
from the production area.

XIV. Chemical Treatments
There should be a specific reason for using each chemical being applied. Records should be kept on each lot of
plants treated so that it is known what specifically has been used on particular plants, when it was applied, and what
environmental conditions prevailed during and soon after application.

XV. IPM methods
Someone should have the responsibility for regularly scouting for diseases and arthropods and records kept on findings.
The scout should start at the cleanest area and work toward problem locations to lessen the likelihood of moving
pathogens or arthropods from place to place during scouting.

XVI. Post-production practices
Carts used for moving plants within the production area or from the production area to the shipping dock should be
periodically cleaned and washed down with disinfectant. Cargo areas of delivery trucks, immediately upon return,
should be thoroughly cleaned and then washed down with disinfectant prior to the next use. If plants are returned by a
customer, those plants should be immediately isolated from the production area. Culled or unsold plants and container
mix if retained, should be used only after very thorough composting. Many plant pathogens survive well in plant
tissues in soil and will not be killed unless very thorough heating occurs during composting.
Gary Moorman is a professor at Penn State with responsibility for Extension, research,
and teaching programs on diseases of floricultural crops, shade trees, and woody
ornamentals. He earned his B.S. degree from the University of Maine, M.S. from the
University of Vermont, and Ph. D. from North Carolina State University. He joined Penn
State in 1983. In 2014, he was made a ‘Fellow’ in the American Phytopathological Society.
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TOP TEN WAYS TO SAVE ON GREENHOUSE HEATING COSTS
Neil S. Mattson
Cornell University, 134A Plant Sci. Bldg, Ithaca, NY 14853, nsm47@cornell.edu

Energy for heating greenhouses in northern climates can account for 10 to 30 percent of total operating costs. The
most cost effective ways to reduce heating costs begin with conservation and crop planning measures. For growers
heating year-round or during some of the coldest winter months, it may make sense to consider new equipment or fuel
sources. Below are ten suggestions to save on greenhouse heating costs.
1. Reduce air leaks and improve insulation. Fix leaks to reduce air infiltration (can yield a 5-10% heat savings). Make
sure inlet openings and fan shutters close tightly, caulk and weatherstrip windows and doors, seal cracks in walls,
and patch torn plastic. Insulate kneewalls/side walls to bench height using 1-2 inch insulation board. Use foil faced
insulation board with the foil facing in to reflect heat back in; ideally insulate the foundation down to 18-24” when
possible (7-10% heat savings).
2. Improve your space use efficiency. When opening a greenhouse range try to fill it with plants as quickly as possible.
Try to avoid heating a greenhouse when you are using only part of it. If you need to heat a partially used greenhouse
you may be able to hang up plastic to heat only part of the house. Construct your benches so as to maximize space
efficiency or install rolling benches. You can produce the same amount of plants in two greenhouses with 90% space
efficiency as in three greenhouses with 60% space efficiency.
3. Use a larger plug/liner size. You can reduce crop finish time by using a larger plug/liner size. For example switching
from 512 cell plugs to 288s may save 1.5 weeks off of finish time. This can save you money if it allows you to delay
heating a greenhouse by 1.5 weeks.
4. Install double layer glazing or a heat curtain. Switching from a single to double layer glazing (either two layers
of polyethylene film or double polycarbonate) can yield a 35-50% savings on heat. If you don’t have double layer
glazing, install a heat (i.e. energy or thermal) curtain to reduce heat loss by 20-50%. A closed-weave material is
best for maximum heat retention, while dual use curtains (with an open weave) also provide shading so they are
also great for keeping greenhouse temperatures cooler in middle of the day in the summer. The cost to install a
heat curtain varies from about $1.50-$4.00/sq ft. Cost per square feet are cheaper in a gutter connect greenhouse.
Payback is typically 1-3 years. Heat curtain installation makes the most economic sense when a greenhouse is
heated during the cold winter months.
5. Provide long days for long day plants. Many spring bedding plants and herbaceous perennials flower earlier if
they have long day photoperiod (day length). Examples include: pansy, petunia, dianthus, salvia, snapdragon, and
fuchsia. When finishing these crops for early-spring sales, you can economically supply long days by using night
interruption lighting i.e. at least 2 micromoles (10 foot candles) of light from 10pm to 2am daily.
6. Heat cold sensitive crops adequately to get quicker turns. Greenhouse plants can be categorized according to their base
temperature, this is the temperature at or below which the crop stops developing. Plants with a base temperature of
46 °F or higher are called “cold-sensitive” crops; examples include: angelonia, begonia, celosia, peppers, portulaca,
torenia, and vinca (Catharanthus). For all crops, but especially for this group, lowering greenhouse temperature set
points to save on heating costs can be counterproductive – it lengthens the crop time, thus increasing heating and
labor costs. For example, for celosia with a mid-May finish in Michigan, it was estimated that finishing plants in
a 57 °F greenhouse had a two times greater heating cost as when greenhouse temperatures were 63-73 °F, due to
significantly longer number of weeks to grow at the cool temperature. In general, this group should be grown at 7075 °F to reduce crop production time.
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Fuel
Heat equivalent
Burner Efficiency Cost ($ / Million BTUs)
Fuel oil
138,500 Btu/gallon
75%
$/MBtu = $/gal x 9.6
Natural gas
100,000 Btu/therm
75%
$/MBtu = $/therm x 13.3
Propane
92,500 Btu/gallon
75%
$/MBtu = $/gal x 14.4
Hard coal
25,000,000 Btu/ton
60%
$/MBtu = $/ton ÷ 15
Wood pellets
8,200 But/lb
80%
$/MBtu = %/ton ÷ 13.1
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M.S. degrees at the University of Minnesota and his PhD at the University of California.
Since 2007 Neil has served as a professor in Horticulture at Cornell University with a
research/extension position in greenhouse crop production. Neil and his wife, Janelle,
have 2 children (7 and 5).

Neil Mattson grew up on a small beef farm in north central MN. He received his
Bachelors and M.S. degrees at the University of Minnesota and his PhD at the University
of California. Since 2007 Neil has served as a professor in Horticulture at Cornell
University with a research/extension position in greenhouse crop production. Neil and his
wife, Janelle, have 2 children (7 and 5).

161

GREENHOUSE ORNAMENTALS
HOW TO BEST MANAGE FUNGUS GNATS

Raymond A. Cloyd
Professor and Extension Specialist in Horticultural Entomology/Plant Protection
Department of Entomology, Kansas State University, 123 Waters Hall, Manhattan, KS 66506-4004
Phone: 785-532-4750 • Email: rcloyd@ksu.edu
Fungus gnats (Bradysia spp.) are major insect pests of greenhouse-grown horticultural crops and are one of the few
insect pests in which the damaging stage, the larva in this case, is located within the growing medium. Fungus
gnats are especially a problem under moist conditions during propagation when plant cuttings, transplants, plugs, or
seedlings are initiating root systems. In addition, it does not take many fungus gnat larvae to cause substantial damage
resulting in an economic loss. The fungus gnat life cycle consists of an egg, four larval instars, a pupa, and an adult. A
generation may be completed in 20 to 28 days depending on temperature. Adults are winged, about 0.5 to 1.0 cm (1/8
to 1/4 inches) in length, with long legs and antennae. Adults live from seven to 10 days and prefer to congregate near
the growing medium surface. Females deposit 100 to 200 eggs into the cracks and crevices of the growing medium.
Eggs hatch into white, translucent, legless larvae that are approximately 6.0 mm (1/4 inch) long when fully grown with
a distinct black head capsule. The larvae are typically located within the top 2.5 to 5.0 cm (1.0 to 2.0 inches) of the
growing medium surface or inside plant tissue. Fungus gnat larvae feed on plant roots—especially the root hairs—and
organic matter in the upper 2.0 cm (3/4 inch) of the growing medium. Fungus gnat larvae prefer growing media with
“high” moisture contents and require fungi as a supplemental food source to complete development. The food source
determines abundance and fitness of adults, and the reproductive capacity of females. Larvae feed on a wide-range
of horticultural crops grown in greenhouses. Young plants or seedlings are particularly susceptible to injury from
larval feeding. Mature plants are less susceptible to injury, unless fungus gnat larval populations are abundant. Larval
feeding may directly damage developing root systems thus interfering with the ability of plants to absorb water and
nutrients; resulting in stunted growth. Larvae may also cause direct damage during feeding by creating wounds that
allow entry of soilborne plant-pathogens. Furthermore, both larvae and adults may transmit fungal diseases such as
Botrytis spp., Pythium spp., Fusarium spp., and Thielaviopsis basicola (black root rot).

Cultural Management
Water management and sanitation are important in alleviating problems with fungus gnats in greenhouse production
systems. For example, greenhouses that have water accumulating and algae present tend to have higher fungus gnat
populations, which may result in more plant damage. Fungus gnats are usually more abundant in greenhouses with
soil floors than those with concrete flooring. This is likely due to the extreme moist conditions and presence of algae.
An approach that is consistently recommended to suppress fungus gnat larval populations is to allow the growing
medium to dry out occasionally, particularly the upper 2.5 to 7.6 cm (1.0 to 3.0 inches). The dry surface may be less
attractive to ovipositing females, and even if eggs are laid, they fail to hatch because of the low moisture content.
However, allowing plant material to become too dry may not be feasible because it is critical to provide sufficient
moisture for plant growth and development, especially during propagation.

Scouting
Scouting or monitoring is helpful in detecting the presence of fungus gnats early—before populations’ build-up to
damaging levels. Yellow sticky cards that are positioned near the growing medium surface are used to monitor for
fungus gnat adults. Potato disks or wedges placed on the surface of the growing medium are used to detect the
presence of larvae. The potato disks or wedges should be left for only 48 hours before they are checked. Larvae are
attracted to and congregate underneath the potato disks or wedges.
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Insecticides
Insecticides are typically used to suppress fungus gnat populations in greenhouses, and most are effective when applied
appropriately. Insecticides that may be used against adults are bifenthrin (Attain/Talstar), chlorpyrifos + cyfluthrin
(Duraplex), cyfluthrin (Decathlon), and petroleum oil (Ultra-Pure Oil/SuffOil-X). Because the larva is the life stage
that causes direct plant damage, most insecticides are applied as a drench to the growing medium. Insecticides that
may be used to suppress fungus gnat larval populations include acetamiprid (TriStar), azadirachtin (Azatin XL/
Ornazin/Molt-X/AzaGuard), Bacillus thuringiensis subsp. israelensis (Gnatrol), bifenthrin (Talstar), chlorfenapyr
(Pylon), chlorpyrifos (DuraGuard), cyromazine (Citation), diflubenzuron (Adept), dinotefuran (Safari), imidacloprid
(Marathon), pyriproxyfen (Distance), and thiamethoxm (Flagship).

Biological Control
Biological control agents such as a predatory mite and beetle, and entomopathogenic nematode may be used to
suppress fungus gnat larval populations in greenhouses. The biological control agents commercially available from
most suppliers/distributors include the predatory mite, Stratiolaelaps scimitus (formerly Hypoaspis miles); the rove
beetle, Dalotia (formerly Atheta) coriaria; and the entomopathogenic nematode, Steinernema feltiae. The soil-dwelling
predatory mite, S. scimitus is used to suppress fungus gnat larval populations; however, eggs and pupae are typically
not attacked. The mites are 0.5 mm (1/50 inches) long and light-brown in color. They tend to reside in the top 1.2 cm
(1/2 inch) of the growing medium. Females lay eggs in the growing medium that hatch into nymphs after 1 to 2 days.
Nymphs develop into adults in 5 to 6 days. The life cycle takes about 7 to 11 days to complete. Both nymphs and
adults feed on the larval stages of fungus gnats. Stratiolaelaps scimitus is well adapted to moist conditions but will
not survive in growing medium that is excessively moist or saturated. Optimal development and reproduction of S.
scimitus occurs when growing medium temperatures are between 15 and 30ºC (59 and 86ºF).
Both the larva and adult stages of the rove beetle, D. coriaria attack fungus gnats including eggs, larvae, and pupae.
Adults are approximately 3.0 mm (1/8 inches) in length, and dark-brown to black in color. Larvae are similar in
size and yellow-brown in color. Both life stages are active and fast moving. They can be seen on the surface of the
growing medium, but they tend to reside in the growing medium. Rove beetle adults, in particular, are usually present
on the growing medium surface at night, and migrate into the growing medium during the day or when exposed to
light (either natural or supplemental). The life cycle, from egg to adult, takes 11 to 22 days to complete depending on
temperature. Rove beetle adults are mobile and may fly long distances within a greenhouse from the original release
site. However, they tend to spend most of their life-span in the growing medium.
The entomopathogenic nematode, S. feltiae is a microscopic roundworm that attacks fungus gnat larvae by entering
through natural openings such as the anus, mouth, or spiracles (breathing pores). Once inside a fungus gnat larva,
they release a bacterium that consumes the internal contents of the larva. Infected fungus gnat larvae typically die
within 24 to 48 hours. Entomopathogenic nematodes must be applied before larval populations’ build-up to damaging
levels or when “high” numbers of adults are flying around. The ability of entomopathogenic nematodes to suppress
populations of fungus gnat larvae is influenced by factors such as application rate, application timing, host plant,
and entomopathogenic nematode strain used. Furthermore, the infectivity of entomopathogenic nematodes against
fungus gnat larvae may differ depending on the growing medium type and moisture content. It is important to irrigate
the growing medium before and after applying entomopathogenic nematodes to ensure their survival. Also, fungus
gnat larvae may exhibit differences in susceptibility to entomopathogenic nematodes based on the strain and even
larval instars present. Temperature is a major factor that impacts suppression of fungus gnat larval populations as
entomopathogenic nematodes require growing medium temperatures between 8 and 30ºC (46 and 86ºF) for infection,
and 10 and 25ºC (50 and 77ºF) for reproduction. It should be noted that before applying entomopathogenic nematodes,
remove any filters that are 50 mesh or finer and maintain pump pressure below 300 psi. Furthermore, keep the solution
agitated so as to prevent the entomopathogenic nematodes from settling to the bottom of the container.
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It is important to remember that all of the biological control agents mentioned above must be released before fungus
gnat larval populations reach excessive numbers and are already causing damage to plants. Therefore, establishing a
reliable scouting program by using yellow sticky cards to monitor for adults and potato disks or wedges to detect the
presence of larvae will ensure the success of biological control programs used against fungus gnats.

Summary
Fungus gnats are a major insect pest of many greenhouse-grown horticultural crops because both the larvae and
adults may cause either direct or indirect plant damage resulting in possible economic losses. As such, it is important,
when dealing with fungus gnats, to implement several plant protection strategies including water management and
eliminating weeds and algae from production areas, and properly timing applications of either insecticides or biological
control agents. In the end, this will result in fewer problems associated with managing fungus gnats in greenhouses.
For more information refer to the following extension publication:
Cloyd, R. A. 2010. Fungus gnats: Management in greenhouse and nurseries. Kansas State University Agricultural
Experiment Station and Cooperative Extension Service. MF-2937. Kansas State University, Manhattan, KS. 4 pages.

Dr. Raymond A. Cloyd is Professor and Extension Specialist in Horticultural
Entomology/Plant Protection in the Department of Entomology at Kansas State University,
Manhattan, KS. Dr. Cloyd has an extension (70%) and research (30%) appointment.
His research and extension program involves plant protection in greenhouses, nurseries,
landscapes, turfgrass, conservatories, interiorscapes, Christmas trees, and vegetables
and fruits. Dr. Cloyd has a B.S. degree in ornamental horticulture and a minor in plant
protection/pest management from the California Polytechnic State University—San Luis
Obispo (San Luis Obispo, CA); and an M.S. and Ph.D degree in entomology from Purdue
University (West Lafayette, IN). He was formally a professor at the University of Illinois (Champaign-Urbana, IL).
Dr. Cloyd has published over 70 scientific refereed publications and over 500 trade journals on topics related to pest
management/plant protection. In addition, he has authored or co-authored numerous books (Pests and Diseases of
Herbaceous Perennials, IPM for Gardeners, Plant Protection: Managing Greenhouse Insect and Mite Pests, and
Compendium of Rose Diseases and Pests), book chapters, manuals, PICT or pocket guides, and extension-related
publications. Dr. Cloyd is a frequent speaker at state, national, and international conferences and seminars. He is
originally from California, and he and his wife Kimberly have a daughter, Allison.
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BEST OF THE PSU FLOWER TRIALS 2014

Sinclair A. Adam Jr.
Penn State Extension 2120 Cornwall Rd. Suite 1 Lebanon, PA 17042 email saa19@psu.edu\
Antirrhinum
Candy Showers Rose				

Sakata Seed

Angelonia
Big Violet						Danziger Flower Farm
Archangel Dark Rose (New)			

Ball FloraPlant

Archangel Raspberry Improved			

Ball FloraPlant

Serenita Lavender Pink				

PanAmerican /Kieft

Serenita Pink (New)				PanAmerican/Kieft
Serenita Raspberry					PanAmerican/Kieft
Sungelonia Deep Pink				

Suntory Flowers

Sungelonia White					Suntory Flowers
Begonia
Big Bronze Leaf Red				

Benary Seed

Big Bronze Leaf Rose				

Benary Seed

Big Green Leaf Pink				

Benary Seed

Big green Leaf Red				

Benary Seed

Braveheart Rose Bicolor				

Syngenta Flowers

Jurassic Green Streak (New)			

Ball Ingenuity

Jurassic Pink Shades (New)			

Ball Ingenuity

Jurassic Silver Point (New)				

Ball Ingenuity

Jurassic Watermelon (New)			

Ball Ingenuity

Pegasus Gryphon (New)				

Proven Winners

Surefire Red

Proven Winners

Surefire Rose

Proven Winners

Brachyscome
Surdaisy Pink					Suntory Flowers
Bracteantha
Jumbo Red (New)					Ball FloraPlant
Caladium
Artful Fire and Ice (New)				

Proven Winners

Bombsell 						Classic Caladiums
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Creamsickle					Classic Caladiums
Party Punch					Classic Caladiums
White Cap						Classic Caladiums
Calibrachoa
Cabaret White Improved (New)			

Ball FloraPlant		

Calipetite White					Sakata Seed America
Lindura Light Blue					

Dummen Group ORO

Lindura Neon (New)				

Dummen Group ORO

MiniFamous iGeneration Orange			

Selecta First Class

NOA Violet					Danziger Flower Farm
Superbells Lemon Slice				

Proven Winners

MiniFamous Double Purple (New)			

Selecta First Class

Calibrachoa X
Petunia
SuperCal Neon Rose/Yellow Throat		

Sakata Seed America

SuperCal Pink Ice					

Sakata Seed America

SuperCal Violet					Sakata Seed America
Celosia
Arrabana Red					PanAmerican/Kieft
Kelos Magenta					Beekenkamp
Kelos Scarlet					Beekenkamp
Chrysocephalum
Silverleaf Yellow					Suntory
Cleome
Pequena Rosalita					Proven Winners
Senorita Rosalita					Proven Winners
Coleus
Color Blaze Marooned				

Proven Winners

Henna						Ball FloraPlant
Marquee Blonde Bombshell (New)			

Burpee Home Gardens

Redhead						Ball FloraPlant
Wasabi						Ball FloraPlant
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Combinations
Kwik Combos Cherry Blossom Mix		

Syngenta Flowers

Mixmaster Sweet Melody (New)			

Ball Floraplant

Cuphea
Vermillionaire					Proven Winners
Dahlia
Grandahlia Orange (New)				

Syngenta Flowers

XXL Chiapas					

Dummen Group RED FOX

XXL Durango					

Dummen Group RED FOX

XXL Mayo					

Dummen Group RED FOX

XXL Taxco 					

Dummen Group RED FOX

Dipladenia
Rio Deep Red					Syngenta Flowers
Rio Pink						Syngenta Flowers
Euphorbia
Star Dust Super Flash 				

Dummen Group RED FOX

Glitz						PanAmericaan/Kieft
Evolvulus
Blue My Mind					Proven Winners
Geranium Interspecific
Sarita Dark Red					

Dummen Group RED FOX

Sarita Pink						Dummen Group RED FOX
Geranium
Abigail						J. P. Bartlett
BullsEye Salmon					Syngenta Flowers
Dixieland Deep Red (New) 			

Dummen Group Oglevee

Geranium
Fantasia Cardinal Red				

Ball FloraPlant

Fantasia Violet					Ball FloraPlant
Pinto Premium Deep Rose				

Syngenta Flowers

Helichrysum
Silverstar

Westflowers
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Impatiens x hybrida
Big Bounce Violet (New) 				

Selecta First Class

Big Bounce White					

Selecta First Class

Bounce Lilac (New) 				

Selecta First Class

Bounce Pink Flame				

Selecta First Class

SunPatiens Spreading Corona			

Sakata Seed America

SunPatiens Experimental Spreading
Variegated Orange (Future)			

Sakata Seed America

Impatiens New Guinea
Celebrette Lavender				Ball FloraPlant
Celebrette Orange Crush				

Ball FloraPlant

Magnum Dark Red				

Dummen Group RED FOX

Supersonic Hot Pink				

Syngenta Flowers

Tamarinda Violet 				

Dummen Group ORO

Ipomoea
FloraMia Nero New				

Dummen Group RED FOX

Lantana
Bandana Trailing Yellow				

Syngenta Flowers

Bandana White					Syngenta Flowers
Experimental G12-161-PPAF

GardenGenetics

Lucky Lemon Glow				

Ball FloraPlant

Santana White					Danziger Flower Farm
Lobularia
Lavender Stream					Danziger Flower Farm
Frosty Knight					Proven Winners
Mandevillia
Sun Parasol Crimson				

Suntory Flowers

Osteospermum
Serenity Red (New)				

Ball FloraPlant

Petunia (Double)
Surfina Double Rose

Suntory Flowers

Petunia
Blanket Rose Improved				

H.F. Michell GreenFuse Botanicals
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Blanket Violet					

H.F. Michell GreenFuse Botanicals

Blanket Yellow					

H.F. Michell GreenFuse Botanicals

Glamaoflage

Hort Couture Plants

Littletunia Bicolor Illusion				

Danziger Flower Farm

PAC Happytoonia Blue Vein			

PAC Elsner

Success Salmon (Seed) New			

Benary Seed

Petunia
Supertunia Black Cherry				

Proven Winners

Supertunia Bermuda Beach			

Proven Winners

Supertunia MiniPurple				Proven Winners
Supertunia Indigo Charm				

Proven Winners

Supertunia Vista Bubblegum			

Proven Winners

Surfina Giant Blue

Suntory Flowers

Surfina Rose Veined

Suntory Flowers

Portulaca
Cupcake Cherry Baby				

Dummen Group RED FOX

Pazzaz Fuchsia					Danziger Flower Farm
Sundance Pink					Sakata Seed America
Rudbeckia
TigerEye Gold					Syngenta Flowers
Salvia
Cathedral Shining Sea				

H. F. Michell GreenFuse Botanicals

Cathedral Sky Blue				

H. F. Michell GreenFuse Botanicals

Sallyfun Deep Ocean				

Danziger Flower Farm

Scaevola
Surdiva Blue					Suntory Flowers
Whirlwind White Improved			

Proven Winners

Sutera
Betty White					

H. F. Michell GreenFuse Botanicals

Verbena
Blues Lavender Eye (New)				

Selecta First Class

EnduraScape Red (New)				

Ball FloraPlant

Pops Burgundy New				

Selecta First Class
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Superbena Royal Chambray			

Proven Winners

Superbena Royal Iced Cherry			

Proven Winners

Temari Blue					Suntory Flowers
Temari Patio Blue					Suntory
Vinca
Titan Dark Red					PanAmerican/Kieft
Titan Lilac Improved				PanAmerican/Kieft
Titan Rose Halo					PanAmerican /Kieft
Zinnia
Zahara Fire 					PanAmerican/Kieft
Zahara Sunburst 					PanAmerican/Kieft

Sinclair Adam has received a BS from the Univ. of Wyoming in Plant and Soil Science 1983, and a MS from the
Univ. of Vermont in Plant and Soil Science 1988. He has been in education at Univ. of Vermont (Adjunct) 2013,
Temple University (Adjunct & Senior Lecturer) 2000-2006, & Research Fellow 2002-2006. Also serving at The
Barnes Foundation as an Instructor 1995-1997. Sinclair has over 30 years industry experience: Recently, as Plant
Scientist, for Vermont Organics Reclamation, and owner, of Dunvegan Nursery from 1989-2009. He was a Range
Manager Greenleaf Enterprises 1988-1989, and Assistant Horticulturalist at The Brandywine Conservancy. Sinclair
has been published in research on plant propagation, nitrogen nutrition of perennial plants, germplasm releases
from 1990-2006 in the Journal of Environ Hort, HortScience, Perennial Plant Assn. Journal, Daylily journal, IPPS
proceedings, and American Nurseryman). He has been an invited speaker at the VT Flower Show, Univ. of VT,
Solar Fest, PPA, Northern New England Nursery Conference, Millersville Native Plant Conf., US Nat’l Arb. Lahr
Conference, Delaware Extension Meeting, New England Greenhouse Conference, and IPPS. Holder of 15 plant
patents, Sinclair has developed Tiarella, Chrysanthemum, and Phlox selections for industry, and is a member of
ASHS, PPA, Pi Alpha Xi, & the Hardy Plant Society.
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EFFICIENT FEEDING: GOING BEYOND 20-20-20

Krystal Snyder
JR Peters, Inc. 6656 Grant Way, Allentown, PA 18106
EFFICIENT FEEDING, GOING BEYOND 20-20-20
email: ksnyder@jrpeters.com

Krystal Snyder JR Peters, Inc. 6656 Grant Way, Allentown, PA 18106 email: ksnyder@jrpeters.com
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Next, look at your water test for the following items: pH, alkalinity, calcium, magnesium, sodium, and
have low alkalinity with small amounts of calcium and magnesium, a neutral or basic fertilizer with added calcium
chloride. If you have low alkalinity with small amounts of calcium and magnesium, a neutral or basic
and magnesium is a better option. If your water has high alkalinity, you will need an acidic fertilizer. In this case, your
fertilizer with added calcium and magnesium is a better option. If your water has high alkalinity, you will
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Water Type
Very Low Alkalinity or Pure Water

Alkalinity
<60 ppm

Low Alkalinity

60-100 ppm

Moderate Alkalinity

100-160
ppm

171

Fertilizers to Consider
17-4-17 , 15-5-15, 13-212
21-5-20 with 15-515,17-4-17,16-2-15

21-5-20 + Extra Mg, 255-15 with extra Mg,
20-3-19 Petunia FeED
16-2-15, 15-15-15
Geranium+ Extra Mg

GREENHOUSE ORNAMENTALS
Moderately High Alkalinity

150-200
ppm

21-5-20, 25-5-15, 21-818
20-3-19 Petunia FeED
*may need acid
injection as well

High Alkalinity

180> ppm

21-5-20 + Mg, 25-5-15,
20-3-19 Petunia FeED
*may need acid
injection is almost
always necessary
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grow at this rate for the bulk of the season. Finally, 2 weeks before you are ready to sell, raise the rate to 250ppm N.
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growing cycle.

Troubleshooting:

fertilizer like 20-20-20 or 20-10-20pl for one week, then switch to a mum fertilizer. Feed mum formula
for 3 weeks at 300ppm. Next, decrease to 200-250ppm for 4 weeks. Decrease rate to 150ppm for last
few weeks of growing cycle.

Growers should monitor the media pH and EC of all crops one of two ways: in house testing or utilizing a horticultural
lab. Look for P deficiencies
when using a low P fertilizer; signs of deficiency may include leaf expansion, slowed
Troubleshooting:
growth & older leaves or veins of older leaves with purple discoloration. Severe deficiency will cause older leaf
chlorosis and tip necrosis.
Several
varieties
of plants
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Toways:
avoidinexperiencing
Growers
should
monitor
the media
pH and
EC ofextra
all crops
one of two
house testingthese
or utilizing a
issues, simply use a fertilizer
like
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horticultural lab. Look for P deficiencies when using a low P fertilizer; signs of deficiency may include leaf
expansion, slowed growth & older leaves or veins of older leaves with purple discoloration. Severe
deficiency will cause older leaf chlorosis and tip necrosis. Several varieties of plants require a little extra
phosphorus. To avoid experiencing these issues, simply use a fertilizer like 20-10-20.

Krystal Snyder is the Technical Specialist at JR Peters, Inc. JR Peters, Inc. is a formulator, designer, and
manufacturer of water soluble fertilizers. She gives laboratory interpretations and technical advice for
the Jack’s Professional product line. Krystal has a B.S. in Horticulture from Delaware Valley College. She
Krystal
SnyderPA
is with
the Technical
Specialist
at JR
Peters, Inc.
JR and
Peters,
Inc. is a formulator,
resides
in Easton,
her husband
and two
daughters,
Alexia
Lucy.
designer, and manufacturer of water soluble fertilizers. She gives laboratory interpretations
and technical advice for the Jack’s Professional product line. Krystal has a B.S. in
Horticulture from Delaware Valley College. She resides in Easton, PA with her husband
and two daughters, Alexia and Lucy.
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HOW TO GROW YOUR AGRITAINMENT BUSINESS
John Hill
Hill Ridge Farms
703 Tarboro Rd.
Youngsville, NC 27596
(919)556-1771
www.HillRidgeFarms.com

1. Where are you now?
• This session is about growing your business!
• What percentage of your income is from agritainment?
• Is your agritainment successful and profitable?
• What are your goals for growing your business?
• If you are not in the agritainment business, what is your motivation?.
• According to a recent Agricultural paper, there has been a 76% increase in farm markets since 2006.

2. Creating an Experience
When planning how to grow your agritainment business, it takes a lot of planning. and work!
• People want more local produce.
• People like to pick strawberries, apples, and vegetables.
• People like festivals.
• People like fun things to do.
• People like a neat and clean place to visit.
• People like clean restrooms or very clean Port-a-Johns.
• People like you to be open when you say you will be open.
• People like parking that is not muddy.
• People like great customer service.
• People like to want to come back again.
• People like to build memories for their family.
Create an experience that does all these things!

3. How many years before you retire or turn the business over to someone else?
• Growing your agritainment business can be very expensive.
• Most additions take time to recover their investments, some take years!
• Do you have family members, or someone capable, of running your business?
• If you are near retirement, you need to research this thoroughly!

4. Population and Location is key to expanding
• Population within one hour must be large enough to support your expansion.
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• You may have the most beautiful farm in the area!
• Small farms, such as “Pick Your Own”, can be successful.
• Rural Areas
• Look before you leap!

5. What should you do next to expand your business?
• Network with people in the Agritainment business.
• Go to at least two conferences a year to expand your fiscal knowledge.
• Discuss with your family how you would like to expand your operation.
• Plan how much you are willing to invest in your expansion.
• Do a cost analysis to be sure it will be a return on investment

6. What main attraction do you want to be known for?
• Everyone needs something unique to attract customers.
• Your main attraction can be a lot of different things such as; the beauty of your farm, best homemade strawberry ice
cream, or numerous other things you can do at your farm.
• Try to get at least one thing that customers will think is better than other farms!

7. Give people what they want and enjoy
• Customers have little free time out of shuffling kids to and from activities, such as soccer or other school events, to
come and visit an agritainment farm.
• If they choose to take time out of their busy schedule to visit, they expect the trip to be a fun and memorable one.
• Try to have your farm ready and clean at all times when you are open.
• Have your staff trained to give great service!

8. Insurance
• When you extend your agritainment business, be sure to get adequate coverage.
• Talk to your Insurance Company about your expansion.
• You may not be insured on new things unless you state what you have added.
• If you have not had someone come out from the insurance company, it may be the time!

9. Management
• When expanding your business, your management needs to expand also.
• You will need to empower other family members and staff to help with additional management duties.
• There is more training needed for employees.

10. How to keep family members in your business
• Meet with each essential family member and discuss if they want to grow, help manage, and possibly become part
owners!
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• Discuss their hopes and dreams and how they may contribute to make them happen.
• Set clear expectations of what you expect.
• Pay family members enough to live and support their families

11. Right Employees
• You need a qualified person dedicated to screening and hiring new staff.
• New employees need to be trained!
• Employees must make eye contact with customers and smile!
• Employees are your front line for your business to grow.

12. How much money are you willing to invest in expanding your business?
• This is a big question!
• Most of us want to do things people like and enjoy, but some things are just too expensive
• You can use a several year approach, and do a certain amount each year to help control how much you invest annually.

13. How are you going to pay for these improvements?
• Cash!
• Borrow money.
• Do a cash flow analysis of approximately what your expansion will return.
• Do not borrow more than you can pay back over time.

14. Safety
• Do you have an emergency plan for staff and customers?
• Do you have signs posted in case of emergency?
• Do you train employees on safety and emergency procedures?
• Do you have refresher training scheduled?
• In the end it will greatly benefit your marketing!
-“We have a safe place to bring your children that is also enjoyable!

15. Marketing
• This is the main key to success!
• There are many ways to market and promote your business, such as: social media, T.V., radio, and many others.
• Marketing is a never ending project that if stopped, the customer visits will stop as well.
• Never stop promoting or marketing your business.
John Hill is a pioneer in the agritainment business. John started and is the owner of Hill Ridge Farms since 1968
and is one of the most diverse and successful agritainment businesses in North Carolina. John started very small
with only three acres of pick your own, at a time when pick your own was very rare. John is now recognized as a
leader in the industry.
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GROWING YOUR AGRITAINMENT BUSINESS- WHAT WORKS?
Eric L. Voll
Soergel Orchards, Inc.
2573 Brandt School Road, Wexford, PA 15090
www.soergels.com
ericvoll1@gmail.com

Since all agriculturally-based businesses are different, there really isn’t a “this method works for everyone” answer to
growing your business. No one knows your business better than you do, so through research, planning, and a little bit
of luck, you can put your business in the best possible position to succeed and grow. In this session, we will discuss the
many different methods of growing your agritainment business, with a focus on advertising and marketing. The goal
is to leave the session with at least one idea you can take back to your business and make work for you.
Three ways to grow your business are to increase your customer count (which is the most expensive step), increase the
number of times those customers visit you, and increase the amount of money customers spend during each visit. As
customer loyalty and trust builds, the relationships with your customers and your business both grow.
In order to increase your customer count, you need to find a way or ways to reach out to those that may not know what
you have to offer, or even know that you exist. Once you figure out who your target customer demographic is, you can
narrow down your efforts and put your marketing plan together. There are a lot of methods of “off-site” (not at your
business) advertising and marketing that can be used, including traditional, modern, non-traditional, and sponsorship
methods. The key is to figure out what makes the most sense for your particular business, while recognizing that those
methods may change throughout the year. Television, radio and print typically come to mind first when someone thinks
of traditional advertising and marketing, as they are the most prevalent, but they also tend to be the most expensive.
Non-traditional methods such as product trades and partnerships can be very impactful in agricultural businesses, as
cash does not need to change hands (i.e. trading pumpkins or activity tickets for a radio show to be broadcast from your
farm). Modern methods, including Facebook, Twitter, websites, and e-mail blasts are the least expensive and most
controllable for your message. Sponsorships and donations are other ways to reach out to your potential customer base,
as it shows your community support, but that reach and value can be quite limited. Setting a flexible marketing budget
is key in our industry, and therefore it is vital that steps are taken to have non-binding commitments or contracts (if
they are necessary at all) due to the unpredictable harvest season and the way weather directly affects the majority of
our cash-flow throughout the year. Having a relationship with an advertising agent that understands your business can
be an invaluable resource, as they have buying power, resources, and a working knowledge of the local media outlets.
If an agent is not used, a lot of advertising reps are willing to negotiate pricing, payments, and ad spots. The key is
to not be afraid to say “no” to a proposal, as some reps are known to capitalize on “fear of missing out” on a great
deal. Whatever advertising methods you choose, there is no true proven way to accurately measure the impact your
advertising has had or what the return on investment is. Knowing your previous customer count average, and casually
surveying your customers at the registers for information on where they heard about you can help you plan for future
advertising campaigns.
Increasing the frequency of customer visits by connecting and communicating with customers when they are already
on your property is an inexpensive way to grow your agritainment business. Training your staff (via shift meetings or
company-wide meetings) to become suggestive selling experts can give you a huge return on your time investment.
On-site signage (either in-house production or by outside resources) communicates your message in a professional
way, and in turn, may bring repeat business. Creating a wide variety of new events, such as seasonal festivals, farm
to fork events, mystery dinners, bands/concerts, gardening class series, pruning demonstrations and pick-your-own
sessions will keep your customer base coming back, as they want to make sure they don’t miss out on anything going
on at your farm.
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The third way to grow your agritainment business is to increase the amount of money your customers spend during
each visit. Letting customers know they are valued and appreciated by you, your staff, and your business will have
immeasurable positive impact. A simple step such as assigning a customer service representative during events to
greet each customer at some point throughout their visit will “break the ice” and make the customer more comfortable
to approach staff throughout the rest of their stay if they need anything, can’t find something, or if they need something
addressed. If a customer has a problem, they will also be more likely to let you know about it in a respectful way
so it can be addressed, rather than leave angry and not return. Providing the customer service representative with
coupons, stickers, ice cream cone cards, or other perks or discounts to hand out at their discretion also leads to happier
customers, and those are the types of customers that spend more.
In summary, since all agriculturally based businesses are different, a combination of advertising and marketing
methods will likely be your key to success, and consulting with peers and professionals will help steer you on the
right path. As farmers, we are not strangers to challenges or adversity, but no other industry is better than ours when it
comes to hard work, perseverance, or adapting to a changing world. I am proud to be a part of it.
Eric Voll is a 6th-Generation family member at Soergel Orchards, in Wexford, PA.
Soergel Orchards farms approximately 500 acres of fruits and vegetables, and consists of
a farm market, bakery, deli, wine shop, natural/organic/gluten-free & allergen-free store,
garden center, home accents center, gift barn, cider press, and events center. Focusing
on retail management, Eric also helps manage a team of over 200 staff members in their
different departments throughout the year. He has a B.S. degree in Marketing from Penn
State University, and is a graduate of the Institute for Entrepreneurial Excellence Fellows
Program through the University of Pittsburgh. He and his wife Megan have a son, Ethan,
and daughter, Abbey, whom are two very energetic members of the 7th-Generation of family at Soergel Orchards.
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RISK MANAGEMENT OF 2,4-D AND DICAMBA TOLERANT SOYBEAN
Doug Doohan
Ohio Ag Research & Development Center

The release of 2,4-D and dicamba tolerant corn, soybean and cotton is imminent, beginning with 2,4-D tolerant corn.
Grain farmers will embrace these crops because they provide a new method to kill a growing range of glyphosateresistant weeds. Even modest adoption of this technology on 30% of the corn and soybean acreage in the Midwest
will result in an increase in potential 2,4-D and dicamba use to six times the current usage. Because these crops will
cause a shift in where 2,4-D and dicamba are primarily used, from western rangeland and wheat production to the
corn belt, the actual increased usage in the Midwest could be much more than a 6X increase. Even with advanced drift
reduction technology in place, the increased use of these herbicides adjacent to sensitive crops will be such that crop
injury resulting from off-site movement is inevitable and almost certainly will exceed current levels (estimated at 300
incidents/ year in Ohio).
Should fruit and vegetable producers in the Mid Atlantic region be concerned? The short answer is yes, as use of these
synthetic plant hormone herbicides is likely to increase in the region as it will in the Midwest. In recent decades 2,4-D
and dicamba have been used for control of broadleaf weeds in cereal crops and are commonly used in lawn care and
for railroad, utility right-of-way and highway maintenance purposes. 2,4-D was introduced in the 1950’s and dicamba
was first registered for use in the United States in 1967. Unfortunately, some older 2,4-D and dicamba formulations
were both notoriously prone to spray drift and to post-application volatilization.
Survey results of state pesticide control officials (2005 AAPCO Pesticide Drift Enforcement Survey) listed 2,4-D as
the herbicide most often involved in crop injury resulting from drift incidents for every year the survey has been taken.
The same survey listed dicamba as the 3rd most commonly involved in drift incidents for two years in a row. This level
of crop damage from drift occurrence far outpaces the relative use of these herbicides. 2,4-D ranked 7th on an EPA
list of most commonly applied conventional pesticide active ingredients. Dicamba did not even make the list of the top
25. These active ingredients are highly toxic to sensitive plants at low concentrations hence drift damage symptoms
develop readily, are easy to see and are characteristic of growth regulator herbicides.
As a result of extensive research, the causes and fixes of spray drift are well known and documented. For example,
using nozzles and pressures that result in the creation of fine spray droplets, and/or spraying during windy conditions
are known to greatly increase the risk of spray drift. Much of this information is contained on the pesticide label. The
instructions on the pesticide label are given to ensure the safe and effective use of pesticides with minimal risk to
the environment. Many drift complaints result from application procedures that violate the label. The potential for a
pesticide to volatilize is related to the vapor pressure of the chemicals involved. Pesticides with high vapor pressure are
likely to be more volatile than those with low vapor pressure. Pesticides known to have the potential to vaporize carry
label statements than warn users of this fact. While there are things that the applicator can control (e.g., nozzle tip,
pressure, boom height) to reduce spray droplet or dust drift, vapor drift is dependent upon the weather conditions at the
time of application since the likelihood of pesticide volatilization increases as temperature and wind speed increases
and if relative humidity is low.
Dow AgroSciences and Monsanto, the developers of 2,4-D-tolerant and dicamba-tolerant cropping systems,
respectively, have both taken great care to minimize the known negative attributes of the older 2,4-D and dicamba
formulations. Dow AgroSciences has developed Enlist DuoTM that includes a new ultra low-volatility formulation of
2,4-D with minimized drift potential, lower odor, and better handling characteristics than currently available 2,4-D
amine or ester formulations. They have also embarked on an educational and outreach program to farmers, dealers,
and commercial applicators (EnlistTM Ahead) to promote and encourage good stewardship of the new system. Risks
associated with dicamba will also be reduced through product formulation, stewardship programs. An herbicide
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premix of dicamba and glyphosate branded Roundup XtendTM with VaporGripTM technology will be introduced
upon regulatory approval of the Roundup Ready Xtend Crop System.
Despite everyone’s best intentions and efforts drift happens. To reduce the risk of angry exchanges with neighbors and
resultant hostility we suggest an ongoing dialogue with neighbors who grow corn and soybean and with commercial
spray applicators who are likely to use 2,4-D and dicamba. Create awareness! Help these individuals better understand
specialty crop production and the impact of it on the state’s economy. Promote awareness among agronomic crop
producers that vineyards, extensive landscape plantings, or other susceptible crops are located in their neighborhood.
Creating and maintaining a heightened awareness of the industry is probably the most important thing we can do to
reduce risk of future herbicide damage and the lawsuits that would inevitably follow.
We believe that the following steps may be useful in order to help the specialty crop industry develop a process for
creating and maintaining awareness and reducing the risk of drift damage.

Step 1. Inform your neighbors.
Develop and maintain a good relationship with your neighbors. A good relationship starts with open communication.
Offer a tour of your operation, explain how damaging drift of glyphosate, 2,4-D and dicamba can be to your crops. In
the case of vineyards make sure to point out the potential for yield loss, poor grape quality, increased susceptibility to
cold injury, and reduction in long-term profitability. Discuss the possibility of planting buffer vegetation between your
crops and your neighbors’ crop/s to reduce risk.

Step 2. Have your farm or vineyard included in an online database.
Neighboring farmers and commercial spray applicators will need accurate information on where specialty crops are
being grown. The Ohio Department of Agriculture has launched a website designed to incorporate coordinates for
fields planted to sensitive crops into Google Map. This site is known as the Ohio Sensitive Crop Registry (www.agri.
ohio.gov/scr/). Applicators can check this website for proximity of sensitive crops to fields they are planning to spray.
If you farm near roadways or other rights-of-way contact your county or state highway department, power company
etc., since hormone-type herbicides may be used for weed control in those situations.

Step 3. Manage drift of the herbicides used on your own farm or vineyard.
Set an example of pesticide stewardship. Grapes are one of the most intensively sprayed crops grown in the United
States. Consider the unspoken message you send to the community every time you apply pesticides; especially when
using high pressure/high volume equipment. While many herbicides are registered for vineyard use, most have severe
restrictions due to the sensitivity of the crop. As mentioned previously, we investigate a lot of complaints and in some
cases the herbicide injury problem is caused by an application in the vineyard. The likelihood of drift is a multiple
of many factors, but some important ones are wind speed, droplet size (determined primarily by nozzle type), the
height of the nozzle above the ground or canopy and the operating pressure. Drift can be minimized by spraying
on a morning or evening with low but not zero wind conditions (3-10 mph), keeping the nozzle close to the ground,
reducing pressure (less than 30 psi), and using low drift nozzles that generate large droplets.\

What if drift damage occurs or is suspected?
Know the symptoms of 2,4-D and dicamba injury on your crops and plan on scouting regularly during the time when
grain growers are spraying. Early symptom detection (within a few days of drift) is important if you hope to detect
residues of the causal agent – a data point that may be of great value in obtaining compensation.
Prevention is better than cure. We encourage open and frank communication between all parties. Spell out the risk.
Inform your neighbors about the high dollar value per acre of the crops you grow. Specialty crops (especially grapes)
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are relatively small in acreage but high in value, and are highly sensitive to trace amounts of 2,4-D and dicamba. Many
are perennial crops and the consequences of drift damage can be dire and long-lasting.

Dr. Doug Doohan is a Professor and State Specialist in the Department of Horticulture &
Crop Science, The Ohio State University. He is located at the Ohio Agricultural Research
and Development Center in Wooster and holds a 75% appointment with OSU Extension.
Dr. Doohan grew up in Nova Scotia and New Brunswick. He received his training
at The Nova Scotia Agricultural College, University of Guelph, and North Carolina
State University. Prior to joining Ohio State, he was Provincial Weed Specialist in New
Brunswick and IPM Team Leader in Nova Scotia.
Since joining OSU Dr. Doohan has taught weed management and good food safety practices to approximately 9000
fruit and vegetable farmers throughout the central and eastern United States and Canada. He has authored 18 OSU
Extension Bulletins, 52 newsletter articles, and 14 farm magazine articles. In 2007 he received the Education Award
from the North Central Weed Science Society for his contributions to weed management outreach.
Dr. Doohan is the author (or co-author) of 56 peer-reviewed articles and 2 book chapters. He and his colleagues
have received more than $7 million in competitive funding in the past eight years for their research. His interest
in decision making by farmers led to development of the OSU Agricultural Risk Analysis Program. Risk analysis
has provided a robust platform from which to address diverse topics ranging from row crop weed management to
food safety education. Recent research has shown that in depth understanding of farmers’ knowledge, values, and
attitudes is needed to design and deliver high impact extension programs.
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2014 BROCCOLI VARIETY TRIAL RESULTS

Elsa Sánchez, Tim Elkner, Tom Butzler, Steve Bogash, Lee Stivers, Bob Pollock, Bill Lamont
The Pennsylvania State University Department of Plant Science and Extension
In the 2014 growing season we evaluated 25 broccoli cultivars in a spring and fall crop in three locations to determine
which are best suited for Pennsylvania. Cultivars were evaluated in a conventional system in the western part of the
state at Yarnick’s Farm in Indiana (spring crop) and Janoski’s Farm and Greenhouse in Clinton (fall crop); in the central
part at Pennsylvania State University’s Russell E. Larson Research Center in Rock Springs; and in the southeastern
part at Pennsylvania State University’s Southeast Research and Extension Center in Landisville.
‘Imperial’ was used as the standard based on conversations with growers.
Four- to six-week-old transplants were planted in April for the spring crop and in August for the fall crop. Plants were
planted in a bare ground system in the central and southeastern locations and in a plasticulture system in the western
locations. In the bare ground system, rows were spaced 30-36 inches apart with plants spaced 12 inches apart in each
row. In the plasticulture system, beds covered with black plastic were spaced on 5 foot centers and transplants were
planted in a double row with 11-12 inch in-row spacing for the spring crop and in a single row with 15 inch in-row
spacing for the fall crop.
A drip irrigation system was used to supplement rainfall in both production systems to provide plants with 1-1.5
acre-inches of water each week. Pests were managed following recommendations in the 2014 Commercial Vegetable
Production Recommendations guide.
Heads were harvested when they reached maturity: when beads were tight and had dark green buds and stalks were cut
to 5 inches long. Harvested heads were categorized as marketable or unmarketable, counted, weighed. Additionally,
head diameter was determined for marketable heads. Unmarketable heads were less than 4 inches in diameter, were
over-mature or had diseased beads.
Cultivars were arranged in a randomized complete block design with each cultivar replicated four or five times. Data
were collected from 10 plants per plot per replication. Data were analyzed using the mixed procedure and means were
separated using pdiff.

Results
Spring Crop
Western Pennsylvania
‘Imperial’ heads weighed 0.80 lb which was not different than most cultivars. ‘Castle Dome’ heads weighed more with
a mean of 1.22 lb/head and ‘Expo’ and ‘Legacy’ less at 0.31 and 0.15 lb/head, respectively.
Out of 10 ‘Imperial’ plants 10.0 heads were marketable which was not different than most other cultivars. Fewer
marketable heads were harvested from ‘Blue Wind’, ‘Avenger’, ‘Legacy’ and ‘Expo’ plants.
The diameter of ‘Imperial’ heads was 5.25 inches which was not different than most other cultivars. ‘Expo’ and
‘Legacy’ heads had smaller diameters at 2.05 and 1.07 inches, respectively.
In general, very few heads were unmarketable. The weight of unmarketable heads from ‘Tahoe’ and ‘Blue Wind’ was
more than from ‘Imperial’. All the remaining cultivars were not different than ‘Imperial’.

181

GENERAL VEGETABLES
Central Pennsylvania
‘Imperial’ heads weighed 0.67 lb, which was not different than most cultivars. ‘Green Magic’ and ‘Blue Wind’ weighed
less at 0.27 and 0.25 lb/head, respectively.
Out of 10 ‘Imperial’ plants 4.3 heads were marketable which was not different than most other cultivars. More
marketable heads were harvested from ‘BC 1691’ and ‘Izabal’ plants.
The diameter of ‘Imperial’ heads was 4.43 inches which was not different than most other cultivars. ‘Green Magic’
heads had smaller diameters at 2.06 inches.
The weight of umarketable heads from all other cultivars was not different than ‘Imperial’.

Southeastern Pennsylvania
‘Imperial’ heads weighed 0.57 lb, which was not different than most cultivars. ‘Avenger’ and ‘Legacy’ weighed less at
0.34 and 0 lb/head, respectively. Production of ‘Legacy’ heads was affected by high temperatures.
Out of 10 ‘Imperial’ plants 8.6 heads were marketable which was not different than most other cultivars. Fewer
marketable heads were harvested from ‘Green Gold’, ‘B2914’, ‘Tahoe’, ‘Amadeus’, ‘Expo’, ‘Emerald Jewel’, ‘Blue
Wind’, ‘Avenger’ and ‘Legacy’ plants.
The diameter of ‘Imperial’ heads was 4.91 inches which was not different than most other cultivars. ‘Blue Wind’,
‘Avenger’ and ‘Legacy’ heads had a smaller diameter at 3.3, 2.35 and 0 inches, respectively.
The weight of unmarketable heads from ‘Imperial’ was 0.26 which was not different than most other cultivars.
Unmarketable heads from ‘Avenger’, ‘Luna’, ‘Green Gold’, ‘Legacy’, ‘Expo’, ‘Blue Wind’, ‘BC1691’ and ‘Dura Pak 19’
were heavier.

Fall Crop
Western Pennsylvania
‘Imperial’ heads weighed 1.07 lb which was not different than most cultivars. ‘Avenger’, ‘Izabal’, ‘Dura Pak 19’,
‘BC 1691’ and ‘Green Gold’ weighed more, between 1.47 and 1.24 lb/head. ‘Bay Meadows’, ‘Tahoe’, ‘Amadeus’ and
‘Diplomat’ weighed less, between 0.90 and 0.76 lb/head.
Out of 10 ‘Imperial’ plants 9.6 heads were marketable which was not different than most other cultivars. Fewer
marketable heads were harvested from ‘Blue Wind’ and ‘Expo’ plants.
The diameter of ‘Imperial’ heads was 5.80 which was not different than most cultivars. ‘Blue Wind’, ‘Castle Dome’,
‘Captain’ and ‘Avenger’ had larger diameters and ‘Amadeus’ had smaller diameters.
The weight of umarketable heads from all other cultivars was not different than ‘Imperial’.

Central Pennsylvania
The fall crop in central Pennsylvania grew abnormally and as a result was not harvested. Several causes were
investigated and in the end herbicide drift injury was suspected.

Southeastern Pennsylvania
‘Imperial’ heads weighed 0.60 lb. ‘Imperial’, ‘Expo’, ‘Tahoe’, ‘Green Gold’, ‘Avenger’, ‘Legacy’, ‘B2914’ and ‘BC 1691’
weighed more. ‘Amadeus’, ‘Captain’ and ‘Blue Wind’ weighed less.
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Out of 10 ‘Imperial’ plants 9.6 heads were marketable which was not different than most other cultivars. Fewer
marketable heads were harvested from ‘Avenger’, ‘BC 1691’, ‘Expo’, ‘Captain’, ‘Legacy’ and ‘Blue Wind’ plants.
The diameter of ‘Imperial’ heads was 5.36 which was not different than most cultivars. ‘Luna’, ‘Amadeus’, ‘Captain’
and ‘Blue Wind’ had smaller diameters.
The weight of umarketable heads from ‘Imperial’ was 0.12 lb/head which was not different than most other cultivars.
‘BC1764’, ‘Luna’, ‘Bay Meadows’ and ‘Lieutenant’ produced smaller unmarketable heads.
Yearly environmental conditions can affect results and recommendations; therefore, we have proposed to evaluate the
same broccoli cultivars again in 2015. However, based on these results for the spring broccoli crop and compared to
‘Imperial’, ‘Legacy’ had lower marketable head weight; ‘Avenger’, ‘Blue Wind’, ‘Expo’ and ‘Legacy’ produced fewer
marketable heads; ‘Legacy’ heads had a smaller diameter; and ‘Blue Wind’ produced more umarketable heads in two
of the three study sites. For the fall broccoli crop, compared to ‘Imperial’, ‘Avenger’, ‘Izabal’ and ‘Green Gold’ had
higher and ‘Amadeus’ lower marketable head weight; ‘BlueWind’ and ‘Expo’ produced fewer marketable heads; and
‘Amadeus’ heads had a smaller diameter in the two study sites. Unmarketable head weight was largely not different
than ‘Imperial’.
This report including tables and color photos can be found at http://extension.psu.edu/plants/vegetable-fruit/researchreports.
Tom Butzler has been part of Penn State Extension since 2000. He conducts educational
programs in commercial and consumer horticulture in central Pennsylvania and provides
program leadership throughout the rest of the state. Educational programs consist of
meetings and conferences where the latest research based information is disseminated to
vegetable growers and ‘green industry’ workers. Other responsibilities include pesticide
education and beekeeping.

Steve Bogash is currently a Horticulture Educator serving Pennsylvania out of the
Cumberland County office in Carlisle. He covers vegetables, small fruit, cut flowers,
greenhouse vegetables, and specialty marketing as his primary areas of responsibility.
Tomatoes, bell peppers, container vegetables, cucumbers, and other specialty crops are
regular items in the trial gardens under Steve’s management.
Since 2008, Steve has been doing extensive trials on container-grown vegetables in
addition to his high tunnel and field tomato evaluation program started in 2000. Evaluating
more than 400 varieties of tomatoes for flavor, appearance, disease resistance and general usability has made Steve
very opinionated when it comes to tomato varieties. Steve lives with his wife, Roberta and son, Joe in Newville, PA
and is looking to create a vineyard and greenhouse business as a post-retirement form of entertainment.
Lee Stivers has been a horticulture educator with Penn State Extension in Washington
County since 2001. She is a member of Penn State Extension’s statewide Horticulture
Team, specializing in vegetables, small fruits, greenhouse production, and wine grapes.
Prior to moving to Pennsylvania, lee worked for Cornell Cooperative Extension and the
University of California, Davis, where she received her Master’s degree in 1989.
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Bob Pollock is a Penn State Extension Educator with 33 years’ experience conducting
educational programs in Horticulture, IPM, pesticide safety and 4-H for commercial and
non-commercial audiences. He earned a B.S. in Horticulture in 1981 from Penn State. Bob
is based in Indiana County and serves on the Extension Tree Fruit, Vegetable and Green
Industry teams. Bob and his wife Annette have two grown sons and reside in Indiana, PA.

Elsa Sánchez is an Associate Professor of Horticultural Systems Management in the
Department of Plant Science at Penn State University. Her responsibilities are 60%
extension and 40% teaching. Current extension projects focus on sustainable and organic
production of vegetable crops. She earned a BS in Horticulture and a MS in Agricultural
Biology at New Mexico State University and a PhD in Horticulture at Washington State
University. Elsa and her husband, Chris, live in State College, PA with their daughters
Laurel and Lilly.

Dr. William J. Lamont Jr. is a Professor and Extension Vegetable Crops Specialist in the Department
of Horticulture at Penn State University. He was born and raised in rural Pennsylvania and obtained two
undergraduate degrees, one in Economics and Business from Lebanon Valley College and one in Horticulture
from Delaware Valley College. He earned his M.S. and Ph.D. degrees from Cornell University. Dr. Lamont has
an extensive background in research, extension and teaching. In his current extension position Dr. Lamont is
responsible for the culture and management of potatoes and other vegetable crops. He has worked at North Carolina
State and Kansas State Universities prior to coming to Penn State. He, his wife Phyllis reside in State College. They
have two sons.
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SOIL NUTRIENT PROBLEMS AND RESOLUTIONS
George J. Hochmuth
Soil and Water Science Department
2181 McCarty Hall-A
University of Florida
Gainesville, FL 32611-0290
hoch@ufl.edu

Frequently we are called to a farm to help diagnose problems with crop growth and development. Often the diagnostic
process begins with soil fertility questions – that seems to be often the first thing on our minds. While there are other
factors that may be associated with the problem, e.g., soil-borne diseases, nematodes, soil compaction, soil temperature,
seed germination, and others, we will focus on some more commonly observed issues with soil fertility. The most
common problems we see in Florida related to soil fertility include understanding and interpreting the soil test results,
managing soil pH, nutrient retention relating to soil cation exchange capacity, fertilizer rates and placement, soluble
salt injury, and diagnosing nutrient deficiencies and toxicities. These problems can be issues with conventional and
organic growers. Let’s take a look at some of these items.

The soil test:
Soil testing is widely recognized as the first step to a good fertilizer management program. The soil test can tell us
the level of availability of the plant essential nutrients in the soil. This level is often called the soil test index and is
usually interpreted as “low”, “medium”, or “high”. Some soil testing labs add the categories of “very low” and “very
high.” The soil test method used by the lab must be correlated with crop response. That is, if a crop is grown without
fertilizer on a “low” testing soil there will be a poor crop response. Alternatively, if a crop is grown without fertilizer
on a soil testing “high” in a nutrient, the crop will grow optimally. The index is a way for the lab to tell us the relative
portion of the crop nutrient requirement that can be supplied from the unfertilized soil. All the index does is predict
how well the crop will do if we do not fertilize the soil. To be useful to the grower, the index needs to be tied to a
fertilizer recommendation for each index. How much fertilizer is needed to supplement the soil-derived nutrients for a
soil testing “low” or “medium?” This aspect of the soil test is called calibration – we calibrate the soil test indexes with
the amount of fertilizer needed. The soil test a farmer uses must have gone through these steps in its development to
be useful for that farmer. Not all soil test procedures are appropriate for any agricultural area.
As we progress into the best management era, soil testing becomes more and more important as a tool to help manage
fertilizer so the return on investment is as great as possible and there is little chance unneeded nutrients will end up in the
environment. There is another aspect to soil testing that is behind the scenes – the philosophy of the recommendation.
Some labs subscribe to the “buildup and maintenance” philosophy and may provide a fertilizer recommendation even
when the soil text index is ‘high” (meaning all the crop nutrient requirement can be satisfied by the nutrients already
in the soil). The philosophy here is that the crops remove a certain amount of nutrients and these should be replaced
to maintain a “high” soil test level. Other labs subscribe to the “percent sufficiency” or “crop nutrient requirement”
philosophy and may recommend zero fertilizer for a “high” testing soil. Regular testing will identify those soils where
the nutrient level has fallen below “high” and fertilizer will be recommended. The former approach typically always
results in a fertilizer recommendation while the latter may not. It should be important for a grower to evaluate fertilizer
recommendations in light of profitability and also to ensure excessive fertilization does not result in increased nutrient
losses due to leaching or runoff. The recommendation philosophy of the lab can have a big impact on fertilizer costs.

Soil pH:
Soil reaction or pH is an important chemical aspect of agricultural soils relating to optimal nutrient management
and crop performance. Soil reaction can impact nutrient availability, especially for micronutrients or potentially
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toxic metals, like aluminum. Most university extension systems have specific recommendations for optimal pH in
agricultural soils. Maintaining pH in the recommended ranges helps prevent nutrient deficiencies and toxicities. In
Florida we have an interesting situation with our agricultural soils – high pH. The soil pH has been increasing for
years, mostly due to over-liming (applying lime automatically without the benefit of a soil test) and due to irrigation.
Much of our irrigation water is drawn from limestone aquifers; therefore the water contains large concentrations of
liming equivalents. We are liming our soils as we irrigate. Many vegetables soils in Florida have a water-pH above 7.5.
Most soil testing labs (like our lab at the University of Florida) use two soil pH determinations, one is the “water
pH” (pH determined in a mixture of soil plus water) and the “buffer pH” (pH determined on the mixture including
a buffer). The reason for these tests lies in the fact that soils contain two sources of acidity and our liming practices
should address both sources. The two sources are “active” soil acidity (the H ions free in the soil solution) and the
“potential” or “reserve” acidity (the H ions attached to the soil components). The buffer pH test, also called the lime
requirement test, helps determine the total amount of lime needed to neutralize both the active acidity and the reserve
acidity (that may be released during the growing season). Two soils may have similar active acidities but different
reserve acidities, and thus require different amounts of lime.

Soil cation exchange capacity (CEC):
Cation exchange capacity is the ability of the soil to hold on to cations (positively charged ions, like Ca, Mg, and
K). Sometimes the terms “fertile soil” and “poor soil” are related with CEC. Cation exchange capacity is largely
imparted by the clay and organic matter constituents of the soils. Sandy soils have low CEC and clay soils or soil with
high organic matter content will have high CEC. Farms often have soils with different CEC and should be managed
differently. For example, our sandy soils in Florida have low CEC and cannot be expected to hold large quantities of
cations, such as potassium. In these soils, we recommend handling potassium much like nitrogen, because potassium
can leach. CEC also is a factor in the soil testing philosophies mentioned above. It would be difficult, if not impossible,
to build up potassium and maintain a high level of potassium in sandy soils.

Nutrient deficiencies:
Plants can demonstrate low nutrient availability by specific symptoms. The deficiencies can be due to inadequate
fertilization or to inadequate availability of a nutrient. Therefore as part of the diagnosis, growers and advisors need
to consider general soil conditions such as soil pH and soil test levels (indexes). Essential plant nutrients demonstrate
symptoms according to their relative mobility in the plant. Symptoms of deficiency for nutrients that are relatively
immobile in the plant will show up on the upper part of the plant. Examples include most of the micronutrients and
calcium. Symptoms of deficiency for mobile nutrients, like nitrogen, phosphorus, and potassium, show up first on
the lower leaves. This behavior is because plants can re-mobilize these nutrients from the lower leaves to satisfy the
needs of the newer leaves. Symptoms of some deficiencies can mimic another nutrient, so it is important to collect
information on fertilization practices and soil test results to help sort out deficiencies. Regular leaf tissue testing is a
good practice, especially for new growers or for growers needing some history behind fertilization practices. Tissue
testing at important growth stages should be made, especially at times when fertilizer additions can still result in an
improvement in the crop. Nitrogen and potassium are typically managed through the drip irrigation system. Here fresh
leaf petiole sap can be tested in the field reducing the need for lab testing.

Livestock wastes and compost as sources of nutrients:
Growers are always looking for cost-effective and efficient ways for fertilizing crops. Livestock wastes have been a
time-tested valuable source of nutrients (and organic matter) for crops. Recently composts from various sources have
come more into the picture as a source of nutrients. Diagnosing problems associated with using these materials on
the farms has led to the following guidelines. Both materials are organic in nature and release nutrients as the organic
matter is decomposed in the soil. Therefore factors like soil moisture and temperature are important for releasing
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nutrients. This decomposition process, also called mineralization, is taken into account when the organic material
is analyzed in the lab and a suggested application rate provided. It is important to provide as much information as
possible to the lab, such as the intended crop and the time of year when applied. If plastic mulch is used mineralization
may proceed faster due to the warmer soil temperatures under the mulch. An important aspect of organic nutrient
sources and soil amendments is the carbon:nitrogen ratio (C:N ratio). Materials with ratios above 30:1 (especially
non-composted materials) may result in nitrogen deficiency in crops because the microbes involved in decomposing
the organic matter use nitrogen from their surrounding environment, including nitrogen in the soil. Organic nutrient
sources can be valuable components in a soil fertility program but care needs to be exercised to get the best benefit.
Finally, consideration should be given to the crop being grown and the market for that crop because using livestock
manures may present a food safety issue with some produce buyers.

George Hochmuth is Professor in the Soil and Water Science Department of the
University of Florida in Gainesville, Florida. He has a three-way split appointment among
research, teaching, and extension, all dealing with soil fertility, nutrient management, and
water quality. He obtained the Ph.D. in Plant Breeding and Plant Genetics, with minors
in Plant Pathology and Plant Physiology from the University of Wisconsin, Madison, WI.
He was on the faculty of the University of Massachusetts, Amherst, MA, prior to joining
the University of Florida in 1984. He grew up on a family vegetable and grain farm on the
Eastern Shore of Maryland.
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SALAD GREENS PRODUCTION AT DICKINSON COLLEGE FARM
Matt Steiman
Production manager, Dickinson College Farm

Overview:
Fresh market salad greens are a high value, low input crop that are popular for direct market growers. This presentation
will compare production and marketing of three greens crops: “mesclun” or “spring mix”, baby spinach, and specialty
leaf lettuce. All three are mainstays of the Dickinson College Farm’s marketing efforts. The farm planted about 1 acre
of certified organic ground to these three crops in 2014, valued at approximately $24,000. All three crops are raised
with a combination of mechanized tillage and hand labor.

MARKETING:
The Dickinson College Farm has three major outlets for its produce: a 130 family CSA, a vibrant weekly farmers’
market in downtown Carlisle, and the College cafeteria. Since we are a program of the educational institution, our first
priority is to satisfy the local demand through the cafeteria. The College promotes the fact that organic farm produce
grown by students is served on campus, so meeting that demand is part of our core mission. The dining hall serves
about 2000 eaters. Foodservice at Dickinson is run by an independent in house staff that works hard to prioritize local
organic produce but is also price conscious. The College buys in bulk and is charged a bargain wholesale price of $8.50
per 3 pound case ($2.83 per pound) – we sell about 30 cases per week at this price. The commercial wholesale price to
end purchasers for organic salad mix out of California is about $12 per case, $4 per pound year round. This price has
not changed much since I started working on salad farms in the ‘90s – we sold 3 pound cases of organic salad in bulk
to Whole Foods and restaurants for $10 per case. Obviously labor, land and input costs have gone up since then. My
guess is competition in the commodity market for commercial salad keeps the price low relative to inflation.
For baby spinach we get about $2.87 per pound wholesale ($11.50 per 4 pound case) and sell 20 cases per week to the
cafeteria. We get about $24 per 24 head case for leaf lettuce, selling about 3 cases of green leaf and 10-12 cases of
romaine per week to the College at that price. It took us a few years to realize that the chef will not buy red leaf lettuce.
Together salad, spinach and lettuce account for about 1/3rd of our wholesale revenue.
About a year into our relationship with the dining hall, we realized that they were emptying our salad and spinach
into reusable clear plastic produce containers (called “metros” in the foodservice industry) and tossing our plastic bag
packaging into the dumpster. In order to reduce our packaging cost and save the College some landfill costs, we bought
a pile of metros for the farm. We now sanitize the metros before each use and sell our ready to eat salad and spinach
to the College with no disposable packaging. This is a nice “green” relationship, although the metros are very pricey
at about $70 each, so we keep a close eye on them between sales. Leaf and romaine lettuce are packed into returnable
green plastic 1.75 bushel crates or larger black IFCOs. We have used the same returnable package arrangement with a
few restaurants in Carlisle as well.
At Farmers’ Market, we pre-pack half pounds of salad and spinach into compostable produce bags, sold at $4 per
bag ($8 per pound) and can usually move about 40-50 bags of each per week at our local market. Mature lettuces
are sold for $2 per head and are very popular at that price. Our CSA uses a “free choice” model – members choose
whatever they like from the produce available each week up to a volume limit (1 – 2 large cloth shopping bags per
share depending on the season). We used to pack half pound bags for the CSA members but in 2014 to save labor we
put out the salad and spinach in metros and ask the members to serve themselves with tongs. On average they take less
than ½ pound per share per week, so we are also reducing our produce cost (and presumably customer waste) through
the free choice model.
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Salad, spinach, and mature lettuces are important signature crops for us at all market venues. We attempt to have salad
mix and lettuce available from May until December using high tunnels on the shoulder seasons. Spinach is available
from March to June and again mid-August to December.

PRODUCTION:
Seeding: Salad and spinach are direct seeded into bare tilled soil using a hand-push Planet Jr seeder (plate holes 9 for
Asian greens, 11-12 for baby lettuce, 18-22 for baby spinach). Leaf and romaine lettuce are seeded into 128 cell flats
and transplanted to the field at 12 inch centers by hand or with a Rainflo waterwheel transplanter. In addition to baby
lettuce and Asian greens, the salad mix also contains radicchio and frisee type endive during the summer and fall –
these are seeded in flats and transplanted like lettuce.
We seed our greens crops every two weeks for multiple successions to maintain production throughout the year.
Carlisle PA is zone 6B or 7A. Our first seedings for early season unheated high tunnel production begin in February,
the first outdoor seedings are scheduled for early April, though some years we will jump on it early if we get a dry
spell where the ground can be worked in late March. The earliest high tunnel plantings are covered nightly with Ag-19
row cover to speed them along and prevent frost damage. Early outdoor plantings seem to do OK without row cover,
though we usually will cover them until the hard frosts are over to speed up maturity and increase quality. Baby lettuce
takes about 25-40 days to mature depending on the time of year. Asian greens can be ready in as little as three weeks.
Due to space limitations in the tunnels, we don’t mess with endive or radicchio until we can plant them outside – our
first seeding for these happens about mid March for early April field planting. We make our last outdoor seedings of
salad mix in early September and end up covering these against frost in late October. Last year we experimented with
overwintering spinach planted in October under floating row cover and were pleased with the results.
Varieties – obviously a quick look at any fresh market vegetable seed catalog will yield enough lettuce varieties to
make your head spin. We buy mostly from Johnny’s, Fedco, High Mowing and Seedway. We try to keep it simple and
only experiment with a few new varieties now and then. For spring mix, my favorites haven’t changed much since the
‘90s – our basic lettuce mix is about 1/3rd “Red Salad Bowl” (red oak type), 1/3rd Rouge D’ Hiver (red romaine type),
and 1/3rd mixed green lettuces (a green romaine like “Winter Density”, “Tango” for some frilly texture, and one of
the green oaks. We try to remember to pull tango out of the green mix in the hot months as it tends to bolt before the
other varieties). I like to seed three different rows – one each of red oak, red romaine, and the mixed green lettuces –
but my wife Jenn Halpin does most of the seeding and she prefers to mix all of the lettuces together and just seed three
blended rows. I think the second and third cuttings come back better if the lettuces are kept separate, but it’s a matter of
opinion. In our Asian greens mix, we usually plant Red Russian Kale, Mizuna, and an arugula – these can be blended
together or planted separately. Ruby Streaks and Golden Frills mustard are also nice, though they get hot before the
others if they get big. In past years we would plant baby chard and beet greens but we find our customer base does not
miss them if we leave them out. Reliable radicchio varieties include Indigo, Chioggia Red Preco, and Leonardo – we
stick to the Chioggia types and stay away from the Treviso types. In endive we plant Tres Fine Maraichere or Rhodos
– both reliable frisee types. Overall, in salad mix we shoot for about 70% baby lettuce and 10% each Asian greens,
radicchio and endive, though the actual ratios will vary depending on what’s available in the field.
Space is a nice flat leaf spinach that can also be added to salad mix. In mature lettuces, we like Waldmans, Two Star
and Concept for green leaf, shifting to Nevada (summer crisp) for summer plantings. For red leaf we stick with Red
Sails in the cool season, Magenta and Cherokee (summer crisps) in the hot months. Production romaines that we like
include Defender, Green Forest and Coastal Star. We also plant a few of the butters like Esmeralda and Nancy.

Culture:
I consider lettuce to be a fairly low input, robust, and easy crop to grow. Since it’s a short season crop and we plant
multiple successions, its easy enough to always have one or more plantings that are doing well. In our field rotation we
189

GENERAL VEGETABLES
group lettuce, salad, and spinach into a group we call “vegmix” with other short season crops like radishes, red beets,
cilantro, dill, bush beans, early carrots, and baby turnips. All of these crops seem to require about the same level of
weed control and are in and out of the field in about 60-90 days. We prefer not to follow last year’s vegmix fields with
more vegmix, but due to the relatively low disease pressure in these crops we will repeat this group in a field two years
in a row if needed. We normally irrigate this group of crops with overhead sprinklers, either using aluminum pipes
with rainbirds, or more recently a travelling gun with one big sprinkler that we move around to different fields. During
the hot & dry periods we try to keep the soil surface from getting too dry until new seedings have germinated, and
then we try to keep them well watered to prevent bolting and bitterness. Crusting will limit emergence and should be
avoided or mitigated if possible.
We try to cover crop all of our fields through the winter months and manage to achieve that about 75% of the time. We
typically spread compost at about 20 tons per acre on the fields in the fall before cover crops are seeded. The earliest
salad plantings are going into ground that was either in winter-killed oats and peas or no cover crop with last year’s
veg crop residue. Later plantings may follow overwintered rye-vetch, or spring planted oats, buckwheat, etc. Coming
out of cover crops, we typically disc the fields two times to work in residues, then follow up a few weeks later with
a Perfecta II harrow to smooth the field. The final pass before seeding is a Celli spader, which makes a fine bed like
a rototiller but with somewhat less soil disturbance. Right before spading we spread about 300-400 lbs to the acre of
Fertrell 4-2-4 super N dry fertilizer. (Lettuce crops don’t seem to be too sensitive to fertility, but spinach will run out
of gas and yellow after one or two cuttings if the Nitrogen is not sufficient.) We used to spread the Fertrell by hand
using a bucket, in 2014 we bought a 4 foot Garber drop spreader that we can pull behind the tractor and it’s worth every
penny we paid for it.
We plant all of our short season greens crops in three rows, 16 inches apart on a 48 inch flat bed. I fabricated a
simple three row marker that’s mounted on the back of the spader, so the person using the push seeder (and the hand
transplanting crew) can follow the rows and keep the spacing consistent. Our waterwheel transplanter includes a set of
three 12 inch spaced wheels that we also set to 16 inch rows. The consistent row spacing is important for mechanical
cultivation – for salad crops we use two Allis Chalmers G tractors, one is set up with a Buddingh Basket Weeder and
the other has a set of Danish S tines on a home-made toolbar. The ideal scenario for the G’s is to get in early and often,
as soon as the cash crops are visibly emerging from the soil. We follow up after the cultivating tractors with a team
of students wielding stirrup hoes, and finally a hand-weeding crew to fine tune the salad and spinach before harvest.
In 2014 we had good success with bare fallowing a field that was known to be very weedy – for about 1 month before
the July salad crops were planted, we performed light surface tillage followed by a cultipacker pass to firm the soil
and try to encourage more weeds to germinate. This practice seemed to greatly reduce weed pressure and subsequent
weeding labor cost.
Pests aren’t a major problem for our salad crops with the exception of flea beetles on the Asian greens, for which we
must use floating row covers as a physical barrier. We find the most reliable practice is to cover the Asian greens on the
day they are seeded – they germinate very quickly and if forgotten the flea beetles will find them within a day or two
of emergence. In this case we’ve done OK by spraying Pyganic once and then covering after the spray. We take a break
from growing Asian greens in mid-summer because both the greens and weeds grow way too fast under covers in the
heat to be manageable. Aphids can be a problem in mature lettuce in the spring high tunnels, some years we manage
them with purchased parasitic wasps from IPM labs. Slugs can also be a problem in the fall – not too many organic
options there, but once or twice we’ve beaten them back by rotating chickens through the fields in the off season
followed by a minimum 120 day waiting period before the next harvest for food safety. Thus far we have avoided any
major disease problems in salad crops through rotation and maintaining a healthy soil enriched by compost and cover
crops.

190

GENERAL VEGETABLES
Harvest and Pack:
At our scale we harvest all of the salad crops and lettuce by hand using scissors and knives into plastic bushel baskets
or IFCO type crates. Harvest lists and actual harvest quantities are recorded electronically through smartphones using
the FARMDATA system described in my talk on Thursday in the new equipment section (see farmdata.dickinson.
edu/guest.php). We take a portable 50 lb scale to the field to try to hit our demand for the day as closely as possible.
We train our crew to handle salad crops very gently to avoid bruising and increase shelf life, and to shuttle cut salad
to the shade of a truck or building as quickly as possible. Spring mix seems to yield the best if its cut when the crop is
between 6 and 10 inches tall… too small and the yield is poor, too tall and there will be excessive waste, and the quality
of the second cutting is impacted. In an ideal situation, we clearcut the “hedge” of baby lettuce about 1.5 – 2 inches
above the soil surface, watching carefully to stay above the growth tip. If a crop gets over-mature, the growth tip will
creep higher up the plant. One reason I like to seed lettuce varieties individually is that each variety grows at slightly
different rates, so cutting at the proper height in a mixed planting can result in sacrificing some yield.
After cutting a handful of lettuce at the height dictated by the state of the crop, we often need to trim the handful at its
base to maintain a minimum size for the finished product (about 4-5 inches, aka “fork size”). Trimming the base also
is an easy way to get rid of dead leaves from the lower portion of the plant. As we harvest we watch for weeds, bad
leaves, sticks and slugs and do our best to keep these out of the basket. What makes it to the packing house is typically
pretty clean if we do a good job on pre-harvest weed control and the harvest crew is experienced.
While the first cutting will always be the prettiest, salad mix and spinach can yield three or four cuttings from one
seeding if the patch is maintained well – this includes harvesting at the right height, doing some repeat weeding
if required, and depositing harvest trimmings in the path instead of the bed. In peak lettuce months (May-June,
September-October) salad crops can rebound very fast, about 2-3 weeks between harvests. Radicchio is a single cut
– we pick the whole head and chop it into 1 inch strips in the packing house. For endive, we cut the heart out of each
head with a scissors, leaving behind the tough and hairy outer leaves. If it’s too long, endive is the one crop we trim off
the tops of the leaves, keeping the pretty white and yellow bottoms – endive is great in the mix for loft, texture and the
color really makes it pop visually. However, not all customers like endive so we try to contain our enthusiasm for this
bittersweet chicory. Endive will regrow and can be re-cut once or twice if conditions are right.
To sell our salad and spinach as “ready to eat” products, we wash and pack in a “clean room” that is certified by a state
inspector as a commercial kitchen, with a concrete floor, washable ceilings and a three bowl stainless steel restaurant
sink using water from the municipal tap. The sinks and all food contact surfaces are sanitized at the beginning of each
shift. All harvest totes are set off the ground on aluminum dunnage racks when they enter the barn. Our packing house
manager mixes the salad in batches, adding just enough to each sink to minimize leaf breakage and allow him to see
weeds and debris for removal. Salad and spinach are moved by hand through three tanks of progressively cleaner
water, then loaded into a Hobart brand commercial salad spinner for drying. Water in the sinks are dumped and
cleaned as needed. After spin drying salad and spinach are weighed into metros and stored in the walk-in cooler until
delivery to their destination. Mature lettuces are dunked in two successive tanks and packed into plastic crates. The
packing house manager is HACCP trained and maintains strict sanitation protocols – generally field crew members
are prohibited from entering the clean space during wash days, and dirty field boots are excluded from the clean spaces
of the barn at all times.

Analysis:
Harvesting by hand with a high quality standard is time consuming – in 2014 we averaged about 15 pounds per personhour overall for salad and spinach. Depending on what price we assign to the finished product, this results in a value
of between about $40 and $80 per harvest hour. By comparison, mature lettuce is very fast to harvest (averaging 93
heads per person hour in 2014) with a value of between $93 and $185 per harvest hour. (Please bear in mind that we
work with a somewhat unskilled and transient student crew – an experienced harvester working at a fast clip should be
able to beat the above average harvest rates handily.) Mature lettuce is also considerably faster to wash and pack. For
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CROP

Unit

Yield/
Row
foot

Yield/
Bed foot
(3 rows)

Yield per
acre - 6.7
feet per
bed&path

$/unit
value 1

Baby lettuce

Pound

0.31

0.93

6046

$ 2.83

Asian greens

Pound

0.2

0.6

3901

$ 2.83

Radicchio

Pound

0.5

1.5

9752

$ 2.83

Endive
Salad mix
average

Pound

0.2

0.6

3901

$ 2.83

5900

$ 2.83

Spinach

Pound

0.24

0.72

4681

$ 2.88

Mature lettuce

Head

0.7

2.1

13653

$ 1.00

Pound

$/ acre
$
17,131
$
11,053
$
27,631
$
11,053
$
16,717
$
13,458
$
13,653

$/
unit
value
2

$/ acre

$5

$30,232

$5

$19,504

$5

$48,761

$5

$19,504

$5

$29,501

$5

$23,405

$
2.00

$27,306

Matt Steiman is the production manager at the Dickinson College Farm near Carlisle PA. The farm raises 10 acres
of certified organic vegetables for sale to the College cafeteria, a CSA, and farmers’ market. Matt has worked in
salad greens production on organic farms for over 20 years.
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CONSIDERATIONS FOR SELECTING AND TRAINING
EMPLOYEES TO IMPROVE SAFETY FOR DIRECT MARKETING
Michelle Infante-Casella, Agricultural Agent/Associate Professor
Rutgers New Jersey Agricultural Experiment Station, Cooperative Extension
minfante@njaes.rutgers.edu
http://njaes.rutgers.edu

People will determine the success or failure of a business, a relationship or any group. So what can farmers who market
directly to the public do to be successful or to prevent failure when it comes to people? This topic is always an ongoing
discussion to try and create ways to have people determine the success of the venture. There are thousands of books
written about relationships, human resources and employee training. Usually, they aren’t about farming and selling
farm products right from your farm. However, many good points and recommendations can be made that still apply
to the retail business of a farm. Having well trained, responsible and friendly employees can determine whether or not
your on-farm marketing enterprise will be a success.
One, sometimes difficult, dynamic we often deal with on the farm is family. Since most of our farms are family
farms, it is often relatives that are working on the farm. In a successful farm, families often have meetings to discuss
the mission of the business, goals and roles each family member will be responsible for accomplishing. This can be
challenging if there are differences in authority, differences in opinions and feelings of inequity. However, someone
does need to be the “boss” and final decisions must be made in the best interest of success for the business. Again, this
is often difficult when family feelings are involved. It is much easier to reprimand or fire an employee who is not your
family member. Still, the financial well-being and goals for success must remain the focus of the business.
Doing a needs assessment for how many and what skill sets for employees the business will need is often a good place
to start. Here are some points to think about:
1. How many employees are needed for regular day-to-day business?
2. How many employees are needed during special events?
3. Does the employee you are looking to hire know how to work scales, cash registers and other equipment for the job
and/or do they have the capacity to be trained?
4. Are the employees of the proper age to be working in the market or field according to state and federal regulations
for farm workers?
5. Have the employees been trained to answer customer questions about products or farm practices? Or have you
trained them to refer any questions to the farm market manager?
6. Are your employees friendly, courteous and presentable to the public?
Some other items to consider when thinking about what you as an employer expect from your employees and assisting
employees in providing a good working experience with customers could be things like:
1. Making sure employees at check-out registers not only know how to use a cash register, but also can do simple math
to determine pricing and change.
2. Make sure employees know who to go to if they have questions and to not give customers false information, but to
rather tell customers they do not know the answer and will find out who can help them.
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3. Make sure the employee knows who the manager is or who is in charge if they have customer or employment related
questions. Also, ensure the employee that they can feel comfortable asking questions, because having the right
information is important.
4. Consider purchasing employee uniforms to properly identify who works at the farm and name tags so that customers
can identify who they dealt with at the farm. This works for many reasons; for praise, for complaints and some
employees may feel valued if people care enough to remember their names.
5. Instruct employees that they are expected to look representable, clean and neat while at work. Go over a dress code
and make it part of an employee contract.
6. Make sure employees are provided with adequate break periods during work, as required by law.
7. Communicate with employees about having friends or other social interactions while at work and what is the farm’s
policy about visitation.
8. Lay down the rules about using cell phones, texting, social media, gaming or other unproductive habits and employee
may do while on the job.
9. Make sure the employee understands their work schedules and policies on tardiness or absenteeism. Along with this,
make sure they know their rate of pay and when paychecks will be issued.
Being the boss can be a difficult task especially if you do not like being an enforcer. However, you need to remember
this is your business, your family’s future on the line and if an employee is being detrimental to your goals, they may
need to be relieved of their duties. One way to be clear about expectations and if expectations are not met, disciplinary
actions will be taken is to have an employee contract. Therefore, if an employee breaks a rule, they were clearly
notified of their duties and behavior upon employment and it is easier for you as the employer to say, “You knew about
these rules when you were hired and the consequences if you did not perform to the standards you agreed to follow”. It
is difficult to argue with something that was previously agreed upon and expectations that were given to the employee
when hired. Another way to avoid employee misbehavior or poor work performance is to have employee meetings to
do training or to see if the employee has any questions. This can be done one-on-one or with a group. As the employer,
it may not be a bad idea to jot down notes on topics that came up or that these meetings/trainings occurred so you
know what was covered and if employees were able to make adjustments or work to your expectations. Additionally,
performing employee evaluations are beneficial to both you as the employer and to the employee to help them know
if they are doing a good job. Keeping employee files to document their progress, attendance records and any other
work-related issues can be valuable.
When hiring family or non-family employees, there are many considerations. However, expectations for productivity
and good hospitality for customers should have the same positive outcome. Hopefully some of the ideas listed above
will help you as the employer of an on-farm direct marketing operation manage employees in a way that will help your
business be a success.
For more information on this topic and for tools to help you with on-farm direct marketing, see our website at http://
agritourism.rutgers.edu/training
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Michelle Infante-Casella is the Senior Agricultural Agent and Associate Profession
with Rutgers New Jersey Agricultural Experiment Station, Cooperative Extension. She
has been an Agricultural Agent since 1996 in Gloucester County, New Jersey. Michelle
is responsible for vegetable production and marketing as well as field crops in Gloucester
County. Her research areas include cucurbit, solanaceous and cruciferous crops. She is
the chairperson of the Rutgers NJAES Agritourism Working Group. This group conducts
education and research programs for farmers with on-farm direct marketing operations.
Michelle is the State Coordinator for the U.S.D.A. Sustainable Agriculture Research and
Education Program for New Jersey. She has also served as the National Association of County Agricultural Agents,
Sustainable Agriculture National Committee Chairperson when the committee and fellowship program began in
2001and continues as the Northeast Regional Vice-Chairperson. She has a Bachelors Degree in Horticulture from
Delaware Valley College and a Masters in Plant Science from Virginia Tech. Originally from Monmouth County,
New Jersey, Michelle and her husband Ben reside in Gloucester County, New Jersey and have two sons, Benjamin,
Jr. and Dominick.
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ASSESSING FARM SAFETY WHEN INVITING THE PUBLIC ON YOUR PROPERTY
William J. Bamka
Rutgers Cooperative Extension of Burlington County, 2 Academy Drive, Westampton, NJ 08060

All across the country, farmers are opening their doors to tourists and field trippers looking for an on farm experience.
In New Jersey, more than 20 percent of farmers supplement their income through this practice which is helping more
farms stay in business. The business of making farms travel destinations for educational and recreational purposes,
commonly called agritourism, is an important type of alternative farm enterprise. It is an especially popular strategy
among farms operating in proximity to urban/suburban areas in an effort to expand or diversify farm revenue, educate
the non-farm public about agriculture, or expand traffic to existing farm retail outlets. This is well evidenced in New
Jersey; the most densely populated and urbanized state in the nation. For many traditional production/wholesaleoriented farms, offering an agritourism activity is an entirely new business model, necessitating a shift from a
production-centric focus to service and hospitality.
Production/wholesale farms are accustomed to dealing with and managing financial and production risks. However,
agritourism activities bring additional legal, social and financial risks that must be understood and managed. When
developing agritourism activities safety and risk management planning is essential. The very nature of agritourism is
to invite outsiders to your farm. Many of these individuals can be several generations removed from the farm and have
no knowledge of farming practices and associated risks. The farm operator knows every rut and rill to avoid across
the farm, but an outsider visiting the farm will not. These guests may:
• Not understand hazards that exist on a farm
• Not follow your instructions
• Steal/vandalize your property
• Be involved in a legitimate accident
• Falsely claim that they were injured on your farm
As an owner operator of an agritourism enterprise you are legally responsible for the well-being of customers and
employees. During any farm visit, guests will always face certain risk factors and, in turn, the farm operator will face
greater legal liability exposure. Agritourism operators are encouraged to develop and implement a farm safety plan to
limit guest’s exposure to safety risks. As part of the safety plan the operator should inspect the farm regularly, walking
through all areas that could be accessed by visitors (even those you wish to be off-limits). During the inspection identify
farm hazards that could jeopardize the safety of your guests and employees. The focus of the inspection should be to
look at the farm through the eyes of someone not familiar with farming and its inherent risks. Consideration should
also be to determine what hazards a child might encounter. It is a recommended practice to invite someone else (an
Extension professional, emergency responder, etc.) to walk through the farm with you.
To assist farmers in identifying on farm safety risks for agritourism operators the Rutgers Agritourism Team has
developed several check lists that can be used. The check lists were developed as part of a NESARE-funded project.
The NESARE project provides educational programming to agricultural educators and service providers working
with Northeast farmers interested in agritourism development. Additional information about the project and training
materials can be obtained by visiting the project web site at http://agritourism.rutgers.edu/training.
Bill Bamka serves as the South Jersey Regional Field and Forage Crop Agent with Rutgers Cooperative Extension.
Bill has been an Agricultural Agent located in Burlington County for 18 years. His major focus areas are in field
and forage crops, nutrient and manure management, alternative crops and marketing. Bill has expertise in farm
safety and risk management for agricultural operations. He has his B.S. degree in Agronomy from Delaware Valley
College of Science and Agriculture and his M.S. degree in Agronomy from the Pennsylvania State University. He is
also an NFPA certified Fire Fighter.
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RIGHT TO FARM, DEED OF EASEMENT INTERPRETATION
AND OTHER REGULATIONS THAT IMPACT DIRECT MARKETING
Brian J. Schilling
Rutgers Cooperative Extension, 55 Dudley Road, New Brunswick, NJ 08901

This presentation highlights the growth of direct marketing and agritourism in the U.S. and Northeast, and
introduces potential policy challenges associated with the evolution of these sectors. Specifically, implications for the
implementation of easement-based farmland preservation programs and right to farm protections are exemplified by
two recent policy developments in New Jersey. The first is legislation permitting “special occasion events” hosted
by wineries on preserved farms, while the second is a set of agricultural management practices defined to afford
responsible on-farm direct marketers right to farm protections.

Statistics on Direct Marketing and Agritourism
Federal statistics compiled by the National Agricultural Statistics Service as part of the Census of Agriculture show that
farmers’ use of direct marketing strategies is growing. Over the last two decades, the market value of U.S. agricultural
products sold directly to consumers rose by 224%, outpacing growth in total agricultural sales which increased by
143%. According to the latest Census of Agriculture (2012), the value of farm products sold direct-to-consumer totaled
$1.3 billion. This is a conservative estimate because the Census of Agriculture only considers the value of farm
products sold “directly to individual consumers for human consumption” and excludes a range of non-edible products
that are direct marketed to consumers (e.g., ornamental products). Agritourism has also grown in popularity as a
farm business expansion and diversification strategy. The Census of Agriculture began collecting information on
agritourism in 2002 (under the term “recreational services”, which later was labeled in 2012 as “agri-tourism and
recreational services”). Over that decade, agritourism income reported by U.S. farms increased by 248%.
Direct marketing and agritourism are particularly important strategies in the urbanized and densely populated
Northeast region. While the region generates only 4.2% of the nation’s sales of farm products, it accounts for 28.8% of
direct marketing sales and 14.9% of agritourism income. Further, northeastern states tend to rank significantly higher
in terms of direct marketing sales and agritourism income, relative to their ranks by overall farm products sales. These
trends are more evident when examining the proportion of state farm revenues earned through direct marketing and
agritourism. The proportion of total U.S. farm sales derived from direct marketing and agritourism remains small
(0.33% and 0.18%, respectively); however, these percentages are higher in each Northeast state.

Case 1 Highlights: Special Occasion Events and Preserved Farms
• New Jersey S-837, signed into law on July 2, 2014, charges the SADC to create a 44-month pilot program during
which wineries on preserved farmland may host special occasion events (SOEs). It is presently applicable to the
(at least) 18 wineries on preserved farmland. An SOE is defined as a “wedding, lifetime milestone event, or other
cultural or social event [defined by a county agricultural development board]”.
• SOEs must account for less than 50% of a winery’s gross annual income and use the agricultural output of the winery
“to the maximum extent practicable” to promote agritourism and the farm output of the winery. The law allows for
the state or county board with jurisdiction over SOEs to require an audit to prove conformance with the income
threshold.
• The law defines the days on which SOEs may be hosted, and the types of structures in which they may be conducted.
• SOEs must comply with municipal ordinances concerning litter, solid waste, traffic and other areas of public health
and safety, State noise control standards, and local standards for performing or playing music inside winery structures.
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• The law specifies a fine structure (civil penalties) for violations and administrative procedures for suspending a
winery’s ability to conduct SOEs.
Case 2 Highlights: Right to Farm for On-Farm Direct Marketing Activities
• On April 7, 2014, rules drafted by the SADC were adopted and established an agricultural management practice
(AMP) for On-Farm Direct Marketing. The established standards are performance-based, rather than prescriptive.
• The AMP covers facilities (e.g., a market, inclusive of permanent and temporary structures) that facilitate direct
market sales. A farm market is defined as “a facility used for the wholesale or retail marketing of the agricultural
output of a commercial farm, and products that contribute to farm income.” A market used for retailing must generate
at least 51% of annual gross sales from the farm’s output, or devote at least 51% of the sales area to the farm’s output.
“Products that contribute to farm income” include “complementary products” (“items commonly used to facilitate
the use or consumption of the farm’s agricultural output, and promotional items that help market the farm”), and
“supplementary products” (“the agricultural output of other farms, and additional customary food and drink items”).
• The AMP also covers activities and events (e.g., seasonal festivals, farm-to-table dinners) designed to facilitate the
marketing and sales of the farm’s agricultural output. The AMP covers: agriculture-related educational activities,
farm-based recreational activities, and ancillary entertainment-based activities (e.g., nonagricultural offerings that
are incidental components of direct marketing efforts).
• The AMP details performance-based standards for hours of operation, lighting, sanitary facilities, farm safety,
signage, parking, buffering, etc. Specific activity standards are provided for selected activities, including pick-yourown operations, U-cut Christmas trees, mazes, hayrides, bonfires, and animal activities.
These topics, while presented in a New Jersey context, have broader relevance. Twenty-eight states have authorized
farmland preservation programs that protect land by purchasing agricultural conservation easements (known as
PACE). According to a recent report by the American Farmland Trust (2014), as of May 2014, these states have
acquired easements on 2.45 million acres of farmland. The evolution and growth of direct marketing and agritourism
enterprises present a challenge to policy makers and PACE program managers charged with interpreting and enforcing
deed of easement provisions within the context of a dynamic segment of the farm sector. Similarly, all 50 states have
Right to Farm laws that protect responsible farmers from nuisance complaints, provided that they abide by accepted
farming practices. Yet, the standards (or agricultural management practices) for direct marketing and agritourism are
not always clearly defined.

Brian Schilling is an Assistant Extension Specialist of Agricultural Policy within
Rutgers Cooperative Extension and Assistant Professor of agricultural, food and resource
economics at the School of Environmental and Biological Sciences, Rutgers University.
During his 21 years at the School, much of Schilling’s research has been focused on New
Jersey farm viability, farmland preservation, and agricultural economic development
at the urban-rural fringe. Throughout his career Schilling has worked closely with the
agricultural and food industries and has served on a number of industry and government
task forces and working groups. He is the author of more than 110 papers and briefings
on various issues relating to the food and agricultural system and has given more than 100 invited presentations
to academic, business, government, and industry groups. He holds a BS in resource management, an MS in
agricultural economics, and a Ph.D. in planning and public policy, all from Rutgers University.
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RISK MANAGEMENT IN ON-FARM DIRECT MARKETING
FOOD SAFETY ASPECTS FOR DIRECT MARKETING
Meredith V. Melendez, Senior Program Coordinator
Rutgers Cooperative Extension of Mercer County
930 Spruce Street, Trenton, NJ 08648
melendez@njaes.rutgers.edu
http://njaes.rutgers.edu

Food safety should be a priority for farms of all sizes. According to the CDC produce accounted for 46% of reported
food borne illness in humans between 1998 and 2008. Produce was the largest food category to be linked to food borne
illness, leafy greens were the most commonly linked produce item to food borne illness. Producing quality fruits and
vegetables is an important part of every farm operation.
Consumers are learning more about food safety through increased educational efforts, media attention to food borne
illness outbreaks and the impending implementation of the Food Safety Modernization Act. Growers need to be
prepared for food safety related questions from consumers and need to have answers specific to their farm practices
regarding the reduction of risk of contamination.
Risk assessments are a means of evaluating the potential food safety risk at the farm. Hazards should be identified
and the potential risk for each hazard should be evaluated. Document any time you change a practice, a procedure,
or equipment to reduce risk. Any identified hazards should be monitored and reviewed annually to determine if
additional changes should be made.
Specific areas of risk assessment should include:
• Land use history (including adjacent land)
• Farm water use
• Animal activity (both wild and domestic)
• Soil amendment use
• Packing house facility and activities
• Produce and food distribution points
Good agricultural practices (GAPs) are standard practices that farms should use to reduce the potential risk of product
contamination. This begins with worker health and hygiene training and monitoring. Employees should receive annual
training focusing on:
• Proper hand washing
• Personal hygiene
• Reporting illness
• Injury reporting
• Proper bandaging for cuts, scrapes, and open wounds
GAPs also include farm policies that ensure consistent management of potential risk at the farm. Farm policies should
cover:
• Proper location, stocking and monitoring of restroom facilities
• Proper location, stocking and monitoring of hand washing facilities
• Irrigation source water
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• Water used for chemical controls
• Animal based soil amendment management and use
• Farm animal locations (including petting zoos) and potential runoff
• Sanitation of harvest tools and equipment
• Wash water use and sanitation
• Sanitation of washing and packing areas
• Cleaning, use and storage of produce packing/storage/transportation containers
• Building maintenance and sanitation
• Traceability of produce one step forward and one step back
• Transportation of produce
• Sales locations of produce
• Food vending areas
• U-Pick visitor policies
• Customer pets
A farm food safety plan is an invaluable tool for growers to assess risk and develop farm policies to reduce those
risks. For additional resources regarding farm food safety, the Food Safety Modernization Act, third party audits and
developing your farm food safety plan please visit:
Rutgers Vegetable Crops – Food Safety Page
http://www.njveg.rutgers.edu
Rutgers Plant and Pest Advisory – Food Safety Tab
http://www.plant-pest-advisory.rutgers.edu
UC Davis Small Farms Program – Food Safety
http://sfp.ucdavis.edu/food_safety/

Meredith Melendez is the Senior Program Coordinator for agricultural programming
at Rutgers Cooperative Extension of Mercer County. She has been a Senior Program
Coordinator for four years and has worked for Rutgers Cooperative Extension since 2006.
Meredith is responsible for agricultural edcuational outreach and research in Mercer
County. Her research areas include diversified farm operations, organic production systems
and on-farm food safety. Meredith is a member of the Rutgers On-Farm Food Safety Team,
the New Jersey Food Safety Task Force, the Rutgers Vegetable Working Group, the NJAES
Agritourism Working Group and Annie’s Project NJ. She has a Bachelors Degree in Plant
Science from Ferrum College and a Masters in Environmental Conservation Education from New York University.
Originally from and residing in Burlington County, NJ Meredith and her husband Elias have two sons, Nathan and
Mathew.
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MONITORING FOR SQUASH VINE BORER, AN UNSEEN PLANT KILLER

George W. Hamilton
Extension Field Specialist
UNH Cooperative Extension - Hillsborough County, 329 Mast Road - Room 101, Goffstown, NH 03045
E-mail: george.hamilton@unh.edu
Squash vine borer [Melittia cucurbitae (Harris)] is a day-flying orange and black moth. The destructive stage is the
larva (caterpillar), and it attacks most types of squash and pumpkin.

Damage
Usually the insect bores through the vines, but occasionally they bore into the fruit of hard squash or pumpkin. The
fruit feeding we see especially when there is a late flush of moths. Plants with significant boring frequently show
yellowish-orange frass being pushed out of the vines. When that occurs, the vines have already incurred considerable
injury. Damage can be severe which greatly reduce yields.

Varietal Differences
Zucchini and summer squash [Cucurbita pepo] are very susceptible to attack. Pumpkins are the same species, and
are susceptible. Giant pumpkins & Kubocha squash [Cucurbita maxima] are susceptible. The moths do not like to lay
eggs on Butternut squash [Cucurbita moschata], and larvae that do attack it don’t survive well, so we call it “resistant”.
Usually, plantings of this species do not require any SVB protection. Bush-type varieties seem to suffer more than
vine-types, within the same group. Vine-type plants often root at the nodes, and this may lessen the effect of the larvae
boring in the stems.

Life cycle
This insect has one generation per year. It overwinters in the soil as a larva or pupa, usually about two inches down.
In late June the adult moths begin to emerge. They are bright red-orange, with plump bodies and narrow black wings.
Body length is about 12 – 14mm (roughly ½ inch). The shape is very wasp-like. The males and females mate, and
soon after that the females lay eggs. The females locate squash/pumpkin plants by smell, and lay their eggs singly
(not in masses) on the vines, leaf stems, and underside of leaves. Eggs are reddish brown and oval, about 1mm long.
Each female can lay 150 to 200 eggs, and the moths are fairly strong fliers. Eggs hatch in 10 – 15 days, and the tiny
caterpillars bore inside. The larvae take four to six weeks to mature. When fully grown, they are about an inch long,
cream colored, with dark brown heads. They leave the vine and bore into the soil to build a cocoon and pupate. They
rest there until the following summer, when the adult moths emerge.
In the southern United States, there are two generations of this insect each year. Here in New England there is supposed
to be only one, but we found a very late peak (Aug 22 – 30) of moths in 2010 and 2013, that might represent a second
generation.

Traps to Monitor Timing and Numbers
Research shows that shallow pans painted yellow and filled with water can attract and capture the moths. Much
more reliable for monitoring are commercially-available pheromone traps and lures. We use white dacron net traps
originally designed for corn earworm (Heliothis zea), so they are called heliothis traps. They are baited with a lure that
releases a sex pheromone that attracts the male SVB moths. Although bucket-type traps are offered to monitor SVB,
our tests reveal they catch far fewer SVB moths than the Heliothis traps, so we do not recommend them.
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Normal recommendations were to place the Heliothis traps (net-type of trap) with Squash Vine Borer pheromone
lures in the field after July 4. At some of the farms, we placed the traps in the fields the first week of June. The first
trapped male squash vine borer was observed the second week of June, which was two to three weeks prior to the
recommended date that traps should be set. Normally, one would expect the last squash vine borers would be seen mid
to end of August. The last squash vine borer insect caught was during the week of September 28.
If a conduit pipe is used for support, you may want to add duct tape over the tie points to prevent the trap from sliding
downwards. The bracing line that goes to a stake in the ground should be slightly slack. It just provides some support
for windy conditions. Distance from the ground to the trap bottom should be about two feet. The trap should go in the
squash field, with squash leaves below (but not blocking) the opening. Select a spot where it will not interfere with
farm equipment.
Place the pheromone lure in the middle of the opening, and level with the bottom of the trap — not hanging several
inches below or above the opening. We have used several devices for securing lures in the position—safety pins,
clothes pins, and small binder clips. The important thing is that it stay in the correct position despite wind and weather,
and that it be easy to change lures. The lures are individually wrapped, and you store them in the freezer until ready
for use. Once unwrapped and placed in the trap, they release the odor for four weeks
Comparing the effectiveness of the green bucket trap compared to yellow/white bucket trap with both traps baited with
Squash Vine Borer pheromone lures compared to Heliothis traps (net-type of trap) baited with the same Squash Vine
Borer pheromone lures with three traps placed in the same field were made. When comparing yellow/white bucket
traps and Net trap to the green bucket traps, again the green bucket traps were poor in catching male moths. If growers
rely on green bucket traps to guide spraying decisions, they could be seriously misled. The Heliothis traps (net-type
of trap) caught slightly higher number of Squash Vine borer moths than yellow/white bucket trap. Based on this, we
recommend the Heliothis traps (net-type of trap) but yellow/white bucket trap can be used. Green bucket traps should
not be used.

Thresholds
The number of moths captured (using the Dacron Heliothis traps described above) can be used to decide whether or
not an insecticide treatment is required. For summer squash, the recommended threshold (point where insecticide
treatment is worthwhile) is five SVB moths per trap per week. Pumpkins can sustain this level without serious injury.
For vining pumpkins, the recommended threshold is twelve per trap per week. Bush types, five SVB moths per trap
per week is the recommended threshold.
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Management Options
Rotation can help reduce problems with this pest. Moving cucurbits to different fields year-to-year can reduce
problems, especially if the fields are far apart. If complete skipping is too difficult for your market, consider growing
less susceptible types.
Deep tillage after harvest or before planting in the spring may kill a number of the larvae/pupae in the soil. It can
reduce the numbers, but in a heavy infestation it won’t make much of a difference.
Some backyard growers report success by physically removing borers from the vines. Growers who have tried this
look for frass being pushed out of the vines. Then they carefully make a small lengthwise cut in the vine, and remove
the borers. There could be several in one spot. Then they wrap the cut together and hope for the best. Some cover
the vine at that spot with soil, which can encourage rooting. Manual borer removal requires too much labor for most
commercial growers to follow.
Remove dying vines! If you remove and thoroughly destroy vines that are heavily attacked and dying, this prevents
the larvae inside from completing their development, and emerging as moths next year.
Spun-bonded row covers or netting can completely exclude the moths from laying eggs, but they also exclude pollinating
insects. If you want to use netting or row covers to control the borers, they must be up during the pollination period,
so the result is no fruit.
It is possible to control the borers by injecting the insect-attacking nematodes Steinernema carpocapsae into damaged
vines.

Chemical Control
The current Vegetable Production Guide lists the insecticide choices, which are subject to change. Insecticides can
be very effective in controlling this pest, but they must be applied right when pollinators are also visiting the plants.
There’s not much we can do about this, except to limit pesticide use to situations where we really need it (usually not
on butternut squash for example), and try to de-emphasize insecticides that are especially hazardous to bees. Spraying
very late in the day may slightly reduce the risk to honey bees.
Perimeter trap cropping can work, but usually requires too much effort to be practical. It can reduce SVB attack on
a large field if no cucurbits were grown there the previous year. You plant a wide border of highly preferred variety
(blue hubbard squash) completely surrounding the field of summer squash, then heavily spray the blue hubbard squash
plants when borers are flying. More details on this from Jude Boucher, Univ. of CT are at www.hort.uconn.edu/ipm/
This IPM Project was partially funded through the New Hampshire Department of Agriculture, Markets & Foods - Integrated Pest Management Grant Program.
UNH Cooperative Extension programs and policies are consistent with pertinent Federal and State laws and regulations on nondiscrimination regarding race, color, national
origin, sex, gender orientation, age, disability or veteran’s status. College of Life Sciences and Agriculture; County Governments; and U.S. Department of Agriculture.

George W. Hamilton is an Extension Field Specialist in Food & Agriculture for the University of New Hampshire
Cooperative Extension. His office is located in Goffstown, New Hampshire. George has direct responsibilities
working with commercial farm operations, both full and part-time, in the areas of vegetables, fruit, IPM, pesticide
safety education and farm business management. George Hamilton joined UNH Cooperative Extension in 1989.
Prior to working for UNH Cooperative Extension, he was an education instructor for the tree fruit production
program for three years at Wenatchee Valley College in Wenatchee, Washington. His first professional job was a
high school vocational agriculture teacher and an adult farm instructional advisor for ten years at the Upper Adams
School District, Biglerville, PA. He received both a Bachelor of Science Degree in Agricultural Education in 1976
and Master of Science Degree in Agricultural Education in 1982 from The Pennsylvania State University. George is
a native of North East, PA. He and his wife Leann have three sons: Adam, Grant and Mark. Hey currently reside in
Milford, NH.
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BACTERIAL DISEASES IN VINE CROPS: IS THERE ANY HOPE?
Beth K. Gugino
Department of Plant Pathology and Environmental Microbiology,
The Pennsylvania State University
219 Buckhout Lab, University Park, PA 16802
bkgugino@psu.edu

Over the past few years bacterial diseases in vine crops have been an increasing challenge to manage. In Pennsylvania,
these have primarily included angular and bacterial leaf spots and bacterial wilt as well as a few reports of cucurbit
yellow vine decline and one report of bacterial fruit blotch on watermelon. Each disease is caused by a different
bacterial pathogen. Since bacterial wilt and CYVD are vectored by cucumber beetles and squash bugs, respectively,
management is focused primarily on the insect vector.

ANGULAR LEAF SPOT.
All vine crops are potential hosts for this disease but cucumber is considered the most susceptible. The disease is
favored by moderate temperatures (75 to 82°F) and high moisture levels. Disease progression is slowed under extended
periods of dry weather. Initially the lesions are small water soaked spots that become tan and delineated by the leaf
veins as they expand. The angular spots on the leaves can look similar to those caused by downy mildew however
there will not be any purple-gray sporulation on the underside of the leaf. On the fruit, the lesions are small circular
water soaked spots that are often light tan in the center. The lesions can penetrate deep into the fruit causing an internal
rot. The pathogen (Pseudomonas syringae pv. lachrymans) can be seedborne and can infest the seed below the seed
coat. Angular leaf spot can affect the plant during any growth stage from seedling through fruit maturation and is
often splash dispersed by rain or spread by equipment or people working in the field.

BACTERIAL LEAF SPOT.
Similar to angular leaf spot, bacterial leaf spot caused by Xanthomonas cucurbitae can infect all vine crops although
it is especially problematic on pumpkin and winter squash and can cause extensive yield loss. It is also considered
seedborne and survives associated with the crop residue. However unlike angular leaf spot, symptoms often do not
develop until the plants start vining and setting fruit. This disease is favored by high temperatures and high moisture
levels and is more common on cucumbers, squash, gourds and pumpkins. It is characterized by less descript small tan
lesions surrounded by a yellow halo on the leaves that eventually merge together. On the fruit, the lesions are initially
small circular lesions with light centers and dark margins. As they expand, they become more irregular in shape and
can become crusty with exudates.

BACTERIAL FRUIT BLOTCH.
A wide range of cucurbits are susceptible to bacterial fruit blotch caused by Acidovorax avenae subsp. citrulli. It
is especially problematic on watermelon and can cause up to 90% losses in some fields. All stages of the crop are
susceptible and disease development is favored by warm temperatures and moist conditions. Symptoms will not
develop if conditions are not favorable. Foliar symptoms consist of water soaked lesions that become dark brown and
are irregular in shape. Fruit infection occurs one to three weeks after flowering but symptoms will not develop until
one to two weeks before harvest. Fruit lesions are initially small water soaked dark gray-green blotches that develop
of the fruit surface not at the point of contact with the soil. The lesions will rapidly enlarge becoming necrotic and
cracked releasing amber-colored sticky ooze. This pathogen is highly associated with the seed.
The general management principles recommended for bacterial diseases on vegetable crops should also be followed
for angular and bacterial leaf spots as well as bacterial fruit blotch on vine crops. These include:
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• Purchase high quality pathogen-free seed.
• Keep bacterial populations low on seedings through use of greenhouse sanitation practices.
• Rotate out of cucurbits for at least two to three years to allow the crop residue to thoroughly decompose. The bacteria
cannot survive in the soil long without a host.
• Avoid overhead irrigation or using surface irrigation water sources near cucurbit fields.
• Avoid working the plants when they are wet and work in older succession plantings first to minimize pathogen spread.
• Copper-based fungicide applications will help reduce spread and protect the fruit from infection but need good
coverage.
• Minimize fruit damage at harvest to prevent post-harvest losses.
• Select cucumber cultivars with resistance to angular leaf spot. Host resistance is not readily available for the other
cucurbits and bacterial diseases. See the 2015 Commercial Vegetable Recommendations for an updated list of
recommended cultivars for this production region.
In addition to copper-based fungicide applications, there is some research-based evidence that Actigard 50WG (a.i.
acibenzolar-S-methyl) applications starting early in the season can help reduce bacterial leaf spot incidence and
severity. Actigard functions to boost the plants defense response and does not directly affect the pathogen therefore
it must be applied starting early in the season. It is not a silver bullet and should be used as part of a integrated
management program.

BACTERIAL WILT.
Among the vine crops, this disease tends to be more common in cucumbers and cantaloupe and rarely, if ever, observed
in watermelon. The pathogen is vectored by the spotted and striped cucumber beetles. It is characterized by wilting
of individual or groups of leaves on vines followed by wilting of the entire runner or whole plant. Often the plants
will recover overnight during the cooler part of the day but eventually the plant will collapse as the vascular system
becomes clogged with bacteria preventing the movement of water from the roots. Bacterial wilt may cause younger
plants to collapse and die more quickly. The risk period for susceptibility reclines as the plant ages due to increased
plant resistance. One diagnostic test is to check for bacterial ooze or sticky exudate exuding from the xylem tissue in
the stem. Later in the season, the cucumber beetles can also cause direct feeding damage to the fruit surface reducing
marketability.

CUCURBIT YELLOW VINE DECLINE (CYVD).
This disease is relatively new in the Northeast region, was recently
confirmed in several pumpkin fields in Pennsylvania. This disease
is caused by the bacteria, Serratia marcescens and is vectored by the
squash bug (Anasa tristis). The symptoms are similar to bacterial wilt
but disease progression is much more rapid. The plants can wilt and
turn yellow almost overnight usually 10 to 14 days before the fruit is
mature. Cross-sectioning of the crown can reveal discoloration of the
phloem tissue which has become colonized by the bacteria. Summer
squash tend to be very susceptible as well as pumpkin.
As stated before, the key to bacterial wilt and cucurbit yellow vine
decline management is managing the insect vectors because once the Symptoms of CYVD on pumpkin.
bacteria are inside the plant, there is little that can be done to prevent the disease from progressing. For CYVD this
means early detection and management of the squash bug in the nymphal stages. The squash bugs themselves can also
205

VINE CROPS
cause direct damage by using the piercing-sucking mouthparts to suck the sap out of the leaves causing them to wilt
and collapse.
It is important to scout for squash bug early by looking for the iridescent bronze colored eggs on the lower leaf surface.
The egg masses are laid in a diamond or V-shaped pattern and can consist of up to 20 eggs. The eggs will hatch in one
to two weeks and then take an additional four to six weeks to go through five instars to become adults. All life stages
may be found on the same plant because the female lays eggs over a long period of time. The unmated adults will
overwinter in plant debris or along edges of fields also harboring the bacteria overwinter. The next season these adults
move into the crop and transmit the bacteria.
The action threshold for squash bug is one egg mass per plant during flowering. It is important to manage them early
in the season before the populations are large and there are a greater proportion of adults which are more difficult to
manage. Also as the crop becomes larger it can be more difficult to get foliar insecticides into the crop canopy. The two
most critical points for the host is at the young seedling stage and at flowering. Chemical treatments should be directed
towards the nymph stages and application coverage is critical since they tend to hide.
Mowing weeds and managing vegetation around field edges will reduce potential overwintering sites for the squash
bugs. Maintaining a healthy actively growing crop through optimal fertilizing and irrigating will also help reduce
squash bug feeding. Rotate cucurbit fields as far apart as possible.
Aside from the use of insecticides for the management of cucumber beetles, the use of row covers has been successfully
used to reduce bacterial wilt incidence and severity in muskmelon without impacting yield when the row covers were
removed 10 days after the onset of flowering and then follow-up with insecticide applications if necessary. For butternut
squash, removal of the row covers at the start of flowering was most effective and also helped to manage squash bug.
Also, delaying planting by three weeks until mid- to late June can offset production from the first generation of beetle
damage from overwintering beetles however delayed harvest may result in reduced market prices.

Beth K. Gugino is an Associate Professor in the Department of Plant Pathology and
Environmental Microbiology at The Pennsylvania State University located at University
Park, PA. Her extension and research program focuses on the identification, epidemiology
and management of vegetable diseases important to the Pennsylvania and the Northeast
region. She received her B.S. in Horticulture and M.S. and Ph.D. in Plant Pathology from
The Pennsylvania State University. She was a post-doc at the New York State Agricultural
Experiment Station with Cornell University working with diseases of vegetable crops and
soil health for four years before returning to Penn State in June 2008.
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LIGHTING THE WAY WITH ‘SUNLIGHT’, ‘MOONLIGHT’,
AND OTHER NEW CUCURBIT VARIETIES ON THE HORIZON
Brent Loy
New Hampshire, Durham, NH 03824

In perusing over a few of the seed catalogs of major seed companies serving the Northeast, it becomes apparent that
there are over 150 varieties of pumpkins, and numerous offerings of other cucurbit crops I work with such as melons,
winter squash and summer squash. Are we becoming over-saturated with varieties? The answer to this question is not
as straightforward as it might seem. More varieties mean more choices for home gardeners and growers, and varieties
adapted to variable climactic and cultural conditions. However, in my own situation as a pumpkin breeder, I simply
do not have the time, field space, and research funding to adequately evaluate all of the varieties that have come on
the market during the past 10 years. I suspect that most growers are in the same boat. Thus, even the availability of
improved varieties does not guarantee that they will be used by many of the horticulturists whom could benefit from
their use. Secondly, the seed companies who produce seed of new varieties have to make a profit from seed sales of
new varieties, and this becomes more problematic as the number of varieties increase. In spite of the aforementioned
problems in releasing more varieties, there will probably always exist a need for improvement of pumpkin varieties
with better disease and insect resistance. In addition, ornamental pumpkins continue to expand as a major fall crop for
retail sales, and there is continued consumer demand for new types of ornamental pumpkins, such as those with novel
colors or patterns of coloration. This is the current focus area for pumpkin breeding at University of New Hampshire
(UNH).

ORNAMENTAL PUMPKINS:
There may be some disagreement as to the most important cultural and marketing traits in ornamental pumpkin, but
stem strength is certainly near the top, and increasing stem strength has been major objective in our pumpkin breeding
program. Stems should be strong enough in any fruit size category below 30 pounds so that pumpkins can be readily
carried to harvesting containers by the handle. Moreover, stems should hold strength and not show readily visible
shrivel after storage for a few weeks. Stem strength can vary from year to year, but ideally, a variety will produce
good stems under most cultural conditions. What determines stem strength and resistance to shrivel? The stem is a
‘woody’ appendage, and like wood, its strength is due to the deposition of lignin and cellulose in cell walls. As shown
in Table 1 below, varieties with small fruit usually have stronger stems, as indicated by higher dry weight (DW) and
less stem shrinkage after harvest than varieties with large fruit. The higher dry weight of stems is indicative of more
lignin and cellulose in cell walls of tissue. This association is related to the fact that small-fruited varieties have higher
starch content in the fleshy, mesocarp tissue than large pumpkins, reflecting the greater availability of assimilates for
synthesis of cell wall compounds in the stem tissue. The extremely high DW value for treatment 3 of Orange Smoothie
is an anomaly, due to the fact that the vines and fruit stems had already dried down prior to harvest at 55 days.
During the past three years we have evaluated over 150 experimental pumpkin hybrids developed at UNH or which
are the product of joint developments with seed companies. Many of these hybrids have been evaluated at other
locations by seed companies or at other public institutions. Although 10 to 15% of these hybrids, if adopted by the
seed industry, would likely represent improvements over most varieties currently available, only a few of these new
hybrids will likely make it into the seed industry. Producing and marketing a new variety is a costly endeavor for a
seed company, especially given the large number of varieties being sold; thus, seed companies have to be cautious
in what varieties they move forward for eventual production. I will highlight a few of the UNH hybrids which have
recently been released and some that should become available in the coming year.
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Table 1. Stem integrity in pumpkins as related to harvest period and plant treatment.
CROPSNH.
Data collected in 2005 at the Horticultural ResearchVINE
Farm, Durham,

Treatment
Fr. Wt. % DW % Shrivel
Racer
1. Harvest at 35 DAP
15.6
16.4
49.2
2. Harvest at 55 DAP
15.4
14.9
41.2
3. Defoliate 35 DAP; harvest 55 DAP 16.5
14.9
40.6
LSD0.05
NS
NS
NS
Orange Smoothie
1. Harvest at 35 DAP
5.7
18.3
22.4
2. Harvest at 55 DAP
6.2
18.6
16.4
3. Defoliate 35 DAP; harvest 55 DAP 6.2
72.3
1.6
LDS0.05
NS
NS

‘MOONSHINE’:

This is one of my favorite
releases both because of the
extensive breeding effort
required to develop a medium
size, white jack-o-lantern
pumpkin with a robust stem,
and secondly, because of the
popularity of this pumpkin
with consumers. Skin color
in ‘Moonshine’ pumpkins
will tend to acquire a light
Fr. Wt. = average fruit weight. % DW = % dry matter in stem. DAP = days after
pollination; Stem shrivel: stems dried in oven at 60 oC - stems with less than 60%
yellowish tint or sometimes a
shrivel were deemed marketable. NS – not statistically significant.
bluish tint if pumpkins are left
on the vine after senescence of
Table 1. Stem integrity in pumpkins as related to harvest period and plant
the leaf canopy. This problem
treatment.
can largely be avoided by
harvesting pumpkins once
Data collected in 2005 at the Horticultural Research Farm, Durham, NH.
vine decline has occurred. Leaf
canopy cover in pumpkins is usually good for at least the first five weeks from fruit set, and handle strength and good
white color is reached by this stage of development.

‘OWLS EYE’ AND ‘SUNLIGHT’:
UNH has released two yellow pumpkins, one prior to Moonshine, called Owls Eye, and available to both organic and
traditional growers through High Mowing Organic Seeds, and the second, Sunlight, a joint development with Hybrid
Seeds of New Zealand, available in 2013. Sunlight is also a favorite of mine because the 3 to 5 pound pumpkins look
especially attractive when grouped with white pumpkins. It is an extremely productive hybrid, and the pumpkins have
consistently strong stems. Sunlight has good intermediate powdery mildew resistance.

‘CARGO’:
This large pumpkin, a joint development with Johnny’s Selected Seeds, is in the ‘Gladiator’ class, but with a more oval
fruit shape, earlier (midseason) maturity, and at least in New England, exhibits improved handle strength for a large
pumpkin. It has been one of the top pumpkins in our trials for the past four years. This pumpkin has intermediate
powdery mildew resistance.

NH4716:
This hybrid has not yet been named and will not be commercially available until fall of 2015 through SeedWay. I
mention it now because it has really “shined” in trials at our experimental farm, on our farm at home, in Connecticut,
in North Carolina and in Hershey, Pennsylvania. NH4716 produces medium size pumpkins, usually in the popular
12 to 18 pound range in our trials. NH4716 has outstanding color, consistently strong, medium length handles, and
powdery mildew tolerance.
There are at least four to six more ornamental pumpkins in the mill that were either developed at UNH or as joint
projects with seed companies, including new white varieties with powdery mildew resistance. I am reluctant to
describe these varieties, however, until seed is in the bag, so to speak. Also in the pipeline are pumpkins in different
size classes which exhibit different striping patterns, along with the bicolor trait common to spoon gourds. In addition
to ornamental pumpkins, UNH has had a continuous program to develop high yielding varieties of hull-less seeded
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pumpkins for the snackseed trade. Two of the previously available hull-less varieties, ‘Snackjack’ and ‘Snackface’,
have been discontinued. Replacements for these varieties will hopefully soon be available and at least one hybrid is
currently slated for commercial sale in fall of 2015.
In addition to pumpkins, I have breeding programs in melons, acorn squash, kabocha/buttercup squash, butternut
squash, glabrous yellow summer squash, egg and spoon gourds, processing squash, and interspecific hybrids for
processing and fresh market. The focus in melons has been on early maturity, powdery mildew resistance, and
fusarium wilt resistance, but more recently on specialty melons. My favorite recent development in melons is a Golden
Crenshaw melon with excellent vine vigor, powdery mildew resistance and resistance to fusarium wilt. It has been one
of the best flavored melons in our trials for the past four years. We expect it to be available through several vendors in
fall of 2015.

WINTER SQUASH:
Several buttercup/kabocha varieties developed at UNH can still be considered good choices for winter squash
production. Rupp Seeds has reintroduced ‘Autumn Cup’, a relatively compact, productive buttercup variety, developed
at UNH in the early 1990’s. For better eating quality, I recommend four restricted vine, kabocha varieties developed at
UNH: Eclipse, Thunder, and Space Station, produced and sold by Rupp Seeds, and Bagheera, produced and marketed
by High Mowing Organic Seeds.
Growers who have heard me talk in the past about squash are aware that my biggest theme in winter squash concerns
improving eating quality in acorn squash. Acorn squash has a fruiting pattern such that vines often produce fruit
numbers in excess of what the plant can support in terms of supplying adequate photosynthates (glucose equivalents)
to support sufficient starch levels in the fruit. Starch contributes a desirable pasty texture to cooked squash and serves
as a substrate for sugar accumulation in the edible flesh. Fruit size also plays into this scenario as does the genetic
predisposition for high starch accumulation, the genetics of which is lacking in many popular acorn varieties. UNH
has recently introduced two varieties with improved eating quality into the seed trade. ‘Honey Bear’ is a bush variety
with small (1 to 1.5 pound) fruit and is intended to be served in the half shell. ‘Sugar Bush’ is a slightly larger acorn
(1.5 to1.8 pound). Honey Bear’, an All-American Selection, is produced by Johnny’s Selected Seeds and is available
through several vendors. ‘Sugar Bush’ is sold by High Mowing Organic Seeds. Both of these varieties have good PMR
tolerance. Both of the aforementioned varieties have good market potential when marketed properly at retail farm
outlets, but are not likely to gain a foothold in the wholesale trade. Breeding work is underway to develop high quality
acorn squash in larger size classes and with fruit that hold skin color better in storage.

SUMMER SQUASH:
In supermarkets, yellow summer squash is often a blight in the fresh fruit and vegetable section. Fruit tend to be
somewhat misshapen, and are usually covered with unsightly, tan and brown abrasions. Abrasions are caused by
sloppy harvesting and packing procedures, but in addition, exacerbated by the extremely spiny stems and leaf petioles
which scratch fruit during windy weather and harvesting. The abasions are not too discernible during packing, but
during transit and display create brown discoloration resulting from enzymatic oxidation reactions and development
of phenolic polymers. I discovered a glabrous trait, characterized by plants which have a much reduced presence
of trichomes or spiny appendages extending from epidermal cells comprising stems, petioles and the underside of
leaf blades. The glabrous gene (gl-2) in question largely eliminates the large, multicellular trichomes from stems
and petioles, and also reduces the number of smaller, single cell trichomes. Most unattractive abrasions on squash
are caused by the large trichomes. Through extensive breeding efforts at UNH during the past 20 years, improved
glabrous breeding lines have been developed for use in developing productive hybrid varieties of summer squash.
The first glabrous hybrid, Slickpik® YS26, produced by Hollar Seeds, was released in 2009 and is available through
several vendors. This hybrid has had attractive consumer appeal at many retail farmers markets throughout New
England, but is eschewed by some growers because of producing long, slender fruit. One interesting observation made
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in our trial plots is that once pickers harvest fruit from glabrous plants in experimental plots, they avoid plots of spiny
varieties like the plague. We expect to have several new glabrous varieties available within the next two years which
have more cylindrical and shorter fruit preferred by wholesalers, and these new varieties will carry intermediate
resistance to powdery mildew. There are also gl-2 glabrous varieties in the pipeline which will carry virus resistance.
Acknowledgement: Principle funding for breeding research was provided by NH Agricultural Experiment Station.
Seed companies providing funding for some of the projects include Hollar Seeds, Hybrid Seeds, Seminis Seeds, Rupp
Seeds, and Johnny’s Selected Seeds.

Brent Loy is an Emeritus professor at University of New Hampshire and is now on a research appointment
focusing on breeding cucurbits and related research dealing with crop productivity and nutrition in squash.
Breeding efforts are with melons, pumpkins, gourds, summer squash and winter squash, with emphasis is on short
season varieties, disease resistance, and developing and evaluating interspecific hybrids of Cucurbita maxima x C.
moschata. He currently has over 60 varieties developed at UNH or jointly with seed companies. He and his wife
Sarah, a part-time farmer, have two sons and one daughter. (2014)
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USE OF PLASTICULTURE FOR THE PRODUCTION OF MELONS
Michael D. Orzolek, Extension Vegetable Specialist
Dept. of Horticulture, The Pennsylvania State University, University Park, PA 16802

Since Cucurbits in general and melons specifically love warm temperatures, production of melons (cantaloupe and
watermelons) in much of Pennsylvania is a challenge both from the standpoint of temperature and moisture. Melon
plants stop growing below 45°F and will have a difficult time maturing fruit when average night temperature drops
below 50°F. Optimum growth of melon plants is between 75° and 85°F daytime temperature. For the average grower
in Pennsylvania growing on bare soil, the planting date for melons is generally between May 20 and June 15, assuming
that there will not be extremes in day and night temperatures. While mature cantaloupe and watermelon plants are
somewhat drought tolerant, they require consistent soil moisture levels (80% of available soil moisture) after seeding
or transplanting and until they reach the 10-12 leaf stage of growth. On the other hand, excess rainfall 2 weeks prior
to fruit harvest will dramatically reduce soluble sugars and fruit quality. The use of plasticulture will help eliminate/
prevent these environmental stresses on melon plants during the growing season.
If seeding melons in the field, minimum soil temperature 2” to 3” below the soil surface must be at least 60°F. Also,
if conditions are cool and wet, scout field for potential seed corn maggot infestation. Air temperature after seeding
should be minimum of 50*F as a nigh time low and air temperatures below 45*F will have a negative affect on seed
germination, emergence and early seedling growth. If transplanting, recommend a 26 to 32 day old seedling with
no visible flowers. Transplant melons into plastic covered raised beds when soil temperature 2” to 3” below the soil
surface is at least 55*F.
For the production of high quality melons, the use of raised beds, plastic mulch (black or blue), drip irrigation and
row covers will insure success and consistent marketable yields. The use of plasticulture in the production of melons
will: 1) increase soil temperature 8° to 12°F warmer than bare soil, 2) increase/maintain soil water holding capacity, 3)
reduce/eliminate weeds, 4) maintain/increase soil tilth and 5) reduce/eliminate fertilizer and pesticide leaching under
the bed. I will discuss the individual components of plasticulture in the following sections below.

Raised Beds
Making a 6 to 8 inch raised bed prior to applying plastic mulch in the field helps to; a) increase soil temperature,
b) produce a tight fit of plastic on the soil surface, c) prevent plant/fruit damage from excessive water (heavy
thundershowers), d) reduce soil erosion when beds follow soil contour and e) helps to produce a higher quality, cleaner
fruit. Many equipment manufacturers sell a multi-function machine which will make a raised, pressed bed, lay the
agricultural film snugly on top of the bed and also place drip tape at a desired depth in the bed at one pass. In addition,
a fertilizer applicator can be placed on top of the bed maker/mulch applicator to add nutrients into the bed.

Plastic Mulch
Since plastic mulch increases soil temperature, soil moisture and maintains soil tilth, seeding or transplanting melons
within 2 to 5 days after application of the plastic in the field is recommended. Plastic film can be purchased at a
thickness of 0.3 to 1.5 mil, embossed or smooth and colors of clear, white, black, blue, IRT green, IRT brown, red,
yellow and silver. The plastic film you purchase can be tailored to your needs based on crop being grown, number
of crops to be grown on the film, length of time to be left in the field and pest elimination requirements. The thicker
the film, the longer it can be left in the field; 1.5 mil plastic will last two years/multiple crops in the field. However,
in general, the thicker the film, the higher the cost; unless the purchase is an ultra-thin plastic film 0.3 mil or less.
Embossing imparts more elasticity/stretchability compared to the smooth plastic film. As to color, melon plants will
produce higher early and marketable yields on IRT green, blue or silver compared to the standard black. The silver
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mulch also repels aphids so that aphid vectored viruses are eliminated in the field. Melons also perform very well on
biodegradable plastic mulch.

Drip Irrigation
Water comprises 94% of melon fruit which would verify the importance of water in the growth and development
of melon plants and fruit. Whether seeding or transplanting melons, application of water is extremely important
to maintain soil capacity for germination of melon seeds or the regeneration of root and shoot growth of melon
transplants. Drip irrigation is very efficient in; directing water to the crop and not the weeds, reducing/eliminating
foliar diseases, and injection of fertilizers and/or pesticides. Since many soils in Pennsylvania are silt loams to clay
loams and generally have between 1.5% to 2.5% organic matter, they tend to have relatively high cation exchange
capacity (CEC), low to moderate water infiltration rates, and moderate to high water holding capacity. Because of
these characteristics, growing melons on these soils and raised beds/plastic mulch is more effective when at least 40%
of the fertilizer requirement is added preplant rather than totally through the drip irrigation system. Fertigation of
nitrogen (approx. 7 to 10 lbs/A) after crown set fruit are harvested does help to increase fruit production and maintain
plant health and vigor. Scheduling water application on measurement of actual soil moisture levels (irrometer or
tensiometer or ET values) will help to maintain active plant growth throughout the growing season and produce high
sugar, high quality fruit. Remember that soluble solids or sugars are translocated to the fruit within the last two weeks
prior to the fruit becoming full slip. Application/reception of excessive moisture during this period of carbohydrate
movement from plant to fruit will dramatically reduce the sugar level and overall quality of the fruit.

Floating Row Covers
Since melon crops return a relatively high gross per acre and require warm temperatures both day and night, use of
polypropylene row covers is both economical and productive. Applying row covers on the raised bed/plastic mulch
after seeding or transplanting melons will; increase both ambient and soil temperature resulting in increased plant
growth, reduce/elimination plant dessication, maintain higher soil moisture levels, and exclude insect feeding on young
plants. However, once female flowers are observed on plants, the row cover must be removed to allow for pollination
by honeybees. While polyester row covers are available, the stiffness of the material compared to polypropylene will
cause leaf abrasion and potential delays in fruit maturity.

Low Tunnels
In locations that are rather windy in the spring of the year and plant desiccation is a principle cause of plant mortality,
use of low tunnels will help both establishment and early production of melons. Low tunnels are usually 1-mil rolls of
perforated (for ventilation) polyethylene stretched over metal hoops (no. 9 wire) placed every 6’ to 8’ over the row of
melon plants. The tunnels are immediately placed over the row after transplanting and left in place until the afternoon
high temperatures exceeds 85°F for 3 successive days.

TIPS FOR SUCCESSFUL MELON PRODUCTION WITH PLASTICULTURE
• Use raised beds (4 to 6’’ high) when laying plastic in the field compared to flat beds to insure better water and nutrient
management in the field.
• Prior to making raised beds in field, broadcast and incorporate 40% of total nitrogen requirement for melon crop and
all the phosphorus and potassium recommended by soil test.
• When laying plastic in the field, make sure soil is at least 85% of water-holding capacity.
• Wait at least 2 to 3 days after laying plastic mulch in the field before transplanting or seeding melons through the
plastic.
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• After seeding and especially after transplanting melon plants through plastic mulch, monitor soil moisture level
underneath the plastic mulch and maintain moisture level by use of drip irrigation system.
• Monitor melon plants for both cucumber beetle and aphid populations since both insect species can rapidly reproduce
and vector viral or bacterial organisms to young melon transplants.
• Remove row cover or mulch from low tunnel when first female flowers appear in field.
• Place at least one active beehive per acre of production to insure pollination and fruit production.
• Fertigate with low levels of nitrogen (5 to 7 lbs/A) throughout the growing season.
• Apply one pound per acre Boron pre-bloom stage either through the drip irrigation system or as a tank-mix with
fungicide spray.
• Reduce water application to melon crop within 2 weeks of the bulk harvest of melons in the field to improve soluble
solid levels and higher fruit quality.
Michael D. Orzolek is Professor Emeritus of Vegetable Crops, Department of Plant Science, The Pennsylvania
State University. He came to Penn State in 1981 with a three-way appointment – 60% Extension, 22% Research
and 18% Teaching. Since his retirement in July, 2012, he has kept active conducting applied field research and
moving his office to the Horticulture Research Farm, Rock Springs, PA. He has done extensive research on stand
establishment, plastic mulches, high tunnels, weed management and tillage systems. Mike is still the current
Director of the Penn State Center for Plasticulture and the CP High Tunnel Research and Education Facility at Rock
Springs, PA..
Dr. Orzolek formerly was Extension Vegetable Specialist at the University of Delaware (1974-81). He received his
B.S. in Biology from Alliance College, his M.S. in Horticulture from West Virginia University, and his Ph.D. in
Horticulture/Botany from the University of Maryland.
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WE MAKE PUMPKINS FLY THROUGH THE AIR, AG-ENTERTAINMENT
George W. Hamilton
Extension Field Specialist
UNH Cooperative Extension - Hillsborough County
329 Mast Road - Room 101
Goffstown, NH 03045
E-mail: george.hamilton@unh.edu

Hillsborough County, New Hampshire, is home to two of World Championship Punkin Chunkin Association’s
Championship Teams and one team holds the record for the longest pumpkin shot at the event in history. Here is some
of the history of these teams and facts of this unique sport of making pumpkins fly through the air in New Hampshire.
The preferred projectile is the tropic pumpkin variety called LaEstrella. This tropical calabaza hybrid was developed
by a breeding program based at the University of Florida in the late 1990’s. The flesh is similar to a butternut and it is
in the same grouping of Curcurbit moschata.

Team American Chunker (Adult Air Cannon)
Team American Chunker was established in November of 2009 and is an immense 100ft+ long pneumatic cannon that
shoots pumpkins for long distance. Originally the brainchild of founder and Captain Brian Labrie, the team has since
grown to over 25 team members representing areas of Science, Agriculture, Engineering, Fabrication, Construction,
Weather Forecasting, Ballistics, Radar, Thermal Imaging, and many other disciplines.
Since its inception, the team’s goal has been to win the World Championship Punkin Chunkin Association (WCPCA)
world championship held annually in Delaware. In their first three years competing, team AC stunned the punkin
chunkin world with the best average and cumulative distances, and placed an amazing 2nd, 3rd, and 4th (out of 120+
teams from around the USA and overseas) for longest shot. This level of success and consistency was unheard of for
new comers to the sport, and a testament to the team’s dedication, labor, and high end technical approach.
2013 breakthrough… With persistent improvements and determination since fabrication, Team American Chunker
set a new long distance World Record for launching a pumpkin at supersonic speed on November 1, 2013. With an
amazing shot of 4694.68 feet, American Chunker became the first air cannon team from New England to achieve the
longest shot in history at the 28th annual WCPCA World Championship. The event was broadcast by the Discovery
& Science Channels.
Premier “Punkin Chunkin Team” and “cutting edge” are perfect descriptions for this unmatched group of team
members. The team looks forward to continuing to raise the bar in 2015 (and beyond) and expand the scope of the
sport with new horizons and milestones in the near future
However, Captain Labrie has said the “Cannon” is only half the formula. Having the right “PUMPKIN” is the
challenge! The right pumpkin is where it begins to make any team into a championship team!

Yankee Seige (Adult Trebuchet)
Yankee Siege 1 was originally built in 1998 after seeing a show on PBS - NOVA series about medieval siege weapons
of war. Steve Seigars thought that building a very large machine (52,000 pounds and 60 feet tall) that could throw large
pumpkins would be a good way to promote sales of pumpkins at the Yankee Farmer Farm Stand in Greenfield, New
Hampshire. It worked! Pumpkins sales have increased ten-fold within three years.
People would come to see the trebuchet and buy pumpkins and other fall items. It wasn’t until three years after building
the machine that Steve and his followers found out that there was a competition in Delaware for throwing pumpkins
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for distance. At the time, they were throwing a 50 pound pumpkin further than the trebuchets in Delaware were
throwing 10 pounders. So, Yankee Siege 1 entered the competition in 2004 and won it six years in a row then ‘retired’
when they hit the 2000 foot mark.
But retirement didn’t last long, and Steve built a new machine (Yankee Siege 2), purposely built for throwing ten pound
pumpkins. Yankee Siege 2 currently holds the world record for a trebuchet at 2835 feet set in 2013.
Steve grows his own “ammunition” (La Estrella pumpkins) because they are a very dense, spherical, smooth fruit.
George W. Hamilton is an Extension Field Specialist in Food & Agriculture for the University of New Hampshire
Cooperative Extension. His office is located in Goffstown, New Hampshire. George has direct responsibilities
working with commercial farm operations, both full and part-time, in the areas of vegetables, fruit, IPM, pesticide
safety education and farm business management. George Hamilton joined UNH Cooperative Extension in 1989.
Prior to working for UNH Cooperative Extension, he was an education instructor for the tree fruit production
program for three years at Wenatchee Valley College in Wenatchee, Washington. His first professional job was a
high school vocational agriculture teacher and an adult farm instructional advisor for ten years at the Upper Adams
School District, Biglerville, PA. He received both a Bachelor of Science Degree in Agricultural Education in 1976
and Master of Science Degree in Agricultural Education in 1982 from The Pennsylvania State University. George is
a native of North East, PA. He and his wife Leann have three sons: Adam, Grant and Mark. Hey currently reside in
Milford, NH.
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EFFECTIVELY MANAGING THE MILDEWS

Beth K. Gugino
Department of Plant Pathology and Environmental Microbiology,
The Pennsylvania State University
219 Buckhout Lab, University Park, PA 16802
bkgugino@psu.edu
Powdery and downy mildews continue to be an annual concern for pumpkin production. Since neither of these pathogens
overwinter in the Northeast and mid-Atlantic regions, the asexsually produced spores move into our production fields
from other nearby sources typically from the southeast moving up along the east coast or in some cases from more
northern sources.

Powdery Mildew
The first signs of powdery mildew are small white powdery spots most commonly seen on the underside of the leaves or
within the plant canopy. When scouting, it is important to thoroughly look over the entire plant. If protectant fungicides
are being used, sometimes the spots on the upper leaf surface are yellow or chlorotic and then white powdery lesions
on the corresponding underside of the leaf. Accurate diagnosis is important because the targeted fungicides applied for
managing powdery mildew are completely different than those used for downy mildew. Powdery mildew symptoms
usually develop with the onset of fruiting starting in mid- to late July or the beginning of August.
Powdery mildew is unusual because infection can still take place at a relative humidity as low as 50% and dryness over
leaf wetness favors colonization, sporulation and dispersal of pathogen spores. Temperatures between 80 and 80°F are
most favorable for disease development.
Host resistance is an important tool for disease management and fortunately, there is a wide array of pumpkin varieties
that have been conventionally bred with resistance. This genetic resistance can often both delay the onset of powdery
mildew and reduce overall disease severity. As a result, it is important to scout for powdery mildew by cultivar.
See the latest 2015 Commercial Vegetable Recommendations for an updated list of varieties recommended for our
production region that have resistance. Those designated with PMR (i.e. WeeeeeOne and Magician) indicate powdery
mildew resistant and obtained a copy of the resistance allele from each parent versus those designated PMT (i.e.
Iron Man and Magic Lantern) which indicates tolerance and contain only one resistance allele from one parent. For
pumpkins, the resistance is most effective when it is from both parents (homozygous resistance) compared to one
parent (heterozygous resistance).
When powdery mildew occurs early in the season and is left unmanaged it can severely reduce the photosynthetic area
of the leaves needed to produce high quality marketable fruit. It can also severely damage the handles leaving them
weak thus reducing marketability. Fungicides are an important tool for managing powdery mildew in-season however,
there is considerable concern over the development of fungicide resistance. For resistance management, it is best to
start applying the most effective products when you first start seeing symptoms (1 lesion on 50 leaves) and then later
in the season when switch to a protectant spray program rather than the reverse. In the long-run this will reduce the
selection pressure for powdery mildew spores that are resistant to the fungicide because fewer spores are exposed to
the active ingredient when disease severity is low.
Powdery mildew fungicide trials have been conducted at the Russell E. Larson Research and Education Center in
Centre Co., PA annually since 2009. Products that continue to be the most effective include Quintec 2.08SC (FRAC
code 13) and Torino 0.85SC (FRAC code U6). These are best used when alternated with products like Fontelis 1.67SC
(FRAC code 7), Procure 480SC (FRAC code 3), tebuconazole (FRAC code 3), Inspire Super 2.8F (FRAC codes 3 +
9), Pristine 40WSP (FRAC codes 11 + 7) and Rally 40WSP (FRAC code 3) or with micronized wettable sulfur 80W
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(FRAC code M2). Each application should be applied tank mixed with a protectant again to manage for fungicide
resistance. However, due to increasing concerns about pollinator health and the use of fungicides such as chlorothalonil,
when possible time fungicide applications when fewer pollinators are foraging and visiting flowers.
There are also a number of organic options for helping to manage powdery mildew on cucurbits including copper,
sulfur, oils like Eco E-rase (jojoba oil), JMS Stylet oil (paraffinic oil), Trilogy (neem oil) and Organocide (sesame oil),
as well as potassium bicarbonate based products (Kaligreen and MilStop) to name a few.

Downy Mildew
Although an annual concern, downy mildew is not always a problem on pumpkin like it is on cucumber. In part this
is due to the development of pathotypes of the pathogen that differ in their ability to infect different cucurbit hosts.
Cucumber is susceptible to all five described pathotypes while pumpkin and winter squash are only susceptible to a
single pathotype. Often the pumpkin/winter squash specific pathotype is not prevalent in the region until later in the
growing season sometimes after the fruit have reached maturity. Since downy mildew does not directly affect the fruit,
as harvest gets closer, managing this disease becomes less important.
On pumpkin the foliar lesions are initially small angular chlorotic spots that become tan to brown. In the early
morning, there often is a corresponding water soaked lesion on the underside of the leaf. As the dew dries, purplishgray sporulation can be observed. Downy mildew can easily be confused with the bacterial diseases angular leaf
spot or bacterial leaf spot, both of which are common problems in pumpkin. To distinguish downy mildew, look for
the purplish-gray sporulation on the underside of the leaf. If you do not see downy mildew sporulation in the field
(most obvious in the morning as the dew dries), place several symptomatic leaves in a sealed bag overnight and then
check for the sporulation the next day. Sporulation can sometimes be sparse if the field is being managed for other
diseases using protectant fungicides which also have some efficacy on downy mildew. Under favorable conditions as
the disease progresses and lesion coalesce, the leaves can turn upward making them appear scorched.
Since downy mildew does not survive overwinter in our region and it is not always a problem every season on
pumpkin, downy mildew forecasting becomes an important tool for helping time the most cost-effective application
of fungicides. Disease forecasting (http://cdm.ipmpipe.org) can be used to predict the movement of downy mildew
spores up the east coast using forecasted wind trajectories from infected fields (i.e. disease sources). The risk of downy
mildew developing as a result of this spore movement is determined based on the 1) severity of disease at each known
source, 2) how favorable the weather conditions are for spore dispersal from these sources, 3) likelihood that spores
will be protected by clouds from sunlight and remain viable in the wind current and 4) how favorable conditions might
be for infection in the field where the spores could be deposited. If an area is considered high risk, then conditions are
favorable for spore dispersal, movement, deposition and infection in susceptible crops along that wind trajectory. If an
area is considered low risk, the weather may be favorable for spore dispersal from infected fields, but unfavorable for
their transport and deposition onto susceptible crops or vice versa.
Fungicides are an important tool for the management of downy mildew and are very effective if well timed. Preventative
applications when downy mildew has been confirmed on pumpkin in the region and/or the risk of infection and disease
development is high will be more effective than applications made after the disease is observed. Similar to late blight
on tomato and potato, under favorable conditions this disease can defoliate a crop in as few as 10 days under favorable
conditions.
Fortunately there are a number of fungicides that are effective for downy mildew when there application is timed
correctly. Contact protectant fungicides being applied for the management of powdery mildew can also help manage
downy mildew. Incorporating downy mildew target fungicides only when necessary can help to reduce input costs.
Some of these products include Presidio (FRAC code 43), Ranman (FRAC code 21), Revus (FRAC code 40), Zampro
(FRAC code 45 + 40) and Previcur Flex (FRAC code 28). See the 2015 Commercial Vegetable Recommendations for
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a more complete list of recommended products. For resistance management, rotate between FRAC code groups and
tank mix with protectant fungicide.
Managing downy mildew organically is much more challenging. Copper-based products are the primary tools. Other
organic options include the microbial biopesticides Actinovate, Double Nickel 55, Serenade and Sonata as well as the
biochemical biopesticides MilStop, Organocide, Oxidate, Regalia, Sporatec and Trilogy.
Since forecasting is an important tool not just for pumpkin but for all cucurbit crops, confirming reports especially
early in the season and on different cucurbit crops is important at both a local and regional level. If you suspect downy
mildew on your farm please let me know either by email at bkgugino@psu.edu or by phone at 814-865-7328 or contact
your local Penn State Cooperative Extension Office.

Beth K. Gugino is an Associate Professor in the Department of Plant Pathology and
Environmental Microbiology at The Pennsylvania State University located at University
Park, PA. Her extension and research program focuses on the identification, epidemiology
and management of vegetable diseases important to the Pennsylvania and the Northeast
region. She received her B.S. in Horticulture and M.S. and Ph.D. in Plant Pathology from
The Pennsylvania State University. She was a post-doc at the New York State Agricultural
Experiment Station with Cornell University working with diseases of vegetable crops and
soil health for four years before returning to Penn State in June 2008.
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MANAGEMENT OF SQUASH BUG ON CUCURBIT CROPS
James Wilson (Ph.D. student) and Thomas P. Kuhar (Professor)
Dept. of Entomology, Virginia Tech
Blacksburg, VA 24061-0319
jamesmw3@vt.edu and tkuhar@vt.edu

In the mid-Atlantic U.S., cucurbit vine crops are frequently attacked by squash bug, Anasa tristis DeGeer (Hemiptera:
Coreidae). Squash bug prefers pumpkin (Cucurbita maxima) and squash (C. pepo), and injures plants with its piercingsucking mouthparts by feeding on the vascular tissues of cucurbit leaves and injecting a toxic saliva. Leaves often wilt
and die under heavy feeding by this pest. Squash bug overwinters as an adult and can vector Serratia marcescens, a
bacterium that causes Cucurbit Yellow Vine Decline (CYVD) that can lead to stand and yield loss. This disease was
reported in pumpkins in Pennsylvania in 2013 by Dr. Beth Gugino (see the Proceedings of the 2014 Mid-Atlantic Fruit
& Vegetable Convention). It is important to understand the ecology and pest management of this bug in squash and
pumpkin production systems.
Adult squash bugs spend the winter in a diapause state under leaf litter and seek out cucurbits in the spring or early
summer. Adults are often cryptic preferring to hide under leaves and ground mulch, which makes control of squash
bug difficult and risky when considering its potential to vector the virulent CYVD. Adult females lay groups of eggs
on plants throughout the summer. After a week or so, eggs will hatch and 1st instar nymphs will remain on or near
the egg mass for a period of time, and then will spread out over the plant. However, not all eggs hatch into damaging
squash bug nymphs.
While monitoring pumpkin plots in southwest Virginia for levels of squash bugs in the summer of 2013, a decline in
egg hatch numbers led us to rear egg masses in the lab. Squash bug egg masses collected from the field and reared in
the lab yielded mostly parasitoid wasps. The level of parasitism for a total of 84 egg masses was 66%, which was much
higher than ever reported in the literature. The predominant parasitoid species was Gryon pennslyvanicum (Ashmead:
Hymenoptera: Platygastridae), which had been previously attacking squash bug eggs in North Carolina and Kentucky.
In 2014, we conducted a large survey of 32 counties in Virginia, Tennessee, South Carolina, and Kentucky. The
parasitoid was widespread in squash bug eggs causing tremendous egg mortality across the mid-Atlantic Region. This
native natural enemy plays a significant role in the natural control of squash bug in our region. The effects of broad or
narrow-spectrum insecticides on this natural enemy and on squash bug in general needs further examination. We are
currently researching this at Virginia Tech. So far, most of the registered insecticides for squash bug control cannot
penetrate the hard egg chorion of the squash bug and are not toxic to either squash bug eggs or the developing parasitoids
within. Many of them including pyrethroids, neonicotinoids, and carbamates are toxic to the adult parasitoids. Thus
we are investigating the most IPM-friendly insecticide options and their efficacy on squash bug. The results of a recent
insecticide efficacy test conducted on squash in Virginia are presented below. Results indicated that several new IPMfriendly insecticides have activity against squash bugs.
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Control of squash bugs in summer squash planted 17 June, 2014 in Painter, VA. Foliar
insecticide sprays applied on 28 July, 4, 11, 18 Aug
James Wilson is a Ph.D. student in the Department of Entomology at Virginia Tech
working with Dr. Tom Kuhar on integrated pest management for cucurbit production
systems. James is focusing on squash bug management, the role of native parasitoid wasps,
and their interactions with narrow-spectrum insecticides. He has co-authored multiple
extension publications on cucurbit pests, and was recently awarded the Southern Region
Sustainable Agriculture Research and Education graduate student grant. James completed
his B.S. in Fisheries and Wildlife Science at North Carolina State University in 2008, and
his Masters in Entomology from Virginia Tech in 2012. James grew up sailing and fishing
on the south eastern shore of North Carolina, and has adapted to mountain life in Virginia as a mountain biking
enthusiast.
Tom Kuhar is a Professor and Vegetable IPM Specialist in the Department of Entomology at Virginia Tech. Dr.
Kuhar’s research focuses on the ecology and integrated pest management of insect pests of potato and vegetable
crops. He has published over 70 peer-reviewed papers and book chapters on insect pest management in agricultural
crops and has given hundreds of presentations on the topic. He received his B.S. degree in biology from Towson,
University, Towson, MD in 1992 and his Master’s (1996) and Ph.D. (2000) degrees in entomology from Virginia
Tech. He formerly worked as a postdoctoral research associate at Cornell University, Ithaca, NY researching
alternative methods for managing vegetable pests. A native of Baltimore, MD, he and his wife, Stacey, who also
works at Virginia Tech, have three children, Jamie (14), Daniel (12) and Brianna (11). Outside of work, his passion is
playing, watching, and coaching the great American team sports.
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APHID MANAGEMENT IN WINTER TUNNEL GREENS:
LESSONS LEARNED OVER 4 SEASONS OF ON-FARM APPLIED RESEARCH
Judson Reid
Cornell Coop. Extension

Growing greens in high tunnels (minimally heated or unheated greenhouses)
can be an effective way to market fresh produce during the fall and winter in
colder climates, but there are challenges to success. Although plant growth slows
during this time, aphids continue to feed and damage greens crops in tunnels.
We have found that growers can successfully manage aphids with sustainable
techniques such as biopesticides, beneficial insects and variety resistance. The
success of these techniques depends on timing and other management skills.
Below, we share examples from our four years’ experience on several farms
that employed these strategies.

Challenges
The wide variety of greens crops grown for winter production in tunnels includes:
• Spinach
• Lettuce
• Swiss chard
• Kale
• Asian greens like mizuna & pac-choi
A number of aphid species will attack these common winter tunnel crops, including:
• Green Peach Aphid
• Fox Glove Aphid
• Potato Aphid
Proper aphid identification is essential for some specific biological controls, but control of multiple aphid species is
possible with proper management. It is also crucial to catch populations early. Our scouting program used an action
threshold of one aphid per leaf. Through this project, we have learned that employing broader control methods that
affect multiple species at the onset of population growth is a key management practice.

Solutions: Biological Controls
Parasitoid Wasps
As mentioned above, species identification is essential for some
biological controls. Each parasitoid wasp species has specific target
species of aphids. Identification is often not practical in a commercial
setting, so the release of multiple species of parasitoid wasps to
create a broader range of target aphid species is an effective option.
Parasitoid wasps search out live aphids and lay their eggs inside
them. The developing wasp egg eventually kills its host and an adult Aphid (left) and parasitoid wasp (right)
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wasp emerges from the aphid mummy to parasitize more aphids. Our wasp releases contained the species Aphelinus
abdominalis, Aphidius colemani and Aphidius ervi.
At one cooperating farm, biological controls reduced an aphid population by 90% on a high tunnel pepper crop. As
on many farms, a summer crop preceded winter greens. On another farm, the release of 500 mixed parasitoid wasps
under row cover in early September resulted in outstanding control of the aphid population. Research has shown
that low temperatures decrease parasitoid wasps’ ability to control aphids, with optimum results at 77°F. This makes
timing a key factor. Successful winter aphid management with parasitoid wasps requires release in fruiting summer
crops to reduce an aphid population prior to the planting of winter greens.

Lady Beetles
As temperatures drop, we refrain from the release of biocontrols with
one exception: lady beetles. Under row covers, lady beetles provided
excellent control of aphids at some cooperating sites. Adult and larval
stage lady beetles seek out aphids as prey within the canopy. Our
experience in this project indicates that lady beetles are relatively
more tolerant of cooler temperatures than parasitoid wasps. This
makes them an option later in the season.
One cooperating farm released lady beetles on November 24 at a rate
of 9 per square foot (1 quart of adults released). By early January, the Adult lady beetles
lady beetles reduced aphid populations in mizuna by 98.5%. Parasitoid wasps could not achieve this level of control
at this time of year.

Solutions: Biopesticides
Beauveria bassiana strain GHA (BotaniGard or Mycotrol O)
Another successful control method studied in this project was the use
of the biopesticide Mycotrol O or BotaniGard. These are commercial
formulations of the aphid-attacking fungus Beauveria bassiana. The
fungus penetrates and degrades the aphids’ body. One cooperating
farm first observed aphids on September 25 with populations
increasing over the following month. The grower applied BotaniGard
six times in early and mid-November. This practice reduced the aphid
population by 98.4% in high tunnel beets. The initial spray reduced
populations to below threshold, but follow up sprays are necessary
to keep levels low.
Aphid control in Mizuna with Lady beetles Beets’ open canopy
permitted excellent spray coverage, resulting in the best control of
the aphid population. A number of farms reported a similar dynamic
- a tighter crop canopy decreases spray coverage and reduces contact
with the target aphids.
Appropriate planting density can help with both insect and disease
control. Aphid materials such as BotaniGard or Mycotrol O (OMRI
listed) require contact with the insect. When the greens canopy is
closed, sprays cannot effectively reach the target (see photos below).
High-density plantings also trap moist air within the canopy, which
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leads to diseases such as Gray Mold and Downy Mildew. Using wider
spacing in winter greens can ease pest management and prevent
diseases.

Important cultural considerations
Look at the whole system when developing an aphid management
plan for a cool season tunnel crop. Key steps take place before the
greens crop is in the ground. Summer tunnel crops can be a major
source of pests of winter greens. Managing a high population of
Wide spacing decreases disease pressure
aphids becomes very difficult in cold conditions. Fortunately, using
and allows for spray penetration.
bicontrols and appropriate sprays in the summer or early fall can
successfully prevent unmanageable populations in the winter crop. Controlling aphid outbreaks in transplant facilities
is also an important way to prevent population influxes in high
tunnels.
Other preventative practices complement the in-season strategies.
Regular scouting allows for timely management of an aphid
population. We often observed aphids on kale (on the undersides of
lower leaves) before they were present on other crops. Weeds can
host aphids, so high tunnel weed management plays a role in aphid
control. For example, aphids preferring weeds in the Aster family,
(e.g. sow thistles), may move into related lettuce crops in the tunnel
as the weeds die back in late fall. Early scouting of these crops and
weeds may reveal early aphid populations in or around the high
tunnel.
A combination of the cultural practices, biocontrols and biopesticides
detailed above can result in successful management of aphids in
winter greens. Many of our most successful cooperating farms
engaged multiple strategies to mitigate aphid damage on tunnels
greens. Often farmers released parasitoid wasps or lady beetles while
temperatures were warm, and followed up with multiple Mycotrol O
sprays later in the season. A preventative approach sets growers up
for success with natural pest management in winter greens.
A tight canopy increases disease and insect
losses.

Judson Reid is an Extension Associate with Cornell Vegetable Program. Originally from a Northern New York
dairy farm, he earned B.S. and M.P.S. degrees from Cornell University. He works and lives in Penn Yan, NY.
Research interests include plasticulture and high tunnels.
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MECHANIZATION OF VENTILATION IN HIGH TUNNELS
Steve Bogash
Horticulture Educator / Researcher
Penn State Extension

Producing high quality vegetables and small fruit in high tunnels is revolutionizing produce production in the MidAtlantic, Northeast and Midwest. Even basic tunnels with completely manual ventilation and no additional heat can
add 3-4 weeks to both spring and fall production. The downside to completely manual, solar heat only tunnels is in
the need to adjust roll-up sides often as daily weather fluctuates. This is especially a problem in the spring and fall. In
addition, completely manual, natural airflow tunnels offer little in the way of humidity management on cool, cloudy
days when diseases like Botrytis can easily do great damage to fruit and flowers. High Tunnel growers have modified
their tunnels in many ways to reduce labor, increase airflow, and stretch the season ever longer. In this session, we will
look at many of the modifications that growers have made to their tunnels.

Gable end ventilation:
By their design high tunnels trap air above their roll-up sides. Hot, sunny days with little air movement can create an
air dam with extremely high temperatures in the air mass above the roll-up side and peak. By allowing hot air to be
released though louvers, hatches or swing panels, substantial increases in air movement will occur simply as hot air
rises out of the vents and is replaced by relatively cooler outside air. These vents can be controlled by thermostats using
solenoid levers as found on greenhouse fan louvers or can be manually manipulated.
Automatic openers using beeswax filled pistons can be used in limited situations to open vents and louvers. These
beeswax filled pistons come in several sizes and open at a prescribed temperature as the beeswax expands. At higher
temperatures, the beeswax will leak, so these often need to be removed once the danger of frost is past and the louvers
will remain open for the summer.

Motorized sidewalls:
Installing tube or end-of-tube motors on the roll up sides controlled by a thermostat greatly increases the options to
ventilate a tunnel automatically. By using a multi-stage thermostat or digital controller, both the sides and gable-end
vents can be controlled and staged, so they open at different set points to better keep high tunnel plants in a more
constant temperature and even moisture range. The sides can also be staged to open partially at several set points to
better keep plants warm early in the season while still providing ventilation.
Motor inflatable and solid-panel polycarbonate sidewalls lend themselves well to thermostatic control.

Circulation / HAF fans:
As plants like tomatoes and cucumbers create ample biomass and fill the tunnel with foliage and fruit, getting sufficient
air movement becomes increasingly challenging. The addition of HAF fans attached to cross beams can greatly
increase ventilation in a foliage heavy tunnel. Extra air flow will more rapidly dry leaves and fruit, thus reducing the
chance for powdery mildew, gray mold and leaf mold.
Some growers have used inexpensive box fans instead of greenhouse-grade HAF fans for this purpose expecting to
have a shorter life expectancy, but much lower purchase price for the fans. One grower buys them in bulk at the end of
summer ‘fan’ season with the expectation of replacing several every year.
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Fan-driven ventilation:
Thermostat controlled fans that draw air through a tunnel using greenhouse-grade, solenoid-powered louvers provide
an extra measure of air movement over simply letting the heat out through gable end louvers. At least one grower is
using 12VDC fan motors coupled to a simple solar array set up so that the fans run when the sun it out at variable
speed based on power available. Experience with more standard 110VAC fans in our small Ledgewood high tunnel at
the Penn State Southeast Agriculture Research and Extension Center (SEAREC) using trellised cucumbers has been
mixed. On the brightest, sunny days the fan is unable to move sufficient air to keep cucumber flowers below 95F. Since
it is only controlled by temperature, cool cloudy days have presented a Gray Mold challenge as the temperature under
these conditions often does not trigger the fan at all.

Limited Delta T permanent heaters:
The addition of a clean heat source can hasten the spring planting date substantially as well as keep production going
well into frost and freeze damage season. Few tunnel growers are trying to produce warm-season crops much after
late November or start production before February 15, so modest heaters that keep air temperatures from falling below
45F provide insurance that allows for a much longer season. With heaters of this capacity, winter greens become an
option to provide near year round production.

Door and end wall modifications:
In order to be able to effectively use small four wheeled tractors to till and install raised beds, as much of the end wall
needs to be able to be removed or open as possible. Growers and high tunnel manufacturers have adopted a great
many designs in tunnel ends. In addition, growers normally leave high tunnel doors and ends open throughout much
of the growing season, so keeping them put of the way, but readily available has been solved in many ways. At the PSU
SEAREC on the 25’ x 96’ Ledgewood tunnel, our end walls below the gable come off with a minimum of hardware.
This allows for drive through tillage and raised bed laying.
Somewhere between the most manual high tunnel and a fully heated, ventilated, computer controlled structure, the
high tunnel becomes a greenhouse. Since the frame and tactics are the same, that line has become increasingly blurry
as growers add ever more modifications to their tunnels to improve crop quality, open market windows and better
manage labor.

Steve Bogash is currently a Horticulture Educator serving Pennsylvania out of the
Cumberland County office in Carlisle. He covers vegetables, small fruit, cut flowers,
greenhouse vegetables, and specialty marketing as his primary areas of responsibility.
Tomatoes, bell peppers, container vegetables, cucumbers, and other specialty crops are
regular items in the trial gardens under Steve’s management.
Since 2008, Steve has been doing extensive trials on container-grown vegetables in
addition to his high tunnel and field tomato evaluation program started in 2000. Evaluating
more than 400 varieties of tomatoes for flavor, appearance, disease resistance and general usability has made Steve
very opinionated when it comes to tomato varieties. Steve lives with his wife, Roberta and son, Joe in Newville, PA
and is looking to create a vineyard and greenhouse business as a post-retirement form of entertainment.

225

HIGH TUNNELS
GROW WINTER COVER CROPS WITHIN HIGH TUNNELS
Lewis Jett
West Virginia University

Soil management is one of the most overlooked areas of high tunnel crop management. Most high tunnels concentrate
on crop production within the existing soil under the structure. The soil can be amended with compost between crop
cycles. However, continued application of manure-based compost or high salt fertilizers can result in elevated levels of
soluble salts or other macronutrients. The soil within high tunnels is highly sensitive to degradation due to intensive
use of the soil, lack of crop rotations, high temperatures favoring organic matter decomposition and intensive traffic in
the tunnel. Soil health is critical due to the premium value of space in the high tunnel. While growers are encouraged
to use high tunnels four seasons per year, there may be a planting window suitable for winter cover crop establishment
and growth. The range of cover crops that may be successfully grown within high tunnels in the Mid-Atlantic region is
potentially greater than the open field given the protected environment of the high tunnel. The USDA-NRCS Seasonal
High Tunnel initiative has funded construction of ≈4000 high tunnels across the United States. With the rapid adoption
of season extension technology by many beginning growers, there needs to be a focus on best management practices
for soil and cover crop management within high tunnels.
The objective of this project is to investigate several polyculture mixes of winter cover crops for green manure-tillage
and no-till production within high tunnels from 2012-2015.
Approximately 50% of the surface area of each high tunnel was planted to winter cover crops while the remaining
area was planted in winter cash crops such as leafy greens or root crops. Soil health variables including organic matter,
subsurface hardness, aggregate stability, organic matter, soluble salts and root health were evaluated each year in early
March from cover crop and control plots.
Winter cover crops can be
grown successfully within
high tunnels in West Virginia
and most regions of the MidAtlantic area. Cover crops can
be integrated with profitable,
warm season vegetable crops
and established in mid to late
fall. Stand establishment of
cover crop species within high
tunnels is crucial given the
lack of rainfall and elevated
temperatures.
GrowersFigure 1. Cover crops were established within high tunnels by direct seeding must schedule irrigation of
on October 10 and November 10 of each year.
cover crops much as they do
traditional cash crops. Tensiometers and subjective soil moisture measurements have been used to schedule irrigation.
The seeding rate must be increased in order to obtain a significant stand of cover crops. The October 10 seeding date
produced significantly more early winter vegetative growth relative to the November seeding date in most cooperator
locations. Subsurface compaction was the most common soil health variable observed among high tunnel cooperators.
Grower-cooperators have ben logging inputs for each cover crop system which will aid in development of enterprise
budgets for cover crops within high tunnels. Row covers are spunbonded fabric used for frost and freeze protection
by many seasonal high tunnel producers. Row covers were placed over cover crops beginning in mid-December with
removal scheduled in mid-February The cover crops are terminated in mid to late March or approximately 2 weeks
before the scheduled planting date. When used as green manure crops, the cover crops can be mowed/chopped and
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tilled into the soil. When used as a no-till cover crop, they can be rolled/crimped with a small roller/crimper and
desiccated with a contact herbicide. If the species are compatible, the roller/crimper may mechanically kill the cover
crops with no herbicide needed. While no-till is an excellent way to increase soil health and reduce weed emergence
and soil moisture loss, the surface mulch keeps the root zone relatively cool and can delay early growth of warm season
vegetables within a high tunnel.

Lewis W. Jett is Commercial Horticulture Extension Specialist at West Virginia University in Morgantown,
WV. Dr. Jett is a native of West Virginia. He conducts research and outreach projects associated with organic
horticulture, stand establishment, conservation tillage and season extension technology.
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Compost application has become a cornerstone of soil health and soil improvement practices on many
farms in the Northeast, particularly in high tunnels. However, the lack of researched-based information on
compost application rates has led to excessive applications of compost and resultant accumulations of
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1. Treatment
application rates of compost applied to high tunnel plots. Analysis of manure based
compost made on site at the University of Maine Compost Research and Education Center.
Compost
Treatment
Application Rate
Lbs N per Acre
Lbs P per Acre
Lbs K per Acre
1
0
50
50
50
2
10
30
8
17
3
20
60
15
35
4
50
149
37
87
5
90
269
67
160
Bulk
%
Total
Density
EC
Compost
3
Solids
pH
(lbs/yd ) (mmhos/cm)
C:N
%C
%N
%P
%K
Analysis
27
6.9
830
1.5
23:6
8.5
0.36
0.09
0.21

Table 1. Treatment application rates of compost applied to high tunnel plots. Analysis of
manure based compost made on site at the University of Maine Compost Research and
Education Center.
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different compost amounts applied 12 June
2013. Soil
samples collected again from eight plots per
compost treatment on 6 April 2014
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P
K
Mg
Ca
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CEC
Rate
pH
%OM mg/kg mg/kg lb/A lb/A lb/A lb/A mmhos/cm
me/100g
May 2013
6.8
4.9
95.0
1.0
43.0
707
399 5402
9.0
April 2014
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Figure 2. Rainfall, irrigation frequency and amounts and volumetric soil water in soil under two irrigation
regimes.
Figure 2. Rainfall, irrigation frequency and amounts and volumetric soil water in soil under two irrigation
Figure 2. Rainfall, irrigation frequency and amounts and volumetric soil water
regimes.

in soil under two irrigation regimes.
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Figure 3. ‘Big Beef’ tomato yield per plant from plants
grown in high tunnel plots with 10-10-10 ( - - - - ) or 10,
20, 50, or 90 yd3/acre compost. Levels are means of three
plants harvested from eight plots. Fruit number per plant
(upper): Marketable fruit weigh per plant (lower).

Mark Hutton is the Vegetable Extension Specialist at the Highmoor Farm, University
of Maine Agricultural and Forestry Experiment Station located in Monmouth Maine. He
conducts applied research in vegetable production and season extension in conventional
and organic systems in addition to making reccomendations and conducting educational
programs for commercial growers. He is from Hershey, Pennsylvania and earned a B.S.
in Horticulture and M.S. in Entomology both from The Pennsylvania State University.
His Ph.D. is in Genetics and Plant Breeding from the University of New Hampshire. He
worked as a commercial vegetable breeder before joining Cooperative Extension at the
University of Maine.
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TEN REASONS NOT TO GROW TOMATOES IN HIGH TUNNELS
Steve Bogash
Penn State Extension
Judson Reid
Cornell Cooperative Extension

Every good reason to grow tomatoes and other high-return vegetables and small fruits in high tunnels has a compelling
argument to counter it. These potential pitfalls of tunnel culture are seldom mentioned in the rush to put a high tunnel
on every farm.
1) Return on investment: Input costs are substantially higher in a tunnel versus the field. After amortizing the costs
of the structure, the plastic film, and other specialized equipment required to effectively produce in a tunnel, a
field planting has much lower input costs. Yes, increased yield, higher quality, or market window can justify the
increased costs of tunnels. However, we have observed some poorly managed tunnels with yields equal to or less
than field plantings. Consider the worth of every square foot of production space and manage that space with the
goal of justifying the increased input costs.
2) Increased risk: Greenhouses and high tunnels are typically engineered to balance the environment with the need
to keep material costs low. On occasion, metal tube structures and crops fail. Considering your investment in the
tunnel itself, the costs incurred in producing a crop, and your anticipated return on investment, growing in protected
culture requires greater attention to details and pest management in order to realize economic goals.
3) Increased pressure from insects and arthropods: Although tunnel culture allows the opportunity for higher crop
quality, Aphids, Whiteflies, Western Flower Thrips, Spider Mites, and Broad Mites also thrive under tunnel
conditions. The dry foliage, stems, and fruit grown under intense irrigation and fertigation are ideal environments
for these pests to flourish. Without rainfall, a population of Spider Mites can increase extremely rapidly unless
carefully managed. Scout regularly for pests and use proactive pest management that includes banker plants such
as Black Pearl and Purple Flash peppers hosting Minute Pirate Bugs (Orius). Every crop reacts differently under
tunnel conditions versus field conditions.
4) Irrigation management requires greater care: This is especially so on the margins of the season, when there are
often days with little sunshine, and you must react to rapidly changing conditions. Learn to grow dry(er) during
the early and late season to reduce root-borne diseases. Know when to increase irrigation flow to maximize plant
growth and reduce cracks and Blossom End Rot. Invest in tensiometers or irrometers to monitor root zone moisture
levels. Tunnels will require more irrigation than field plantings; farms with a less than adequate water supply should
consider tunnels with caution.
5) Increased disease pressure: Tunnels do reduce diseases such as Early Blight and Septoria Leaf Spot but exacerbate
other diseases. Brown Leaf Mold, Powdery Mildew, and Botrytis, only occasionally seen in field-grown vegetables,
are standard fare under high tunnel conditions. Increase air flow, reduce humidity, and use disease-resistant varieties
to help manage these diseases. Brown Leaf Mold in tomatoes is almost exclusive to tunnel-grown tomatoes. We
are finally seeing the release of the first tomato varieties with strong resistance to leaf molds. Check with your
Extension Specialist / Horticulture Educator for the latest on recommended tunnel varieties.
6) Tunnels perpetuate viruses: Tunnel tomatoes are a ‘hands-on’ crop, as many growers have come to appreciate the
benefits of greenhouse methods of pruning to improve yields. However, viruses such as Tobacco Mosaic (TMV)
are spread mechanically by workers who move the virus down the row with weekly suckering or pruning. Field
tomatoes see much less handling and thus are generally at lower risk. High-technology greenhouses have disinfection
protocols in place to reduce viral spread, but a high tunnel’s soil-based system is more difficult to disinfect than a
concrete floor. A high tunnel, with characteristics between a greenhouse and a field, perpetuates TMV. So how to
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prevent TMV in tunnels? Buy only from reputable seed sources, consider seed treatment, and remove suspect plants
immediately. Disposable gloves, regular hand washing, and tool disinfection will reduce the spread of viruses and
other systemic diseases. Commercial pruning tools with reservoirs to disinfect the blade continually during use are
now available.
7) Soil health and nutrition: Tomatoes are the single most popular high tunnel crop due to their high return on
investment and high market demand. There is considerable pressure not to rotate tunnel crops as you would field
crops. This can result in steadily increasing soil-borne diseases such as Fusariums and Verticilliums. Use only the
best quality plants from known and trusted sources, and inoculate plant roots with Actinovate AG, RootShield
Plus, Companion, Cease….(There are an increasing number of biological root inoculants available.) These practices
reduce the potential need to fumigate.
In addition, tomatoes are heavy feeders, making strict attention to soil tests and tissue analysis especially important
in the usually higher (than field) densities used in high tunnels. Maintaining recommended levels of Ca, Mg and K
is often challenging in tunnels. Since it never rains in a tunnel, all nutrients that the roots utilize are within the drip
irrigation zone. This root area can quickly become exhausted of nutrients. Both injected and foliar-applied nutrients
are necessary to maintain nutrient levels at their optimum levels during ideal growing periods.
8) Negative R values: Under early and late season short, cloudy days and clear, cold nights, it is possible to have the low
temperature in a high tunnel be lower longer than outdoors. Cold nights, particularly in spring, can see temperatures
lower inside the tunnel than out (hard to believe, but true). Under these conditions, a set of heavy floating row covers
can help to keep a crop alive, but many growers opt to use a low output heater to keep temperatures above 45-50°F.
In general, an unheated high tunnel can be reliably planted with tomatoes about four weeks prior to the normal
outdoor planting season. Adding heat can speed up successful planting by eight weeks or more.
9) Increased management and labor: It is more challenging to manage tomatoes, peppers, cucumbers, strawberries,
and raspberries indoors. Pest populations and infestations tend to come on quickly, requiring a strong proactive
management program. Narrow aisles require careful attention to crop canopy management, so pruning and trellising
are constant chores. Is there room within your schedule as manager to accommodate the increased demands of a
tunnel? We have seen many cases where the answer is No.
10) Playing field irregularities due to subsidized tunnel purchases: Recent grant programs have created two levels of
tunnel purchases, those that are subsidized and those that are not. Growers who purchased their tunnels without
the grant subsidy may have paid 40-60% more for their first high tunnel. If you are not a grant recipient, your input
costs will be higher, and your margin lower, than others.
We remain optimistic about the role of high tunnels on vegetable farms, but they are not ideal for all farms. Here
we have presented some of the less glamorous aspects of tunnel production to balance the many favorable programs
we’ve conducted for many years. These challenges must be met by growers currently using high tunnels and carefully
weighed by growers considering them.
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Steve Bogash is currently a Horticulture Educator serving Pennsylvania out of the
Cumberland County office in Carlisle. He covers vegetables, small fruit, cut flowers,
greenhouse vegetables, and specialty marketing as his primary areas of responsibility.
Tomatoes, bell peppers, container vegetables, cucumbers, and other specialty crops are
regular items in the trial gardens under Steve’s management.
Since 2008, Steve has been doing extensive trials on container-grown vegetables in
addition to his high tunnel and field tomato evaluation program started in 2000. Evaluating
more than 400 varieties of tomatoes for flavor, appearance, disease resistance and general usability has made Steve
very opinionated when it comes to tomato varieties. Steve lives with his wife, Roberta and son, Joe in Newville, PA
and is looking to create a vineyard and greenhouse business as a post-retirement form of entertainment.
Judson Reid is an Extension Associate with Cornell Vegetable Program. Originally from a Northern New York
dairy farm, he earned B.S. and M.P.S. degrees from Cornell University. He works and lives in Penn Yan, NY.
Research interests include plasticulture and high tunnels.
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WHO ARE THE HIGH TUNNEL GROWERS IN PHILADELPHIA?
Thomas McCann
Penn State Extension

Over the past 10 years, the movement in Community Gardening has gained momentum and a transition has occurred
towards greater food production and a shift into Urban Agriculture. The introduction of High Tunnels in the City has
helped with this transition and continues to support the movement.
In saying this, there is still a very strong urban garden constituency in the city, and we will be discussing how this trend
has helped yield the 20 or so urban farms in the City of Philadelphia. Penn State Extension has also played a large role
in this, and has helped support 15 high tunnels here in Philadelphia.
When you think of food production in Philadelphia, you need to be conscious of a number of differences between our
urban growers and that of traditional commercial vegetable producers in more rural locations.
• Almost all urban farms are run by non-profit, mission driven businesses with an education component associated
with their mission.
• Most farms do not have electricity
• Only a small number of farms have their own source of water.
• Typically very little farm machinery available.
• Volunteer labor used on a daily basis
• Small sites – typically between ¼ to 4 acres
• Farmers are generally in their 20’s and 30’s
• All seek positive ways to bring healthy, low cost nutritious food to communities in need.
Even with such limited resources, amazing things are happening here. These farms have improved the surrounding
communities, drawn interest in neighborhoods that were otherwise forgotten, continue to teach nutrition, and seek
innovative ways to become sustainable and support themselves.
We will be focusing on 2 to 3 farms in Philadelphia, showing some of their stories, who their farmers are and where
they are headed. Penn State Extension is also continuing its support of these farms, and continues to evolve our role as
the needs of our growers change.
These farms include Heritage Farm (http://heritagefarmphiladelphia.org/), Teens4Good (http://teens4good.orbius.
com/), and Weavers Way Coop (http://www.weaversway.coop/pages/weavers-way-farm-awbury-arboretum).
Thomas McCann is currently the Horticulture Educator for Penn State Extension in Philadelphia County. He
actively engages with farmers and non-profit organizations all over the city and provides advice and assistance as
needed. Penn State has sponsored 15 High Tunnels in the city, and Tommy is now in charge of constructing new
high tunnels, and directing the PSU High Tunnel Alliance, which provides unique and specific support for these 15
originations.
Tommy received his first degree with a Bachelors of Science in Landscape Contracting with a minor in Horticulture
in 1999. In August 2012, Tommy has went on and received his Master’s degree in Landscape Architecture,
both degrees being from Penn State University. His background also includes a 9 year period where he worked
as a Landscape Architect in Ireland and he is now focused on improving Urban Agricultural activities here in
Philadelphia. Tommy is eager to help out where ever he can, and is actively getting acquainted with our various
partners around Philadelphia.
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COOLING METHODS AND MPACT OF DELAYS TO COOL

Marita Cantwell
Postharvest Specialist
Dept. Plant Sciences, Univ. California, Davis, CA 95616; micantwell@ucdavis.edu
Temperature control is critical for marketing high quality fresh produce to regional or long distant markets. Temperature
management includes protecting harvested product from damaging environmental conditions (direct sun; wind
exposure, low humidity), minimizing time from harvest to cooling, efficiently cooling the product, storing product
under adequate conditions, and maintaining a good temperature profile during distribution. This summary will focus
particularly on cooling methods and the impact of delays to cool.

Temperature affects all causes of product deterioration:
Lowering the temperature reduces metabolic activity (respiration and heat production, ethylene production, other
reactions that lead to softening, color and flavor change), water loss and wilting, decay development due to fungi and
bacteria, and physiological changes such as sprouting and rooting. There are two groups of products: non-chilling
sensitive (recommended storage temperature is near 0°C, 32°F) and chilling sensitive products (recommended
storage temperatures vary depending on the chilling sensitivity of the product. Online resources for temperature
recommendations for specific products: include the Postharvest Produce Facts for 140 products at http://postharvest.
ucdavis.edu and horticultural product listings in the USDA Agricultural Handbook 66 at http://www.ba.ars.usda.gov/
hb66/contents.html).

Temperature measurement:
It is important to measure product temperature. Digital thermometers are readily available and inexpensive and
should be periodically calibrated (an ice-water slurry should read 0°C, 32°F). If product is punctured to obtain a
reading, it should not be marketed for food safety reasons; rather than probing the product, the thermometer can be
placed between two pieces of produce to obtain a reading.

Harvest during the coolest part of the day:
The product is coolest at sunrise, and harvesting when it is cool minimizes deterioration and water loss. It is easier
and cheaper to keep a product cool then to cool a product that has heated up. To reduce the spread of disease for some
products, harvest should begin once the foliage has dried. Use clean harvest containers, cutting equipment and gloves.
Keep harvested products out of the sun (use an empty container, shade cloth, or other protection) to avoid direct sun
injury and unnecessary heating of the product. Move the product quickly from the field; reduce cut to cool time.

Impact of delays to cool:
Quality begins to decline for most horticultural perishables right after harvest and the common recommendation is
to begin cooling as soon as possible. It is important to recognize that typical field conditions are very damaging to
products once they are harvested. Temperature, humidity and air flow can quickly reduce visual marketable quality
in leafy greens for example. Water loss is cumulative in postharvest handling, and a large portion of water loss occurs
during the harvest to cool operations. A useful rule of thumb is that for each hour delay from harvest to cooling,
one day of shelf-life is lost. However the impact of delays depends on the particular product and the environmental
conditions. A general summary of effects of cooling delays can be found at http://ucanr.edu/datastoreFiles/234-8.pdf;
for specific information on warm season vegetables and melons http://ucanr.edu/datastoreFiles/234-2437.pdf.
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Common Cooling methods:
The capacity to cool and store produce gives a grower greater market flexibility. Mechanical refrigeration is the basis
for most cooling methods. Most fresh produce can be successfully cooled by different cooling methods. It is essential
to calculate the refrigeration capacity needed to meet peak cooling demand. It is important that fresh produce rapidly
reach the optimal pulp temperature for short-term storage or transport if it is to maintain its highest quality. Five
common cooling methods suitable are briefly described. See the following for more information: Commercial Cooling
of Fruit, Vegetables, and Flowers (UC ANR Publication 21567; http://postharvest.ucdavis.edu/files/93530.pdf); Precooling systems for small-scale producers is available at http://ucanr.edu/datastoreFiles/234-1594.pdf; and Small-scale
cold rooms for perishable commodities; http://ucanr.edu/datastoreFiles/234-701.pdf.

Room cooling:
Room cooling (placing products in a refrigerated room) is relatively low cost, but also slow method. The cold air needs
to circulate around the product to remove heat, so leave space between boxes and between pallets. Although room
cooling is much slower than other cooling methods, all produce that has been cooled needs to be held in a protected
area or cold room before shipment, so a cold room is the most basic and versatile infrastructure. Room cooling requires
an insulated room or mobile container (such as a marine container) equipped with mechanical refrigeration units
to deliver cold air at a defined flow rate. The rate of cooling will depend on the product, packaging, and stacking/
palletizing pattern. Increasing air circulation in the room, using vented containers or boxes, and, where space allows,
spacing the boxes within the room or on pallets with vents aligned to allow airflow can all increase the rate of cooling.
Interior packaging materials (plastic bags, paper wraps, plastic liners) will notably increase cooling times. Room
cooling may require hours to days to reach final temperature.

Forced-Air Cooling:
This method, also sometimes called Pressure Cooling, is a way to make cold air more effective for cooling. High
air flow fans in a cold room pull cold air through packages of produce; about 5% venting of packages is needed for
efficient cooling. A common design is a forced air tunnel, where 2 rows of pallets are placed with a channel between
and covered with a tarp to create a tunneling or air-channeling effect when the high speed extraction fan is operating.
Although the cooling rate depends on air temperature, the rate of airflow, package venting, and the volumetric size
of the product, forced air cooling is much faster than simple room cooling. Once product is near final temperature, it
should be removed from the forced air cooler or excessive dehydration will occur. A high speed fan inside a cold room
can be used for small-scale forced air cooling (see Small-Scale Postharvest Practices: A Manual for Horticultural
Crops, 2002; http://ucanr.edu/datastoreFiles/234-1450.pdf).

Hydrocooling:
Hydrocooling refers to various system designs for showering or submerging produce with chilled water to remove
field heat. Because some cleaning of the produce also occurs, it is essential that recirculated water contain disinfectant.
Hydrocooling is not appropriate for all produce due to effects or water-soaking and must also be designed to prevent
water-beating damage for water-tolerant but injury-sensitive crops. Waterproof containers (such as plastic totes or
RPC’s) or water-resistant waxed corrugated cartons are required (the latter not easily recycled).

Top or Liquid Icing:
Some products tolerate contact with ice; crushed or flaked ice can be applied directly or as ice-water slurry. While
only an effective method for some products (broccoli, sweet corn, other leafy and root vegetables), it is adaptable to
small- or large-scale operations. It is essential that the ice is free of chemical, physical, and biological hazards and that
packages and packing is designed and appropriate for this cooling method. In the simplest version, the ice is crushed
and manually applied to the container. In the larger scale equipment for liquid-icing, a slurry of ice and water (60:40)
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is pumped through the packed product, basically hydrocooling followed by deposition of ice in the shipping container.
It is a costly method and is losing favor (requires special packaging, ice increases transport costs, ice melting during
distribution).

Vacuum cooling:
In vacuum cooling, product is placed in an air-tight chamber and the atmospheric pressure reduced from 760 to about
4.6mm of mercury so that water ‘boils’ near 0C (32F), causing rapid vaporization of water. This change in the water
from a liquid to a gas phase requires heat which comes from the product. Products with high surface area and ability
to release water rapidly (stomates, pores) can be vacuum cooled. The water vapor is then condensed. About 1% weight
loss occurs for every 6C (11F) of cooling. Vacuum cooling technology is available at small-scale (1 or 2 pallet coolers)
to large scale (vacuum chamber that hold 1 truckload of lettuce), and equipment if often portable to move to different
production areas.

Low Tech Cooling Methods
Evaporative Cooling:
Evaporative cooling can be used in hot dry environments by pulling outside air through wet pads to provide high
humidity, cooler air. Placing clean moistened sacks inside or over containers of packed product is a simple form of
evaporative cooling. Evaporative cooling is effective for chilling sensitive products such as sweetpotatoes, tomatoes,
peppers, etc. where intermediate temperatures and humid conditions are beneficial. The lowest temperature that can
be obtained in evaporative cooling is 2-3C above the ambient dew point temperature. (see Small-Scale Postharvest
Practices: A Manual for Horticultural Crops, 2002; http://ucanr.edu/datastoreFiles/234-1450.pdf)
CoolBot™ (http://www.storeitcold.com/). The CoolBot™ technology is essentially a controller that allows an air
conditioner to reach low temperatures without building up ice on the cools and achieve a low cost cold room. Additional
air flow may be needed to achieve reasonable cooling rates and/or uniform temperatures for short-term storage. See the
following summary regarding construction of a small cold rooms and CoolBot http://www.bae.uky.edu/ext/Specialty_
crops/Presentations/Low_Cost_Cold_Room-mid_Atlantic_Convention_Feb2012.pdf; A portable small scale cooling
unit developed by USDA and NC State uses CoolBot™ technology http://ucanr.edu/datastoreFiles/234-2436.pdf

Other Cooling and Storage Alternatives
There may be opportunities to utilize other cooling and storage methods. In some areas limestone caves are used
for intermediate temperature storage (10-15C); other underground storages such as mines and cellars will maintain
temperatures near the average annual air temperature. Other alternatives include naturally formed ice, cold well or
surface water, high altitude cooling, and night air cooling. See the publication Pre-cooling systems for small-scale
producers is available at http://ucanr.edu/datastoreFiles/234-1594.pdf;

Marita Cantwell (micantwell@ucdavis.edu) is a Cooperative Extension Postharvest
Specialist at UC Davis (http://postharvest.ucdavis.edu) and conducts a research and
education program on postharvest physiology, quality, and handling of horticultural crops.
She has degrees in biology/chemistry from Univ. Michigan and plant physiology from UC
Davis. She is a member of the American and the International Societies for Horticultural
Science (ASHS, ISHS), United Fresh Produce Association (UFPA), the Produce Marketing
Association (PMA), and the Institute of Food Technologists (IFT).
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ORGANIC GARLIC FERTILITY TRIAL RESULTS

Crystal Stewart
Cornell Cooperative Extension Eastern NY Commercial Horticulture Program
PO box 25, Johnstown, NY 12095 cls263@cornell.edu
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Existing recommendations call for splitting the spring nitrogen applications. However, research by Angela O’Callaghan,
former Cornell University graduate student, indicated that splitting the application does not increase yields. Therefore,
we applied spring nitrogen in one application, as close to when garlic emerges as possible.

Results:
Two of the farms showed clear trends related to the fertility treatments: Farms 1 and 3. Farm 2 did not show clear
trends, which might be explained by the high weed pressure on this farm. The weeds might have both consumed most
of the nitrogen and competed with the garlic, suppressing yields. When this farm is removed from the data, it becomes
clear that 50 lbs of nitrogen is not enough to maximize yield, regardless of timing. What is not as clear is what the
effects of timing and rates are once we jump to 100 lbs of nitrogen. According to the data, 100 lbs of fall nitrogen
leads to better yields than 100 lbs of nitrogen split between the fall and spring. 150 lbs of nitrogen yields better than
100 lbs both applied in the fall and as a split application, but the difference is fairly small—if a grower produced 1000
pounds of garlic using the 100 lbs of N in the fall rate compared to the 150 lbs of N in the fall rate, he or she would only
increase yield by about 50 lbs, or 5%. Comparing the 100 lb rate to the 150 lb rate with a split application increases the
yield gain to 139 lbs, or about 14%.

Discussion:
Although it is clear that more work needs to be done to determine the best relatively high rate of nitrogen to use to
maximize garlic yield, it is clear that applying at least 100 lbs of nitrogen is necessary to maximize yield. Whether all
of the nitrogen is applied in the fall or some is held back until the spring is a question we will continue to examine. In
the mean-time, growers are encouraged to look at their cropping systems and make decisions based on the expense of
additional nitrogen application in the spring versus the possible returns. If a spring nitrogen application is relatively
easy to accomplish through drip or by side-dressing, I would not hesitate to split the nitrogen application. If making
a spring application is extremely difficult, using a higher fall application rate can nearly make up the difference. To
make your own complete comparisons, please see Table 3, which has the average weight bulbs from each treatment,
averaged over the trials at farms 1 and 3. This work was funded by Northeast SARE.

Crystal Stewart works with diversified organic, small and beginning vegetable farmers throughout eastern New
York, helping them to improve both their sustainability and profitability for long-term success. She works closely
with the Amish communities in the region, and actively supports to development of marketing opportunities
including a local produce auction and consumer cooperatives. She provides on-farm support to address pest and
disease issues and cultivation of all vegetable crops with state-wide responsibility for garlic.
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POSTHARVEST HANDLING OF VEGETABLES
TO ENSURE QUALITY AND SAFETY

Marita Cantwell
Postharvest Specialist
Dept. Plant Sciences, Univ. California, Davis, CA 95616; micantwell@ucdavis.edu
For all fresh produce, variety selection, climatic conditions and growing practices will greatly affect the quality at
harvest. Successful marketing of fresh fruits and vegetables depends on maintaining the quality harvested. Fresh
products are alive and respire (e.g. enzymatically converting sugars and acids in the presence of oxygen to carbon
dioxide and heat). Careful postharvest handling aims to reduce the rate of respiration and the rate of other processes
that cause deterioration and quality loss (water loss, many biochemical changes, softening, etc). Careful, clean, and
efficient handling is more important than the sophistication of the postharvest equipment used. The following briefly
describes basic postharvest principles.

Use GAPS and GHPS throughout:
Fresh fruits and vegetables can be associated with foodborne illness due to contamination and handling errors. There
is no kill step for fresh produce, so prevention of contamination by is the focus of all good practices. Preharvest and
postharvest water use may spread human pathogens; if water is reused in postharvest operations, it needs to have a
disinfectant to prevent cross contamination. All food contact surfaces should be clean (focus on hygiene of harvest
containers, human hands, packing area surfaces). Ensure that clean toilet facilities with water, soap and paper towels
for hand washing are always available. Poor temperature management may increase food safety risks.

Harvest at optimum maturity for best eating quality:
Immature products have higher postharvest water loss and shrivel during marketing. Harvesting fruits such as apples,
tomatoes and melons too soon results in non-uniform ripening and poor flavor. Harvesting products over-mature
may cause toughness (asparagus, beans), rapid yellowing (cucumbers), undesirable starchiness (sweet corn) or other
undesirable flavors (bitterness in lettuce), or short shelf-life (apples, peppers). Harvesting fruit vegetables too ripe
(tomatoes) makes physical injury more likely and reduces shelf-life. But for local marketing, capitalize on being able
to harvest fruits near ripe or ripe when they have the highest flavor.

Harvest during the coolest part of the day:
The product is coolest at sunrise, and harvesting when it is cool minimizes deterioration and water loss. It is easier
and cheaper to keep a product cool then to cool a product that has heated up. To minimize the spread of disease,
harvest should begin once the foliage has dried. Use clean harvest containers, cutting equipment and gloves. Keep
harvested products out of the sun (use an empty container, shade cloth, or other protection) to avoid direct sun injury
and unnecessary heating of the product. Move the product quickly from the field; reduce cut to cool time.

Harvest and handle gently:
Injured areas on fresh produce lead to increased postharvest decay and water loss. Cuts, punctures, abrasions, crushing
and bruising cause significant quality losses. In some cases, products may appear undamaged, but may be bruised
internally (melons). Reduce physical damage by reducing the number of steps in which the product is directly handled.
The ideal situation is to harvest and directly pack the product into the container in which the product will be marketed
(strawberries is the classic example). For most crops this is not feasible, but at least the number of handling steps should
be minimized.
240

POST HARVEST
Preparation for market:
This often involves cleaning, trimming, washing and grading. This should be done in a protected or shaded area,
whether it is a permanent, temporary or mobile structure. Water should be clean (potable) and if reused, a disinfectant
should be added to prevent pathogen buildup and contamination. Water that is re-used should be changed frequently.
The less brushing, washing and physical handling needed, the better. Cleaning may remove the surface waxes; waxing
may then be needed to replace the product’s own natural protection. Adequate lighting is important for sorting and
grading. Sizing may be done manually, but simple equipment using diverging bar rollers or belt sizers may be useful;
automated color and size sorting equipment is increasingly being used. Again, the less handling the better; avoid
unnecessary drops, finger damage, abrasions, etc. Keep all parts (conveyors, tables) of the harvest and packing areas
smooth-surfaced and scrupulously clean (wash frequently to remove sand, dirt; after washing, sanitize). For food
safety considerations, cleanliness of the product, packingline and employees are all important. Everything a product
comes into contact with is a food contact surface (hands, tables, belts, harvest containers, etc).

Pack carefully:
Do not over-pack or under-pack. Packing too tightly causes compression bruises; packing too loosely causes vibration
and abrasion injuries. Keep containers clean. If packing in reusable plastic containers (RPCs), scrub-wash the container
to remove decay-causing organisms, and sand and dirt that can injure the product. Sanitize using 1 teaspoon of household
bleach (5% solution of sodium hypochlorite) per one gallon of water. If using fiberboard cartons, remember that most
of the stacking strength is at the corners of carton boxes; therefore stack and align cartons properly. Containers need
vents (about 5% of the surface area) for air flow and efficient cooling. Use thin perforated plastic liners in carton boxes
to reduce shrivel on products highly susceptible to water loss (delicate leafy greens, summer squash). Paper pads on
the bottom and top of plastic-lined boxes will absorb excess drops of water and reduce decay. Although sealed plastic
bags also reduce water loss, they are risky because they may cause an undesirable modified atmosphere, especially if
the product is not held at a constant low temperature. A depletion of oxygen and buildup of carbon dioxide may occur
in the sealed bag and result in off-odors and other quality problems. If plastic bags or liners are used, it is best to cool
the product before packaging.

Cool the product:
Do this as soon as possible after harvest. Especially make sure to get the product from the field to a protected cooler area
to minimize deterioration and water loss. Temperature is the most important factor determining deterioration rate and
rapid loss of quality can occur after harvest under field conditions. Decreasing the temperature reduces the product’s
metabolism (respiration and ethylene production), water loss, and the growth of decay-causing fungi and bacteria.
Mechanical refrigeration is the basis for most cooling methods. Room cooling (placing products in a refrigerated
room) is a relatively low cost, but also slow method. The cold air needs to circulate around the product to remove
heat, so leave space between boxes and between pallets. Forced-air cooling pulls the cold air through the containers
and greatly increases the rate of cooling. A cold room can be modified with portable and fixed forced-air handlers to
increase cooling rates. Hydrocooling (by submersion or spraying cold water) products that tolerate wetting provides
fast cooling and avoids water loss. It takes more time to hydrocool packed product and wood or waxed containers
are needed. Sanitation of the hydrocooling water (usually by chlorination) is critical to prevent contamination. Some
products tolerate contact with ice; crushed or flaked ice can be applied directly or as ice-water slurry. Evaporative
cooling can be used in hot dry environments by pulling outside air through wet pads to provide high humidity, cooler
air. Placing clean moistened sacks inside or over containers of packed product is a simple form of evaporative cooling.

Freshness:
This is a very important quality attribute. Freshness is closely related to high visual, nutritional and sensory quality.
Freshness can be achieved by expedited marketing, but can also be achieved by maintaining quality for short periods
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(days) under the proper conditions. The longer the period from harvest to consumption, the greater the need for good
temperature management. If products are stored for long periods (weeks), they need to be kept as close as possible
to their ideal storage temperature to minimize quality loss. Once the product has been cooled, use low rates of air
circulation to minimize water loss during storage, but sufficient to maintain uniform temperature.

Storage requirements:
Many vegetables and fruits (broccoli, lettuce, carrots, celery; apples, pears, peaches) require low storage temperatures.
Other products (basil, cucumbers, eggplants, tomatoes, peppers, melons) are chilling sensitive and need to be stored
at intermediate temperatures. Most vegetables and fruits require high humidity (>95%) during storage to reduce water
loss, but some products require low humidity to minimize surface decay (65% for onions and garlic; 85% for tomato).
Specific information about postharvest requirements for different fruits, vegetables and flowers can be found at the
website of the UC Davis Postharvest Technology Center (http://postharvest.ucdavis.edu) and in the USDA Agricultural
Handbook 66 (http://www.ba.ars.usda.gov/hb66/contents.html ).

Ethylene:
This is a natural gas produced by all products. Many fruits produce high levels of ethylene and it is part of normal
ripening (banana, mango, apple, pear, peach). However, leafy and root vegetables produce very, very little ethylene
and are damaged by ethylene (russet spotting, bitterness in carrots, loss of leaves in cabbage, yellowing of leafy
greens). Many fruits, including fruit vegetables such as tomatoes and melons produce high amounts of ethylene during
ripening. Avoid storing ethylene-incompatible fruits and vegetables together. If that is not possible, be sure to ventilate
the storage area to minimize ethylene concentrations.

Distribute with adequate transport vehicles:
In the field, secure the load to reduce vibration injury; drive slowly; cover the product to prevent exposure to the sun
and excessive water loss. For transporting product to market, use an insulated truck if a refrigerated vehicle is not
available. Refrigerated trucks have sufficient refrigeration capacity but lack air flow capacity for cooling; they can only
maintain product temperatures, so products need to be pre-cooled before transport. Stack containers on pallets away
from the truck walls and leave channels so cold air can flow around the containers. Minimize temperature fluctuations
during loading & unloading since moisture condensation will increase decay (closed refrigerated docks are therefore
best). During display for market, protect products from high temperatures & air velocities, and low humidity. Where
appropriate, use shade, mist with clean water. Display products in their containers to reduce handling injury. Instruct
consumers on how to handle and store products at home.

Ten Important Guidelines for Postharvest Handling:
1. MATURITY. Harvest the product at the correct stage of maturity.
2. REDUCE INJURY. Minimize physical handling; every time the product is handled, it is damaged.
3. PROTECT PRODUCT. Protect the harvested product from the sun; bring it rapidly from the field/exposed area to
the packing station and keep out of the direct sun. Transport carefully.
4. CLEANLINESS & SANITATION. Keep the packing line as simple as possible and keep it clean. If water is used,
use clean water or a sanitizer if the water is reused. Maintain strict worker hygiene. Comply with guidelines for
GAPs (Good Agricultural Practices) and GHPs (Good Handling Practices).
5. PACK CAREFULLY. Sort, classify and pack the product carefully to achieve uniformity and to prevent damage
(compression, scrapes, etc.) which causes decay and inferior quality; use an adequate box or container. Packaging
can also be informative.
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6. PALLETIZE. Insure that the boxes are well stacked on the pallet and that the pallet is strapped for good stability
during transport.
7. COOL. Cool the product as soon as possible; generally for every hour of delay from harvest to start cooling, one day
of shelf-life is lost. Lowering temperature is very important to reduce deterioration.
8. KNOW PRODUCT. Know the requirements of the market (expected size, ripeness, etc) and the handling requirements
(temp., RH, shelf-life, etc.) of the product to meet quality expectations at market.
9. COORDINATION. Always try to coordinate the postharvest handling so that it is efficient and rapid. Postharvest
handling maintains the quality of a product, it cannot improve it.
10. TRAINING. Train and compensate well the workers involved in critical postharvest handling steps; make sure that
workers have the necessary tools to facilitate their work.

Marita Cantwell (micantwell@ucdavis.edu) is a Cooperative Extension Postharvest
Specialist at UC Davis (http://postharvest.ucdavis.edu) and conducts a research and
education program on postharvest physiology, quality, and handling of horticultural crops.
She has degrees in biology/chemistry from Univ. Michigan and plant physiology from UC
Davis. She is a member of the American and the International Societies for Horticultural
Science (ASHS, ISHS), United Fresh Produce Association (UFPA), the Produce Marketing
Association (PMA), and the Institute of Food Technologists (IFT).
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NEW YORK FARMERS ADDED COOLING TECHNOLOGY
IMPROVING QUALITY AND FOSTERING ECONOMIC DEVELOPMENT
Elizabeth A. Claypoole
Cornell Extension

Conversations with small to medium size farms indicated a barrier to expansion of having no on-farm cooling. For
example, farms could only pick produce on days of market and any produce left over after the day were thrown out,
or stored in a small refrigerator at the farm. A grant was received by Cornell Cooperative Extension of Wayne County
from New York State department of Agriculture and Markets to provide mini grants to farmers to increase on- farm
cooling. A statewide advisory committee was formed to implement the project. The advisory committee reviewed
mini grant applications from farmers and made connections between farmers and their local extension agents. More
than 120 applications were received from across the state and 63 were chosen in the first round of funding. As a result,
$180,000 was distributed to farmers to increase on farm cooling systems, including walk in coolers or storage rooms
with a “coolbot”. Farmers were also required to complete a detail project summary. Farmers spent additional money
in construction ($361K)and reported increases in product value of more than $1M. More than 10 FT jobs were created
and 23 seasonal jobs. Extension agents worked with the farms to complete the forms and collect quantitative data
and qualitative stories of how this project helped their farm. The evaluation data and stories received to date have far
exceeded our project plans. As a result, extension agents are trying to think of additional ways to use the data to show
program impact and look for additional grant money to meet more farm expansion barriers identified through the
project evaluation.

Elizabeth A. Claypoole (Beth) is current Executive Director and Agriculture Issues Leader for Cornell
Cooperative Extension Wayne County. Since moving to Wayne County in 2001, she has worked for Cornell
Cooperative Extension in New York State for more than 25 years. She is a dairy specialist by training, having
received a BS from Delaware Valley College and an MS from University of Maryland She also has an MBA from
SUNY Buffalo. Most recently her extension programming revolves general farm economic development, farm start
up, and farm to community work. She organized the NYS Cooling Project and has provided leadership for several
regional grants totaling more than $1 million, regarding farm economic development.
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POTATOES: WHAT’S NEW – OBSERVATIONS AND RESEARCH
Robert E. Leiby
Pennsylvania Co-Operative Potato Growers, Inc. 3017 N Front St, Harrisburg, PA 17110
rleiby@pacooppotatoes.com

This is a brief summary of potato industry observations from 2014 with an update for potato growers to plan ahead
for the 2015 growing season.

GMO Potatoes; are they going to make it?
Perhaps the most significant event that has potential for tremendous impact on the potato industry was a November 2014
announcement that USDA deregulated Simplot’s Innate potato technology. Innate potatoes are genetically modified,
however they use only potato genes. There are no foreign genes inserted into Innate potato DNA. Innate 1.0 potatoes
produce less black spot damage and have lower asparagine levels as well as lower reducing sugars. Even though Innate
1.0 potatoes have been deregulated, Simplot will be working with only a few select potato growers in 2015 to grow
innate potatoes. These growers will need to keep Innate potatoes segregated from conventional non-Innate potatoes.
Simplot has petitioned to get Innate 2.0 deregulated. Traits that Innate 2.0 contain are resistance to late blight and
further reductions in both reducing sugars and asparagine levels. New technology is advancing rapidly and has
potential to improve efficiencies and sustainability of potato production. The big question is will consumers accept
these potatoes in the marketplace?

Creamers
One category of potatoes has seen an uptick in sales over the past few years. Creamers are potatoes that range from ¾
inch to 1 5/8 inches in diameter. Roadside marketers have noticed that these tiny tubers are popular and command a
premium price. Creamers marketed in small packages or quart boxes are a popular choice for chefs and individuals who
are looking for an attractive presentation on the plate. Reds, yellows, fingerlings, small russets, and sometimes even
round whites are marketed in this category. Most commercial potato growers have ruled out trying to grow creamers
since it is difficult to handle and harvest creamers without using hand labor or expensive specialized harvesting
equipment. Potato growers who want to use commercial harvesters would need to purchase specialized equipment to
handle these miniature spuds. Growers who use potato diggers or lifters on small farms might find that creamers are
a good source of extra income. A small, non-replicated, PA creamer trial in 2014 produced over 100 cwt. of creamers
per acre in raised beds.
Growing creamers in Pennsylvania requires a very different approach than normal potato production practices. Seed
spacing is reduced to 5 or 6 inches between seed pieces. Nitrogen applications are reduced. The tops of the potato
plants need to be killed while the potato plant is actively growing in the early part of the tuber bulking phase. It is
important to select varieties that set a high number of tubers. This is in direct conflict with recent objectives of potato
breeding programs which emphasized fewer larger tubers per plant.
While this specialized market niche seems to be expanding, commercial growers need to proceed cautiously because
of the significant investment needed.

Important pesticide changes for 2015
Thiodan/Thionex/endosulfan users need to be aware that it will be illegal to apply these materials on potatoes after
July 31, 2015. The food tolerance for endosulfan will be withdrawn. If you have a supply of this insecticide it must be
used by July 31, 2015.
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Potato Field Scouting
We now know that over 100 diseases impact potatoes. Small critters like thrips, leafhoppers and aphids sometimes
go undetected in potato fields. Frequent checking of potato fields can lead to discovering these pests and taking action
before yield losses occur. In order to profitably grow high quality potatoes, growers need to ensure that their potato
fields get scouted on a regular basis. Potatoes cannot be grown like other row crops that are planted, sprayed for weeds
and then harvested. Careful management of pests plus irrigation management is critical to achieving a high quality,
high yielding potato crop. If you have a crop consultant scouting your fields on a weekly basis, great. If not, designate
an employee to learn how to recognize potato pests and check every field once a week.

Potato Rotations
Growers who have lengthened their potato crop rotations to more years out of potatoes are seeing improved yield and
quality. Growers who have land resources that allow potatoes to be grown on the same ground only once every five
years are seeing improved tuber quality and yield. Swapping land with nearby farmers who don’t grow potatoes can be
a good way to plant potatoes on soil that has much less potato disease pressure that negatively impacts the potato crop.

Potato Trials
In 2014 a Snack Food chip potato variety trial was planted at Benders Farms in Franklin County to compare some
potential new chip varieties. Samples were evaluated for specific gravity and chip color at Utz Quality Foods and later at
Penn State’s Chip Lab. You can request this chip potato variety research report by contacting rleiby@pacooppotatoes.
com.
We continue to work closely with the Penn State Potato Program to identify new varieties that might work in
Pennsylvania. We continue to test varieties that might chip, par-fry or fit into table stock markets.
The Pennsylvania Commercial Vegetable guide includes a list of recommended potato production practices and
varieties. Limited space restricts me from including that list in this document. Potato variety trials conducted by
Penn State’s Xinshun Qu and Mike Peck provide an extremely valuable resource for potato growers. Pennsylvania
potato growers should review the Pennsylvania Potato Research report issued by these researchers each year. Review
the information from multiple years to make sound variety selection decisions. At your request, I would be happy to
forward you a copy of this report via email.

Robert Leiby grew up on a Pennsylvania potato farm. After graduating from Delaware
Valley College, he was hired by Penn State Cooperative Extension. He worked in Lehigh
County as an agricultural agent and County Extension Director. Bob retired from Penn
State Extension after 37 years of service and now works for Pennsylvania Co-Operative
Potato Growers, Inc. as a potato crop consultant. He lives near Kutztown, PA with his wife
Jan Marie.
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UPDATE ON MANAGEMENT OF POTATO DISEASES

Steven B. Johnson, Ph.D.
University of Maine Cooperative Extension, Aroostook Farm, Presque Isle, ME 04769
To remain competitive and profitable, growers have to deal with the increasingly complex nature of potato production.
Reducing pesticide inputs can result in reduced costs but can also increase the risk of disease. Many factors are
involved with managing potato diseases. Some factors are crop management, some are cultural management, and
some are pesticide management.
Selection of the site for the potato crop should include areas that have minimal previous history of plant-parasitic
nematodes or soil-borne pathogens. Areas that are prone to flooding or have heavy soils with poor drainage should
be avoided. Potatoes should be grown in a crop rotation that will reduce or suppress soil-borne pathogens. Rotations
longer than two years are particularly good for reducing potato losses caused by soil-borne pathogens causing such
diseases as Verticillium wilt or Fusarium wilt.
Disease-free seed that is physiologically young and has been handled gently is essential to a good crop. Inspect seed
for Rhizoctonia sclerotia, silver scurf or black dot lesions. Rhizoctonia sclerotia have been called “the dirt that won’t
wash off.” Silver scurf and black dot are characterized by the presence of metallic-looking lesions on the tuber surface.
Seed lots with excessive levels should not be used. Seed should also be inspected for symptoms of Fusarium dry rot.
Symptomatic tubers should be not be used. Seed with common scab or powdery scab lesions can contaminate a field
without a history of the pathogen. If the seed lot must be used, select sites with a history of the disease. Seed lots with
late blight or bacterial ring present should not be planted. A seed lot with black leg or soft rot symptoms should not be
used. These bacteria are an indicator of the potential for bacterial seed piece decay and blackleg to develop after the
seed is planted. Most potato virus diseases do not show tuber symptoms so certification records and inspections are a
good indicator of the amount of virus in a particular seed lot. Recent changes in PVY are resulting in tuber symptoms.
Reducing the virus levels in the seed is the cheapest and most effect means of virus control. Three points of planting
are to get good seed, handle it carefully and encourage quick emergence. Proper handling and planting practices
promote optimal stand establishment by minimizing exposure to disease-causing organisms, reducing mechanical and
physiological stress damage to the seed, and providing favorable conditions for rapid plant development.
Seedbed preparation should not be done when the soil is too wet. This will result in soil that is in poor physical
condition with slow water drainage that encourages soil borne pathogens causing leak or pink rot. Proper seedbed
condition, especially soil temperature and moisture, is one of the most important factors in ensuring a healthy stand
of potatoes. Delayed emergence, slow uneven establishment and reduced plant stands are all symptoms of planting
seed into soil that is too cold, too hot, too wet, or too dry. The ideal seedbed should have about 70 to 80 percent of
available soil water present. Potatoes should not be planted when the soil temperature is less than 50°F or greater than
70°F. This temperature range encourages quick emergence without unduly promoting the growth of seed piece decay
organisms. Plant potato seed pieces 2 to 3 inches below the soil level and cover with soil to a total of 4 to 5 inches from
seed piece to the top of the ridge. This encourages rapid emergence in order to minimize both seed piece decay and the
development of Rhizoctonia stem canker. Proper fertilization not only produces a high quality crop, it can help reduce
diseases incited by opportunist pathogens such as Alternaria spp.
Irrigation is used in many potato production areas to insure adequate soil moisture for potato growth and tuber
development. Irrigation is essential for potato production on soils which have low available water storage and inadequate
rainfall. High soil moisture conditions, through over irrigation or heavy rainfall, can increase problems with pink rot,
late blight, white mold, or blackleg. Lack of irrigation and low soil moisture increases problems with common scab
and can increase powdery scab. Early season seed piece decay and Rhizoctonia stem canker can be increased with
excessive soil water.
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Irrigation can lead to disastrous late blight epidemics if the pathogen is present in the field. If the pathogen is not
present in the field, irrigation provides ideal conditions for infection should the pathogen enter the field. Traditional late
blight control tactics must be modified if irrigation is being used. The presence of late blight in the foliage or tubers
forces changes in the harvest and storage practices. Harvesting the crop in warm conditions can exasperate the effects
of tuber problems and potentially lead to storage losses.

Dr. Steve Johnson is an Extension Professor and Extension Potato Specialist with the
University of Maine where he has been employed for the past 26 years. Steve has a Ph.D.
from the University of Florida, a M.S. degree from the University of Maine at Orono
and a B.S. degree from the University of Wisconsin-Madison, all in plant pathology. His
responsibilities in Maine are most aspects of potatoes with potato late blight occupying a
major portion of his time. When the crop is not in the field, potato storage disorders are a
focus of his efforts. Additionally, he works on garlic and barley.
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UPDATE ON INSECT MANAGEMENT IN POTATOES
Thomas P. Kuhar
Professor – Dept. of Entomology, Virginia Tech
Blacksburg, VA 24061-0319
tkuhar@vt.edu

In the past couple of years, I focused my potato pest management talks and proceedings articles on Colorado potato
beetle. This year I would like to focus on wireworms, which continue to cause serious problems for some of our potato
growers. However, I would like to mention a new insecticide called Verimark that has recently been registered for use
on potatoes and other crops. This new diamide insecticide from Dupont offers an alternative to neonicotinoids for
use as an at-planting systemic application. Field trial results conducted in Virginia have shown excellent long-lasting
systemic control of potato beetle larvae and adults with the use of this product applied over top the seed-piece atplanting at rates as low as 6.75 fl oz per acre (see Table 1). For growers that have experienced neonicotinoid resistance
development in their CPB populations, or wish to rotate to a new mode of action for resistance management purposes,
then Verimark may be a good option. Also, there are several effective products that offer alternatives to neonicotinoids
for CPB control as foliar applications. The diamide product Coragen and the spinosad product Blackhawk are two
commonly used by growers in Virginia. These also provide effective control (Table 1).

Table 1. Insecticide efficacy test conducted on ‘Superior’ potatoes planted in Painter, VA, 2013;
Dupont’s Verimark (cyazypyr) and Admire Pro (at a very low rate) were each applied once at
planting 11 April; Coragen and Blackhawk were applied as foliar sprays twice (20 and 30 May).
Wireworms are the subterranean larval stage of click beetles (Coleoptera: Elateridae) and although multiple species can
occur, the cornfield wireworm, Melanotus communis, often causes the most damage to crops in our region. Wireworms
often spend multiple years in the soil and a complete life cycle from egg to adult may take 2 – 5 years depending on
food and environmental conditions (temperature, soil moisture). Research has shown that wireworms move vertically
through the soil on a seasonal basis. They can be found near the surface when temperatures are moderate, at least 70°F,
and burrow deeper in the soil during extreme heat and cold. In late spring, fully mature and well-fed larvae will pupate
in earthen cells in the upper 4 inches of the soil. Adults (click beetles) emerge from the soil and are active during the
summer. Beetles are most active in the evening and night and typically hide in vegetation or ground litter during the
day. Egg-laying females prefer weedy or grassy fields. Eggs are deposited in the soil usually in batches. A female M.
communis can deposit between 50 and 130 eggs in her lifetime.
Wireworms can cause serious damage to potato crops by tunneling into tubers, which reduces yield quality and
creates entry points for certain plant pathogens that can rot the tuber. Wireworms are attracted to high moisture; and
densities are often higher in low-lying portions of fields. Moreover, during extended hot, dry weather, wireworms may
seek out the potato tubers for moisture in addition to food; exasperating the damage. It has been well documented that
wireworm damage to potato tubers increases the longer tubers are left in the ground.
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Chemical control of wireworms can be challenging because these insects can remain in the soil for many years moving
up and down the soil profile as the season progresses. Sometimes the wireworms do not come in contact with the
chemicals while they are active in the soil. In terms of control, organophosphates and carbamates have historically
provided significant control of wireworms in potatoes, but labeling restrictions have led to their decline as an option for
control. Mocap is one organophosphate insecticide still labeled for pre-plant broadcast or at-planting use on potatoes
and provides a high level of control. The only other organophosphate registered for use on potatoes is Thimet 20G
and is also effective for wireworm control, but is only available as a lock-n-load or smartbox contained system to be
mounted on planters. Over the past decade in Virginia, we have evaluated the efficacy of various non-organophosphate
insecticides for wireworm control in potatoes.
A summary of trial results (Table 2) indicates that the use of neonicotinoids (such as Admire Pro, Platinum, Belay,
Venom/Scorpion, and Brigadier) at-planting, which are usually applied for Colorado potato beetle control, will also
reduce wireworm damage (from 50 to 90%), depending on how many wireworms visit the treated seed piece early
in the season. We have also shown that the pyrethroid bifenthrin (found in Capture LFR, Bifenture, Sniper, etc.)
or in combination with a neonicotinoid (such as the mixture Brigadier) applied at-planting and at post-emergence
cultivations will provide a high level of control as well. Another effective insecticide is Regent, which is applied as a
band in-furrow at planting.
More recently, we have evaluated the efficacy of Movento, which is a two-way systemic insecticide that is applied as a
foliar spray. Two foliar applications of Movento beginning at flowering alone have shown to reduce wireworm damage
to tubers (see Table 2), but more often than not, growers will also be applying an insecticide at planting. Using onfarm demonstrations plots in Virginia in 2013-2014, where growers used there standard wireworm insecticide regime
and treated half of their field with Movento foliar sprays, we evaluated wireworm damage to the tubers at harvest to
assess whether there was any benefit to the use of Movento on top of what they normally would do. In 6 of the 9 potato
fields sampled, wireworm damage was low (<3%), and there was no benefit to the addition of Movento. However,
in two of the fields, where wireworm pressure was the highest, there was a significant effect of the Movento sprays.
In one of the fields, the grower used Platinum at–planting, but no other additional insecticides for wireworms. The
section of field receiving Movento sprays had 2.4% wireworm damage compared with 7.6% in the unsprayed section.
In the other field, the grower used Platinum and Mocap at planting. The Movento sprayed section had 0% wireworm
damage compared with 43% damage in the unsprayed section. The addition of Movento foliar sprays may not always
benefit the grower, but under heavy wireworm pest pressure, they appear to provide supplemental protection against
wireworms. Similar results have been found for potato growers in the Pacific Northwest.
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Table 2. Wireworm control (% damage reduction) of selected insecticides and mixtures used in
Virginia potato insecticide efficacy trials (2006-2013).

Tom Kuhar is a Professor and Vegetable IPM Specialist in the Department of Entomology at Virginia Tech. Dr.
Kuhar’s research focuses on the ecology and integrated pest management of insect pests of potato and vegetable
crops. He has published over 70 peer-reviewed papers and book chapters on insect pest management in agricultural
crops and has given hundreds of presentations on the topic. He received his B.S. degree in biology from Towson,
University, Towson, MD in 1992 and his Master’s (1996) and Ph.D. (2000) degrees in entomology from Virginia
Tech. He formerly worked as a postdoctoral research associate at Cornell University, Ithaca, NY researching
alternative methods for managing vegetable pests. A native of Baltimore, MD, he and his wife, Stacey, who also
works at Virginia Tech, have three children, Jamie (14), Daniel (12) and Brianna (11). Outside of work, his passion is
playing, watching, and coaching the great American team sports.
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FERTILITY MANAGEMENT FOR POTATOES

Steven B. Johnson, Ph.D.
University of Maine Cooperative Extension, Aroostook Farm, Presque Isle, ME 04769
Nitrogen, potassium and phosphorus are essential macronutrients for potato growth. Triple 14 fertilizer contains
N-P-K in the ratio of 14-14-14 on a percentage basis of N-P2O5-K2O. Varieties vary, but a crop of 300 cwt of potato
tubers and associated vines needs around 200 pounds of nitrogen, 30 to 45 pounds of P2O5, and up to 240 pounds of
K2O. Historic potato nutrient recommendations in Maine were designed to buildup soil cations. Target goals for the
cation exchange capacity were 5% K, 15%, Mg, and 70% Ca. We have shifted to maintenance or crop removal based
on economic efficiency. Potassium prices have significantly increased and research data from Maine showed no benefit
to having more than 450 lbs/ac available K in the soil.
Nitrogen is an essential component of amino acids, which form proteins. Nitrogen is needed for chlorophyll synthesis,
a component in energy systems. Nitrogen is either available or unavailable. The available portion of the nitrogen in
soils is inorganic nitrogen. Mineralization is the process where microbial activity breaks down the organic nitrogen,
making some of it available for plant growth. Immobilization is the process of inorganic nitrogen being converted to
organic nitrogen. This effectively removes the nitrogen from available to unavailable status in the soil. Immobilization
occurs when high carbon-to-nitrogen ratio crop residue is incorporated into the soil. If immobilization exceeds
mineralization, there may be almost no nitrogen available for plant growth from the soil. If this occurs, there is a
nitrogen depression period. Avoiding this is a main reason to have some starter fertilizer available near the plant roots.
Incorporating plant residues well in advance to allow adequate decomposition will reduce the nitrogen depression
period. The conversion of NH4+ to NO3- releases H+ into the soil solution. This increases soil acidity. The NO3- ion
is a factor associated with leaching of basic cations from the soil. As the NO3- ions leach, the Ca++, Mg++ and K+
move out, they are replaced with H+, leading to increased soil acidity.
Some soils may contain a great deal of K+ per acre. However, this does not mean that it is available to the plants. There
is rarely more than five percent of the total K+ that is plant available. In most soils, K+ is available, slowly available, or
most commonly, unavailable. Potassium is absorbed from the soil by plants in the form K+. Potassium can be mobile
in sandy soils or organic soils. Other than that, potassium is not very mobile in the soil solution, although water in the
soil solution helps disperse potassium ions short distances. Proper placement of the started fertilizer is critical. If the
roots don’t grow into the potassium, it may not be available to the plant. With the root mass of potatoes contacting
less than five percent of the soil, it is imperative to have the soil well supplied with potassium. Any reduction in root
growth reduces potassium uptake.
Phosphorus plays a key role in energy transfer in plants. Energy storage and release through ATP (adenosine triphosphate)
molecules requires phosphorus. Nucleic material, photosynthesis, and respiration require phosphorus. Cell division
and expansion and other energy-intensive processes during growth require high concentrations of phosphorus. Soil
phosphorus comes mainly from the weathering of apatite. As apatite breaks down, primary orthophosphate ion
(H2PO4 –) and a secondary orthophosphate ion (HPO4 –2) are formed. These ions are released into the soil solution
and are absorbed by plant roots. The largest effect on soil phosphorus is soil pH. In acidic soils, phosphorus reacts with
iron, manganese, or aluminum. This reaction fixes the phosphorus, making it unavailable to the plant. Most of these
compounds formed are fixed or reverted and are not available to the plant. Clay will fix phosphorus so soils high in clay
rapidly convert phosphorus to a form unavailable to plants. Anything that reduces aeration of soils, from compaction
to excess water, reduces phosphorus availability in soils. Microbial breakdown of organic matter increases phosphorus
to the soil solution. Ammonium (NH4+) in high concentrations slows phosphorus fixation reactions. In fact, Maine
soils may have a half of ton of phosphorus per acre, almost all of it unavailable to plants. There is usually only about
four pounds per acre of plant-available phosphorus in the soil solution at any one time. Obviously, the key to proper
phosphorus fertilization is not the level of phosphorus in the soil, but the ability of the soil to replace the phosphorus
the plant removes from the soil solution. This replacement may occur several times per day or hundreds of times
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during the growing season. In the plant, phosphorus is mobile, moving from older tissue to newer tissue. The highest
levels of phosphorus are found in tissue at the growing point. Phosphorus is key in helping roots develop more rapidly
and increase water use efficiency. Most phosphorus is absorbed by plants in the form of the primary orthophosphate
ion (H2PO4–) and, to a lesser extent, as the secondary orthophosphate ion (HPO4–2). In some cases, other forms of
phosphorus are taken up, but to a much lesser extent than either of these two orthophosphate ions. Phosphorus is not
mobile in soils. Little is lost to leaching. The majority of the phosphorus stays where it is put. Phosphorus moves by
diffusion and is very dependent on soil moisture. It is very unlikely that phosphorus ¼ inch away from a potato root
will move close enough to be taken up by the root. Phosphorus needs to be placed where the roots can intercept it. Soil
erosion can remove phosphorus and has been a problem in some watersheds. Crop removal is the other major method
of phosphorus removal from soils.

Dr. Steve Johnson is an Extension Professor and Extension Potato Specialist with the
University of Maine where he has been employed for the past 26 years. Steve has a Ph.D.
from the University of Florida, a M.S. degree from the University of Maine at Orono
and a B.S. degree from the University of Wisconsin-Madison, all in plant pathology. His
responsibilities in Maine are most aspects of potatoes with potato late blight occupying a
major portion of his time. When the crop is not in the field, potato storage disorders are a
focus of his efforts. Additionally, he works on garlic and barley.
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USDA BREEDING PROGRAM FOR POTATOES

Kathy Haynes
USDA/ARS, Genetic Improvement of Fruits and Vegetables Laboratory,
10,300 Baltimore Ave., Bldg 010A, Beltsville, MD 20705
kathleen.haynes@ars.usda.gov
The USDA/ARS Potato Breeding Program, located in Beltsville, MD, has been focused on developing new varieties
and improving potato germplasm for disease resistance, processing ability and nutritional content in collaboration with
numerous state scientists, primarily in the eastern half of the U.S. Recently, breeding for nitrogen use efficiency has
been added to the breeding objectives. Today’s presentation will cover four areas of on-going collaborative research: 1)
an early generation study to identify broadly-adapted potential new varieties, 2) efforts to improve potato germplasm
for resistance to late blight, 3) efforts to improve tuber carotenoid content, and 4) efforts to improve nitrogen uptake
efficiency. Five advanced selections in the pipeline for possible naming and release will be presented.

Early Generation Study
Potato production in the eastern U.S. occurs over a wide range of environments from Maine to Florida with several
marketing outlets. Many eastern states do not have a potato breeding program, instead relying on northern-based
breeding programs. Typically, in the USDA/ARS Potato Breeding Program, 30,000 – 40,000 seedlings are grown
the first year in northern Maine, of which 1-3% may be selected. These are increased a second year (second-field
generation), and 25-50% of these may be selected for a third year of increase. After the third year of selection, scientists
from other states have been able to choose clones for evaluation in their home state. By this time, few clones remain
from the original population and those that do remain have been selected for adaptation to northern Maine. With
decreasing resources available to all research programs, we conducted a study to improve the efficiency of early
generation selection for broad adaptation.
In the first three years of the early generation selection study (2007-2009), the USDA/ARS breeder recorded saves and
discards of all second-field-generation clones, however, all clones were harvested and seed of all clones was distributed
to five locations (ME, NY, NJ, NC, FL) for selection the following year. All locations evaluated these clones in plots of
4-8 hills, depending on seed availability.
Agreement between the breeder selecting at the breeding location and the selector selecting at the non-breeding location
followed a similar pattern in all three years of selection: about 50% of the clones were discarded by both, 8-13% were
saved by both, and they disagreed on the remaining clones. About 25% of the clones selected by the breeder were not
selected anywhere else. Among the clones selected at three or more locations, 27% to 70% had not been selected by
the breeder at the breeding location and represent potentially broadly-adapted clones that would have been eliminated
from the normal varietal development process before the non-breeding location had a chance to evaluate them.
Based on these results the breeding scheme for the production of new potato varieties has been refined to include:
1) smaller seedling generations, 2) less intense selection pressure on the seedling generation, 3) earlier evaluation of
clonal populations, 4) evaluation of all clones at every location initially, and 5) elimination of clones lacking broadadaptation earlier in the process.

Late blight
Late blight is a foliar and tuber disease well-known and feared by every potato grower. Because there is limited
resistance to late blight in commercial varieties, we looked for and found resistance in their closest relatives, the
cultivated diploid potato species, Solanum phureja and S. stenotomum. Resistance is a highly heritable trait. Through
recurrent selection we were able to reduce the amount of foliar late blight in the population by about 17% from the first
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to the second cycle population and by 67% from the first to the third cycle population. The cycle 4 late blight resistant
population will be evaluated in cooperation with Dr. Xinshun Qu (Penn State University) in 2015 and 2016.
At the conclusion of those evaluations, the most late blight resistant clones will be randomly intermated and true potato
seed from the population will be released to the potato breeding community for additional enhancement efforts.
In addition, a late blight resistant selection derived from S. hougasii, a hexaploid wild species, was obtained from
Dr. Charles Brown, USDA-ARS, Prosser, WA and intercrossed with clones with good chip potential. Several hybrid
clones have been identified with good resistance to late blight and chipping potential. These will undergo additional
evaluation.

Carotenoids
Carotenoids impart yellow, orange, or red pigmentation to fruits and vegetables and have a number of human health
benefits. In potatoes, the two carotenoids with known health benefits are lutein and zeaxanthin which are important
in preventing age-related macular degeneration. Zeaxanthin has also been shown to improve mental acuity in elderly
people. Efforts are underway to develop both tetraploid and diploid potato varieties with higher carotenoid content in
general (more intense yellow-flesh) and higher zeaxanthin content (orange-flesh) specifically. There is potentially a
huge Hispanic market within the U.S. if a papa criolla –type variety can be developed.

Nitrogen Uptake Efficiency
Reduction of nitrogen (N) inputs in commercial crop production is being fueled by both environmental and economical
concerns. Nitrate leaching from agricultural production leads to ground water contamination. Potato production
areas are particularly problematic with regard to nitrate leaching due to the shallow rooting system of the plant and
production on sandy soils with high application rates of N and water. There is also increasing interest in developing
plant varieties that require less N during the growing season due to increased fertilizer costs.
Little breeding has been undertaken on improving root architecture because of the difficulties inherent in evaluating
root systems. Plants with superior root systems would be better able to extract water and nutrients from the soil profile
more efficiently.
Errebhi et al. (1999) screened over 23 species for N uptake and utilization. They identified two diploid species, S.
chacoense (chc) and S. microdontum (mcd), as being the most nitrogen uptake efficient. In cooperation with scientists
at the University of Florida (led by Dr. Lincoln Zotarelli), we have undertaken a more extensive evaluation of root
architecture in chc, utilizing tissue culture, greenhouse, and field studies. Thus far we have found significant variation
for root biomass among chc in tissue culture, greenhouse pots, and field studies. Clones with the greatest root biomass
have been intercrossed with S. phureja-S. stenotomum to produce a mapping population that will be used to map genes
associated with greater root biomass. A molecular marker associated with greater root biomass would allow for faster
incorporation of this valuable trait into the commercial germplasm base.

Promising New Selections
Two promising chipping selections in the pipeline are BNC177-5 and BNC182-5. Two promising red-skinned, yellowfleshed selections are B2152-17 and BNC201-1. A red-skinned, dark yellow-light orange flesh selection with potential
is BD952-1. USDA/ARS is currently negotiating with the Potato Variety Management Institute (PVMI) for licensing
and marketing of future new varieties from the Beltsville Program.
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Collaborators
University of Florida – Lincoln Zotarelli, Christian Christensen, Dana Fourman
North Carolina State University – Craig Yencho, Mark Clough
The Pennsylvania State University – Xinshun Qu, Mike Peck
Pennyslvania Co-operative Potato Growers – Bob Leiby
Cornell University – Donald Halseth, Keith Perry
University of Maine – Gregory Porter, Benildo de los Reyes
Johnny’s Selected Seeds – Lindsey Spigel
Fedco Seeds – Margaret Liebman
University of Maryland – Sudeep Mathew
Ohio State University – Matt Kleinhenz
Huddle Farms – Laura Bishoff
Beltsville Human Nutrition Research Center – Janet Novotny, David Rao
New Mexico State University – Stephanie Walker

Kathy Haynes is a Research Geneticist in the USDA/ARS Genetic Improvement of Fruits and Vegetables
Laboratory in Beltsville, MD where she leads the Potato Breeding Program. She conducts research to develop
new potato varieties with improved disease resistance, processing quality, nutritional quality, and, nitrogen upake
efficiency. She has her B.S. degree in Biology from LeMoyne College, her M.S. degree in Plant Breeding from
North Carolina State University, her M.St. degree in Statistics from N.C.S.U., and her Ph.D. in Plant Breeding
from N.C.S.U. She has been with USDA/ARS since 1987. In addition, she is currently an adjunct professor at the
University of Maine and the University of Florida.
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TOUGH TO MANAGE WEEDS IN VEGETABLE CROPS

Dwight Lingenfelter and Andrew Frankenfield
Penn State University, Dept. of Plant Science, 116 ASI Building, University Park, PA 16802
and Montgomery Co. Extension Office, 1015 Bridge Road, Suite H
Collegeville, PA 19426
Vegetable farmers are continuously battling weeds in commercial vegetable production systems. Some common
weeds include:
Annual grasses such as giant foxtail, large crabgrass, and fall panicum
Annual broadleaves: common lambsquarters, common ragweed, velvetleaf, pigweed species, cocklebur, eastern black
nightshade, marestail, and common chickweed
Perennials: Canada thistle, horsenettle, bindweed, yellow nutsedge, quackgrass
Of major concern are two new pigweed species namely Palmer amaranth and waterhemp. Palmer amaranth
(Amaranthus palmeri), also known as Palmer pigweed, was recently introduced into Pennsylvania agricultural
systems. It was identified on at least ten farms in 2013 and another 14 in 2014; and there are likely more. Infestations
were primarily observed in soybean, corn, alfalfa, and around barnyards but it is likely in some vegetable and tree
crops as well. It poses unique management challenges that most farmers in this region have not had to contend with
before. Containing new infestations and preventing its spread is a critical first step to managing this new threat. The
risk from this new weed comes from its competitive and aggressive growth habit, prolific seed production (greater
than 100,000 seeds per plant), prolonged germination pattern, along with its potential resistance to glyphosate (Group
9) and the Group 2 herbicides (ALS-inhibitors). Resistance to other herbicide classes has also been documented in this
species (Groups 3 and 5). Palmer amaranth is a summer annual broadleaf weed that is native to the southwestern US
and Mexico. Palmer amaranth is related to other pigweeds in the Northeast region including redroot, smooth, Powell,
and spiny, but unlike these other pigweeds, Palmer amaranth grows faster and is dioecious. Pollen from male plants
can travel with the wind to susceptible female plants and if the male is herbicide resistant, a portion of the offspring
will also be resistant. Waterhemp (Amaranthus tuberculatus), another dioecious herbicide resistant pigweed species
common in the Midwest is also getting a foothold in Pennsylvania. Currently, there are at least three documented
infestations and a few other sites have been reported. Although not as great a competitive threat as Palmer amaranth,
it too should be aggressively managed to prevent its spread since it will certainly compete in Pennsylvania cropping
systems. It is uncertain how Palmer amaranth and waterhemp populations were introduced to the farms, but equipment,
hay, feed, manure, and compost are all suspected. Contaminated cotton seed from the south or west, used in dairy
rations, may also be involved. Herbicide options for Palmer pigweed and waterhemp control can be limited in soybean,
alfalfa, and vegetable productions systems; however more options exist in corn and pasture. Timely applications and
a combination of preemergence/residual and postemergence herbicides containing at least two effective modes of
action are critical for practical management of these species. Other management considerations include the use of
incoming herbicide resistant crop varieties (i.e, 2,4-D-, dicamba-, and HPPD-resistant field crop traits), more diverse
crop rotations, cover crops, and mechanical tactics, among others. Education of farmers and agricultural service
providers about these unwelcomed weed species, their negative impacts, and management are of vital importance.
Palmer amaranth is extremely aggressive and some common identifying features include:
• smooth stems
• rosette pattern; leaf architecture around stem resembles a poinsettia
• singular hair in tip of leaf notch when it is small (<6” tall)
• long petiole (stalk that attaches leaf to stem); with Palmer, the petioles will be as long as or longer than the leaf blade
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Table 1. Selected sweet corn herbicide efficacy
Weeds

Bicep II
Mag

Lumax

Impact/
Armezon

Laudis

Callisto

Accent

Q

Option

Sandea

Giant foxtail

9

9

7

8

N

9

9

N

Lg. crabgrass

9

9

8

8

8

7

7

N

Fall panicum

9

9

8

6

N

9

8+

N

Yellow nutsedge

8+

8+

7

7

7+

6

7+

9

Lambsquarters

9

9

9

9

9

6

8

N

TR Lambsquarters

7

9

9

9

9

6

8

N

Nightshade

9

9

9

9

9

N

9

6

Pigweed

9

9

8+

8+

8+

9

8+

9

Common ragweed

8+

9

7+

7+

8

6

8

8+

Smartweed

9

9

9

9

9

8

N

8

Velvetleaf

8+

9

9

9

9

7

8

9

Cocklebur

8+

8+

8+

8+

8+

7

7+

9

Annual morningglory

8+

8+

7+

7

7+

7

6

6

Canada thistle

7

7+

7

7

8

6

6

8
(+2,4-D)

Table 1. Selected sweet corn herbicide efficacy
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Table 2. Cucurbit crop herbicide summary
Herbicide
Soil-applied
Command
Curbit
Prefar

Cucumber

Herbicide
Soil-applied
Command

Curbit
Prowl H2O
(row middles) Prefar
Sandea
Sinbar
Strategy

Summer squash

Cucumber

Sinbar

XXX

XXX

XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX

XXX

XXX

XXX

XXX

X

X

XXX
XXX

XXX

X

XXX

Aim

XXX
Postemergence
Poast
XXX
Aim
Prowl H2O (row
Poast
middles, before vine
run-off)
Prowl H2O (row
Select / Max

Winter squash

XXX

Prowl H2O XXX
(row middles)
Sandea

Summer squash

Pumpkin
(ornamental)

XXX

Postemergence Strategy

Sandea

Winter squash

Table 2. Cucurbit crop herbicide summary

Watermelon
Pumpkin
(ornamental)
XXX

Watermelon

XXX
XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX
XXX
XXX

XXX

XXX
XXX

XXX

XXX
XXX
XXX

XXX

XXX

XXX

X
X

XXX

XXX

XXX

XXX

X

XXX
XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX

XXX
XXX

XXX
XXX

XXX

XXX

XXX

XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX
XXX

middles, before
vine
XXX
run-off)
XXX
Sandea

XXX
XXX

XXX

XXX

XXX

XXX
XXX

Pump

Water-

XXX
XXX
XXX

Canta-

Table 3. Cucurbit-kin
crop preemergence
melon soil-applied herbicide
loupes options

Command

Herbicide

Dual Mag.
Prefar
Sandea
Sinbar
Strategy

Command
Curbit
Dual Mag.
Prefar

XXX
XXX
XXX
X

Sinbar

XXX
XXX
XXX
XXX
X

Sandea
XXX

XXX

Watermelon
XXX

XXX
XXX

XXX
XXX-U
XXX-U
XXX-U
XXX

Cantaloupes
XXX
XXX

XXX-U
XXX-U

XXX-U

XXX-U
XXX-U

XXX= labeled for use in that crop
XXXconcerns
XXX
Strategy
X=labeled for use
but not recommended due to injury
XXX-U=under XXX=
plasticlabeled for use in that crop
X=labeled for use but not recommended due to injury concerns
XXX-U=under plastic

XXX-U
XXX-U

XXX
XXX

Table 3. Cucurbit crop preemergence soil-applied herbicide options
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XXX
XXX
XXX

XXX
XXX
XXX

XXX

Herbicide

Pump
-kin

Cantaloupes

XXX

XXX

XXX= labeled for use in that crop
Select
Maxrecommended due
XXX to injury concerns
XXX
XXX
X=labeled for use
but/ not
XXX= labeled for use in that crop
Table 2. Cucurbit
crop herbicide summary
X=labeled
for use
but not recommended
due to injury
concernsoptions
Table 3. Cucurbit
crop
preemergence
soil-applied
herbicide

Curbit

Cantaloupes

XXX
XXX

XXX
XXX
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Table 4. Cucurbit crop postemergence
herbicide
Table 4. Cucurbit crop postemergencePump
herbicide options
WaterHerbicide
Herbicide
Aim (hood/row middles/around vines)
Aim (hood/row middles/around vines)
Poast
Poast
Sandea
Sandea
Select / Max
Select / Max
Gramoxone
Gramoxone
(hood/row
middles)
(hood/row middles)

-kinPump
-kin
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

melon
Watermelon
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

Cantaloupes
Cantaloupes
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

XXX= labeled for use in that crop (some products require the use of hooded sprayers, refer to product label)
XXX= labeled for use in that crop (some products require the use of hooded sprayers, refer to product label)

Table 4. Cucurbit crop postemergence herbicide options

Table 5. Vine crop herbicide efficacy
Table 5. Vine crop herbicide efficacy

Command
Strategy
Dual Mag.
Aim
Sinbar
Select/Poast
Curbit
Prefar
Sandea
Sandea
Command (pre)Curbit (pre)
Strategy (pre)Prefar
Dual Mag. (pre)
Sinbar
Select/Poast
(pre)
(pre)
(post)
Sandea (post)
Sandea (post)Aim (pre)
(pre)
(pre)
(pre)
(post)
(pre)
(pre)
(pre)
(post)
(pre)
(post)
Giant foxtail
G
G
G
G
N
N
N
F
G
Giant foxtail
G
G
G
G
N
N
N
F
G
Crabgrass
G
G
G
G
G
N
N
N
F
G
Crabgrass
G
G
G
G
G
N
N
N
F
G
Yellow nutsedge
N
N
N
N
F-G
F
G
N
P
N
Yellow nutsedge
N
N
N
N
F-G
F
G
N
P
N
Lambsquarters
G
P-F
G
F-G
P
F-G
N
G
G
N
Lambsquarters
G
P-F
G
F-G
P
F-G
N
G
G
N
Nightshade
P
P
N
G
N
N
G
G
N
Nightshade
P
P
N
G
N
N
G
G
N
Pigweed
N-P
F
F
F
G
G
G
G
P
N
Pigweed
N-P
F
F
F
G
G
G
G
P
N
Common ragweed
P-F
N
F
N
N
G
G
F
G
N
Common ragweed
P-F
N
F
N
N
G
G
F
G
N
Smartweed
G
P
G
N
P
F
F
G
N
Smartweed
G
P
G
N
P
F
F
G
N
Velvetleaf
G
P
G
N
P
G
G
G
G
N
Velvetleaf
G
P
G
N
P
G
G
G
G
N
Cocklebur
N-F
N
N-F
N
N
G
G
P
N
Cocklebur
N-F
N
N-F
N
N
G
G
P
N
Morningglory
P
P
P
N
N
F
F
F
G
N
Morningglory
P
P
P
N
N
F
F
F
G
N
Galinsoga
F
N
F
N
G
G
G
G
N
Galinsoga
F
N
F
N
G
G
G
G
N
Purslane
G
F-G
G
F
F-G
F
P
G
N
Purslane
G
F-G
G
F
F-G
F
P
G
N
Weeds
Weeds

Weed control rating scale: G = Good; F= Fair; P= Poor; N = no activity
Weed control rating scale: G = Good; F= Fair; P= Poor; N = no activity

Table 5. Vine crop herbicide efficacy
Dwight Lingenfelter is an extension agronomist/weed scientist in the Dept. of Plant Science at Penn State since
1994. He is responsible for developing various materials for Extension purposes, including revising portions of The
Penn State Agronomy Guide, presenting practical information at county and statewide Extension meetings and
field days, and generally contributing to other weed science Extension and research needs in mainly agronomic and
some vegetable crops. He also coordinates the annual Penn State Agronomic Field Diagnostic Clinic and coaches
the PSU collegiate weed science team and is a member of several professional societies and serves on various
committees. He received BS and MS degrees in Agronomy from Penn State. He also worked for a period with a
major ag chemical manufacturer and as a crop consultant.
Andrew Frankenfield is an Extension Educator in Montgomery County on the Field
Crops and Forages Team with Penn State Extension. In addition to working with field
crop farmers he also works with vegetable producers in the area as a result of his
vegetable knowledge since he also is a vegetable producer himself. He has his B.S. degree
in Agribusiness and his M.B.A in Food and Agribusiness both from Delaware Valley
College. He lives in Souderton on the family farm with his wife Tanya and three children
Delaney, Tanner and Sage.
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SOCIAL SERVICE: USING SOCIAL MEDIA FOR CUSTOMER SERVICE
Sarah Cornelisse
Sr. Extension Associate
Dept. of Agricultural Economics, Sociology and Education
Penn State University, 206A Armsby Building, University Park, PA
sarahc@psu.edu

I’m sure you’ve all seen them – the stories, comments of other posts on Facebook, Twitter, Google+, or another social
platform from people dissatisfied with some aspect of a product or a service from a business. More so than ever,
consumers are turning to social media to connect with brands and businesses – to seek information, ask questions,
and resolve problems or concerns.
A 2012 Nielson report provides some insight to consumer views regarding customer service via social media, or
“social care.” Their findings include:
• Almost half (47%) of social media users engage in customer service activities through these networks. And of that
47%,
• Seventy percent (70%), do so on a monthly basis
• Thirty percent (30%) prefer social care over contacting a company by phone.
• Facebook, through both the company’s page and the user’s personal page (29% and 28% respectively), are where
users are most likely to comment of ask a question.
If your business has an existing presence on social media and is looking for a competitive edge, of just to improve your
relationship with your followers, taking on social service may be something to consider. However, it does require a
commitment. Here are some tips for using social media as a customer service channel.
• Be proactive. Listen and participate in conversations. You can learn so much from simply listening to what your
customers, or the public, are saying on social media. If a conversation is happening and you can add to it, do so.
Through active listening, you’ll be ahead of the curve in knowing what’s important or of concern to them.
• Focus on social interaction as a competitive differentiator. One reason the buy local movement is popular is because
consumers like to know the person(s) from whom they’re buying. You can bring the same focus on relationships to
your online interactions with consumers. When you’re separated from individuals by a computer screen it’s easy to
put off replying until a more convenient time or to send short clipped responses. However, by being personal and
personable, you can build trusting relationships with your customers and followers that they will appreciate and
value.
Additionally, if consumers see inconsistency in your social service, they’ll know that you’re not committed to them. A
study by Conversocial found that 88% of respondents said that they would be less likely to do business with someone
who didn’t answer questions on their social media pages. This leads us to the next tip…
• Define a process and framework for dealing with customers. How, and when, will you respond to requests?
What’s your strategy for dealing with complaints? Creating a response map (see image) may be useful, as you’ll want
to have a consistent response strategy for everything that comes your way, even praise. With some aspects of your
response strategy, such as response time, it may make sense to make this known upfront to your customers with short
notices on your social media page, or through automatic reply.
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When complaints are involved, be sure these points are addressed in your response framework:
• Understand what’s behind the complaint before responding. Sometimes, the complaint made it just the tip of the
iceberg, and the real issue lies deeper. Ask the complainant clarifying questions, as appropriate, if you suspect this
is the case.
• Follow through on all channels. If a conversation moves from one channel to another, say from Facebook to email,
make sure you indicate that this has taken place. This will allow others who have seen the start of a conversation to
know that you are in contact with the original poster. You may also want to post the final resolution, or answer, on the
original channel for others to see and for the complainant to verify that they have been assisted.
• Follow up after problems have been solved. Once you have provided a solution or rectified the situation, follow up
after a reasonable length of time to ensure your customer’s satisfaction.
It is possible to provide excellent customer service using social tools!

Sarah Cornelisse is a Sr. Extension Associate in the Dept. of Agricultural Economics,
Sociology and Education at Penn State University. Sarah works in the area of agricultural
entrepreneurship, focusing on business planning and decision making, marketing, and
value-added agriculture. She has particular interest in value added dairy and meat
enterprises and the use of social media for agricultural farm and food business marketing.
Sarah is originally from Albion, NY and obtained a B.A. in Mathematics at SUNY
Geneseo and M.S. degrees in Agricultural Economics and Animal Science from Penn
State.
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HELPING CUSTOMERS “FIND” YOU: DIGITAL
RESOURCES FOR FARMERS AND DIRECT MARKETERS
Shannon Dill
University of Maryland Extension
Extension Educator, AGNR Talbot County

By the Numbers:
• 7 in 10 US Mobile Subscribers Now Own a Smartphone

Location Services
• 74% of adult smartphone owners ages 18 and older say they use their phone to get directions or other information
based on their current location.
• Among adult social media users ages 18 and older, 30% say that at least one of their accounts is currently set up to
include their location in their posts.
• 12% of adult smartphone owners say they use a geosocial service to “check in” to certain locations or share their
location with friends, down from 18% in early 2012.
• Among these geosocial service users, 39% say they check into places on Facebook, 18% say they use Foursquare,
and 14% say they use Google Plus, among other services.

Bottom Line:
• Farm markets, ag tourism and any other farm or business in which people will travel to and visit MUST be listed
and take ownership of the listing

How to
• Internet search yourself and your business on a regular basis
• Set up alerts when your name or business is used (google alerts)
• Take control of your internet profiles (they are there whether you created them or not). And they are not always
accurate.
• Profiles to start with - Google+, Bing, Mapquest, Yahoo, Foursquare,
• Other available include - Yelp, Superpages, local.com, White Pages, Yellow Pages
• Manage the information, respond to reviews and questions and add content
• Be sure that you are listed in multiple locations so that searches using different databases can find you

Final Thoughts
• Mobile Devices: Are great accessories for doing business. Your customers are using their Mobile Device all the time.
• Research Yourself: Internet searches of the business and setting up alerts are helpful to know what is being said about
you.
• Get Listed: List your business and take ownership of as many profiles as possible. Keep a listing of the website and
passwords when updates need to be done.
• Accuracy: Don’t rely on the web to post current and accurate information about your business.
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Shannon Dill is the Agriculture Extension Educator for University of Maryland Extension in Talbot County. She
has been a faculty member of the University of Maryland, College of Agriculture and Natural Resources since
2001. She graduated from the University of Wyoming receiving a Bachelor of Science in Agriculture Business and
a Master of Science in Agriculture Economics. Shannon provides outreach and education to agriculture producers
of Talbot and neighboring counties in farm business planning, sustainable small farm enterprises, marketing and
livestock management. Educational programs have included QuickBooks for Farm Business Planning, Ag Tourism,
Equine, Pasture Management and Grain Marketing.
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FARMING FOLLOWERS

Julie Bancroft
Pennsylvania Apple Marketing Program
2301 N. Cameron Street, Room 303, Harrisburg, PA 17110
Julie@PennsylvaniaApples.org
While social media may seem like ‘just another thing to do’ that you don’t have the time for, a carefully targeted (and
simplified) strategy can help to keep your customers engaged and loyal.
What matters more than the quantity of platforms you use to market your business, is the quality of your engagement.
So, focus on the social platforms that make the most sense for your business and your customers.
To determine the appropriate platform for your business, consider the following:
1) How do I distribute my products?
2) Who are my customers?
3) What information does my specific customer audience need to make informed decisions about doing business
with me?
Let the answers to the above questions be your guide to your business’ social media mix. For instance, if you have
a farm market it’s likely that your customers are local and are most interested in farm happenings, recipes, events
etc.—topics that peek their interest and entice them to come to the market and/or give them tips related to how to use
items they’ve purchased at your business. Conversely, if you have a wholesale operation, it would be valuable for your
customers to understand your packing and shipping capabilities, product/service differentiators, area of service, etc.

Choosing The Appropriate Social Platform(s) for Your Business
Direct Marketing
Consider Facebook and Instagram to share information with your followers about specials, events, recipes, orchard
beauty shots, etc. These two platforms give you the opportunity to really drive the core values of your farm operation
and let you build trust with your immediate customers. They are both perfect for digitally establishing and maintaining
the tone of your brand.

Wholesale
Consider focusing your efforts on Twitter and LinkedIn. Twitter allows you to curate a list of key customers so you
can stay on top of their business news, plus it is an excellent forum for sharing news about your own business and the
industry at large. LinkedIn company pages are an excellent way to share important company updates directly with
your industry connections and customers.

A Few Tips
• Regardless of the platform(s) you choose, always fully and thoughtfully complete your profile pages.
• If using multiple platforms, keep your company messaging and branding consistent across all platforms.
• Complete a Google Profile (Google +) for your business. Even if you never post an update, a completed profile will
help customers find you online.
• Remember to keep your content focused for, and on, your audience; after all, quality engagement will ensure you
continue to “farm followers.”
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Julie Bancroft joined the Pennsylvania Apple Marketing Program as Executive Director
in May of 2013. Prior to that she worked in the education and consumer goods sectors. She
has 10 years of experience in all facets of marketing communications and graphic design,
and has also served in operations and product development capacities. She has a Bachelor
of Humanities in Communications from Penn State University. Julie is a native to Central
Pennsylvania and currently resides in the city of Harrisburg.
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SIMPLE WASH STATION EFFICIENCY TIPS
David Hambleton
Sisters Hill Farm
127 Sisters Hill Rd.
Stanfordville, NY 12581
shfarm@optonline.net

Harvesting, washing, and packing are the most time consuming tasks on any well managed diversified vegetable farm.
That also means that any improvements here can lead to great cost savings, creating a more profitable farm. Equally
important-- having a well-designed workspace simply makes farm work more fun and rewarding!
Our time here on earth is precious and finite. I want the farm to work for me; in other words serve my life goals. Even
though I love farming I don’t want to work long hours and miss the other things I love in life. By creating systems
that work, I have more of what matters most, time. Time for family, time for hobbies, time for sports, time for other
interests and passions besides farming. Funny thing is, to get to that point, it takes a commitment of time now…
So how does one get to this point?
I suggest you map out the whole process of what you are trying to accomplish first; develop a system, then work on the
specific elements. I don’t have enough space here to describe our whole system; I’ll just touch on some of the major
elements that work synergistically to make our washing and packing efficient and productive.

Lots of level concrete.
My farm is pretty low tech, but we try to use physics in our favor. The wheel is an amazing invention that has been
with us for millennia—put it to use to save your back!

Everything sloped to good drains.
You don’t want standing water, and you don’t want things clogging. A drain to daylight is best, since you anything
closed will clog quickly with sediment.

Hand trucks.
I have two. One standard and one designed to work with plastic mini pallets. Again—take advantage of wheels!

A pallet jack.
It’s amazing how cheap they are, and how easy it is to move around and store 1,000+ pounds of vegetables all by
yourself.

A pallet sized scale.
48X48” recessed so it is level with the surrounding slab. You can roll many stacks of harvest bins onto it, or an entire
bulk bin of potatoes, onions, winter squash, or melons.

Mini pallets.
These work in conjunction with a special hand truck to make moving stacks of boxes much easier and more efficient.
They also keep produce boxes off the floor of your wash station and cooler. Global Industrial has them.
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A loading dock.
Size the dock to the height of your truck bed so you can unload and load with either a hand truck, pallet jack, or (in my
case) by hand, standing between the back of the vehicle and dock—without bending.

Height adjustable wash tank.
My wash tank is simply a 50 gallon Rubbermaid stock tank with a big drain that is on top of a hydraulic lift table. The
table’s range didn’t quite bring the tank high enough for comfort so I added a riser block and then I added some rubber
roof membrane and a spray skirt to help waterproof the lift cylinder. Super simple, cheap, and just awesome. I can no
longer imagine washing at a fixed height sink! Search for supplies at Global Industrial or Northern Tool.

Multiple worktables of different heights.
On either side of our main sink we have simple work tables made of 2x4’s and 1x1” galvanized metal mesh. The are
two different heights to accommodate workers from 5 feet to 6’7”

Standard Harvest Containers.
Find a size that works for your farm and your products. We have two sizes 15x21x12 and 15x15x12. The larger one
houses our greens and bunches, the smaller one houses our topped roots and heavy crops. Both are made of high
density polyethylene so they are easy to clean, they have attached lids, and they stack and nest. Neither is marketed as
an agricultural container, nor do they have ventilation. Yet they fit our system and our marketing well.

Cold storage.
We sized our cooler to give us enough wall space for discrete stacks of every item we might have on our busiest week
of the season, and still have room to maneuver our hand trucks. We use magnetic labels on the walls to label stacks so
we can find what we need quickly.

Electric Pressure Washer.
We use a heavy duty electric pressure washer to wash all of our produce bins, to spray down our wash area, and to
clean bunched root crops. 120 volt 15 amp commercial model works fine for our needs. Kranzle model k1622. Spend
the money on a good one, I burned through 2 before buying this one.

A low workbench.
This is simply one of our greenhouse benches with the legs cut short. It’s 4x10’ with a 1x1” mesh top. We lean the
harvest containers up against it to pressure wash them and then stack them on it, pyramid style, to dry.

Root washer.
Mine is the rotating barrel style, 8 feet long with spray jets running through it. You can get one from Grindstone Farm.
Once you do, adapt it by hanging it from the ceiling from the out-feed end. On the infeed end attach it to an electric
hoist, so you can angle the unit up or down to help the speed up or slow down the process. You will have to build a
custom out-feed table too. I also added nice spray jets since Grindstone simply drills holes in copper tubing to supply
the wash water-- a bit too crude for my taste. I may be adapting 2 root washers for consulting clients this winter, so if
this work seems beyond your abilities, contact me, it’s easy for me to add another if I’m already doing two.
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A bunch washer of my design and construction.
This is a cool tool that I had a lot of fun designing. It attaches to my pressure washer and is activated by a foot valve.
The working end of the tool contains 3-40 degree spray jets coming through the walls of a 5 gallon bucket, each jet
120 degrees from the next. You hold a bunch of carrots, beets, turnips or radishes in the bucket while stepping on the
foot valve. The spray surrounds the roots coming from all directions and cleans them up very quickly without a lot of
wasted water. It’s great for when there is a single person at the wash area and they have to clean hundreds of bunches.
If we have 2 or 3 people working at once, we often prefer to use our low bin washing bench. First, one worker lays the
bunches around the perimeter of the bench; another will follow them spraying. The person who laid them down will
now flip them over for a second pass, and a third person will pick up the completed bunches and dunk them in the bulk
tank (to remove dirt on the leaves since the pressure washer damages the leaves, we don’t spray the leaves).

David Hambleton started Sisters Hill Farm, a 280 member CSA for the Sisters of Charity,
back in 1999. Since then on just 5 acres of tillable land he has produced more than a
million pounds of high quality vegetables averaging around 90,000 pounds annually.
He harvests, washes, packs, and distributes all that produce with the help of 3 seasonal
apprentices.
Dave majored in Environmental Studies in college, but shortly thereafter made his living
as a carpenter and cabinetmaker. These former careers helped him to develop a designbuild ethic; very useful when approaching the development of the farm. He looks at a problem or bottleneck and
sees it as an opportunity to use his creativity to design a solution. A jack of all trades, Dave designed and built his
own home, doing everything himself--save the concrete and drywall.
Nowadays, in addition to running Sisters Hill Farm, Dave helps farmers throughout the country as a farm
consultant. Specializing in organic vegetable farms, his services run from whole farm planning and development
to simple production questions. A recent project included designing a barn that would accomplish all the basic
functions of a diversified vegetable farm. It contained, among other things; a wash/pack room, cold storage areas,
equipment maintenance and office spaces, vehicle and equipment storage, and farmworker housing.
Dave’s basic guiding principle is that the farm should serve his life goals. By designing scale appropriate systems,
farm work can become efficient, comfortable, vastly more productive, and most importantly, fun!
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FARMDATA: AN INTERNET-BASED SMARTPHONE COMPATIBLE
RECORDS MANAGEMENT SYSTEM FOR PRODUCE FARMS
– FREE AND OPEN SOURCE TO THE PUBLIC.
Matt Steiman, Dickinson College Farm
Dr. Tim Wahls, Dickinson College

The Digital Clipboard:
All produce farms can benefit from better record keeping – knowledge is power, and good records
improve farm efficiency and profitability. Digital records are highly useful, since they can be easily
copied, searched, and analyzed at the touch of a button. Unfortunately, digitizing farm records at
the end of a growing season can be painstaking – dealing with lost records, or incompletely logged
information only makes the task even more difficult. A five year partnership between the Dickinson
College Farm and the Dickinson College Department of Mathematics and Computer Science has
resulted in an exciting, effective solution, a project we call FARMDATA.
FARMDATA is a smartphone enabled internet based record keeping system designed and field tested by produce
farmers. Focus areas include field and greenhouse plantings, harvest, pack, inventory, distribution, e-invoicing,
labor tracking, fertilizers, compost, cover crops, tillage, irrigation, scouting, spraying, and seed orders. The goals of
FARMDATA are to replace clipboards and paper records across the produce farm, from the field to the packing house
and beyond. More importantly, FARMDATA is designed to save growers valuable time both during the busy growing
season and in the winter when planning for the coming year. FARMDATA improves record keeping by using “smart”
data entry forms that minimize user errors, perform calculations automatically, and store useful crop production
information. Growers and their staff can rapidly input valuable production data from the field. Multiple users can make
live updates to the database at the same time, and growers can search their production records from the field, desktop,
or any internet connected device. Each growers’ database is password protected and only accessible by registered
users that the grower can delete or add at any time.
For organic growers, FARMDATA contains many features designed to facilitate easy annual inspections and
reporting. Our project team partnered with Pennsylvania Certified Organic to optimize FARMDATA to meet the
needs of certifiers – these special features include easily viewed comprehensive field records, compost accumulation
and management logs, and plantings linked to seed orders for verification of organic seed use.
Thanks to public funding from the USDA’s Northeast Sustainable Agriculture Research and Education program (NESARE), FARMDATA is available for free public downloads to your farm website. We invite interested users to take
a guest tour of the site at http://farmdata.dickinson.edu/guest.php
Here are some example features of FARMDATA that make it a
speedy, user friendly and powerful records management system:
• Extensive use of drop down menus: drop downs minimize
typing and prevent common data entry errors that can foul up a
database. Drop downs are also a “smart” feature of the data entry
forms – for example, when entering harvest records, crops are
only displayed in the fields where they have been registered as
“planted”.
• Forms designed for rapid data entry: through two seasons
of on-farm testing, we have refined the FARMADATA input
windows to reflect needs in real field conditions. For example,
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users can log harvest records for crops from multiple fields through one quick action. Date values automatically
default to the current day, but can be manually edited for past or future actions. Harvest units can be changed to any
unit listed for a particular crop – FARMDATA does the math and automatically converts between units
• All input forms allow user comments. Harvest and planting forms generate labor records automatically, all other
labor can be recorded and reported through the Labor tab.
• All stored data can be edited or deleted by the farm manager (also known as the “admin” user) from smartphone
or desktop. Admin users can also add and remove new crew members, new fields, crops, harvest units, spray
materials and more. The whole database can be backed up to file, flash drive, or CD at any time.
• Users can run reports on stored data from the field or desktop at any time. Reports are designed to be sorted
by date range, by crop, by field, or by other specific info. With a simple button push, any report can be easily
downloaded to Microsoft Excel for further analysis. FARMDATA does contain some automated graphing
functions for harvest and sales figures. Reports also perform some commonly desired calculations, such as total
yield, yield per row foot, total labor, and more.

• Paperless digital invoicing: Admin users can rapidly create invoices on both desktop and smartphone. After
approval, invoices are sent instantly to email addresses stored for the client and the farm office. Invoice reports can
be downloaded to Excel, enabling the grower to analyze units of each crop sold, sales timing, revenue generated and
more.
• Stored field sizes, cover crop seeding rates and spray product rates:
For the more complicated data entry forms, the design team’s goal was
to save the user more time than is spent performing the data entry step.
FARMDATA achieves this by performing necessary math functions
for the grower using stored information. On the cover crop seeding
input window, the grower chooses a field, percentage seeded, and
cover crop species. FARMDATA then asks the user to select a seeding
rate in pounds per acre from a range that is stored for each species,
and does the math to inform the user how much seed to use. Similarly,
on the “Tractor Spray” input form, the user chooses fields, number of
beds sprayed, and selects from an admin-created list of spray materials
and specific spray rates. FARMDATA then does the calculations and
displays recommended amounts of spray materials and water to use
for this instance. In practice, our field testing team has found that these
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input forms save valuable time by negating the need to perform calculations or look up field sizes and spray rates in
the farm office. Once the data are entered, growers (and certifiers) can query the records for total spray materials user
per season or per crop, as well as comparing them with insect or disease scouting information recorded elsewhere
on the site.

• Interactive Harvest List: Admin users can create a daily harvest list for multiple crops, with desired harvest
quantities for all of the farm’s different sales clients. Any harvest crew member with a smartphone can view the
harvest list, and with the touch of a button, enter data for quantity harvested from each field. The harvest list updates
itself automatically every minute, so that multiple users harvesting in different parts of the farm can see how much
of any crop has been harvested elsewhere. Once the required quantity of a crop has been harvested, its color changes
on the list to serve as a digital checkmark

HOW TO GET SET UP WITH YOUR OWN FREE FARMDATA ACCOUNT:
To establish your own working copy of FARMDATA, you will need to download the free software and add it to your
existing farm website or to a new, dedicated website. The FARMDATA programming team has designed the download
and startup process to be easily attainable to any person familiar with website management – for most farmers this will
be your web master or another contact who is handy with computer programming. Downloads, technical information,
and the user’s manual can be found at http://sourceforge.net/projects/farmdata/ and http://sourceforge.net/p/farmdata/
wiki/Home/
After downloading, to get started the grower must input basic field and crop info, and choose which FARMDATA
features to use in a configuration step. Crop names, harvest units, cover crops, and spray materials used by the
Dickinson College Farm are pre-loaded into FARMDATA – new users can easily edit or delete this information as
needed. The setup phase is designed to be as quick and easy as possible, but it is suggested that growers plan to spend
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a few hours on setup during the off season. In practice, we have found the following contribute to farmer success with
FARMDATA:
• Starting early – performing site setup and getting familiar in the off season
• Setting realistic expectations for data collection and improving over time
• Delegating data entry to as many people as possible (especially harvest data)
• Field checking and updating planting records once a month
• Creating habits – creating a culture of data entry as recordable activities occur among the entire farm crew
• Reap the benefits – use collected data for crop planning and business analytics

OPENSOURCE:
FARMDATA was designed by a small handful of farmers and computer programmers. While we are very pleased
with the state of the software package and find it incredibly useful and rewarding, it is natural that all growers will see
something in the site that could be improved to suit their own needs or systems. The sourceforge project page includes
a discussion forum and a place to report any software bugs that may arise. Because the code for FARMDATA is
opensource, growers who desire new features or substantial improvements to the site should consider working with a
programmer to write new code specific to their needs. We encourage such users to offer these improvements back to
the opensource community via the sourceforge portal.
FARMDATA users can always post help requests to the sourceforge site. For growers starting new accounts, limited
free technical support is also available by emailing Matt Steiman at steimanm@dickinson.edu

Matt Steiman is the production manager at the Dickinson College Farm, a 10 acre certified organic produce
operation in Boiling Springs PA. Matt has been raising organic vegetables for over 20 years, and teaching about
farming to college students since 2000. He has been instrumental in design, field testing, and public outreach for
the FARMDATA project.
Dr. Tim Wahls, raised on an Iowa dairy farm, is now Associate Professor of Computer Science at Dickinson
College. His teaching specializations are programming languages and software engineering. Tim and his students
developed the database and have written and continuously improved the code for FARMDATA since 2010.
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