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NJDEP AGRICULTURAL W ATER CERTIFICATION P ROGRAM OVERVIEW  

 

 

Michelle Casella, Agricultural Agent/Associate Professor 

Rutgers Cooperative Extension of Gloucester County 

Shady Lane Complex 

254 County House Rd. 

Clarksboro, NJ 08020 

http://gloucester.njaes.rutgers.edu 

 

 

Agricultural, Aquacultural and Horticultural Water Usage Certification Rules (N.J.A.C. 7:20A) 

 

The Bureau of Water Allocation is responsible for the permitting of those persons diverting or 

capable of diverting 100,000 gallons of water per day. This includes those requiring water for 

agricultural, aquaculture and horticulture activities. The primary goal of the program is to ensure 

diversions of water are sustainable, protective of water resources and other users, consistent with 

State planning initiatives, and conserve water-dependent ecosystems. The Bureau also oversees 

regional water supply planning initiatives and assists with drought management. 

 

 

Two Types of Agricultural Water Use Permits: 

 

1. Agricultural Water Usage Certifications  

 

Required for those diverting greater than 100,000 gallons of water per day for agricultural, 

aquacultural or horticultural purposes. Certifications are issued for a five year period. While 

applications must meet the criteria listed for water supply allocations before a certification can be 

issued, agricultural diversions are not evaluated to the same degree as those for non-agriculture 

uses. There are approximately 800 agricultural water usage certifications in effect statewide.. 

Statistics show agricultural activities compose approximately 5% of the total statewide water 

demand. However, in certain basins (generally in southern New Jersey) agriculture water use is 

the primary demand. The universe of agricultural water certifications approaches that for non-

agriculture user groups, but the Department does not charge a fee for administering the program. 

Essentially the application process for agriculture users is subsidized by other water users in the 

State. The regulations governing this activity are found at N.J.A.C. 7:20A-1.1 et seq. 

 

2. Agricultural Water Usage Registrations 
 

Required for those agricultural users having the capability to divert greater than 100,000 gpd, but 

who divert less than that amount. The program is essentially identical to the water use 

registration program, and no fees are assessed. There are about 140 agriculture water usage 

registrations currently in effect. 

 

 

Annual Water Use Reporting: 

 

1. Reports must be completed and submitted to the NJDEP Bureau of Water Allocations by 

February 28th each year vial mailed hard copy or submitted online.  
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2. Both the cover page and the Water Use Report must be completed. Incomplete forms will not 

be accepted. 

 

3. The quantity of water diverted from each well or intake must be reported in units of Million 

Gallons.     
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INDUSTRIAL HEMP, REGULATIONS AND QUESTIONS 
 
 

William J Bamka 
County Agricultural Agent 

Rutgers Cooperative Extension Burlington County 
2 Academy Drive, Westampton, NJ 08060 

bamka@njaes.rutgers.edu 
 

Industrial hemp is from the plant species Cannabis sativa and has been used worldwide to 
produce a variety of industrial and consumer products. Hemp is a source of fiber and oilseed 
grown in a number of countries worldwide. A wide range of products, including fibers, textiles, 
paper, construction and insulation materials, cosmetic products, animal feed, food, and 
beverages can be produced from hemp. The plant is estimated to be used in more than 25,000 
products.   By definition, industrial hemp is high in fiber and low in active tetrahydrocannabinol 
(THC), the psychoactive ingredient in marijuana that makes some cannabis varieties a drug.  
 
President Obama signed the 2014 Farm Bill, which included Section 7606 allowing for 
universities and state departments of agriculture to begin cultivating industrial hemp for limited 
purposes. Specifically, the law allows universities and state departments of agriculture to grow 
or cultivate industrial hemp if: 
 
 (1) The industrial hemp is grown or cultivated for purposes of research conducted under an 
agricultural pilot program or other agricultural or academic research; and 
(2) The growing or cultivating of industrial hemp is allowed under the laws of the state in which 
such institution of higher education or state department of agriculture is located and such 
research occurs. 
 
The 2014 Farm Bill also required that the grow sites be certified by and registered with their 
state. 
 
As a result, State legislatures began taking action to promote industrial hemp as an agricultural 
commodity. In November 2018, New Jersey Governor Phil Murphy signed a bill to begin a pilot 
program for New Jersey farmers to produce industrial hemp. The pilot program calls for rules to 
ensure that growers are not subject to criminal penalties and that federal guidelines and legal 
growing limits are followed. In addition, the pilot program allows for collaboration with higher 
education institutions. The NJ Department of Agriculture is required to adopt rules and 
regulations to administer the pilot program. These include creating requirements for the 
licensing or contracting of growers participating in the program, prescribing hemp testing 
procedures to ensure compliance with federal law, creating a fee structure for the 
administration of the program, and certifying germinating seeds and hemp cultivars if 
necessary. 
 

mailto:bamka@njaes.rutgers.edu
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At the Federal level, a bipartisan group of U.S. senators introduced the Industrial Hemp Farming 
Act of 2015 that would allow American farmers to produce and cultivate industrial hemp. The 
bill would remove hemp from the controlled substances list as long as it contained no more 
than 0.3 percent THC. 
 
The 2018 Farm Bill, recently signed by President Trump, removes hemp and its derivatives from 
the Controlled Substances Act, thus legalizing the cultivation of industrial hemp and the hemp 
derivative CBD oil. The move stands to greatly change the hemp farming and product business. 
With legalization, growers can now move product across state lines and national borders. 
However, with that freedom comes more competition.  
 
¢ƘŜ ƴŜǿ ƭŀǿ ŘƻŜǎƴΩǘ ŀƭƭƻǿ ŀ ǇǊƻŘǳŎŜǊ ǘƻ ǎǘŀǊǘ ƎǊƻǿƛƴƎ ƘŜƳǇ ǘƻŘŀȅΦ LƴǎǘŜŀŘΣ {ŜŎǘƛƻƴ млммо ƻŦ 
the Farm Bill describes the two situations under which a producer will be able to grow hemp in 
the future. In the first situation, the States take charge of the regulation of hemp production 
within their state. To do this, a State must submit a plan to the USDA through their state 
department of agriculture. A State plan must include: 
 

¶ A way to keep track of land where hemp is produced within the state; 

¶ Methods the state will use to test how much THC is in hemp plants; 

¶ A way to dispose of plants or products that have a higher THC concentration than is 

legally allowed; 

¶ A procedure for inspecting hemp producers; 

¶ A plan for enforcing the law; 

¶ ! ǎȅǎǘŜƳ ŦƻǊ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƻŦ ŀ ƘŜƳǇ ǇǊƻŘǳŎŜǊΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ǘƘŜ ¦{5!Τ ŀƴŘ 

¶ Assurances that the state has the resources to carry out the plan. 

The second scenario is when a State chooses not to develop their own hemp production plan. A 
ǇǊƻŘǳŎŜǊ ƛƴ ŀ {ǘŀǘŜ ǘƘŀǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ƘŜƳǇ Ǉƭŀƴ ŎƻǳƭŘ ƭŜƎŀƭƭȅ ƎǊƻǿ ƘŜƳǇ ōȅ ƻōǘŀƛƴƛƴƎ ŀ ¦{5! 
hemp license through the hemp regulations that the USDA will develop, unless the State has 
prohibited hemp cultivation. A State can outlaw hemp production within its boundaries or 
include additional restrictions and requirements in its State plan as long as the plan complies 
with the federal law requirements. 
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RUTGERS FARM SAFETY AND HEALTH PROGRAM  

 

 

Michelle Infante-Casella* , William Bamka, and Stephen Komar, Agricultural Agents, and Brian 

Schilling, Director of Rutgers NJAES Cooperative Extension 

 

*Rutgers Cooperative Extension of Gloucester County 

254 County House Rd., Clarksboro, NJ 08020 

minfante@njaes.rutgers.edu 

 

 

Agricultural Agent, Michelle Infante-Casella was appointed to lead Rutgers NJAES Cooperative 

Extension Farm Safety and Health Program as a director to the Northeast Agricultural Safety and 

Health Coalition. Other key faculty on this team include Agricultural Agents William Bamka 

(Burlington) and Stephen Komar (Sussex) and Brian Schilling, Director for Rutgers NJAES 

Cooperative Extension.  

 

The Rutgers team members are working with a Special Agent WMD Coordinator, with the US 

Department of Justice, Federal Bureau of Investigations to host a 2-day training in September 

2019 titled, ñAnimal-Plant Health Sector Defense: Awareness and Outreachò. In addition we will 

be organizing training for ñRapid Response Teamsò for agricultural threats.  

 

The working group received $1,000 in November 2018 from the Gerwig Fund at Rutgers 

NJAES. The funding covered educational supplies and the rental of a trade show booth at the 

2019 NJ Agricultural Convention and Vegetable Growers Convention/Trade Show in Atlantic 

City.  

 

The team is working on 3 areas of education to start off the program; hearing loss, silicosis, and 

sun exposure/skin cancer.  

 

Hearing Loss 

 

Daily life on the farm is characterized by high noise levels from tractors, implements, tools, 

ventilation systems and other machinery. As a consequence, farmers are particularly vulnerable 

to loss of hearing. This is reflected in a prevalence of hearing impairment far above the average 

found in other groups of laborers in other career sectors. More than 3 out of 4 farmers in the U.S. 

believe they have some level of hearing loss. 

 

A study of 5,000 U.S. farmers were questioned about their hearing over a period of 10 years. The 

study found that 92 percent of the farmers were exposed to extreme noise levels while involved 

in farming activities. As a result, 78 percent suffered from hearing problems, yet only four 

percent used hearing aids. 

 

Wearing hearing protection is the most obvious way to prevent hearing damage, but is not the 

only way to protect yourself. Additional ways to limit the noise include putting sound insulation 

in barns and other work rooms, selecting the equipment with less noise output, and repairing 

equipment with excessive noise due to worn or missing parts. 
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In addition to causing hearing damage the noise may adversely affect farm workersô 

concentration and contribute to physical exhaustion. Farmers often exert more energy in order to 

perform their tasks in a noisy environment, may be stressed, and may have difficulty verbally 

communicating with other workers. These factors may all result in other work related injuries. 

 

Silicosis 

 

Silicosis is defined as a disease resulting from chronic occupational exposure to silica dust. Silica 

is primarily composed of quartz dust. The International Agency for Research on Cancer (IARC) 

has designated crystalline silica as a known human carcinogen. Silicosis may lead to impairment 

of lung function resulting from fibrosis of the lungs ï hardening of the lungs. This disease may 

also cause other lung-related illnesses. Silicosis is an untreatable, but preventable disease. The 

history of silicosis in the U.S. was first realized in the mining industry, but occurs in other 

occupations where workers are exposed to silica dust ï including farming.  

 

Silica is an abundant mineral that makes up the earthôs crust. It can be found in sand, rock, and 

mineral ore. Silicosis is usually caused by exposure to silica particles smaller than 10 

micrometers. Farmers may develop silicosis when exposed to crystalline silica in the soil of 

farmland during activities such as plowing or disking - when dust particles can enter the air. 

Breathing in silica dust may irritate the lungs and eventually lead to silicosis. 

 

Filtered cab tractors, respirators, dust masks, not working soil when too dry, and other 

preventative measures to reduce dust exposure are critical. 

 

Regular medical examinations and promoting a healthy lifestyle are important in preventing 

silicosis. Though smoking has not been proven to increase the risk of contracting silicosis, 

studies have shown exposure to silica is associated with chronic obstructive pulmonary disease 

(COPD), including bronchitis and emphysema; the results of some epidemiologic studies suggest 

that these diseases may be less frequent or absent in nonsmokers. 

 

Since chronic silicosis is the most common form of silicosis, generally occurring after 10 or 

more years of exposure, this can give workers a false security, or ñit will never happen to meò 

mentality. This is the type of thinking that needs to be altered. 

 

There are three types of silicosis: 

¶ Acute silicosis (also known as silicoproteinosis) - takes a few weeks up to a year to 

develop. Scarring of the lungs is minimal and symptoms may include coughing and a 

fluid buildup in the lungs resulting in possible low blood oxygen levels. 

¶ Chronic silicosis - takes 10 to 30 years to develop. Scarring of the lungs is more severe 

and symptoms may include coughing and shortness of breath. 

¶ Accelerated Silicosis - takes under 10 years to develop. Scarring of the lungs is minimal 

and the symptoms are similar to those of chronic silicosis but the disease develops over a 

shorter time period. 

 

How do I know when I have silicosis?  
Only a doctor can diagnose silicosis. A three step process is used to diagnose silicosis. First, the 

patient must have a known exposure to silica dust (e.g., a job or home near silica dust). Secondly, 

a chest x-ray must indicate that the patient has damaged lung tissue, and lastly a pulmonary 
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function test is administered to determine if airways are restricted. A bronchoscopy may also be 

done using a camera to inspect the lung tissue for damage and symptoms of silicosis. 

 

What is the treatment for silicosis? 
There are currently no treatments for silicosis - preventative protection and education is the first 

and only step for treating silicosis.  

 

What are the symptoms of silicosis? 

¶ Cough 

¶ Weight loss 

¶ Fatigue 

¶ Difficulty breathing  

¶ Scarring of the lungs 

¶ Fluid buildup in the lungs 

¶ Reduced lung capacity 

¶ Low blood oxygen levels (which may lead to cyanosis) 

 

Skin Cancer 

 

Farmers and agricultural workers have a high risk of skin cancer because they usually work 

outdoors. Protect yourself from the sun and reduce your risk of skin cancer by wearing a broad 

brimmed hat, sunglasses, long sleeved shirts, long pants and sunscreen. 

 

Become familiar with the ultraviolet (UV) index predicted for the day. UV index measures UV 

levels on a scale from 0 (Low) to 11+ (Extreme). Sun protection is recommended when UV 

levels are 3 (Moderate) or higher. It is important to note a number of factors including the time 

of day, time of year, cloud cover, altitude, how close you are to the equator, scattering and 

reflection affect UV levels. Avoid working outdoors in the middle of the day, if possible, when 

ultraviolet rays are at their highest. 

 

Farmers are also at risk of eye damage from too much sunlight while working long hours 

outdoors. Always wear sunglasses fitted with side arms and sun hats to protect your eyes and to 

reduce the risk of facial skin cancers. 

 

Skin cancer is a preventable disease and the majority of skin cancers can be successfully treated, 

if found early. Being familiar with your skin and aware of any changes should help you detect 

any suspicious lumps or spots as soon as they develop. Donôt just rely on an annual skin check to 

detect any suspicious spots.  

 

Using the combination of five simple sun protection measures and avoiding outdoor farming 

tasks in the middle of the day or when UV radiation is highest, will assist in reducing the risk of 

skin cancer. 

 

1. Wear long sleeves and pants 

2. Apply 50+ sunscreen  

3. Wear a sun-protecting hat 

4. Work in shade when possible 

5. Wear sunglasses 
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Fall Strawberries and Goldenberries: 
Alternative Annual Fruits for New Jersey Growers 

 
Edward F. Durner 

Department of Plant Biology 
Rutgers, The State University of New Jersey 

59 Dudley Road, New Brunswick, NJ 08901, USA 
durner@sebs.rutgers.edu; Tel: 848.932.6366. 

 

Fruit crops require a substantial commitment of land resources over many years in 

order to be horticulturally and economically viable.  In addition, many fruit crops require 

significant pruning, training and production skills for success.  Over the last 3 years I 

have been examining two fruit production systems that fit into a standard annual 

vegetable crop rotation: fall strawberries and goldenberries.  This report summarizes the 

work so far. 

Fall Strawberries 

In the late 1990ôs I developed a greenhouse based, off-season strawberry production 

system using photoperiod and temperature conditioned plants of the short-day cultivar 

óSweet Charlieô.  Plugs were given short days followed by chilling in a walk-in cooler, 

then planted in a hydroponic greenhouse system for mid-winter production.  The system 

was never commercially adopted due to the cost constraints associated with the 

conditioning protocol. 

A much more feasible approach uses the long-day cultivar óAlbionô, planted in the spring 

or early summer for fall production the same season.  Numerous reports in the literature 

describe efforts to develop off-season strawberry production systems for temperate 

North America using long day cultivars in field or protected culture.  Conditioning of 

plant material before planting may or may not improve off-season fruiting, depending on 

planting date. 

The current recommendation for off-season LD cultivar production is to use dormant, 

cold-stored crowns planted directly in the field as early in the spring as possible (before 

May 1).  Field conditions (wet and cold) often preclude early planting dates in the 

eastern US.  In these situations, plugs can be produced in the greenhouse from 

dormant, cold-stored crowns then planted in the field when conditions allow however, 

later planting leads to a reduction in yield. 

Photoperiod and nitrogen conditioning may enhance flowering and off-season, fall field 

production in long-day cultivars depending on field planting date and plug size.  

Elevated nitrogen during floral initiation enhances and accelerates flowering of long day 

cultivars.  The response to conditioning is rapid (4 weeks after treatment) and cultivars 

respond with increased rate (enhanced precocity) and intensity (enhanced 

inflorescence/flower number) of flowering with elevated N.  The reduced yield often 

observed with later planting (22 July) is alleviated with photoperiod and nitrogen 

conditioning, however, earlier plantings (2 and 22 June) do not benefit from 

conditioning.  While larger plugs are often more productive than smaller ones, fewer 

larger plugs are produced per unit area, thus smaller plugs are often utilized.  Smaller 

plugs of LD cultivars are often less precocious and productive due to a SD response 
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imposed by higher plant density during propagation.  When smaller plugs are used, their 

precocity and early fall production is enhanced with conditioning. 

If you are interested in trying such an approach, e-mail me at durner@sebs.rutgers.edu 

and I can provide you with more details on how to do it.  

Goldenberries 

Goldenberries (Physalis peruviana) are a South American, Solanaceous fruit quickly 

gaining attention in North America.  It has many different common names, including:  

Cape gooseberry, Poha berry, Incaberry, and Pichuberry and is closely related to the 

tomatillo (P. ixocarpa) and ground cherries (P. pruinosa).  Even though they are native 

to tropical South America and plants are injured at a temperature of about 30oF, 

goldenberries can be grown as an annual in temperate regions.  They have a very long 

growing season and are started in the greenhouse and transplanted outdoors much like 

tomatoes, peppers or eggplants as soon as the threat for frost is over. 

A two-year Northeast Region SARE project óLNE18-362- Goldenberries (Physalis 

peruviana): A New Fruit for CSA Farms and Farmers Marketsô is underway trying to 

identify germplasm suitable for growing in the Northeast region.  Some of you may have 

participated in this study in 2018 and will hopefully return in 2019.  If you werenôt 

involved in 2018 but would like to join our efforts, please send me an e-mail at 

durner@sebs.rutgers.edu and Iôll be sure to include you in 2019. 

Their long growing season is a problem for more northerly growers.  Researchers at 

Rutgers, Cornell, Cold Spring Harbor Labs and the University of Florida are 

investigating the possibility of developing a goldenberry with a much shorter growing 

season requirement.  The work is in itôs infancy (a Specialty Crops Research Initiative 

pre-proposal has been submitted to the USDA), but youôll be sure to hear of our 

progress as work progresses. 

Goldenberry has been cultivated for years in the Andes mountains of South America.  

The fruit has spread worldwide however; it has not become a significant crop in most 

regions.  Localized industries have developed in South America, South Africa, Australia, 

New Zealand and India but large-scale commercial production is not common. 

There are over 100 species of Physalis and many are considered weeds.  However, 

four are grown for their fruit (tomatillos (P. ixocarpa), ground cherries (P. pruinosa, P. 

pubescens), and goldenberries (P. peruviana)). Goldenberries are often confused with 

ground cherries (Physalis pruinosa, Physalis pubescens) however, they are easy to 

distinguish.  Goldenberry foliage is extremely pubescent (hairy) while ground cherries 

are glabrous (smooth).  In addition, the calyx (husk) of goldenberry has 10 ribs while 

husks of ground cherries have 5.  Mature goldenberry plants are much larger (up to 5 or 

6 feet) than ground cherries (at most 3 feet). 

One of the distinguishing features of Physalis species is their husk.  Goldenberry 

flowers are yellow, up to ¾ inch wide, pendulous and bell-shaped with purplish spots in 

the throat.  They appear in the leaf axils.  Flowers are cupped by a purplish-green, 

mailto:durner@sebs.rutgers.edu
mailto:durner@sebs.rutgers.edu
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hairy, 5-pointed calyx which expands after the flower falls following pollination and 

fertilization to form the husk.  The fruit, which is a berry, is encased in the husk which 

starts out soft and green when young but becomes tough, brown and paper-like when 

the fruit is mature.  The husk is much larger than the fruit it encloses and it is inedible. 

Unlike ground cherries, goldenberries do not abscise (fall off the plant) when ripe and 

are harvested directly from the plant.  Fruit are ½ to 1-inch-wide globe-like berries with 

smooth, glossy orange skin with a juicy pulp containing many very small edible seeds 

when fully ripe.  Fruit has a pleasant tropical flavor, tasting like a mixture of pineapple, 

strawberry, sour cherry and citrus. 

Seeds must be obtained from a reliable source.  Goldenberries are often mislabeled by 

seed companies, often being P. pruinosa or P. pubescens (both ground cherries) or P. 

ixocarpa (tomatillo).  Seeds are sown in flats of a sterile seeding mix of your choice, 

barely covering the seeds, and are kept moist.  Seeds germinate in 14 to 21 days in a 

moderately warm greenhouse and seedlings transplanted when they are about 1-inch-

tall into 24 to 50 cell plug trays.  They are grown in the greenhouse for at least 6 weeks 

before they are transplanted to the production field. Plants are large enough to 

transplant outdoors when they are 6 to 8 inches tall and there is no chance for frost. 

Goldenberries produce best on well-drained ópoorô soils but they need adequate 

moisture as they tend to ógo dormantô during a drought.  We recommend planting 

goldenberries on standard raised beds covered with black plastic mulch with trickle 

irrigation, much like you would use for tomato production.  Do not supply any pre-plant 

fertilizer or any at the time of transplanting as fertilization greatly reduces fruit 

production.  Beds can be spaced according to your equipment measurements but 

should be at least 4 feet on center.  Plants should be spaced 4 to 5 feet apart within the 

row.  Plants tend to have a sprawling habit and are sensitive to high winds thus they 

should be supported with a simple 1 wire (at 3 to 4 feet) trellis with main stems clipped 

or tied to the wire.  We use T stakes with heavy duty twine and standard tomato clips.   

Goldenberry plants grow as a single stem for 9 to 15 nodes when they then bifurcate 

(branch as a Y).  This branching habit continues during subsequent stem growth.  All 

axillary shoots and suckers should be removed up until the first bifurcation of the main 

stem.  A trip through the field once every week or two should suffice.  Pruning normally 

lasts for 3 to 4 weeks, thus labor requirements for pruning are not excessive.  Once the 

plant has branched, minimal sucker removal is required. 

The first flower appears at the node of bifurcation (approximately a month or so after 

transplanting) and flowering will continue until frost in the fall.  Flowers are wind and 

insect pollinated and are self-pollinating.  Cross pollination within goldenberry is rare 

and pollination between species (i.e. goldenberry with ground cherries or tomatillos) is 

even rarer.  Genetic lines stay true to type when seeds are collected and saved from 
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year to year.  Goldenberries typically produce 150 to 300 fruit per plant, beginning in 

late August or early September and continuing until the first fall frost. 

We have seen two significant insect pests during our trials: the three lined potato beetle 

(Lema daturaphila) (particularly the larvae on young plants) and tobacco and tomato 

hornworms (Manduca sexta and Manduca quinquemaculata, respectively) particularly 

later in the season on mature plants. The tobacco hornworm is more common than the 

tomato hornworm and can be distinguished from the tomato hornworm by its seven 

diagonal white stripes and its usually red óhornô while the tomato hornworm horn is 

bluish-black.  

Fruit are ripe when they turn a golden color which is often easily seen through the husk, 

which by the time of fruit ripening has faded and turned yellowish brown and 

translucent.  Green fruit are not ripe and will not ripen once removed from the plant.  

Ripe fruit do not abscise like ground cherries and are harvested by hand.  Fruit should 

be harvested when they are dry; if they are moist from dew or rain they are likely to 

mold.  Fruit is normally left in the husk for sale in pint containers, but sometimes the 

husk is removed and the golden berries displayed in half-pint containers for sale.  Many 

chefs prefer fruit with the husk as it is often used for decoration.  Additionally, fruit will 

keep at room temperature for up to 3 months if they are left in the husk. 

Fruit is eaten fresh or cooked. Fresh goldenberries fit well in in mixed green or fruit 

salads, make a wonderful addition to salsas and make an elegant dessert when partially 

dipped in chocolate.  The fruit makes excellent pies, jams and jellies and is naturally 

high in pectin.  A serving of fresh goldenberries (100 g) provides approximately 75 

calories, 0.3g protein, 0.2g fat, 19.6g carbohydrate and 4.9g fiber.  The medicinal 

qualities of goldenberry are too numerous to list.  We will provide a well-researched 

chapter complete with references and citations on the medicinal properties of 

goldenberry in our forthcoming production manual.  

Numerous internet reports suggest that goldenberry plant tissues and green fruit are 
poisonous.  Green tissues including unripe fruit contain solanine which can cause 
gastroenteritis and diarrhea, thus consumption of unripe fruit should be avoided. 
 

This material on Goldenberries is based upon work supported by the National 
Institute of Food and Agriculture, U.S. Department of Agriculture, through the 

Northeast Sustainable Agriculture Research and Education program under sub-
award number LNE18-362. 



24 

 

 

CONNECTING NEW JERSEY FARMERS  
WITH A NOT-FOR-PROFIT CULINARY SCHOOL  
TO DEVELOP NEW VALUE-ADDED PRODUCTS:  

A FEASIBILITY STUDY 
 
 

Lauren B. Errickson, M.S. 
Senior Program Coordinator 

Rutgers Cooperative Extension 
88 Lipman Drive 

New Brunswick, NJ 08901 
lauren.errickson@rutgers.edu  

 
Anthony Capece 

Associate Director 
Elijahôs Promise 

211 Livingston Avenue 
New Brunswick, NJ 08901 

anthony.capece@elijahspromise.org  
 

Ethan D. Schoolman, Ph.D. 
Assistant Professor of Human Ecology 

Rutgers University 
55 Dudley Road 

New Brunswick, NJ 08901  
es808@sebs.rutgers.edu  

 
Virginia Quick, Ph.D., R.D. 

DPD Director 
Rutgers University 
26 Nichol Avenue 

New Brunswick, NJ 08901  
vquick@njaes.rutgers.edu  

 
 

Can small farms growing mainly specialty crops work together with non-profit 
culinary schools to create opportunities in value-added product sales for both farmers 
and food entrepreneurs? We believe the answer is ñyesò, and in this planning project, 
funded by a Local Food Promotion Program grant from the USDA AMS, our goal is to 
find out what kinds of programs might work best. 
 

Value-added products are widely recognized as an important potential source of 
revenue for small farms, especially in areas where the direct-to-consumer market for 
fresh produce, via CSAs and farmers markets, is becoming saturated (Born and 
Bachmann 2006; Ohmart 2003). However, small farms rarely have sufficient resources 
to manufacture at scale value-added products on their own (Center for Profitable 

mailto:lauren.errickson@rutgers.edu
mailto:anthony.capece@elijahspromise.org
mailto:es808@sebs.rutgers.edu
mailto:vquick@njaes.rutgers.edu
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Agriculture 2007; Harvard Food Law and Policy Clinic 2017). Central New Jersey is an 
area where the market for direct-to-consumer fresh produce is indeed increasingly 
saturated, yet many local farms aspire to continue agricultural operations and new and 
beginning farmers are looking for opportunities to enter the agricultural business sector. 
Central New Jersey is therefore an excellent example of an area in which local farms 
growing specialty crops would benefit from being able to develop value-added products 
as an additional source of revenue. 
 

Not-for-profit culinary school programs (nfp-CSPs) give individuals from low-income 
communities the opportunity to develop the skills needed to succeed in the food service 
industry. These kinds of programs, and their students, would benefit from being able to 
prepare their students for careers in value-added entrepreneurship and small-scale food 
manufacturing. In many cases, nfp-CSPs own and operate a professional-level kitchen, 
where students have access to versatile food production and processing equipment. 
But, these valuable resources are often used only for training in hot food preparation, 
and not for food processing or the manufacture of value-added products. To establish 
successful food processing training programs, nfp-CSPs would benefit from validated 
guidelines for best practices related to establishing contracts with farmers, developing 
recipes, and marketing their products. 
 

Farm operations growing specialty crops in Central New Jersey face an increasingly 
saturated market for direct-to-consumer sales of fresh produce. At the same time, 
Promise Culinary School (PCS), a vocational education program run by the non-profit 
organization Elijahôs Promise in New Brunswick, is exactly the kind of nfp-CSP we have 
just described. PCS was founded at Elijahôs Promise in 1997, and currently graduates 
50-60 students each year. However, very few PCS students have so far started their 
own independent local food businesses, despite the excellent training they receive in 
food service and the outstanding kitchen facilities at PCS. 
 

In this project, we are exploring agribusiness models that will assist in the 
development of local food businesses in and around New Brunswick, New Jersey. 
Specifically, we are engaging in a planning process aimed at jumpstarting productive, 
mutually-beneficial food manufacturing partnerships between local farmers and Promise 
Culinary School. Our work is funded by a Local Food Promotion Program grant from 
USDA AMS. The result of our project will be a plan for a new local-food-to-value-added 
supply chain in the greater New Brunswick area, where: 1) fruits, vegetables, and herbs 
produced by local NJ farms are made available to PCS; 2) PCS students work with 
nutrition and food manufacturing experts at Rutgers University to develop recipes and 
processing protocols for new value-added local food products; 3) resulting products are 
piloted for sale at local farmers markets offering participating farmers and producers 
real-time market feedback in a traditionally underserved community; 4) experience 
gained by PCS students, and the relationships forged with local farms, contributes to 
the development of new food businesses; 5) a comprehensive final report outlines a 
path toward a fully implemented program. 
 

We are currently in the first phase of this project. Our first objective is to assess the 
interest and ability of local growers of specialty crops to supply PCS with fresh market 
produce for value-added food manufacturing through one of four proposed agribusiness 
models:  
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1. Fee-for-Service Model. Local farmers pay PCS to process their surplus produce into 

a value-added product, which is returned to the farmer for them to sell directly to 
consumers via their current market outlets. 
 

2. Wholesale Model. Local farmers sell surplus produce to PCS at a reduced rate, 
allowing PCS students to process the produce into value-added products which 
either the students themselves or entrepreneurial community members sell via direct 
retail outlets in a new business venture. 

 
3. Revenue-Share Model. Local farmers provide produce, which is processed and sold 

by PCS; a portion of the revenue from value-added product sales is then returned to 
farmers. Or, the farmer can choose to donate the produce to PCS for a tax 
deduction in lieu of receiving their share of the sales revenue. 

 
4. Product-Share Model. Local farmers provide produce at no cost to be processed by 

PCS. Some of the value-added products made are then sold by PCS, and some are 
returned to the farmer to sell at his/her own market outlets. 

 
We expect to accomplish this first objective by conducting a survey of local fruit and 

vegetable growers and holding focus groups and interviews with farmers in New Jersey, 
especially those who sell at farmers markets in reasonable proximity to the City of New 
Brunswick.  
 

After receiving valuable farmer input regarding the financial viability of the proposed 
agribusiness models, our second objective is to determine the specific value-added food 
products that could be a viable focus for new local food businesses in the greater New 
Brunswick area, with particular attention paid to both low-income and low-food access 
communities. Community focus groups conducted with urban New Brunswick residents 
will provide important information to the research team regarding the specific types of 
value-added food products desired by potential customers and the price points at which 
customers are willing to purchase the value-added products. As part of this objective, 
recipes and manufacturing processes for 3 to 5 proposed products will be developed by 
PCS staff and Rutgers University project investigators. Data to inform the product 
development aspect of this objective will be gathered through focus groups conducted 
with New Brunswick-area community members. A final report synthesizing all of the 
information collected through this planning process will inform the next steps toward 
increasingly widespread implementation of the initiative to connect local farms with nfp-
CSPs for successful value-added agribusiness development. 
 

Many small and mid-sized farms in Central New Jersey could potentially benefit from 
assistance with turning produce into value-added products for additional business 
opportunity. Promise Culinary School at Elijahôs Promise needs help preparing their 
students, especially students from low-income communities, to succeed in value-added 
entrepreneurship and small-scale food manufacturing. For Elijahôs Promise, these job 
training opportunities are how we can change our model from one of charity to one of 
justice. Putting the pieces together by connecting farmers and culinary students for 
improved value-added food production will contribute to an improved agricultural and 
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food system in the greater New Brunswick area to serve as a model for the State of 
New Jersey and beyond. 
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Risk factors for crop damage by birds 
General Principle 1. When there is less fruit or vegetables in a given area, there will be 
a higher proportion of damage to the crop that is available. One should expect higher 
proportions of damage in: 1) low-yield years (Fig. 1), 2) early-ripening varieties, 3) small 
blocks. 
 
General Principle 2. Blocks near resources important to crop-eating birds are at higher 
risk. One should expect higher proportions of damage: 1) in blocks under wires, 2) at 
edges of blocks, particularly edges near non-crop areas (Fig. 1), 3) near night roosting 
sites, 4) in isolated blocks with little human activity, 5) in blocks near dairy farms. 
 
Each farm is unique and should be assessed for risk factors. For example, wooded 
edges of blocks can provide ñstaging areasò for crop-eating species like American 
robins. The birds enter the blocks from the woods, eat, and then return to the woods. If 
a low-yield year is anticipated, or if your farm has some of these risk factors, it is 
recommended that you prepare bird management strategies early in the year. 
************************************************************************************************************* 
Figure 1. Michigan sweet cherries had higher percent bird losses in 2012, a low-yield year, 
compared to 2013 and 2014, high-yield years, although this effect varied with the number of 
block edges adjacent to other sweet cherry blocks. In other words, blocks near other blocks are 
protected to some degree from bird damage. 

 

 
                  (low-yield year)        (high-yield year)      (high-yield year) 

mailto:lindellc@msu.edu
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**************************************************************************************************** 
Bird management strategies 
Bird management strategies can be grouped into several categories: 1) scaring, 2)  
barriers, 3) cultural management practices, for example encouraging natural predators, 
4) deterrent sprays 5) lethal control and 6) more recently, interfering with birdsô 
perception of their environments. 
 
Scaring strategies. Birds habituate quickly to sounds and visual devices that are 
supposed to scare them. Simply placing decoys of predators or scare-eye balloons is 
not likely to deter birds for long. If one employs scaring devices, they should be 
deployed early in the season. Also, they are more likely to deter birds if there is some 
random component to their movement or sound. For example, inflatable tubemen 
should be moved within or around a block and, ideally, go on and off randomly. Propane 
cannons and devices that play recordings of distress calls or predator calls can be 
programmed to go on and off randomly. Some scaring strategies, like lasers, work in 
particular situations. For example, lasers deter Canada geese in low-light situations. 
Effigies (dead birds hung in the crop) may deter crows. 
 
Preliminary studies of ñlaser scarecrowsò, where a laser beam sweeps over a field, 
show some promise in reducing bird activity in sweet corn.  
 
In recent preliminary work with drones in sweet cherry orchards, our results were 
inconsistent but suggest drones may deter birds in some contexts. On some days in 
some orchards, fruit-eating bird numbers were lower when drones were flying over a 
block. Larger-scale trials to investigate this strategy are warranted. 
 
Barriers. Some growers use netting to deter birds; it was considered the most effective 
bird deterrent in a survey of 1500 fruit-growers (Anderson et al. 2013). Netting requires 
considerable effort and materials. If one employs netting, it is important that the netting 
enclose the vulnerable crop. Birds will easily get under the netting if there is a gap left 
between the bottom of the netting and the ground. Also, ideally, the netting will be on a 
frame to maintain some distance between the crop and the netting. If the netting lies on 
the crop, birds will simply reach the crop through the netting. 
 
Increasing resources for predators of birds. American kestrels, small predatory birds, 
can be attracted to fields with nest boxes. Kestrels prey on insects, small mammals, and 
birds and we have good evidence that they deter pest birds in Michigan sweet cherry 
orchards (Shave et al. 2018). Occupancy rates of kestrel boxes can vary greatly from 
region to region. Eighty to 90% of nest boxes in northern Michigan sweet cherry 
orchards attract kestrels while in blueberry fields in western Michigan, occupancy rates 
are between 30-35%. Western Michigan nest boxes are also often occupied by 
starlings, an invasive pest species. Areas with plentiful pasture or short-grass areas 
tend to be more attractive to kestrels. At the end of this hand-out is information about 
building and maintaining nest boxes and the best locations. An important consideration 
is that kestrels eat voles and mice, so rodenticides should not be used in fields when 
kestrels are present. Also, kestrels nest in May and June and sometimes July. They are 
more likely to be helpful as a bird deterrent if your crop is ripening during those months. 
As a final point, our research shows that consumers are enthusiastic about this type of 
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bird management and so informing your customers about your use of predator nest 
boxes may be valuable in marketing (Herrnstadt et al. 2016). 
 
Chemicals. Anthraquinone can be applied to protect corn seeds and seedlings from 
sandhill cranes. The chemical has been shown to reduce corn seed and seedling 
damage by birds. Avipel is one brand containing this chemical. Product labels and 
availability vary among states. 
 
Bird deterrent sprays (there are several on the market) contain methyl anthranilate, a 
chemical allowed for use on fruits and vegetables. Methyl anthranilate is also a food 
additive that imparts a fruity odor to products. The method of action of methyl 
anthranilate is that it irritates nerves in birdsô bills. Tests of the efficacy of methyl 
anthranilate products have not produced strong evidence that it deters birds in field 
situations. If you use sprays containing methyl anthranilate, apply them following the 
label as closely as possible to increase the likelihood of effectiveness. For example, bird 
deterrence may be improved if they are applied with foggers, which produce smaller 
droplets, than typical sprayers. Also, the sprays need to be reapplied after it rains.  
 
Lethal control. Lethal control doesnôt have a strong track record for reducing bird 
damage although it may be warranted in specific contexts. Whether or not one needs a 
permit to kill pest birds depends on the bird species and the context. This website has 
some limited information for farmers: https://www.njfishandwildlife.com/farmer.htm#wild  
 
Interfering with birdsô perception of their environments. Recent developments in bird 
management impair birdsô abilities to perceive their environment and may have 
applicability in fruit and vegetable-production systems. ñSonic netsò, for example, 
broadcast noise at the same frequencies at which birds communicate, potentially 
interfering with birdsô ability to warn each other about danger. One test showed that the 
nets deterred birds from an airfield. By reducing birdsô abilities to communicate and 
perceive predators, these techniques may be less susceptible to habituation than scare 
techniques. 
 
Take-home messages 
Assess risk 
Decrease resources for fruit and vegetable-eating birds 
Use a combination of bird management strategies 
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*Building, Installing and Monitoring American Kestrel Nest Boxes* Plans for the 
ñSpartanò kestrel nest box and mounting tower can be found here: 
http://www.nestboxbuilder.com/nestbox-article-spartan.html. Additional plans for kestrel 
nest boxes can be found here: 1) 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_063830.pdf 
2) https://nestwatch.org/learn/all-about-birdhouses/birds/american-kestrel/. Boxes 
should be installed away from wooded areas to reduce the risk of occupancy by 
European starlings. Open habitat with sparse trees/shrubs is desirable. Boxes mounted 
on their own poles can be installed within the block, either at the end of a row or within a 
row in an open spot. Boxes should be installed at least one-half mile apart to allow for 
kestrel territoriality and 10 ï 20 feet from the ground. Kestrel nests are more likely to 
produce young from boxes facing southeast. The bottom of nest boxes should be lined 
with wood shavings or animal bedding. Boxes that were occupied during the summer 
should have the wood shavings replaced during the fall or winter in preparation for the 
next breeding season. If a European starling occupies a box, it will add grass and other 
materials to the box and lay 5 ï 7 pale blue eggs. A starling nest should be removed 
from the box, and new wood shavings added to the box if needed. Starlings are not 
native to North American so no permits are needed to remove their nests. Please 
contribute to the nationwide kestrel nest box monitoring effort by registering your boxes 
with the American Kestrel Partnership: http://kestrel.peregrinefund.org/begin-obs 

http://www.nestboxbuilder.com/nestbox-article-spartan.html
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_063830.pdf
https://nestwatch.org/learn/all-about-birdhouses/birds/american-kestrel/
http://kestrel.peregrinefund.org/begin-obs
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SWEET CORN TRIALS COMPARING NON-B.t., B.t., and STACKED B.t. VARIETIES 
 

Kristian Holmstrom 
Joseph Ingerson-Mahar 

RCE Vegetable IPM Program 
104 Thompson Hall 

New Brunswick, NJ  08901 
Kris.holmstrom@rutgers.edu 

Mahar@sebs.rutgers.edu 
 

Corn earworm (CEW) is the primary ear-damaging insect in sweet corn production in 
the Mid-Atlantic states, and is the principle driver of silk stage insecticide applications on 
this crop.  In New Jersey, CEW moth populations are generally low, to very low from 
late May through mid-June.  This is followed by a period through mid-July when CEW 
adults are nearly non-existent.  This situation changes in August and September, with 
weather-aided migratory influxes of CEW moths from the lower Atlantic Coast states.  
IPM programs monitoring CEW moth numbers are able to provide critical information to 
growers so that they can adjust their silk stage insecticide applications in response to 
increasing pest pressure.  In an effort to minimize insecticide applications during this 
later part of the season, many growers have opted to use sweet corn varieties that 
incorporate toxins from the soil inhabiting bacterium Bacillus thuringiensis (B.t.).   
 
There are currently three types of B.t. sweet corn available commercially:  Attribute® 
hybrids (expressing Cry1Ab toxin), Attribute® II hybrids (expressing Cry1Ab and Vip3A), 
both from Syngenta Seeds, and Performance SeriesÊ hybrids (expressing the 
Cry1A.105 and Cry2Ab2 toxins) from Seminis Seeds.  While all hybrid types provide 
excellent control of European corn borer (ECB), and fair (Attribute) to excellent 
(Performance, Attribute II) control of fall armyworm (FAW), the control of CEW has 
deteriorated rapidly and dramatically in B.t. hybrids as field resistance to Cry toxins has 
developed in that insect.  
 
In response to increasing instances of poor CEW control in the mid-Atlantic region, and 
in order to better track regional changes in CEW field resistance to B.t. toxins in sweet 
corn, a multi-state sentinel plot study was begun in 2017 and repeated in 2018 (see 
figure 1). B.t. sweet corn is an ideal crop with which to monitor resistance to these 
toxins because 1) the toxins are expressed at higher concentrations in sweet corn than 
in B.t. field corn, 2) we have years of data on CEW ear infestations in non-B.t. corn as a 
baseline for expected damage, 3) changes in infestation rates are easy to track 
because CEW is almost exclusively an ear infesting insect and 4) there are true 
isogenic hybrids among non-B.t. and B.t. varieties, meaning that the only difference 
between them is the inclusion/type of B.t. derived toxin.   
 
 
 
 

mailto:Kris.holmstrom@rutgers.edu
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In 2018, all field plots contained the isogenic bicolor hybrids óProvidenceô (non-B.t.), 
óBC0805ô (Attribute - Cry1Ab) and óRemedyô (Attribute II ï Cry 1Ab, Vip3A).  Plots at 
Wye River and Beltsville, MD, Pittstown, NJ, Rock Springs, PA, Georgetown and 
Newark DE, Geneva and Riverhead, NY, Abingdon, Blacksburg, Painter and Suffolk, 
VA, and Vincent, OH (conducted by WVa) also contained the isogenic hybrids 
óObsessionô (non-B.t.) and óObsession IIô (Performance Series ï Cry1A.105 +Cry2Ab2).  
Plots were planted such that the silking periods would fall in the later summer when 
CEW moth numbers were at their highest. No insecticide applications were made.   All 
evaluations of ear damage occurred at fresh market maturity.  Data recorded included 
number of ears damaged by CEW, size of surviving CEW larvae, kernel area consumed 
and proportion of larvae reaching later instars.  Of greatest concern to growers is the 
number of ears damaged by CEW, which is what is addressed here. 
 
Non-B.t vs. Attribute I vs. Attribute II 
 
Although some sites had lower overall infestation rates (Pittstown, NJ and Rock 
Springs, PA, Suddlersville, MD), a trend was consistent throughout all sites.  CEW field 
resistance to Cry1Ab toxin in sweet corn is widespread and significant enough that 
there is rarely a difference in CEW infestation between non-B.t. óProvidenceô and 
Attribute I óBC0805ô (see Figure 2).  Even at the lower infestation sites, ear damage by 
CEW would be considered unacceptable.  At the same time, the Attribute II variety 
óRemedyô shows at all sites that the Vip3A toxin is providing excellent control of CEW, 
with only limited (although slightly higher than in 2017) numbers surviving over all 

Fig. 1  2018 Sweet Corn Sentinel 
Plot Sites 
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locations. Sites followed by an asterisk (*) indicate multiple harvests.  Figures at these 
sites are averages of two or more evaluations.  
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Figure 2.  CEW injury ï non B.t., Attribute I and Attribute II 
 
 
Non-B.t. vs. Performance Series vs. Attribute II 
 
The 11 sites in the mid-Atlantic region where óObsession IIô (Performance Series ï 
Cry1Ab, Cry 2Ab2) was paired with itsô non-B.t. analog (óObsessionô) showed that Cry 
1Ab/Cry2Ab2 toxins no longer provide acceptable control of CEW (see Figure 3).  Sites 
followed by an asterisk (*) indicate multiple harvests.  Figures at these sites are 
averages of two or more evaluations.   
 
Data from the 2018 study show that regionally, only varieties that incorporate the Vip 
trait (Attribute II) are providing excellent control of CEW without insecticide applications.  
Varieties that incorporate Cry toxins alone will require insecticidal intervention by 
growers at levels approaching that required on non-B.t. sweet corn.  It bears repeating 
that all B.t. types to date are highly effective at preventing ECB injury at any growth 
stage, and Performance Series and Attribute II varieties provide excellent control of 
FAW as well.  B.t. technology does not control sap beetles or corn leaf aphids.  
Because CEW populations in the southern U.S. are exposed to lower doses of B.t. 
toxins in field corn and cotton, they have developed strong resistance to them at the 
higher doses found in sweet corn varieties.  This resistance is encountered in the 
Northeast U.S. later in the season because most of our CEW moths are migratory from 
points south.  At times, there appears to be a slight decrease in CEW ability to survive 
on sweet corn expressing Cry toxins in some northern (inland) sites in this study.  This 
may be due to susceptible individuals migrating from areas where resistance has yet to 
develop to the degree is has in the southeast.  Resistance trends will be monitored 
further, as refugia requirements in field corn have been relaxed.  This may intensify 
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resistance to B.t. toxins in CEW, and puts the Vip trait at risk for resistance 
development. 

 
Figure 3.  Ear damage from CEW ï Performance Series 
 
 
Potential changes in CEW response to Vip 3A toxin 
While Vip 3A expressing Attribute II sweet corn varieties still demonstrate excellent 
control of CEW, FAW and ECB, several disturbing findings emerged from the 2018 
study.  The low levels of CEW infested ears in some of the 2018 Attribute II (Remedy) 
plots in this study represented a significant increase over those in 2017, and in the 
period from 2008-2016.  Additionally, in CEW infested ears, CEW larvae survived longer 
in 2018 and consumed more kernel area than in previous years.  Although control 
efficacy remains very high in Attribute II types, these findings indicate the possibility that 
CEW populations are beginning to develop resistance to the Vip 3A toxin, as has 
occurred with previous Bt derived toxins.  Sentinel studies in the mid-Atlantic region are 
essential in monitoring changes in CEW population susceptibility to Bt derived toxins in 
commercial sweet corn varieties.  The cooperators in these studies plan to continue this 
work in order to inform the grower community regarding the status of CEW resistance, 
as well as provide data to assist regulatory agencies in developing management plans 
to help preserve this trait as an effective management tool.   
 
*  The author wishes to acknowledge Dr. Galen Dively (Uinv. Of MD) for organizing the 
2017-18 sweet corn sentinel plot projects, as well as conducting efficacy work on 
genetically engineered sweet corn since its inception.   
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TWO YEARS OF SWEET CORN CULTIVAR EVLAUATIONS 
 

Elsa Sánchez 
Tim Elkner 

Tom Butzler 
Bob Pollock 
Lee Stivers* 
Bill Lamont* 

Steve Bogash* 
Penn State Extension 

(* indicates retired from Penn State Extension) 
 
 
To provide growers with information for successful, region specific cultivar selection, in 2012-
13, we evaluated 25 cultivars of bicolor and white synergistic sweet corn grown in a 
conventional system across the state. Evaluations were located in southwestern Pennsylvania 
at Schramm Farms in Harrison City, Westmoreland County, in central Pennsylvania at the 
Russell E. Larson Research and Education Center in Rock Springs, and in southeastern 
Pennsylvania at the Southeast Research and Extension Center in Landisville.  
 
The cultivars and year(s) evaluated and company from which seed were acquired from are 
ƭƛǎǘŜŘ ōŜƭƻǿΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ǳǎŜŘ ǿŀǎ Ψ¢ŜƳǇǘŀǘƛƻƴΩΦ 

 
Table 1. Synergistic Sweet Corn Varieties for Statewide Trial; 2012-13 
 
Cultivar  Year(s) Evaluated  Seed Company 
Bicolor  
Allure    2012-13  Rupp Seeds, Wauseon, OH 
Attribute (BC0805)  2012-13  SeedWay, Elizabethtown, PA 
SC1102   2012-13  Seminis Vegetable Seeds, Oxnard, CA 
Cuppa Joe   2012-13  Rupp Seeds 
Espresso   2012-13  Rupp Seeds 
Jackie    2012-13  Harris Moran Seed Co., Modesto, CA 
Ka-Ching   2012-13  SeedWay 
Kristine   2012-13  Seigers/Crookham Seed Co., Holland, MI 
Montauk   2012-13  Harris Moran Seed Co. 
Primus    2012-13  SeedWay 
Paydirt    2012-13  SeedWay 
Profit    2012-13  SeedWay 
Providence   2012-13  SeedWay 
XTH 1273   2012   Seigers Seed Co. 
XTH 1274   2012   Seigers Seed Co. 
Synergy   2012-13  Seigers Seed Co. 
Temptation*   2012-13  Seigers Seed Co. 
Temptation II   2012-13  Seminis Vegetable Seeds 
SV 9014   2013   Seminis Vegetable Seeds 
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White  
Avalon    2012-13  SeedWay 
Captivate   2012-13  Rupp Seeds 
Edelweiss   2012-13  Harris Moran Seed Co. 
Illusion    2012-13  Rupp Seeds 
Mattapoisett   2012-13  SeedWay 
Silver Duchess   2012-13  Seigers Seed Co. 
Whiteout   2012-13  SeedWay 
 
*se heterozygous (standard) 
 
At all locations sweet corn was direct seeded with 8-10 inches between plants in a row. In the 
southwestern location 38 inch spacing was used between rows and in central and southeastern 
locations 30 inch spacing was used. Planting took place on June 6, 2012 and May 21, 2013 in 
southwestern Pennsylvania, June 1, 2012 and 2013 in central Pennsylvania, and May 21, 2012 
and May 30, 2013 in southeastern Pennsylvania. 
 
Fertility and weed management were site specific following recommendations from the 
Commercial Vegetable Production Recommendations guide.  
 
Ears from 10-15 plants were harvested when all plants of an individual cultivar reached 
maturity. Data to estimate the work involved in hand harvest was recorded. Ears were 
categorized as marketable or unmarketable, counted and weighed. Ear quality from a subset of 
10 ears per plot was also determined.  
 
Husked ear appearance, unhusked ear appearance, the extent to which the husk covered the 
ear tip (tip cover), kernels filling the tip of the ear (tip fill), and the relative level of work 
involved in snapping the ear from the culm (picking ease) were rated using a 5 point scale. For 
husked ear appearance and unhusked ear appearance 1= poor and 5 = good; tip cover 1= 
exposed ear tip, 2 = husk cover less than 0.75 in past ear tip, 3 = 0.75 to 1.24 in, 4 = 1.25 to 2 in, 
5 = greater than 2 in; tip fill 5 = kernels filled to tip of ear, 4 = greater than 0.5 in unfilled, 3 = 1 
to 1.5 in, 2 = 1.6 to 2 in, 1 = greater than 2 inches; and picking ease 1 = difficult, 5 = easy. 
 
All data were subjected to analysis of variance (ANOVA) using the GLM procedure in SAS 
(version 9.2; SAS Institute, Cary, NC). When P values were less than or equal to 0.05, means 
were separated using DuncanΩǎ ƳǳƭǘƛǇƭŜ ŎƻƳǇŀǊƛǎƻƴ ǘŜǎǘΦ  

 
Statewide Results 
In determining whether a cultivar was suited for statewide recommendation, the criterion was 
that it must have produced comǇŀǊŀōƭŜ ƻǊ ǎǳǇŜǊƛƻǊ ȅƛŜƭŘǎ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩ ƛƴ ŀ ƳƛƴƛƳǳƳ ƻŦ ǘǿƻ 
of the evaluation sites over both trial years. 
 
Note: Yield, ear quality, and estimating the work involved in harvesting tables (Tables 2, 4 and 
5) are from Butzler et al., 2015. 
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Marketable Yield (Table 2) 
Based on marketable yield results all cultivars met the criterion above for number of ears. 
9ȄŎŜǇǘ ŦƻǊ ΨtŀȅŘƛǊǘΩΣ ŀƭƭ ŎǳƭǘƛǾŀǊǎ ƳŜǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ŀōƻǾŜ ŦƻǊ ǿŜƛƎƘǘ ƻŦ ƳŀǊƪŜǘŀōƭŜ ŜŀǊǎΦ 
 
Ear Quality (Table 4) 
Ear quality is just as important as marketable yield in making profits. Consumers are first 
attracted to the appearance of the ear, while taste can result in repeat purchases. In most US 
markets, consumers prefer an 8-9 in ear with a dark green husk, long and dark green flag leaf, 
and 16 straight rows of small deep and sweet kernels filled to the tip of the ear (Tracy, 2001). 
 
Lƴ ǘŜǊƳǎ ƻŦ ŜŀǊ ƭŜƴƎǘƘ ŀƭƭ ŎǳƭǘƛǾŀǊǎ ƳŜǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴΦ CƻǊ ŜŀǊ ŘƛŀƳŜǘŜǊ Ψ!ǘǘǊƛōǳǘŜΩ ό./лулрύΣ 
Ψ9ǎǇǊŜǎǎƻΩ ŀƴŘ Ψ/ǳǇǇŀ WƻŜΩ ŘƛŘ ƴƻǘ ƳŜŜǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ǿƘƛƭŜ ǘƘŜ ǊŜƳŀƛƴƛƴƎ cultivars were 
ŎƻƳǇŀǊŀōƭŜ ƻǊ ǎǳǇŜǊƛƻǊ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩΦ For husked and unhusked appearance all cultivars met 
ǘƘŜ ŎǊƛǘŜǊƛƻƴΦ !ƭƭ ŜŀǊǎ ǿŜǊŜ ŎƻƳǇƭŜǘŜƭȅ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ƘǳǎƪΤ ƘƻǿŜǾŜǊΣ Ψ/ǳǇǇŀ WƻŜΩ ŀƴŘ ΨWŀŎƪƛŜΩ 
did not meet the criterion above while all other culǘƛǾŀǊǎ ŘƛŘΦ wŜƎŀǊŘƛƴƎ ǘƛǇ ŦƛƭƭΣ Ψ/ǳǇǇŀ WƻŜΩΣ ŀƴŘ 
ΨtǊƻŦƛǘΩ ŘƛŘ ƴƻǘ ƳŜŜǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ŀōƻǾŜ ǿƘƛƭŜ ŀƭƭ ƻǘƘŜǊ ŎǳƭǘƛǾŀǊǎ ŘƛŘΦ 
 
The number of rows was only evaluated in more than one location in one year of the study. 
Based on the criterion of producing comparaōƭŜ ƻǊ ǎǳǇŜǊƛƻǊ ǊŜǎǳƭǘǎ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩ ƛƴ ŀ 
ƳƛƴƛƳǳƳ ƻŦ ǘǿƻ ŜǾŀƭǳŀǘƛƻƴ ǎƛǘŜǎΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ǌƻǿǎ ŦƻǊ ŀƭƭ ŎǳƭǘƛǾŀǊǎ ŜȄŎŜǇǘ ΨtŀȅŘƛǊǘΩ ŀƴŘ 
ΨLƭƭǳǎƛƻƴΩ ǿŜǊŜ ƴƻǘ ŘƛŦŦŜǊŜƴǘ ƻǊ ǎǳǇŜǊƛƻǊ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩΦ 
 
Brix levels were only evaluated in one year of the study. Based on the criterion of producing 
ŎƻƳǇŀǊŀōƭŜ ƻǊ ǎǳǇŜǊƛƻǊ ǊŜǎǳƭǘǎ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩ ƛƴ ŀ ƳƛƴƛƳǳƳ ƻŦ ǘǿƻ ŜǾŀƭǳŀǘƛƻƴ ǎƛǘŜǎΣ ŀƭƭ 
ŎǳƭǘƛǾŀǊǎ ƘŀŘ ōǊƛȄ ƭŜǾŜƭǎ ƴƻǘ ŘƛŦŦŜǊŜƴǘ ǘƘŀƴ ƻǊ ǎǳǇŜǊƛƻǊ ǘƻ Ψ¢ŜƳǇǘŀǘƛƻƴΩΦ 
 
Estimating the work involved in hand harvesting (Table 5) 
The distance from the soil line to the base of the primary ear and picking ease were collected as 
an indication of the work involved in hand harvesting. 
 
9ȄŎŜǇǘ ŦƻǊ Ψ{ȅƴŜǊƎȅΩΣ ŀƭƭ ŎǳƭǘƛǾŀǊ ƳŜǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ŀōƻǾŜ ŦƻǊ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎƻƛƭ ƭƛƴŜ ǘƻ ǘƘŜ 
primary ear. For the following cultivars picking ease rating met the criterion above: 
Mattapoisette, Primus, Edelweiss, Avalon, Temptation II, Montauk, Cuppa Joe, Jackie, Allure, 
Bicolor 1102, Illusion, Silver Duchess, Profit, Espresso, Kristine and Paydirt. 
 
 
 
 
Literature Cited 
Butzler, T.M., E.S. Sánchez, S.M. Bogash, T.E. Elkner, W.J. Lamont, R. Pollock, and L.J. Stivers. 
2015. Pennsylvania statewide synergistic sweet corn cultivar trial. HortTechnology 25:687-695. 
 
Tracy, W.F. 2001. Sweet Corn, In: Specialty Corns, 2nd ed., 2001, A.R. Hallauer, ed. 
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WEED MANAGEMENT IN SWEET CORN 
 
 

Baylee Carr and Thierry Besançon 
Rutgers University PE Marucci Center for Blueberry and Cranberry Research and 

Extension  
baylee.carr@rutgers.edu 

 
Efficient weed control continues to be a key component of sweet corn production. While 
genetic modification has allowed corn to be resistant to some herbicides, growers need 
to rely on a diversity of herbicide modes of action to control troublesome weeds. As 
such, including recently registered herbicides for use in sweet corn is of prime 
importance for New Jersey sweet corn growers, especially with the spread of herbicide-
resistant weed species.  

 

Thus, we conducted field trials investigating new herbicides and commercial mixes at 
the Rutgers Agricultural Research and Extension Center (RAREC) in Bridgeton, NJ, and 
2018. Randomized complete block design with four replications was used for all trials 
and systematically included an untreated weedy check. Sweet corn was planted using a 
seeding hitch on the back of a tractor and was seeded at a rate of 35,000 seeds per 
acre. Trials were planted on June 18th.  

 

Acuron® and Acuron® Flexi herbicide were tested preemergence and compared to the 
Aatrex®. Postemergence program included either Roundup® PowerMax, Aatrex® alone 
or mixed with Halex GT®, or a mix of Callisto® Xtra, and Sequence®. Preemergence 
spray was applied at planting and postemergence application occurred when corn was 
at the V4 stage.  

 

ImpactZ® herbicide was also tested in a different study. Treatments included ImpactZ®  
postemergence alone or  associated with RoundUp® PowerMax or Liberty®. Growers 
standards included tankmixing Callisto® and Aatrex® at 2 different rates each. Dual® 
Magnum  was used as the standard preemergence herbicide for all treatments. 
Preemergence and postemergence sprays were applied at planting and at V4 growth 
stage, respectively. 

 

Herbicides were applied using a 3-nozzle boom with 11002VS flat fan nozzles spaced 
20 inches apart. Weed control and crop injury ratings were taken 14, 21, 28, 31, 42, and 
59 days after planting (DAP). Weeds present in the trial were rated on a percentage 
scale ranging from 0 (no control) to 100 (complete control). Necrosis, chlorosis, and 
stunting of the crop were rated on this scale as well. Commercial-sized corn was 
harvested  September 10, 2018 from the two center rows of each plot. The ears were 
weighed and were used to calculate total yield per acre for each treatment. 

 

mailto:baylee.carr@rutgers.edu
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Our data show that Acuron®  provided excellent control (> 90%) of common purslane, 
common lambsquarter, and stinkgrass as well as good control of common ragweed. 
Limited stunting was noted for some of the treatments and affected ears yield. 
Postemergence use of ImpactZ® herbicide alone or tankmixed with other herbicides 
provided full control of stinkgrass and carpetweed. Common ragweed control required 
the mixing of another postemergence herbicide with ImpactZ®. Temporary necrosis and 
stunting were noted following ImpactZ® application but did not cause any ears yield 
reduction. 
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BEYOND RYE: COVER CR OPS 

 

 

*Stephen Komar, Bill Bamka, Michelle Infante-Casella, Agricultural Agents NJAES 

Cooperative Extension 

 

*Rutgers Cooperative Extension of Sussex County 

130 Morris Turnpike, Newton, NJ 07860 

komar@njaes.rutgers.edu 

 

Maintaining healthy soil conditions can be a great challenge, especially in sandy soils where 

organic matter is quickly lost. Additionally, land preparation and tillage adds to the loss of 

organic matter and in many crops multiple tillage operations are needed to for crop 

establishment. Increasing organic matter levels in soil can greatly improve soil health and can 

result in many other agronomic advantages.   

   

Cover crops can provide multiple benefits. For example, they can improve soil health, add soil 

nutrients, suppress weed population and competiveness, manage pests, produce biomass, provide 

a forage source for livestock and attract beneficial insects.  The incorporation of cover crops can 

also reduce surface runoff and can provide other potential water quality improvements.    

 

Although many cover crop species are adapted to use in the northeast, it is important to select the 

crop that provides the desired benefits while fitting properly into existing crop rotations.  This 

presentation will review some of the traditional cover crops used in the northeast region, the 

potential benefits of cover crop species, their adaptability for use in traditional cropping systems, 

and potential complimentary mixes suitable for muli-use plantings.  

mailto:komar@njaes.rutgers.edu
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SOIL FERTILITY FOR HAY PRODUCTION 
 

Joseph Heckman 
Extension Specialist Soil Fertility 

Rutgers University 
59 Dudley Rd  

New Brunswick, NJ 08901 
 

 Hay is grown on more acres of New Jersey farmland than any other crop.  Soil 
fertility is an important part of producing high quality hay to feed an estimated 50,000 
horses and other livestock in The Garden State.  Hay for equine must be leafy, green, 
and free of mold, dust, and foreign materials.  
 
 Perennial hay crops in a crop rotation helps control soil erosion and build soil 
organic matter content.  A regular cutting schedule for hay is also an effective way to 
eradicate some types of perennial weeds.  While a grass hay crop can build the organic 
matter aspect of soil fertility, mineral fertility is being withdrawn with each harvest; every 
harvested ton of hay withdrawals substantial amounts of P, K, and other essential 
nutrients from the soil.  On average each ton of harvested hay uptakes and removes 15 
lbs. P2O5 and 50 lbs. of K2O per acre.  To sustain hay harvest productivity over a period 
of years, these nutrients need to be replenished with commercial fertilizer or as applied 
manures.  Because grass hay has such a high demand for N, P, and K, fields intended 
for hay production are excellent locations, as part of a long crop rotation cycle, for 
utilizing livestock manures. 
 
 Over a growing season a typical 4 tons per/acre hay harvest would uptake an 
estimated 200 lbs. of N, 60 lbs. P2O5 and 200 lbs. of K2O per acre.  Replacing these 
nutrients with commercial fertilizer would cost an estimated $122 for N, $30 for P, and 
$87 for K per acre (Total of $239 per 4 tons hay or $1.20 per each 40 pound bale of 
hay).  One must remember this is only the cost of purchasing NPK.  It does not include 
cost of other nutrients and limestone.  It also does not cover other costs (cutting, baling, 
hauling, storage, etc.) associated with hay production.                
  
 Sometimes hay is produced as a mixed stand with a legume, such as alfalfa.  
When forage legumes are included in the mix, soil fertility recommendations should 
favor maintenance of the legume within the mixed stand.  The presence of 25% or more 
legumes in a mixed forage stand means that the hay crop is essentially self-sufficient 
with respect to nitrogen via biological N fixation.  It also means zero application of N 
fertilizer - which eliminates the cost for purchased of N fertilizer.   
  
 Nutrient recommendations for hay production should be based on a recent soil 
test and a realistic crop yield goal. Specific soil fertility recommendations guided by soil 
test results are given in bulletins available at Rutgers NJAES website: 
http://njaes.rutgers.edu/                         
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Introduction:  
 

Why fruit wines in a world dominated by grapes?  

 

Wine consumers often will state that a fine Merlot will have notes of blackberry. Or compare 

Cabernet Sauvignon with black currant. How about Chardonnay with apple or Gewurztraminer 

with Lychee? What would you think if a blackberry wine would be described to have notes or 

Merlot? A cassis wine to taste like a fine Cabernet Sauvignon. Or an oaked apple wine to remind 

them of a California Chardonnay. Or eating some Thai cuisine with a nicely chilled Lychee wine 

that reminds them of a Gewurztraminer they had last week? 

 

Innovative and top-quality fruit wines, fruit fusion and fruit-centric alcoholic beverages are 

emerging to worldwide applause and exponential growth in popularity. Wine drinkers the world 

over are waking up to a fruit basket of new flavours and the industry is racing to keep up with 

the trend. The possibilities for wine beyond the vine are endless. For the past 20 years, we have 

seen development of fruit wines across the world. We will see what we have learned and 

provide insights for growers, winemakers, winery owners, marketers and export leaders. 

 

ω ! ǇŀǊŀŘƛƎƳ ǎƘƛŦǘ ς the big fruit wine shake-up and what it means for an evolving wine industry 

 

ω ±ŜǊǎŀǘƛƭŜ ŀƴŘ ŀŘŀǇǘŀōƭŜ ς fruit wine styles, regional trends and producers that are leading the 

way. 

 

ω hǇǇƻrtunity and innovation ς market potential and the marketing challenge 

 

Premise: 
 

The perception of fruit wine only being made by amateur winemakers and consumed by 

unsophisticated consumers is history. The future of fruit wine production in the world is looking 

bright - potential opportunities are great with so many different types of fruit to work with where 

almost any country in the world can make a fruit wine. 

 

Part 1: 
 

Premise: 
 

Currently the typical wine consumer is changing and changing very fast. 

 

Proof: 
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Concepts of the new type of consumer: 

 

ǒ There has been a dramatic historical development in the history of the fruit wine industry 

ǒ Open to try new things 

ǒ Not stuck in tradition 

ǒ Short attention span, not stuck with a particular style 

ǒ Adventurous 

ǒ Less status oriented 

ǒ Craft beer and cider phenomenon is an expression of this trend 

ǒ Stories of fruit wine consumers, entry level 

ǒ Story - Perception of the average fruit wine drinker has changed - not just the entry level 

drinker  

ǒ Fruit forward trend going one step further 

 

 

Part 2: 
 

Premise: 
 

Fruit wines are presenting a tremendous opportunity for fruit growers, wine producers and 

marketers. 

 

Proof:  
 

ǒ The fruit wine business is virtually untapped territory, so growers, producers, distributors, 

and marketers can have a hand on shaping the industry with a clean slate. There are a 

tonne of opportunities for creative ways to make fruit wine compelling. 

ǒ Variety is also one of the most exciting things from a marketing standpoint. Introducing a 

usual wine such as a quality blueberry wine to the market is a story that writes itself. 

There is an entire audience of people who will be thrilled to try something they didnôt 

even know existed or was possible. 

ǒ It makes economic sense on a technical standpoint to make fruit wines (will provide a list 

of give advantages) 

ǒ Provides greater flexibility: 

ǒ can make wine year round, less inventory to hold 

ǒ can make wine outside traditional grape growing areas (will provide many real-life 

examples) 

ǒ Why less than grape wineries? You need <1/3-1/2 the tank space and can do with 

smaller size/speed equipment.  

ǒ You can produce at up to 3 production cycles a year instead of just one as with grape 

wineries. 

 

 

Part 3: 
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Premise: 
 

There are challenges with fruit wines, however they can be overcome with some focus. 

 

Proof: 
 

a) Production and technical challenges and how to overcome: 

- Enology programs now offer R&D with fruit wines 

- Will explore in detail the entire fruit wine production process and emphasis the   differences 

between fruit wine and grape wine production. 

- Will go through specific technical challenges and solutions 

b) Marketing challenges: 

- Where the industry was 20 years ago and where it is today. 

- Perception now - becoming accepted, viable consumption alternative 

(will give example of success stories) 

ǒ Export potential (in Asia, a wine is a wine, it doesnôt matter what fruit it is made from ï 

grape or raspberries or kiwié) 

ǒ Fruit wines in India sold in supermarkets, 5* hotels and restaurants 

ǒ Fruit wine already part of some Asian cultures, i.e. Japan, Korea 

ǒ International wine competitions are increasingly including fruit wine categories 

ǒ Overcoming ñold worldò snobbery that fruit wine is not a wine. 

c) Overcoming grape wine challenges with fruit wine alternatives: 

ǒ Red wines donôt go with many foreign cuisines 

ǒ Examples of China mixing red wine with coke 

ǒ Spicy cuisine of India and Thailand needs lower tannic and fruity wines 

ǒ In fruit-forward cuisines such as Thai, Vietnamese, Moroccan, Hawaiian, Caribbean, 

etc.éfruit wines are perfect and there is so much variety to match distinct varieties of 

cuisine. 

ǒ Fruit wines are applicable to these cuisines and consumers are increasingly open to and 

want. 

ǒ Fruit wine can be elevated to deserving gastro-pairing status 

ǒ Enhancing your wine portfolio with fruit wines will broaden your market range and 

appeal to a different set of consumers. 

 

 

Part 4: 
 

Premise: 
 

Fruit wines are versatile, can be made in any style to fit any market and any application. 

 

Proof:  
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Will go through all the different styles and have an example of a successful wine in each style 

category. 

 

Examples of quality fruit wine recipe formulations will be presented which will provide the 

detailed aspect of creating a quality, world class fruit wine that can be commercialized and be 

profitable to any forward-thinking producer. 

 

Conclusion: 
 

We live in a world that embraces diversity and choice. The quality of fruit wines in the 

marketplace is increasing exponentially and sections of the wine consuming public are interested 

and coming back for more.  

 

The worldôs preference for tastes and their food palates are increasingly full bodied and fruit 

forward. This also means the average consumer is looking for a fuller, more authentic, fruitier 

wine. Consumers seems to go for the fleshier, and fruitier wines these days. Forward thinking 

producers have capitalized on this. Fruit wines allows producers, marketers and distributors to 

take it one step further.  

 

While fruit wines will never become equal to grape wines there are some markets where they are 

close to becoming mainstream and will attain that level in the near future. However, thatôs not 

the point, as it is such a different entity and only adds another world of options to wine drinkers. 

 

Consideration should be given where in a changing world where consumerôs expectations are 

constantly adapting. Ecological reality of grape growing regions with increase of droughts, 

blights, global warming and other viticulturally difficulties in some areas opens up opportunities 

to produce wines with other raw materials. 

 

Fruit wines can become a very viable alternative to the grape and needs to have a place in any 

forward thinking and innovative producersô portfolio. 

 

(Will paint a picture of wine in 20 years where the wine writers will write about flights of 

blueberry wine from different terroirs. Describe the difference between the different varietal pear 

wines (Anjou or Bartlett), similarly like the difference between a chardonnay varietal versus 

sauvignon Blanc - same fruit type. 

 

Itôs time to open the doors to quality wines made with the fruit bounty the world has to offer. 

 

In last 20 years of producing fruit wines and consulting with many wineries on four continents, 

there has been tremendous progress and development in the fruit wine industry. As far as I am 

concerned this is just the beginningé.  
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Session 6 
 
 

Tomato 
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WEED MANAGEMENT STRATEGIES FOR GRAFTED VS. NONGRAFTED TOMATO 
 
 

Sushila Chaudhari and Katie M. Jennings 
Department of Horticultural Science 

North Carolina State University 
schaudh@ncsu.edu and katie_jennings@ncsu.edu 

 
In the United States, farmerôs interest in the use of grafted tomato as an alternative to 
methyl bromide to manage soil borne diseases and pests is increasing. In addition to 
pest management, grafting is a promising tool to achieve greater fruit yield, and 
enhance tolerance to abiotic stresses such as thermal stress, salt stress, water stress, 
and organic pollutants. The increase in plant vigor and yield of grafted plants is 
attributed to a vigorous root system that helps to increase water and mineral uptake. 
Yellow nutsedge, common purslane and large crabgrass are listed among the ten most 
common weeds present in tomato production system. Management of these weeds in 
tomato production systems is very important to produce good quality fruit and yield. In 
the absence of weed control, tomato plant growth is inhibited, individual fruit size, 
number, and weight is reduced. The critical period for weed control (CPWC) in crops is 
the period of time during the cropping season that weeds must be controlled to prevent 
yield, and quality reductions in crops. The CPWC for tomato has been studied for 
different weed species and it ranged between 3 to 7 weeks after tomato transplanting 
(WAT). Fumigation, herbicides, and hand removal are the primary methods of weed 
control in plasticulture tomato production. Although several herbicides [Dual Magnum 
(S-metolachlor), TriCor (metribuzin), Devrinol (napropamide), Sandea (halosulfuron), 
and Treflan (trifluralin)] are registered in tomato production, a lack of information exists 
on the effect of herbicides on grafted tomato. The goal of this research is to provide 
growers information related to herbicide safety and adequate timing of weed control in 
grafted tomato. Tomato production cost increases about $2 to 3 thousand per acre 
when grafted plants are used, therefore farmers cannot afford failure of their crop due to 
herbicide injury. 

 
Greenhouse and field experiments were conducted to determine herbicide tolerance of 
grafted tomato. In greenhouse experiments, Sandea, Tricor, and Dual Magnum were 
applied posttransplant to nongrafted óAmeliaô and Amelia scion grafted onto óMaxifortô or 
óRST-04-106-Tô tomato rootstocks. Although herbicide injury was observed, no 
differences were observed in grafted and nongrafted tomato response including visible 
injury assessments, plant height, and fresh weight (Table 1). In field experiments under 
plasticulture, herbicides applied pretransplant included Dual Magnum, TriCor, Devrinol, 
Sandea, Reflex (fomesafen), and Treflan. Amelia was used as the scion and the 
nongrafted control. óAnchor-Tô, óBeaufortô, or Maxifort tomato were used as rootstocks 
for grafted plants. Initially, Devrinol, Sandea, Reflex, and Treflan initially caused greater 
injury to grafted tomato than to nongrafted tomato regardless of rootstock (Anchor-T, 
Beaufort, or Maxifort) (Table 2). However, by 28 days after treatment, all grafted and 
nongrafted plants had recovered from herbicide injury and no impact on yield observed. 
Grafted tomato exhibited similar tolerance as nongrafted tomato for all herbicides 
applied post- and pretransplant.  
 

mailto:schaudh@ncsu.edu
mailto:katie_jennings@ncsu.edu
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The removal and establishment studies were conducted to determine CPWC of grafted 
and non-grafted. Tomato plants included non-grafted Amelia and Amelia grafted onto 
Maxifort tomato rootstock. In establishment study, weeds were transplanted at 1, 2, 3, 4, 
5, 6, and 12 WAT and remained until tomato harvest. In removal study, weeds were 
transplanted on the same day of tomato transplanting and removed at 2, 3, 4, 5, 6, 8, 
and 12 WAT. Each planting hole contained one grafted or non-grafted tomato plant and 
six weed seedlings (2 yellow nutsedge, 2 common purslane, and 2 large crabgrass). In 
both grafted and non-grafted tomato treatments, plant biomass increased as 
establishment of weeds was delayed and plant biomass decreased when removal of 
weeds was delayed. In both grafted and non-grafted plants, the delay in establishment 
and removal of weeds resulted in weed biomass decrease and increase of the same 
magnitude, respectively (Figure 1). To avoid 5% yield losses, predicted CPWC was 
from 2.2 to 4.5 WAT in grafted tomato and from 3.3 to 5.8 WAT in nongrafted tomato 
(Figure 2). The length (2.3 or 2.5 wk) of the CPWC in fresh market tomato was not 
affected by grafting; however, the CPWC management began and ended 1 week earlier 
in grafted tomato than in nongrafted tomato. Overall, results from both studies show that 
weed management of grafted tomato is similar to non-grafted tomato.  
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WHATôS NEW IN MANAGING TOMATO DISEASES 
 
 

Margaret Tuttle McGrath 
Plant Pathology & Plant-Microbe Biology Section, SIPS, Cornell University 

Long Island Horticultural Research & Extension Center 
3059 Sound Avenue, Riverhead, NY 11901 

mtm3@cornell.edu; http://blogs.cornell.edu/livegpath/; http://vegetablemdonline.ppath.cornell.edu 

Effectively managing the many diseases that plaque tomatoes is essential to obtain a 
good crop.  Achieving this necessitates knowing about new management tools and 
changes in disease occurrence. 

Early Blight.  Pathogens affecting tomato and potato have proven more adept at 
developing resistance than was initially expected.  Resistance to QoI (FRAC Code 11) 
fungicides has been detected in the tomato pathogen, Alternaria linariae (pka A. 
tomatophilia).  More research has been conducted with A. solani causing early blight in 
potato.  Resistance has developed to three chemical classes of fungicides in the USA. 
Resistance to QoI (FRAC 11) fungicides was detected in 2001, after 2.5 growing 
seasons of commercial use.  Resistance to boscalid, the first SDHI (FRAC 7) fungicide, 
was detected in 2009, the fifth year of use.  Resistance to the AP (FRAC 9) fungicide 
pyrimethanil, an active ingredient in Scala and Luna Tranquilty, was detected in ID in 
2010, which was five years after first registration.  Isolates resistant to multiple 
fungicides did not exhibit significant fitness penalties compared to sensitive isolates in 
laboratory studies, therefore they are expected to be able to compete and persist in the 
pathogen population when these fungicides are not used.  Isolates with one of the SDHI 
resistance mutations were more aggressive than sensitive isolates. A recent survey 
revealed that multi-fungicide resistant isolates are common: over 95% of isolates 
examined from several states in the west had mutations conferring SDHI resistance and 
most also had mutations for QoI resistance.  Loss in sensitivity to DMI (FRAC 3) 
fungicides was documented in 2010-2012, but A. solani isolates examined more 
recently (2013-2015) were fully sensitive. 

In tomato crops it is critical to use a good resistance management program, select 
resistant variety when feasible, start applying fungicides preventively or at first 
symptom, alternate among fungicides in different chemical groups as indicated by 
FRAC Code, monitor disease occurrence, and report poor control despite good 
fungicide program to extension specialist during the season so isolates can be collected 
for testing.  Also use long crop rotation.  Pathogen surviving in crop debris is an 
important source of inoculum and can be a source of resistance if the field has a long 
history of use of targeted fungicides for early blight.  Minimize use of QoI (FRAC 11) 
fungicides: Cabrio, Flint, Priaxor, Quadris, Reason, Tanos, Topguard, etc.)  Other 
labeled fungicides include: Rhyme (FRAC 3), Aprovia Top (3 + 7), Inspire Super (3 + 9), 
Scala (9), Luna Tranquilty (7 + 9), Miravis Prime (7 + 12), Switch (9 + 12), and Previcur 
Flex (28). Alternate among products based on FRAC code and tank-mix with chloro-
thalonil or another protectant fungicide.  Most can be applied at most twice sequentially. 

Late Blight.  While there were few occurrences of late blight last season in the U.S., 
despite conditions being favorable (frequent rain) in several areas, there were 
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noteworthy occurrences.  A new genotype (US-25) was detected in upstate NY.  It is 
especially noteworthy because US-25 is mating type A2 whereas US-23, the dominant 
strain in the Northeast for the past 6 years, is mating type A1.  This is important 
because if these two genotypes occur together, the pathogen could produce a 
specialized spore (oospore) that enables the pathogen to survive in soil without living 
plant tissue and oospores form as a result of sexual reproduction, thus they are an 
important way to increase genetic diversity.  Infested tubers is how the pathogen 
normally survives.  Also US-25 is insensitive to mefenoxam, whereas US-23 is sensitive 
and so can be managed effectively with Ridomil fungicides.  US-25 was found on 
tomato but determined to also be able to infect potato. 

Late blight caused by genotype US-23 was found 7 Oct on Long Island.  This first 
occurrence in an area is noteworthy for its extreme lateness, especially considering it 
was an atypically wet season there which should have provided favorable conditions for 
late blight to develop much earlier.  The source of inoculum for this outbreak and the 
one in 2017, which started in late Aug to early Sep, was not determined.  Since 2009 
first observations on Long Island have typically been in June.  No late blight was found 
in 2015 or 2016.  Unexpected occurrences serve as a reminder to remain vigilant about 
late blight through the end of the season even when there are no reported occurrences 
anywhere nearby. 

Information about late blight is available at http://www.usablight.org/ and 
http://blogs.cornell.edu/livegpath/extension/tomato-late-blight/. 

Powdery Mildew.  This disease is common in high tunnels and greenhouses, but also 
occurs outdoors.  It has been occurring sporadically but more frequently.  Recent 
increase in high tunnel production at least partly accounts for increased importance of 
powdery mildew in the Northeast.  Symptoms are the typical powdery white spots 
characteristic of this type of disease.  They usually appear first on lower leaves inside 
the plant canopy.  Left unmanaged, powdery mildew can quickly kill affected leaves.  
See images at: http://blogs.cornell.edu/livegpath/gallery/tomato/powdery-mildew-on-
tomatoes/.   

When purchasing seedlings, ask producer about powdery mildew management program 
being used and inspect plants thoroughly when received.  Rejecting affected plants is 
worth considering because of the cost of needing to start a weekly fungicide program so 
early in crop production.  

Fungicides with targeted activity that move through leaves are needed to effectively 
manage powdery mildew because of the challenge of getting spray material to the leaf 
underside.  It is important to examine the underside of leaves when inspecting a crop 
that has been treated with a broad-spectrum protectant fungicide like chlorothalonil to 
determine if powdery mildew is present.  Sulfur can provide some control on the 
underside of leaves due to its volatility enabling it to redistribute to the underside of 
leaves.  For field-grown crops choose fungicides with FRAC Code U6, U8, 3, 7, and/or 
11 active ingredient(s).  Alternate among products in different FRAC Groups to manage 
resistance and to ensure effective control.  Torino (FRAC U6), Vivando (U8) and FRAC 
3 products like Rally are only effective for powdery mildew.  Products with 2 active 
ingredients that have activity for other diseases include Aprovia Top (FRAC 3 + 7), Luna 
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Tranquilty (7 + 9), Quadris Top and Topguard (3 + 11), Inspire Super (3 + 9), Priaxor (7 
+ 11), and Miravis Prime (7 + 12).  Revus Top (3 + 40) is a good choice when late blight 
is also present.  Drop nozzles will improve coverage in trellised tomatoes and thus 
improve control especially with protectant fungicides.  Fungicides listed above that can 
be used in high tunnels and greenhouses are Inspire Super*, Luna Tranquilty, Switch 
(not on cherry, grape, or other small fruit types), Torino*, and Vivando* (*no statement 
on label prohibiting which other product labels have).  Additionally, Trionic (FRAC 3) is 
only for use in commercial greenhouse crops and on transplants.  Fungicide program 
suggested for organic high tunnel and greenhouse tomatoes is a micronized sulfur like 
Microthiol Disperss until first fruit are nearing maturity, a non-oil product for 2 wks to 
avoid sulfur toxicity, and then a mineral or botanical oil during harvest period so visible 
residue will be minimal on harvested fruit. 

New Fungicides.   

Miravis Prime.  pydiflumetofen (FRAC 7) + fludioxonil (FRAC 12).  12 hr REI.  0 d PHI.  
Labeled diseases include early blight, leaf mold, powdery mildew, Septoria leaf spot and 
gray mold (suppression only).  Not permitted used on greenhouse crops.  Accumulates 
in the wax layer of leaves and then translocates through them.  Apply up to 2 times.  
Use in alternation with fungicides in different FRAC group.   

Some Results from Recent Fungicide Evaluations.   

Early blight and Septoria leaf spot.  Excellent control of EB and good control of SLS 
were achieved with Bravo Weather Stik alternated with Fontelis or with Miravis Prime at 
low or high label rates.  Among organic treatments tested, Stargus + Badge were 
effective for both whereas Stargus applied alone or with Regalia was ineffective; Badge 
was not tested alone.  In another trial with just SLS, similar results were obtained with 
Bravo alternated with Miravis Prime or Luna Sensation or Aprovia Top, but alternating 
with Fontelis was not as effective.  Aprovia Top, Fontelis, Luna Sensation, and Miravis 
Prime all have an SDHI (FRAC 7) fungicide.  Control was reduced when Serenade was 
applied for 2 of 4 Bravo applications.  Trials done in OH in 2018.  In a trial conducted in 
PA in 2018, EB was also well controlled with Miravis Prime alternated with Bravo, better 
than Bravo alt Quadris + Bravo, which was similar to LifeGard, Double Nickel, or Champ 
alt Quadris + Bravo.   

New Disease Resistant Varieties.  An important component of a successful, integrated 
management program is resistant varieties.  Some new round red tomato varieties and 
some of the important diseases in the Northeast that they are resistant to are: Mountain 
Gem (late blight, TSWV), Mountain Rouge (late blight), Mountain Vineyard (Fusarium 
wilt race 3, TSWV), Roadster (TSWV), and Resolute (TSWV, nematode).  Edox is a leaf 
mold-resistant truss cherry for whole cluster harvest.  Goal of the Cornell tomato 
breeding program is developing varieties with resistance or tolerance to early blight, late 
blight, Septoria leaf spot, bacterial speck, bacterial spot, and TSWV plus general 
resistance to insects.  Varieties released recently with resistance/tolerance to early 
blight, late blight, and Septoria leaf spot include Brandywise (cross with Brandywine; 
organic) and Summer Sweetheart (heart-shaped large saladette; organic).  Plum 
Perfect has resistance to late blight, Verticilium wilt, Fusarium wilt, and rootknot 
nematode. 
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Scientific Advancements for Developing Disease Resistant Varieties.  Ability now 
to sequence DNA of plants and pathogens inexpensively and the CRISPR/Cas9 
genome (gene) editing technology have enabled scientists to discover the molecular 
basis of plant-pathogen interactions, to find new genes for resistance, and to engineer 
plants to make new resistant varieties.  Genome editing technology allows knowledge-
based alterations to a plant genome such as to precisely knock out (silence) gene(s) 
responsible for susceptibility or to insert a gene for resistance from a related plant. 

Grafting and Anaerobic Soil Disinfestation for Managing Soilborne Diseases in 
High Tunnel Tomatoes. 

Over successive years of producing tomatoes in high tunnels, common due to it being 
the most popular and economic crop for this system, pathogens that survive in soil can 
increase to a level impacting yield.  Grafting tomatoes to a resistant rootstock such as 
Maxifort has proven effective for root-infecting pathogens.  Recent on farm studies in 
OH documented that anaerobic soil disinfestation is another viable option.  First soil is 
amended with a carbon source such as wheat bran or molasses (both can be 
purchased at feed mills) at 4.5-9 tons/A (0.2065-0.413 lb/sq ft).  Dilute molasses 1:3 to 
1:4 with water.  A watering can is suitable for applying the molasses solution.  Green 
cover crop is also a suitable carbon source.  Incorporate the carbon source to a depth of 
6 to 8 inches with a rototiller.  Beds can be formed after the carbon amendment is 
worked into the soil.  Next irrigate to saturate soil to the depth of incorporation and until 
water ponds on the surface, which will take at least 4 hrs depending on soil type.  The 
last step is covering treated area with a heavy grade black or clear plastic mulch 
promptly after irrigation, and burying edges well with soil to prevent air exchange.  
Leave for 3-5 wks.  Beneficial soil microbes will break down the added carbon source, 
deplete oxygen in the soil and produce toxic byproducts that kill soilborne pathogens 
and a strong odor.  Weed seeds are also killed.  Treatment efficacy increases with 
increasing soil temperature and tarping duration.  Three weeks can be enough time 
when soil temperature stays above 85 F.  Afterwards remove the plastic and let soil dry 
and breath for at least 5 days before planting.  Survey of OH farms revealed black dot 
root rot was present at most.  Corky root rot, Verticillium wilt, and root knot nematodes 
were also found. 
 
 
Please Note: The specific directions on fungicide labels must be adhered to -- they 
supersede these recommendations, if there is a conflict.  Before purchase, make sure 
product is registered in your state. Any reference to commercial products, trade or 
brand names is for information only; no endorsement is intended. 
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ARE YOU REALLY MAKING A PROFIT  

OUR EXPERIENCE SELLING AT THE NYC GREENMARKET FOR 42 YEARS  

 

 

Ron Binaghi and Ron Binaghi III 

Owners, Stokes Farm Inc 23 De Wolf Rd, Old Tappan NJ 07675 

www.stokesfarm.com 

 

 

It was 1976 and we were all waiting on line to get gas in our cars. The price of gasoline 

went to .60 cents a gallon and my father was concerned that we could not stay in business due to 

rising costs. Along comes a guy from New York City who asked us if we would be interested in 

a new concept called Greenmarket. The idea was for local farmers to harvest and bring their 

fruits and vegetables direct to the people thus cutting out 2 -3 middlemen. The consumer got 

better veggies and the farmer would make more moneyé.but does the farmer make more 

money...really? After a year or 2 at market we realized that we all had the same veggies..tomato, 

pepper, eggplant, corn etc., so in an effort to increase revenue we thought it was wise to have 

something when nobody else had it. Isnôt that the secret to any business? Henry Ford had it. 

Thomas Edison had it. They seemed to be successful ...right?  

 

So we started growing greenhouse tomatoes in 1981. We put 1 plant in one bushel basket 

of potting mix and filled a 30 x 96 greenhouse with them. We fed them when we could. We did 

not have any fertilizer injectors or ph monitors...so the plants got 20-20-20 and that was it. We 

did produce nice tomatoes, but the key was that we had tomatoes at the end of May when the rest 

of the region did not pick any until mid July. For 2 months we had something that people wanted 

and nobody else had. We could name our price and customers beat a path to our door. Home run 

right? Wellé.yes at least for a year or 2 until other growers started doing the same thing. To 

counter this we started to produce greenhouse tomatoes later in the fall. We planted August and 

harvested from October 10 to end of November. However this created other issues for us. In 

August we did not have the time to plant as we were busy with other things. The greenhouses are 

really hot then so we needed shade cloth and we needed labor to install it along with the added 

labor to trim and water the tomatoes. As we were still outdoor farmers we did not invest in 

automatic valves and timers to water so, although we had drip tubes in every basket, someone 

still had to turn it on a few times a day and wait for it to be doneé.more unanticipated labor! 

Fall tomatoes do not produce the same as spring grown due to shorter days, so we had all this 

added labor and half the production. Then we get to market in November and the outside 

temperature is 35-45 degrees...not good for tomatoes. Of course there is always that farmer who 

has a bunch of field tomatoes picked before frost and is ripening in the barn. He thinks its just 

extra money so he puts them out for .50 cents a pound. He thinks heôs rich and although we had a 

better product we struggled because there is a huge segment of our population that shops by price 

alone. So like typical farmers we continued this insanity for many years because we thought that 

NEXT YEAR WILL BE BETTER! I think most farmers are all guilty of this thinking but I have 

found that radical change is not a bad thing. We have found that you regret the things you didnôt 

do more than the things you did.. We do not have all the answers but it is our hope that today we 

can help you to be better at market 

 

Our presentation today will focus on 3 areas of marketing. We will speak about display, 

economics and social media in an attempt to help you be better at market and to figure out if 

you are really making money or just spinning your tractor wheels. 

http://www.stokesfarm.com/
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   DISPLAY 

 I remember on day 1 in 1976 we showed up with some old wood tables from the barn, 

patio umbrellas that were from the truman administration, and that was it. Many items were 

stacked up on the ground. 

 

 Fast forward to today and what we have learned. Our display is now way more slick and 

neat. We have as many items as possible on tables. Things for sale need to be between the thigh 

and the eyeé.thatôs not new but it needs to be said because many are not doing it.  

 

Signage I have seen so many really good growers with really bad signs. Do not make signs from 

ripped or cut off cardboard. Make sure the message is short informative including the name of 

the item, price, common name. Most people would rather walk away if they have to ask a 

price...its intimidating for some people. Use waterproof signs and two colors. If you are not good 

at this find someone who is...or get a computer sign program. Make sure you have a larger 

banner with your farm name and town. Chalk boards are quaint but not good on a rainy or windy 

day. 

 

Color  We canôt emphasize this enough. When people approach your stand 75% of their mind is 

already made up before they get there about whether they will be purchasing from you or not. 

Vegetables need to be on the table with color separation. You should not have collards next to 

broccoli etc. Try radishes next to anything all green. Yellow tomatoes next to red. Purple 

eggplant in rows..white, purple, blush, black. Have a color change at least every couple of feet. 

Consider a table cloth and be sure all the tables are the same color cloth. 

 

Containers  The container that your product is displayed in make a difference. Back in the day 

we used half bushel and bushel baskets. We put them on the table and we were open for the day. 

Today, although we still use some baskets we have found that we need new clean baskets. At our 

Lincoln Center market we use a lot of wooden apple boxes to create different levels of display. It 

looks just farmy enough and it creates other ways to showcase our product. Do not have boxes in 

your display that say another farms name especially if it is a farm from Florida or Canada etc. 

We grow greenhouse tomatoes and in NYC there is a segment of the population that thinks this 

means lab coats, clip boards and scientists. Our 10lb flats say the words ñGreenhouse Tomatoesò 

on them so to avoid the questions and comments like ñWhen will the real tomatoes be ready?ò 

we either do not put the boxes in our display or  we put tape over the word Greenhouse.. A 

bigger issue is how many people see the word greenhouse on the box...donôt ask...and donôt buy.  

 

      ECONOMICS 

So you picked it all and went to market. It was a great day and you brought home $2,000. So 

how much did you makeé? Itôs time for a reality check. This is a breakdown of costs for a 

market for us at NYC Greenmarket 

1. Picking the day before..3 people...8 hours.$360..(payroll tax add $50)..$410 

2. Truck tolls...turnpike,,tunnelé.$48 

3. Fuel   .25 tank..$36 

4. Insurance for vehicles and liability at marketé $75 

5. Market Employees...4 @ $140é.$560...add food..$50é$610 

6. Bags, scales, canopy, tables etc...per day..$40 

7. Renté. 36 feeté.$300 

8. Owner salary if they are working at market...(Ahhaa)....$200 
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9. Unloading the day after...2 people...1 houré$30 

10.  Total expenseséé$1774é.profité.$226 

 

Things to consider - Just because you take in a lot of money does not mean you are making a lot 

of money. 

Farmer logicé.  ñI grew 2 acres of radishes and sold them all at $1/bunch. I did not make any 

money so next year I will grow 4 acres of radishesò This is the wrong approach and we 

sometimes get sucked into thinking this way. I would rather grow ¼ acre of radishes and sell 

them at $2.50/bunch. I would make more money and do an eighth of the amount of work. Letôs 

compare 2 stands at my market 

Farmer #1é.takes 50ô of space..has 10 employees...2 trucks..so double tolls,fuel,insurance 

  They sell tomatoes for $1.50/lb and they sell 50 boxes/dayé$1875 

                      Gross for all other vegetablesééééééééééééé..$6,000 

                      Expensesééééééééééé$3500ééé..  Net of $4,375 

Farmer #2...takes 12ô of space...has 1 employee 

                   They sell microgreens, day neutral strawberries, and hydro lettuce 

                   Grosséééééééééé.$3800 

                   Expenseséééééééé..$660éé..net of $3,140 

 

SOCIAL MEDIA  

You need to have a presence on social media. If you donôt know how to do it you better hire 

someone who can do it for you. If you are anti - computer and want to be old school just 

remember that Darwin was right. If you donôt adapt and change you will perish.  

 

FACEBOOK  Your farm needs to be on here to alert people about whatôs going on...what crops 

are coming to market etc. People love pictures and they love to see what you are doing. Include 

your failures as well as your success stories. If you have a CSA you should make a private group 

just for them to share recipes and to alert them to any specials available for CSA members only. 

 

INSTAGRAM  This is a newer platform which is more photo oriented. It is faster than 

facebook. Have someone be in charge of it. Take photos and post regularly. Remember to put up 

a sign at your farm stand with your address so people can follow you. If you are older and 

resistant to this remember, you donôt have to like it...but you really should do it if you want to 

increase sales. 

 

Some thoughts about the ever changing consumer 

1. They want what they want...they donôt care about drought or rain or your problems. 

2. They will give you $8 for a bunch of flowers which will be dead in 5 days but they will 

complain about your vegetable prices. 

3. The reasons they shy away from common vegetablesé..Do I have to cook it?...Do I have 

to clean it?.... For younger people..they wonôt do either. 

4. They donôt know the difference between quarts, pints, half pints. We have heard them ask 

why our strawberries (quarts) are more expensive than the other guys (pints) . Our sign 

says $8/ quart...his sign says $6/ boxé.he sold out. 

5. They cannot do addition unless its on their phone 

6. They are very entitled. I WANT IT NOW! 

7. Above all they want convenience. In and out quick. Pre packaged etc. 
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8. Like it or not customers now have YELP and can leave you a bad review
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TRAINING AND PRUNING HIGH TUNNEL TOMATOES 
 

Amy Ivy 
Extension Vegetable Specialist, Retired 

Cornell Cooperative Extension 
adi2@cornell.edu  

 
Tomatoes thrive in the protected conditions of a high tunnel.  Well trained and well 
pruned tomatoes are easy to work around, have better air circulation, optimum light 
penetration, and have higher yields since excess foliage is removed to focus plant 
energy on producing and ripening fruit. If left untrained, tomatoes will quickly form a 
tangled mess that is difficult to maneuver through and harvest, and problems can go 
unnoticed until they are too late to stop.  
  
A well-managed planting allows room for the grower to move down the aisles for 
harvesting, training, and scouting to catch any pest and disease problems early.  
There are two key types of tomatoes based on their growth habit called determinate and 
indeterminate, and they are managed differently. 
  
Determinate tomatoes grow to about 4 feet high and produce most of their fruit in a few 
weeks, although they will continue to bear some until frost. They have a bushy habit and 
do best with support along their sides to hold the plant upright. 
Indeterminate tomatoes keep growing and bearing as long as conditions stay warm 
enough. They are essentially a vine and produce the most fruit when carefully pruned 
and trained vertically. 
  
All tomatoes produce suckers above 
every leaf. Left unpruned, each sucker 
will grow into a shoot with leaves and 
fruit. If every sucker remains, all those 
shoots, leaves and fruit compete with 
each other for food, light and water. 
By limiting the number of suckers and 
leaves, plant energy is directed to the 
remaining shoots for optimum yield 
and quality. It is best to remove 
suckers while still small to direct plant 
energy upward. 
  
As tomatoes grow taller their lower 
leaves become unnecessary. Removing the lower leaves allows for better air circulation 
for less disease pressure.  
 

mailto:adi2@cornell.edu
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Training and Pruning Determinate Tomatoes 
(ex. Red Bounty, Red Deuce*, Celebrity, Primo Red*, Volante)  
* leaf mold resistant variety 
 
Provide horizontal support 
1. Set the plants at the proper spacing. 
2. Set a 5ô stake into the ground between every 2 plants.  
3. Weave the twine around and between each plant in a Figure 8 pattern, starting at 8ò 
from the ground and repeating every 6-8ò as the plants grow. The plants will grow to 
about 4ô tall so continue adding twine to provide even support for the plants.  
4. This is called the basket weave, the Florida weave, and/or the stake and weave 
system. 
 
Prune to the óStrong Yô (see photo, right) 
1. Remove the leaves up to the first flower cluster. 
2. Leave the sucker just under the first flower cluster  
and remove all suckers below that point. 
3. The stem should now look like the letter óYô (yellow 
dotted line in Figure A). 
4. No more pruning is required.  
  
 
Training and Pruning Indeterminate Tomatoes 
(ex. Arbason, Big Beef, Geronimo*, most Heirlooms, Panzer*, Rebelski*)  
* leaf mold resistant variety 
 
Provide vertical support 
1. Decide on 1 or 2 leaders per plant. Heirlooms and grafted plants do best with 2 
leaders, newer growers find 2 leaders easier to manage. Hybrids do well as a single 
leader. 
2. Set the plants at the proper spacing. Allow 24ò in-row spacing between each leader. 
3. Drop a line down from the overhead support, 1 line for each leader. 
4. Use a tomato clip to fasten the line below the first leaves, add clips every 6-12ò up the 
stem. Be sure the clip holds the line in its hinge. 
5. Ensure the structure can bear the weight of the crop without bending the frame. 
6. Consider running the lines from a spool so the plants can be lowered as they grow to 
facilitate harvesting. Several models are available. 
  
Pruning Indeterminates  
1. For a single leader, remove all suckers and all leaves below the first flower cluster. 
The result is one long vine-like leader with no side shoots. 
2. For a double leader, establish The Strong Y. Each arm of the Y will become a 
leader, 2 leaders per plant. 
3. Maintain the leaders throughout the entire growing season by continually pruning off 
all suckers that form. This will need to be done at least weekly, especially during the first 
6 weeks. 
4. Continue removing lower leaves as each fruit cluster is harvested.  Remove leaves 
gradually, a few each week, rather than too many at once. 
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5. When using a spool, lower the vines as the lowest fruit clusters are harvested; this 
brings the ripening fruit down to a level easier to reach for harvesting and pruning. The 
vines will bend as they are lowered. 
 
Tip: Removing Lower Leaves 
A handy method of removing leaves is to first bend the leaf upwards and then 
downwards. Listen for a soft ósnapô with each 
movement. If the leaves only bend and do not 
snap, use a sharp knife to cut them off close to 
the stem.  
 
Snapping is preferred to cutting so the leaf can 
separate at its natural point of attachment. Use 
caution to not tear off the leaves which may 
leave a ragged stump or tear that will be slow 
to heal over. A clean snap will seal off quickly. 
Remove lower leaves up to the first fruit 
clusters for increased air circulation. The photo 
(right) shows bare stems with plenty of air 
circulation and no leaves touching the ground. 
 
 
Cherry Tomatoes Pruning Trial 2017 Results 
 

Left unpruned, cherry tomatoes quickly become a tangled mess, especially when grown 
under the protection of a high tunnel. Growers question whether itôs worth the time and 
effort to prune and train them. This was the second season we studied three different 
pruning methods and our conclusion is even stronger: training to the double leader 
system provided the most benefits as measured by labor efficiency, yield, and net 
revenue. 
 
The three systems we studied 
were single leader, double leader, 
and multi leader. We began the 
multi leader treatment as a 
double leader but stopped 
pruning at the first harvest, doing 
only minimal training to keep the 
long shoots out of the aisles. We 
continued to prune and train the 
single and double leader 
treatments throughout the project.  
 
The single leader took the least 
time to prune, train and harvest 
but had a significantly lower yield. 
Using $12/hour for labor and $4/lb for gross price for 200 plants, the double leader 
system in our trial would have brought an additional $1390 in net profit over the multi 
leader system. 
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And because labor is the largest expense on most vegetable farms, the increased 
efficiency of harvesting the double leader system over the multi-leader is another 
important factor. Our average yield per hour of harvest was 45.1 lbs/hr for the double 
leader compared to 34.8 lbs/hour for the multi leader due to the dense, tangled growth 
that develops when left unpruned. 
 

 
This graph shows the efficiency of harvesting each treatment. The multi leader (green line) is 

consistently the least efficient to harvest due to denser growth. 

 
 
This project was funded by the Northern New York Agricultural Development Program 
which is supported by the New York State Senate and administered by the New York 
State Department of Agriculture and Markets.  The detailed report of these trials will be 
posted at www.nnyagdev.org 
 
 
 

For more information on high tunnel production and detailed factsheets to 
download visit:  http://hightunnels.cals.cornell.edu 
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TRENDS IN COMMERCIAL HYDROPONIC FRUIT AND VEGETABLE PRODUCTION 
 

 

Christopher Higgins 

General Manager of Hort Americas 

Owner/Editor of Urban Ag News 

2801 Renee St. 
Bedford, Texas 76021 

chiggins@hortamericas.com 

Hortamericas.com 

UrbanAgNews.com 
 

The hydroponic production of commercial horticulture crops is anything but new. After a 
very short Google search one will realize that the Dutch have been producing crops in 
controlled environments using hydroponic irrigation methods for decades. 
What is new, however, is the current evolution and revolution the commercial 
hydroponic production industry is undergoing outside of that small country in 
northwestern Europe. Whether in the United States, Canada, Japan, Dubai, Australia or 
other countries around the world, entrepreneurs are dreaming up new ways to farm. 
 New ways to solve current production problems created by increased labor costs, 
climate change and shifting consumer demands. New ways to generate interest from 
investors and a new generation of workers now interested in farming. And finally, new 
concepts to solve future problems and future ñfoodò demand issues by changing the 
way we look at farming and value food. 
 

In this 30-minute presentation we will look at three trends in hydroponic production 
methods. These trends will allow both forward-thinking and traditional growers to 
aggressively tackle current and future problems. These trends will also help to produce 
novel solutions that will hopefully create a positive economic outcome for these growersô 
farming businesses. 
 

The trends are: 
1. The use of LED grow light technology in both supplemental and sole source lighting 
applications to produce crops close to markets in a wide variety of climates.   
2. The use of hydroponic irrigation systems to tackle labor issues, climate change and 
loss of registered pesticides. 
3. The modification of traditional production and irrigation systems to create novel 
systems that take advantage of optimization technologies like robotics and artificial 
intelligence (AI.) 
 

It is not completely clear which of these trends will stand the demands and challenges 
of an ever changing and highly competitive market. However, it is quite clear that 
production horticulture and agriculture will need to evolve in order to solve both internal 
economic business issues and external challenges and opportunities. 

mailto:chiggins@hortamericas.com
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ENERGY IN GREENHOUSES 
 
 

Thomas O. Manning 
Project Engineer, New Jersey Agricultural Experiment Station 

Bioresource Engineering, 20 Ag. Extension Way, New Brunswick, NJ 08901 
tmanning@njaes.rutgers.edu 

 
Energy is a significant concern for most New Jersey greenhouse growers.  Heated 
greenhouses, particularly those in use during the coldest parts of the year, require 
substantial energy to keep plants warm enough for optimum growth.  Heating is typically 
the largest component of greenhouse energy use in New Jersey.  Electricity use, 
particularly in greenhouses that use extensive supplemental lighting to promote plant 
growth, can also be a large component of energy use. 
 
Because heating can be such a significant part of greenhouse operating costs, it helps 
to understand how greenhouses lose heat to the outdoors.  The largest component of 
greenhouse heat losses is through the surfaces of the structure.  This includes losses to 
the ground, through the floor and the perimeter of the space, but most energy loss is to 
the outside air, through the roof and walls.  The amount of heat transferred, by 
conduction and radiation through walls and roofs, depends on the difference between 
indoor and outdoor temperatures, the surface area of the greenhouse and the insulating 
properties of the exterior surfaces. In general, the warmer the greenhouse air is, the 
more heat energy will be needed.  Also, greenhouses with more surface area will 
require more heat. 
 
Because plants need sunlight, greenhouse walls and roofs are typically transparent or 
translucent.  The most common materials are glass, polyethylene, acrylic and 
polycarbonate, usually in relatively thin layers, with poor insulating properties.  Adding 
additional layers help provide more insulation, but typically greenhouse roofs and walls 
have little resistance to heat transmission to the outside.  Greenhouses can also lose a 
lot of heat when warm air leaks to the outside and cold outdoor air takes its place.  Any 
breaks in the roof or wall coverings, cracks and other openings allow air exchange that 
results in heat losses. 
 
In addition to the energy efficiency of the greenhouse structure, the amount of fuel 
required to produce the heat required to keep plants warm depends on the efficiency of 
the heating system.  Both the heating plant (boilers, furnaces, unit heaters, etc.) and the 
distribution system (pumps, pipes, blowers, etc.) contribute to the overall efficiency of 
the heating system. With these considerations in mind, an approach to reducing the 
energy used for heating greenhouses will minimize the heat losses through roofs and 
walls, reduce air infiltration through cracks and other openings, and improve the 
efficiency of the heating system. 
 
There are several strategies for cutting down on heat losses through the greenhouse 
coverings: 
¶ Use more layers ï double polyethylene or multi-layer acrylic or polycarbonate 

coverings reduce heat losses by a third or more, as compared to single layer 
glazing. 

mailto:tmanning@njaes.rutgers.edu
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¶ Install energy curtains ï a well-sealed curtain can reduce heat losses by a quarter to 
a third.  Installing multiple curtains will increase the savings, but with diminishing 
effect with each additional layer.  Curtains can also help provide a better 
environment for the crop, by providing shading during warmer months and by 
increasing nighttime leaf temperatures during winter nights. 

¶ When considering building new greenhouse space, evaluate the possibility of gutter-
connected structures rather than stand-alone facilities like hoop houses ï gutter-
connected greenhouses have a lower surface to floor area ratio.  Large contiguous 
spaces can also allow for more efficient space utilization and better labor 
management. 

¶ In double polyethylene covered greenhouses, use infrared blocking plastic ï this can 
reduce heating requirements by 5 to 25%, and is particularly effective in hoop 
houses which have relatively high surface areas and where it is difficult to install 
energy curtains. 

¶ Use wind barriers ï these are particularly effective in windy areas and can reduce 
annual heating requirements by 2 to 5%.  Just make sure that they wonôt shade the 
greenhouse. 

¶ Reduce nighttime temperature setpoints (as long as it wonôt affect plants) ï this can 
result in savings of 5 to 10%. 

¶ Install insulated knee walls. 
¶ Insulate perimeter walls below grade. 
¶ Maximize space utilization within the greenhouse, and reduce temperatures in areas 

that are not being used to grow plants. 
 
To limit air infiltration: 
¶ Caulk and weather-strip doors, windows and other openings. 
¶ Repair damaged or misaligned ventilation shutter and vents. 
¶ Repair broken, torn or damaged glazing as soon as possible. 
¶ Seal all cracks in walls, paying particular attention to the bottom of the wall. 

 
Higher efficiency heating systems can include the following: 
¶ Use of high efficiency heaters and boilers ï equipment efficiencies of as much as 

95% can reduce energy use by 10 to 20%. 
¶ In hot water systems, consider installing condensing boilers. 
¶ When using gas fired unit heaters, consider direct-fired, high efficiency equipment 

with dedicated outside air intakes. 
¶ When using oil as the primary fuel, install a flame retention burner that provides 

better mixing of fuel and combustion air, for energy saving from 15 to 20%. 
¶ Insulate main distribution piping in hot water systems. 
¶ Deliver heat where it is needed ï use floor heat or under bench heat where practical.  

Hot water systems are typically more effective than hot air at providing heat to the 
growing area. 

¶ Maintain equipment so that it is operating at peak efficiency ï this can save 5 to 10% 
of energy costs. 

 
Energy costs can also be reduced by purchasing fuel wisely.  Shop around for fuel 
suppliers, watch trends in fuel prices, and, when possible, time fuel purchases to avoid 
high cost periods. 
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An efficient environmental control system can also reduce energy use by 5 to 10%.  
Modern control systems provide features that allow you to: 
¶ Use ramping to transition between daytime and nighttime temperature setpoints for 

savings from 2 to 5%. 
¶ Implement more complex control strategies that promote better plant growth and 

reduce energy needs. 
¶ Avoid multiple thermostats for a single space ï computer based controls only need a 

single sensor, avoiding the problems created by multiple mechanical sensors that 
arenôt always consistently calibrated. 

¶ Use historical data recording and review to discover problems that may occur when 
the greenhouse is unattended.   

¶ Support the use of variable speed fans and pumps. 
 
Greenhouse that use lights to supplement sunlight for plant growth typically have high 
electrical use, and in these facilities the cost for electricity can exceed heating costs.  
Measures to minimize electricity costs for supplemental lighting include: 
¶ Using intelligent controls and advanced strategies for scheduling lights. 
¶ Set fixture heights and spacing in accordance with manufacturerôs recommendations 

and to achieve best uniformity and optimum illumination levels. 
¶ Design for illumination levels and schedules that are most appropriate for the cropsô 

needs. 
¶ Use high efficiency fixtures ï use LED lights where appropriate. 

 
For greenhouses that donôt use supplemental lighting, fans and pumps can account for 
much of the electricity use.  Energy saving opportunities include: 
¶ Installing variable speed exhaust fans. 
¶ Running HAF fans only when appropriate ï in mechanically ventilated greenhouses 

HAF fans may not be useful when exhaust fans are running. 
¶ Use high efficiency motors in fans and pumps. 
¶ Limiting the number of exhaust fans that run during nighttime hours. 

 
Donôt forget the energy use in headhouse and office areas: 
¶ Use high efficiency lighting and task lighting in areas that are occupied for significant 

amounts of time. 
¶ Turn off lights when not needed and use occupancy sensors where appropriate ï 

Instant-on bulbs like LED and strip fluorescents may be more practical in some 
cases. 

¶ Minimize air infiltration by keeping doors and other openings closed, using automatic 
openers and closers, sealing cracks and maintaining weatherstripping. 

¶ Consider installing warm floors or other forms of radiant heat. 
 
Useful resources: 
¶ Scott Sanford, Reducing greenhouse energy consumption ï An overview, A3907-01, 

University of Wisconsin, 2011. 
¶ Erik Runkle and A.J. Both, Greenhouse energy conservation strategies, Extension 

Bulletin E3160, Michigan State Extension, November, 2011. 
¶ eXtension Farm Energy IQ, Greenhouse Energy Efficiency. 

(https://articles.extension.org/pages/72634/greenhouse-energy-efficiency) 
¶ Robert Aldrich and John Bartok, Greenhouse Engineering, NRAES, 1994. 

https://articles.extension.org/pages/72634/greenhouse-energy-efficiency
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SUPPLEMENTAL LIGHT IN GREENHOUSES 
 
 

A.J. Both 
Extension Specialist 
Rutgers University 

Department of Environmental Sciences 
14 College Farm Road 

New Brunswick, NJ 08901; both@sebs.rutgers.edu 
 
 

Recent advances in light emitting diode (LED) technology have resulted in an explosion 
of product offerings from a wide range of lighting manufacturers. Potential advantages 
of LED lamps compared to conventional light sources such as incandescent, fluorescent 
and high-intensity discharge lamps include increased efficiency and the option to 
manipulate the light spectrum. The increased efficiency reduces the cost to operate the 
lamps, and tailoring the spectrum to specific plant needs can produce a higher quality 
crop. It is also common to read a statement like: LED lamps do not produce any heat, 
but this is misleading. LED lamps do produce heat, their conversion efficiency 
(converting electricity into useful light) is typically around 30%, but this heat is mostly 
convective heat.  
 
Almost all high intensity LED lamps have a heat sink (often a metal casing with some 
type of fins) that is used to transfer most of the heat they produce to the surrounding air. 
By moving air (either actively with a fan or passively) around the heat sink, this heat can 
be easily removed from the plant production area. As a result, LED lamps can be placed 
closer to the plant canopy, reducing potential light losses resulting from light that does 
not reach the leaves. By contrast, high-intensity discharge lamps such as high-pressure 
sodium and metal halide lamps, produce mostly radiant heat (their conversion efficiency 
is very similar to that of LED lamps) that is directed to any surface within a direct line-of-
sight from the bulb. This radiant heat is more difficult to remove from a growing 
environment and often causes a temperature increase in any plant tissue directly 
exposed to the radiation source.  
 
While the advantages of LED lamps make them an attractive alternative for crop 
lighting, the better models are still more expensive to purchase and limited information 
is available about what the best lighting strategy is for a particular plant species. The 
ability to (continuously) adjust the light spectrum has opened up exciting new 
opportunities, but researchers still have a lot of work to do to determine the most 
effective and economical applications for LED lamps. 
 
For seedling production and depending on plant species, plant germination does or 
does not require light. Growers typically cover seeds with a thin layer of growing media 
when plants only germinate in the dark. The higher the germination percentage, the 
more economical the production system, so growers aim to provide the best 
environment for optimal germination. When only small batches of seeds are germinated 
at a time, the conversion efficiency of the lamps is less critical because only a few 
lamps are used. Obviously, this is different for large commercial operations where 



75 

 

optimum lamp selection can make a big difference. While germination areas are 
typically designed for high plant densities, not all of the light will reach plant surfaces 
(especially during germination and seedling establishment). Therefore, increasing light 
intensities does not always result in improved seedling growth. Increasing the amount of 
red light immediately after germination can increase leaf surface area, but too much red 
light can result in too much stretching, resulting in spindly seedlings. Some 
experimentation may be needed to find the optimum light spectrum during germination 
and early seedling establishment.  
 
When plants have established a full canopy, we can use LED lamps to provide 
supplemental or sole-source lighting, depending on whether plants are grown in a 
greenhouse or an indoor environment, respectively. Research has shown that plants 
use red (600-700 nm) and blue (400-500 nm) light most efficiently during the process of 
photosynthesis. Several lamp manufactures have used this information to design LED 
lamps that produce a combination of red and blue light, resulting in an overall magenta 
light color. While this light color may be very efficient in terms of photosynthesis, it 
makes it very difficult to observe true colors because plant surfaces appear mostly 
black. Thus, observing color changes as a result of nutrient deficiencies or diseases 
becomes virtually impossible. Adding green light, or using white light instead will 
alleviate this problem. Additionally, providing far-red light (between 700 and 800 nm) 
has been shown to improve plant photosynthesis. Finally, some plants accumulate 
antioxidants (e.g., anthocyanins) when grown under sunlight that contains a small 
amount of ultraviolet (UV) light (280-400 nm). Therefore, UV light (in addition to 
adequate amounts of blue light) is sometimes added to the spectrum provided by 
electric light to ensure an adequate accumulation of antioxidants (e.g., red lettuces). 
However, depending on the intensity and specific wavelength, UV light can be 
damaging to biological tissue, so care should to be taken so as not to harm plants and 
people exposed to UV light.  
 
Because plants need a lot of light for proper growth and development, selecting the 
most efficient light source that produces the appropriate light spectrum is an important 
decision. In addition, other environmental factors (e.g., temperature, humidity, carbon 
dioxide concentration, growing media moisture content) are important and can interact 
with the light intensity and spectral characteristics. An excellent reference on his topic is 
the book: Light Management in Controlled Environments (2017), edited by my Michigan 
State colleagues Roberto Lopez and Erik Runkle. For additional information, growers 
are encouraged to reach out to plant lighting experts and Cooperative Extension 
personnel to discuss the best lighting strategy for their operations. 
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A CHRONOLOGICAL HISTORY OF ORGANIC AGRICULTURE: 1900 ï 2018 
 

Joseph Heckman 
Extension Specialist Soil Fertility 

Rutgers University 
59 Dudley Rd  

New Brunswick, NJ 08901 
 

 Students, farmers, and customers of USDA Certified Organic Products are often 
unfamiliar with organic agricultureôs origin and evolution and are challenged to fully 
appreciate its distinctive characteristics. With biology, the importance of studying the 
origin and evolution of life is obvious and the principle is likewise applicable to teaching 
about organic agriculture.   While the USDA National Organic Program (NOP) codifies 
the terms and practices that comprise organic production and handling, federal 
regulations fail to fully convey the nuances of an ecological, site-specific system of 
farming.  Farmers interested in adopting organic practices and pursuing certification 
may read every word of the NOP standards without gleaning much insight into the 
foundational principles of organic management.  For their part, students and customers 
investigating organic farming will routinely encounter anecdotal information about its 
practices, materials and outcomes which lack a meaningful connection to its origins and 
development.   A display of the chronological history of more than a century of 
milestones in organic farming including people, places, events, and ideas can serve as 
an educational vehicle.  A timeline organized into a poster can present the history 
leading up to the 1990 legislation authorizing the NOP and subsequent events involving 
implementation and market response to the federal certification program.  The 
presentation will contain historic photographs, graphics, and facts to illustrate spatial 
and temporal trends and explain context.  Highlights from the pre-NOP period will 
include an international perspective on how pioneers (Howard, King, Steiner, 
Northbourne, Price, McCarrison, Balfour, Rodale, Carson) of the organic agricultural 
movement were influenced by observing agricultural practices and food systems from 
around the world.  Comments from current actors involved in the organic movement are 
invited to contribute new material and add to my proposed timeline and narrative.   
 
References:      
Heckman, J.R. 2006. A History of Organic Farming: Transitions from Sir Albert 
Howardôs War in the Soil to USDA National Organic Program. Renewable Agriculture 
and Food Systems. 21:143-150. 
 
Heckman, J.R. 2017. Securing Fresh Food from Fertile Soil, Challenges to the Organic 
and Raw Milk Movements.  Renewable Agriculture and Food Systems, Cambridge 
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78 

 

 
Organic Seed Selection and the Commercial Availability Standard 

 
Mark Keating 

Wheel of Life Consulting 
29 Free Union Road 
Belvidere, NJ 07823 

tenorganicfarms@earthlink.net 
 

  
We are closing in on the twentieth anniversary of of the USDA organic 

certification program which was formally established on December 21, 2000.  There is 
much to celebrate about the publicôs embrace of the USDA organic seal and the 
opportunities it has created for farmers to receive price premiums for their hard work.  
Having a consistent national organic standard has also spurred innovative research at 
land grant institutions in core organic practices such as soil health, cover cropping and 
grazing that can directly benefit conventional farmers as well.  No federal regulatory 
program is launched in perfect working condition and we could spend considerably 
more than the half hour I am allotted to discuss ways in which the USDA organic 
standards could be improved.  However, my topic ï the requirements for selecting 
seeds and planting stock for organic crop production - is one element of the original 
organic standard that USDA had right from the beginning. 

 

Regrettably, more than a few voices in the organic community are currently 
pushing hard to advance an incorrect reading of the organic seed selection standard.  
These voices, among whom actual certified farmers are in short supply, cite numerous 
perceived benefits for having farmers significantly increase the amount of certified 
organic seed they plant.  As co-author of the original USDA organic seed search 
standard and an inspector who frequently sees it misapplied today, nothing frustrates 
me more than having farmers jeopardize productivity ï and their livelihood - by planting 
organic seed when a preferable but non-organic alternative exists.  Iôll first explain the 
conditions under which organic farmers can plant non-organic seed, then address why 
exercising that right is so important to them. 

 

Two statutory provisions protect a farmerôs right to plant non-organic seed when 
appropriate conditions have been satisfied.  The first is their prerogative to plant the 
specific crop variety which they expect will perform best under the site-specific 
conditions on their operation.  Variety selection can be based on performance attributes 
such as early maturity or disease resistance or on the varietyôs potential marketability.  
For example, a farmer with specific marketing requirements, such as raising crops 
under contract, can plant whichever variety best meets their need.  

 

Deciding which variety to plant ï a determination which rests solely with the 
farmer - is the basis for all subsequent decisions about the source and certification 
status of the seeds they plant. 
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The second provision establishing the right to plant non-organic seed is the 
commercial availability standard.  This standard allows farmers to use a non-organic 
input when an organic version is not commercially available in ñappropriate form, 
quality, or quantity.ò  The commercial availability standard is narrowly written ï there is 
no allowance to plant non-organic transplants, for example ï but it specifically applies to 
seed and planting stock.  Certifying agents typically require a farmer to search for their 
preferred variety by contacting a minimum of three seed suppliers before allowing them 
to plant nonorganic seed. 

 

It is noteworthy that the definition of commercial availability includes ñqualityò as a 
criterion for planting non-organic seed even when that variety is available in certified 
form.  Farmers are generally aware that seed from different suppliers can vary 
significantly in the attributes that matter most ï germination, trait expression and yield.  
However, they may not realize the standards specifically authorize farmers to plant non-
organically produced seed when it is known to be of superior quality to alternative 
certified sources. 

 

Let me address three assumptions behind the position that increasing the amount of 
organic seed planted by organic farmers will be universally beneficial.  
 

1. Certified organic seed is inherently better than non-organic seed. 
 

At first glance this would appear to be more of a truism than an assumption, 
since organic practices are known to promote crop quality.  However, there are far too 
many variables in seed production for organic certification to serve as a stand-alone 
indicator of superior quality.  Primary among these variables are the quality of the 
genetic resources available to the breeder and their skill at raising, harvesting and 
handling seed that will germinate, breed true and yield well. 

 

Let me illustrate this point with the experience of a farmer who had a long and 
successful relationship with a respected seed supplier who provided the majority of his 
planting needs.  Most of the varieties he planted were not certified, but he documented 
his variety selection and seed search obligations as described above. His certifying 
agent, however, was not satisfied with these efforts.  The certifying agent established an 
arbitrary threshold that 70% of all crop varieties be planted using organic seed and 
repeatedly pressured him to reach that threshold. 

 

No farmer relishes a disagreement with their certifying agent ï their business 
model is typically predicated on remaining organic.  Time spent debating with the 
certifying agent is also time not spent farming.  The farmer contacted his primary 
supplier and switched to newly available organic seed for a variety of slicing tomato he 
had long grown from conventional seed.  He planted an entire high tunnel with organic 
seed but experienced complete crop failure as the tomatoes ï managed comparably to 
his previous crops ï never matured beyond the size of a golf ball. 
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The farmer contacted his seed supplier who informed him that to make that 
organic seed available to him, they had acquired it from a new contract grower.  The 
supplier reimbursed the farmer the cost of the failed seed (and presumably dropped that 
contract grower), but the damage was done.  The farmer let down longstanding 
customers and lost $30,000 in potential revenue.  The fact that his certifying agent 
subsequently dropped the 70% organic seed requirement proved to be a very costly 
silver lining. 

 

2. Farmers should plant varieties specifically developed for organic production. 
 

Advocates for compelling organic farmers to increase their use of organic seed 
frequently assert that seed varieties bred under organic conditions will outperform 
varieties that were developed using conventional practices.  They maintain that 
organically bred seeds will contain and ultimately express traits that optimize 
performance when those varieties are raised under organic conditions. 

 

I will leave the merits of this position to those with more plant breeding expertise, 
but there are practical considerations why writing it into organic standards would be 
disastrous for farmers.  There are far too few seed varieties that satisfy this criterion for 
farmers to have a reasonable opportunity to identify ones that will work for them.  And 
since the identification, development and commercialization of new varieties requires 
years of expensive effort, it is unrealistic to think that a new generation of organically-
bred seeds is imminent. 

 

  By contrast, the conventional seed industry offers thousands of time-tested crop 
varieties that can be expected to perform reliably under farmerôs diverse growing 
conditions.  Some of these varieties date back centuries while others were indeed 
developed using conventional breeding practices, though any seed bred through the 
use of genetic engineering is categorically prohibited in organic farming.  The romantic 
notion that organic farmers should plant organic-specific varieties would eliminate the 
vast majority of the genetic material on which the organic movement has been built. 

 

3. Requiring farmers to plant more certified seed will stimulate growth in the organic 
seed sector. 
 
 This is an appealing argument since, as Thomas Jefferson said, ñThe greatest 
service which can be rendered any country is to add a useful plant to its culture.ò  
However, placing the interests of the organic seed sector ahead of the broader 
community of organic crop farmers is both unfair and counter-productive.  The farmer in 
the example cited above certainly did not benefit when a supplier sold him inferior seeds 
that happened to be certified. 
 

The bottom line is that private seed breeding and sales companies control by far 
the deepest and richest repository of crop germ plasm in the world.  Punishing organic 
crop farmers by restricting their seed choices cannot guarantee that these companies 
will make their resources available in certified form.  Many of these companies are 



81 

 

simply too large for it to be worth their while ï should that prevent farmers from 
accessing their invaluable resources? 

 

The structure of the domestic organic produce market also reveals an important 
consideration on the topic of organic seed.  As with its conventional counterpart, the 
organic produce market is dominated by extremely large producers operating primarily 
in Californiaôs Central and Salinas Valleys and Baja, Mexico during winter.  These 
companies often plant proprietary varieties which by law they are under no obligation to 
certify.  Why should these giants freely plant non-certified seeds if their far smaller 
competitors are being pressured not to do so? 

 

Letôs consider how basing standards these three assumptions would impact the 
most pressing challenge facing organic farming in America today ï increasing the 
domestic production of organic corn and soybean.  Heavy dependence on imported 
sources for these crops ï much of which is known to have been fraudulent - has 
seriously undermined confidence in the integrity of organic certification.  Raising 
certified feed crops here in the United States will be essential for the continued growth 
of the organic livestock sector.  It would also represent a tremendous opportunity to 
recruit conventional farmers tired of below-cost-of-production grain prices. 

 

Very few of the corn and soybean varieties needed to expand domestic organic 
production of these crops are available in certified form.  I am not aware of any that 
were bred specifically for organic production systems.  In the current marketplace, 
conventional seed suppliers make their varieties widely available in non-organic form 
and are capable of rapidly expanding production should demand increase.  Significantly 
restricting the genetic resources available to farmers by pressuring them to plant 
certified seed from unproven suppliers would mean an end to increasing domestic 
production of organic corn and soybeans. 

 
I sincerely wish that every farmer applying for or renewing organic crop 

certification fully understood their rights under the organic seed standard.  I canôt count 
the number of times while conducting an organic inspection that a farmer has revealed 
that they elected to plant an organic seed because they thought it was required or they 
wanted to avoid conflict with their certifying agent.  I do not dispute that there are 
potential benefits to increasing the usage of organic seed and I applaud those seed 
breeders who are working within organic production systems to develop new and 
improved seed varieties.  However, organic crop farmers should not be compelled to 
pay the very high costs that come with improperly limiting their seed choices to those 
often very limited options. 

 
   All organic farmers would greatly benefit from learning that the standards 

protect their right with proper documentation to plant non-organic seed.  Is it too much 
for organic farmers to ask when they put their livelihoods on the line every planting 
season that they get to select the seed ï both the variety and source ï they believe 
gives them the greatest opportunity for success? 
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USING BIOCONTROLS TO MANAGE APHIDS IN HIGH TUNNELS  

Elsa Sánchez 
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Cheryl Frank Sullivan and Margaret Skinner 

University of Vermont 

 

Aphids are a key pest of high tunnel crops causing several problems. When populations are high, 

they cause cupping and distortion of leaves, which stunts plant growth and fruit and flower 

formation. They also secrete honeydew, on which sooty mold can flourish. Some aphid species 

can also transmit viruses. Populations can also grow rapidly if undetected and can be an 

unsightly for customers to find.  

 

Using biocontrols to manage aphids can be an important part of an Integrated Pest Management 

or óIPMô approach. Scouting to determine the pest infestation level is a crucial step in using 

biocontrols successfully. Plant damage is often the first and easiest sign of aphids. Look for 

cupping and distorted leaves and honey dew. In addition, other evidence of their presence 

includes ants and cast skins of aphids. As aphids increase in size, they shed their exoskeletons 

which are called cast skins. These are white in color and can be confused with whiteflies. Also 

look for ants as ants and aphids can develop mutualistic relationships where the ants receive 

honeydew in exchange for protecting the aphids. When a lot of ants are present in an area, check 

for the presence of aphids as well. 

 

Record keeping is strongly recommended to keep track of when aphid and other pest outbreaks 

occur, the timing of biocontrol releases, and to assess the effectiveness of treatments (biocontrol 

or insecticide). It starts with developing simple scouting forms. Sample scouting forms can be 

found on these web sites: https://pestmanagement.rutgers.edu/ipm/vegetable/scouting/ 

https://ag.umass.edu/vegetable/outreach-project/new-england-pest-scouting-network.  

 

These forms should serve as a starting point and will be adapted to your operation. Other records 

to keep include maps of the tunnels with types and cultivars of plants grown and IPM strategies 

used. The species of aphids and host plants, your personal tolerance for each pest and how you 

manage them will determine your action thresholds. An action threshold is the pest population 

level that you consider high enough to warrant treatment. For example, because it takes time for 

a natural enemy population to increase enough to combat an aphid problem, your action 

threshold for using biological control may be lower than for insecticides, which usually has a 

quick knockdown effect. 

 

Every employee who works with the crop over the growing season should become familiar with 

aphids and other key pests and their biocontrols so they can alert you to an emerging problem. 

Personnel availability and time of year determines how often to scout. When starting out, you 

might want to scout each tunnel once a week. With experience you may change the frequency. 

More frequent scouting should be conducted when transplants are set or when seedlings emerge. 

Later in the season, every other week may suffice until plants are removed from tunnels. A set 

monitoring routine is ideal; however, whenever the plants are handled, scouting should be 

practiced.  

 

Useful tools for scouting aphids include a hand lens, sticky cards, flags or flagging tape, bags 

and/or vials, and a camera. The hand lens allows you to magnify small items. A 10X 

magnification is generally sufficient. Sticky cards are useful for determining the presence of 

https://pestmanagement.rutgers.edu/ipm/vegetable/scouting/
https://ag.umass.edu/vegetable/outreach-project/new-england-pest-scouting-network
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winged aphids and other flying insects. Start out placing 1 sticky card per 100 feet of row and 

adapt the number of cards to your situation. Replace sticky cards periodically when they get 

dirty. Itôs important not to rely only on sticky cards for monitoring. Aphids show up on cards 

after they develop wings, which is commonly in response to overcrowding on an infested plant. 

Aphids on cards usually indicate a severe infestation on the crop, which may reduce the success 

of a biological control treatment.  

 

Plant inspections are needed to find non-winged aphids and other wingless pests that have not 

reached high enough levels on the crop to be detected on sticky cards. Itôs useful to scout two 

types of plants: random plants and flagged plants. For random plants, arbitrarily select plants to 

scout that represent the crop mix in the high tunnel. If you are growing different types of 

vegetables in your tunnel, scout plants of each type and cultivar. A starting point is to scout 1 

plant in each 20 feet long section of row, which equals 5 plants in a 100 foot long row, for spring 

and summer crops including tomato, pepper, eggplant, and cucumber. Start out scouting 2 plants 

in each 20 foot long section of row or 10 in a 100 foot long row for leafy greens. As with the 

frequency of scouting events, the number of plants you scout depend on your situation.  

 

If high pest populations are found on any random plants, mark them with a flag or flagging tape. 

This is a reminder to come back and check that plant during the next scouting event and to mark 

areas that may warrant treatments. You donôt need to flag all plants with pests, only a few to help 

determine if your management treatments are working. This allows for you to monitor the 

numbers of natural enemies relative to pests and to determine the efficacy of a pesticide 

application.  

 

Each pest has a preference for where within a plant to colonize. In addition to scouting a 

representative number of plants throughout a tunnel, itôs also important to look within individual 

plants. This means scouting the tops and bottoms of leaves and both old and new growth. We 

recently completed a research project investigating the use of biocontrols for aphid management 

in high tunnel vegetables. For that project, we scouted by visually dividing tomato plants into 

upper, middle, and lower sections and then examining the upper and lower surfaces of three 

leaves in each of those sections. For lettuce, weôd divide plants into outer, middle, and center 

sections and also examine three leaves in each section.  

 

As a general rule, when using biocontrols, it can be essential to properly identify what species of 

pest you have. Many natural enemies such as parasitoid wasps are host specific, attacking a 

narrow range of species. If you are unsure of the identity of an insect you should collect several 

individuals and place them in a bag or vial or take a clear picture of it. Bags/vials and/or pictures 

can be sent to your local Extension Educator for identification. You can also purchase mixes of 

parasitoid wasps, if you are unsure of what aphid species you have. Information about aphid id 

and biological control agents are available at 

http://www.uvm.edu/~entlab/High%20Tunnel%20IPM/HighTunnelIPM.html. 

 

Other biocontrols for managing aphids include flies such as Aphidoletes aphidimyza and 

syrphids, predatory bugs such as Orius, lacewings, and lady beetles. Itôs important to know what 

life stage the biocontrol attacks and kills its host. For example, parasitoid wasps and flies kill 

their hosts in their larval stages. The adult fly lays eggs around aphid colonies where their 

larvae/maggots consume the aphids. Several parasitoid wasps lay eggs within aphids. Their 

developing larvae turn the aphid into brown or black ñmummiesò.  Predatory bugs and beetles 

are predatory as both adults and immatures. Selecting which biocontrol to use at a specific time 

http://www.uvm.edu/~entlab/High%20Tunnel%20IPM/HighTunnelIPM.html
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depends on what aphid species are present, infestation level (high or low), environmental 

conditions, and time of year. Itôs also important to release biocontrols at the proper rate for the 

area in terms of pest infestation level. If you are unsure, contact your biological control supplier 

for general guidelines. 

 

We recently completed a 3-year experiment focused on using habitat plants and banker plants in 

a biocontrol program to manage aphids in high tunnels. Habitat plants, such as alyssum, promote 

the establishment of natural enemies and encourage them to come in from outside the high 

tunnels. They provide pollen and nectars to adults of several biocontrols that require floral 

resources to reproduce. They can also provide attracted pests/hosts. Caution should be used to 

make sure these systems are not attracting too many unwanted pests then act as a source to the 

crop. That is another reason why routine scouting should be conducted. 

 

Success when using biocontrols to manage aphids relies heavily on finding the problem before 

they reaches damaging levels. Early intervention is crucial to release biocontrols so they can 

become established at the onset of an issue. Monitoring aphids and biocontrols after releases are 

made is essential to observe biocontrol efficacy and to determine if additional releases are 

needed or an insecticide application warranted. Over time, your biocontrol plan will be adapted 

to reflect your specific operation and your experiences. Allow time to fine-tune your plan. 

 

This material is based upon work supported by the National Institute of Food and Agriculture, 

U.S. Department of Agriculture (NIFA), Crop Protection & Pest Management Program under 

Award no. VT-0067CG, Accession No. 1004273; NIFA Extension IPM Program, Award no.  

2014-70006-22577, CRIS no. 1004998 and USDA SARE LNE15-343. Any opinions, findings, 

conclusions, or recommendations expressed in this presentation are those of the authors and do 

not necessarily reflect the view of the U.S. Department of Agriculture. 
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INTRODUCTION TO ORGA NIC CERTIFICATION & RECORD KEEPING  
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Over the last 20 years organic agriculture has changed from a small niche production system into 

a viable agricultural business generating nearly 50 billion dollars a year in sales within the USA 

alone. New Jersey is home to over 90 certified organic farms, the majority of which are certified 

by the New Jersey Department of Agriculture. In the US, to be able to legally represent your 

products as ñorganicò one must know and follow the regulations published by the USDAôs 

National Organic Program (NOP).  Most operations will have to become certified by an 

accredited certification agent.   

 

The New Jersey Department of Agriculture has been an accredited certification agent since 2007 

(certifications were performed by NOFA-NJ prior). In this session the Supervisor of the NJDA 

Organic Certification Program will present a quick overview of how the certification process 

works, followed by a focused discussion on record keeping. How to start putting together your 

organic farming system, when to begin the organic certification process, and how the 

certification process generally unfolds will be followed by an in-depth discussion on what the 

regulations require in terms of record keeping. What types of records satisfy the regulatory 

requirements and what your certification agent will likely expect will be discussed. 
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HOW WE MIGHT TRICK WEEDS TO STARVE THEMSELVES WITHOUT 

HERBICIDES 
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Email: jwhite3728@gmail.com 

 

2U.S. Geological Survey, Great Lakes Science Center, 1451 Green Road, Ann Arbor, 
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Plants óFarmô and óConsumeô Symbiotic Microbes 
 
Plants cultivate microbes (fungi and bacteria) around roots by secreting root exudates 
(containing sugars and other nutrients) into the soil around roots. The microbes 
cultivated by plants scavenge nutrients (nitrogen, iron, zinc, molybdenum, etc.) in the 
soils around roots.  In the órhizophagy cycleô (pronounced órye-zo-FAY-geeô, meaning 
óroot eatingô) (see Fig. 1), symbiotic microbes alternate between the soil and a phase 
inside root cells. Microbes acquire nutrients in the soil; nutrients are extracted from 
microbes through exposure to plant-produced reactive oxygen (superoxide) inside root 
cells. Nutrients like nitrogen and minerals are provided to plants directly from microbes 
through the rhizophagy cycle.  In the rhizophagy cycle, microbes enter root tip meristem 
cellsðlocating within the periplasmic spaces (the space between the cell wall and 
plasma membrane). In the periplasmic spaces of root cells, microbes lose cell walls 
becoming naked protoplasts. As root cells mature, microbes are doused with 
superoxide produced on the root cell plasma membranes. Reactive oxygen degrades 
some of the microbes, also inducing electrolyte leakageðeffectively extracting nutrients 
from microbes. Surviving bacteria in root epidermal cells trigger root hair elongation, 
and as hairs elongate microbes are ejected back into the soil from the root hair tips, 
reforming cell walls as microbes emerge into the soil where microbes may obtain 
additional nutrients, later to return to the plant root tip fully charged with nutrients. This 
sustainable cycle occurs in all root tips of plants.  Plants with more root tips obtain more 
nutrients from the rhizophagy cycle.  
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Starve Out Weeds By Feeding Them óNon-Digestibleô Microbes  
 
The microbes that function in the rhizophagy cycle are adapted to their particular hosts. 
Rhizophagy cycle microbes must be just resistant enough to superoxide produced by 
the plant root to resist being completely destroyed in root cells--but susceptible enough 
for some of the microbes to be degraded to provide nutrients to the plant and to remain 
under root cell control.  If a microbe produces antioxidants and is too resistant to 
superoxide produced by the plant, the plant cannot derive nutrients from it, and it 
replicates out of control within plant root cells, and consumes plant nutrients, effectively 
inhibiting plant growth and development.  The removal of rhizophagy cycle microbes 
from hosts to which they are adapted, and transference to hosts that cannot degrade 
them may result in: 1) internal colonization, 2) microbe overgrowth and consumption of 
plant nutrients, 3) inhibition of plant development, and 4) increase in seedling mortality.  
We have applied the term óendobiome interferenceô to situations where a microbe 
internally colonizes plant cells and negatively effects plant growth or development.  We 
have identified several microbes (bacteria and fungi) that stimulate their host plants, but 
inhibit weed species.  Presently, we are testing microbes to evaluate whether products 
can be developed for use of these microbes in cultivation of crops where applications of 
the microbes may increase growth of target crops, but inhibit weed growth.  
 
Reference 
 
White, J.F.; Kingsley, K.L.; Verma, S.K.; Kowalski, K.P. Rhizophagy Cycle: An Oxidative 
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