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DIAGNOSING VEGETABLE PROBLEMS

CROP DIAGNOSTICS: WHAT’S WRONG WITH THIS CROP?
M. D. Orzolek 

Department of Horticulture
The Pennsylvania State University

 Diagnosing foliar/fruit disease symptoms or abnormal growth of vegetable crops in respect to vegetative or 
reproductive	growth	can	be	very	difficult	and	exasperating.		Growers	have	blamed	their	problems	on	nutrition,	
insect,	or	disease	problems	that	are	generally	common	to	all	field	production	systems.		Unfortunately,	it	is	very	
difficult	for	the	field	vegetable	growers	to	detect	early	injury	symptoms	on	most	vegetables	before	calling	for	
professional	help.		There	are	specific	symptoms	growers	should	be	looking	for	with	most	vegetable	production	
problems.

 Water contamination can occur if there is a shallow well, large above ground pond, and/or unusually heavy 
rains	following	application	of	chemicals	(water	soluble	formulations)	in	the	field.	Unfortunately	plants	tend	to	
be more sensitive to chemical contaminants than humans and injury to plants can occur at part per billion (ppb) 
levels as well as part per million (ppm) levels, especially in young plans that have been recently transplanted in 
the	field.	Atrazine	and	other	water	soluble	herbicides	have	been	positively	identified	as	water	contaminants	in	the	
last 5 years.  Injury symptoms range from marginal yellowing or browning of the leaves of plants to abnormal 
plant growth and total death of the plant.  Several herbicides that are found in water as contaminants can cause 
developing tomato fruit to have differential growth rates of the locular tissue in the fruit resulting in catfaced 
tomatoes.  Current and potential growers are encouraged to have their water source tested for any contaminants 
prior	to	placement	of	vegetable	transplants	in	the	field.		

Diagnosing the Problem
It is important to make the correct diagnosis of the plant problem since lack or delay in treatment may cause a 
delay	in	crop	maturity	and/or	crop	loss.		Visual	symptoms	on	the	plants	may	be	difficult	to	separate	from	nutrition	
or disease problems; therefore, try to eliminate both nutrition and disease problems before pursuing the water 
contamination	route.		Nutritional	disorders	generally	can	be	found	as	a	distinct	pattern	in	the	field,	affecting	the	
entire	row	of	plants	or	the	entire	field.		In	addition,	usually	specific	parts	of	the	plant	are	affected	for	example;	
leaves	-	terminal,	mid	section	or	lower	leaves,	and/or	fruit.		Both	soil	and	tissue	testing	should	be	considered	to	
verify suspicion of a nutrient disorder.  A disease problem can have a more general infection pattern throughout 
the	entire	field	or	random	without	any	pattern	in	the	crop.		Since	fungi,	bacteria,	and	viruses	can	infect	almost	
all	vegetables	crops,	correct	identification	of	the	problem	is	very	critical	in	containing	additional	spread	of	the	
disease	organism	in	the	field	as	well	as	total	eradication	of	the	problem.		In	addition,	 there	have	been	several	
incidences	where	nematodes	have	caused	economic	damage	to	the	field	grown	vegetable	crop.		Damage	from	
nematode infestation can occur in all soil types, but more prevalent in the coarser type soils. 

Keys	to	solving	potential	plant	problems	in	field	vegetable	production
1. Determine whether there is a pattern to the symptoms.

a.	Does	 the	 pattern	 correlate	with	 a	 certain	 area	 in	 the	 field,	 such	 as	 a	 low	 spot,	 poor-drainage	 area,	
or	sheltered	area?	Does	the	pattern	correlate	with	concurrent	field	operations,	such	as	time	of	planting,	
method of fertilization, and rate of fertilization?

2.	Try	to	trace	the	history	of	the	problem.
a.	On	what	date	were	the	symptoms	first	noticed?
b. What fertilizer and liming practices have been used?
c.	What	pest-management	practices	have	been	used	to	suppress	or	control	diseases	and	undesirable	insects	
and	weeds--what	chemicals	(if	any),	when	applied,	and	what	application	rates?
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d. What were the temperatures, moisture conditions, and level of sunlight?
e. What was the source of seed or transplants?
f.	Which	crops	were	grown	in	thje	same	area	during	the	past	3	to	4	years?

3.	Examine	the	affected	plants	to	determine	whether	the	problem	is	related	to	insects,	diseases,	or	cultural	practices.
a. Do the symptoms point to insect problems? (A hand lens is usually essential to determine this.)
(1) Look for the presence of insects, webbing, and frass on foliage, stems, and roots.
(2)	Look	for	feeding	signs	such	as	chewing,	sucking,	or	boring	injuries.
b. Do the symptoms suggest disease problems? These symptoms are usually not uniform; rather, they are 
specific	for	certain	crops.
(1)	Look	for	necrotic	(dead)	areas	on	the	roots,	stems,	leaves,	flowers,	and	fruit.
(2)	Look	for	discoloration	of	the	vascular	tissue	(plant	veins).
(3)	Look	for	fungal	or	bacterial	growth.
(4)	Look	for	virus	patterns;	often	these	are	similar	to	injury	from	2,4-D	or	other	hormones	and	nutritional	
problems.
(5) Examine roots for twisting or galling.
c. Do the symptoms point to cultural problems? Look for the following:
(1) Nutrient	deficiencies.	A	soil	test	from	good	areas	and	poor	areas	should	taken	as	well	as	tissue	samples	

of affected plants.
•	Nitrogen--light	green	or	yellow	foliage.	Nitrogen	deficiencies	are	more	acute	on	lower	leaves.
•	Phosphorus--purple	coloration	of	leaves;	plants	are	stunted.
•	Potassium--brown	leaf	margins	and	leaf	curling
•	Magnesium--interveinal	chlorosis	(yellowing	between	veins	of	lower	leaves).
•	Boron--development	of	lateral	growth;	hollow,	brownish	stems;	cracked	petioles.
•	Iron--light	green	or	yellow	foliage	occurs	first	and	is	more	acute	on	young	leaves.
•	Molybdenum--whiptail	leaf	symptoms	on	cauliflower	and	other	crops	in	the	cabbage	family.

(2)	Nutrient toxicities.
a. •	Toxicity	of	minor	elements--boron,	zinc,	manganese.

•	Soluble	salt	 injury--wilting	of	the	plant	when	wet;	death,	usually	from	excessive	fertilizer	
application or salts in the irrigation water.

(3)	Soil	problems.	(Take	soil	tests	of	good	and	poor	areas.)
•	Poor	drainage.
•	Poor	soil	structure,	compaction,	etc.
•	Hard	pans	or	plow	pans

(4)	Pesticide	injury.	(Usually	uniform	in	the	area	or	shows	definite	patterns,	and							more	than	one	plant	
species, such as weeds, often are symptomatic.)

•	Insecticide	burning	or	stunting.
•	Weed-killer	(herbicide)	burning	or	abnormal	growth.

(5) Climatic damage.
•	High-temperature	injury.
•	Low-temperature	(chilling)	injury.
•	Lack	of	water.
•	Excessive	moisture	(lack	of	soil	oxygen).
•	Frost	or	freeze	damage.

(6)	Physiological	damage.
•	Genetic	mutations.
•	Air-pollution	injury.

DIAGNOSING VEGETABLE PROBLEMS



3

DIAGNOSING VEGETABLE PROBLEMS

Some pollutants that affect vegetable crops are sulfur dioxide (SO2), ozone (O3), peroxyacetyl nitrate 
(PAN),and  chlorine ( Cl).

Sulfur dioxide causes acute and chronic plant injury.  Acute injury is characterized by clearly marked dead 
tissue between the veins or on leaf margins.  Chronic injury is marked by brownish red, turgid or bleached 
white areas on the leaf blade.  Sensitive crops – squash, pumpkin, mustard, spinach, lettuce, endive, Swiss 
chard, broccoli, bean, carrot and tomato.

Ozone	symptoms	in	plants	are	small	stipple-like	or	flecklike	lesions	visible	only	on	the	upper	leave	surface.		
These very small, irregularly shaped spots may be dark brown to black or light tan to white.  Some older 
watermelons varieties, red varieties of Irish potatoes and beans are particularly sensitive to ozone.

PAN affects the underleaf surface of newly matured leaves, and it causes bronzing, glazing, or silvering on 
the lower surface of sensate plants.  Sensitive crops are Swiss chard, lettuce, beet, escarole, mustard, dill, 
pepper, potato, spinach, tomato and cantaloupe.

Chlorine injury is usually acute and similar in pattern to sulfur dioxide injury.  Foliar necrosis and bleaching 
are common. Sensitive crops are Chinese cabbage, Swiss chard, lettuce, beet, escarole, mustard, dill, 
pepper, potato, spinach, tomato, corn, onion, radish and cantaloupe.

 In summary, when trying to solve a vegetable crop problem, look for a pattern in the symptoms, it is important 
to take complete notes of problem area, trace the history of the problem, and examine the plants and soil closely.  
Publications and bulletins designed to help the grower identify vegetable problems are available from your county 
Extension	Office.

Michael D. Orzolek is Professor of Vegetable Crops, Department of Horticulture, The Pennsylvania 
State	 University	 since	 1981	 with	 a	 three-way	 appointment	 –	 60%	 Extension,	 22%	 Research	 and	 18%	
Teaching.  He has done extensive research on stand establishment, plastic mulches, high tunnels, 
weed management and tillage systems.  Mike is also the current Director of the Penn State Center 
for Plasticulture and the CP High Tunnel Research and Education Facility at Rock Springs, PA.. 
 
Dr.	 Orzolek	 formerly	 was	 Extension	Vegetable	 Specialist	 at	 the	 University	 of	 Delaware	 (1974-81).	 	 He	
received his B.S. in Biology from Alliance College, his M.S. in Horticulture from West Virginia University, 
and	his	Ph.D.	in	Horticulture/Botany	from	the	University	of	Maryland.		2007
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DIAGNOSING VEGETABLE PROBLEMS

HERBICIDE INJURY SYMPTOMS
Dwight Lingenfelter

Penn	State	University,	Department	of	Crop	and	Soil	Sciences,	116	ASI	Building,	University	Park,	PA		16802;	
Email: dwight@psu.edu

 Growers are occasionally concerned about possible herbicide injury to crops. Most injuries of this kind are 
caused by misuse, contaminated equipment, or drift. Unfavorable weather conditions combined with herbicide 
residues from a previous crop planting can potentially injure crops. In this article, some common reasons for 
herbicide injury will be discussed as well as typical herbicide families that could potentially cause carryover 
injury to vegetable crops will be highlighted.
 
 It is the responsibility of the grower and/or the applicator to understand the herbicide label and implications of 
using the product. All herbicide labels provide information (some more explicit than others) about what rotational 
crops can be planted after a herbicide application in a crop. The herbicide label is the law and if it is not followed 
certain things could possibly happen including crop injury, the commodity being rejected and/or other serious 
penalties imposed on the grower and others involved. Also, the negative public perception of agriculture can be 
devastating if this kind of misuse information is obtained. Most companies build in extra safety factors when 
determining the length of time necessary to rotate to a successional crop. Even if a grower has anecdotal evidence 
that a herbicide will only cause minimal or no crop injury, it’s still illegal. However, there are certain situations 
when all of the “rules” have been followed and yet herbicide injury is evident. 
 
 First of all is very important to rule out other factors that may cause crop injury yet look like herbicide 
injury	symptoms.	Insects,	diseases,	severe	weather	(hail,	lightning,	drought,	flooding),	fertilizer	burn,	and	nutrient	
deficiencies	 are	 among	 the	 causes	 of	 symptoms	 often	 attributed	 to	 herbicide	 injury.	 Cool,	 wet	 weather	 can	
increase the potential for injury, particularly with preemergence herbicides. When evaluating crop injury, careful 
consideration of the following factors surrounding the situation will help to diagnose the problem.

1.	What	is	the	pattern	in	the	field	of	plant	injury	or	uncontrolled	weeds?
●	A	pattern	of	injury	that	starts	on	one	side	of	an	area	and	diminishes	gradually	and	uniformly	away	from	that	

area is typical of application drift.
●	A	pattern	of	injury	occurring	in	irregular	patches	that	follow	air	drainage	could	indicate	herbicide	volatilization	

and movement of vapors.
●	Strips	of	injured	areas	or	surviving	weeds	at	predictable	intervals	indicate	possible	skipping	or	overlapping	

application.
●	Poor	control	at	the	edges	of	a	field	can	result	from	only	half	coverage	by	the	last	nozzle	on	the	boom	and/or	
more	sunlight	availability	along	the	edge	of	the	field.

●	Injury	limited	to	the	end	rows	or	ends	of	the	field	is	usually	due	to	overlapping	applications	or	high	herbicide	
rates in the turnaround areas at the ends of the rows.

●	A	definite	break	between	the	normal	or	uninjured	part	of	the	field	and	the	rest	of	the	field	usually	indicates	
some major difference in soil type or pH between the two sides.

●	A	pattern	of	obvious	overapplication	as	indicated	by	bare	ground	(both	crop	and	weeds	killed),	followed	by	
improved crop survival and appearance with good weed control, followed by lack of crop injury or weed 
control, indicates inadequate or poor agitation in the sprayer tank. The evidence is even stronger if this 
pattern repeats itself at intervals that correspond to each new load.

2.	What	is	the	history	of	the	problem	area—fertility	program,	cropping	sequence,	land	preparation,	soil	pH,	soil	
texture and organic matter, and seed source?
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3.	What	was	 the	 temperature,	moiture,	 rainfall,	 and	 prevailing	wind	 at	 and	 immediately	 following	 herbicide	
application?

 
 If indeed a certain herbicide or combination is to blame, various factors may have contributed to it. Basic 
factors	that	influence	herbicide	persistence	are	soil	factors	(soil	texture,	%	organic	matter,	soil	pH,	cation	exchange	
capacity, abundance of microorganisms), climatic conditions (moisture, temperature, sunlight), and herbicide 
properties	(water	solubility,	vapor	pressure,	chemical	make-up,	half-life).	Certain	herbicides	have	“staying	power”	
and could possibly cause carryover injury to certain crops especially vegetables. These herbicides include:
 
	 Triazines	(atrazine,	simazine,	Velpar);	ALS-inhibitor	herbicides	(Classic,	Cimarron,	Oust,	Pursuit,	Scepter);	
Bleaching	 herbicides	 (Callisto,	 Lumax,	 	 Impact,	 Laudis,	 Command);	 Contact	 herbicides	 (Reflex,	 Flexstar,	
Authority); and some plant growth regulators (Stinger, Milestone, Tordon).

Most	cases	of	herbicide	injury	in	vegetables	can	be	traced	to	five	herbicide	classes	or	families:	triazines,	ALS-
inhibitors,	HPPD-inhibitors,	plant	growth	regulators,	and	PPO-inhibitors.

•	 Triazines: These herbicides are effective primarily on annual broadleaves, while some provide control of 
grasses	as	well.	Photosynthesis-inhibiting	herbicides	block	 the	photosynthetic	process,	 so	captured	 light	
cannot be used to produce sugars. The plant slowly starves to death due to lack of energy. In broadleaved 
plants, early seedling growth appears normal, but shortly after emergence (when energy reserves in 
cotyledons are depleted), leaves become mottled, turn yellow to brown, and die. In most cases, the oldest 
leaves turn yellow on the leaf margins first, the veins remain green, and eventually the plant turns brown and 
dies. Herbicides such as atrazine, simazine, metribuzin, and Velpar could cause this kind of injury.

•	 ALS-inhibitors: These herbicides are effective mostly on annual broadleaves, while a few in this large group 
have activity on grasses, nutsedge, and/or perennial plants. These herbicides work by interfering with one or 
more	key	enzymes	that	catalyze	the	production	of	specific	amino	acids	in	the	plant.	When	a	key	amino	acid	is	
not produced, the plant’s metabolic processes begin to shut down eventually causing plant death. Plants that 
are sensitive to these herbicides stop growth almost immediately after foliar treatment; seedlings die in three 
to seven days, established perennials in two to four weeks. Symptoms include: stunted, yellow, purple veins, 
dead	growing	point,	roots	malformed	(bottle-brush).	These	herbicides	have	systemic	activity	throughout	the	
plant and young leaves are affected first.	Plants	become	straw-colored	several	days	or	weeks	after	treatment,	
gradually turn brown, and die. Herbicides such as Classic, Accent, Beacon, Cimarron, Sandea, Pursut, and 
Scepter can cause this kind of injury.

•	 HPPD-inhibitors: These herbicides provide control of many annual broadleaves and some grasses. These 
products are referred to as “bleachers” since they interfere with normal chlorophyll formation. Symptoms 
are very evident and easy to identify. Effected plants turn white or show bleached leaves, and eventually 
die if concentration of herbicide is high enough. Herbicides that contain HPPD active ingredients include: 
Lumax, Lexar, Balance, Corvus, Callisto, Impact, and Laudis.

•	 Plant growth regulators (PGR): In most cases PGR damage occurs not from carryover but from herbicides 
that	are	sprayed	in	adjacent	fields	and	then	drifts	onto	the	susceptible	crop.	These	herbicides	are	effective	
on annual and perennial broadleaf plants and usually have no activity on grasses or sedges, except at high 
application rates. PGRs upset normal growth as follows: cells of leaf veins rapidly divide and elongate, 
while	cells	between	veins	cease	to	divide.	This	results	in	long,	narrow,	strap-like	young	leaves.	Water	content	
increases, making treated plants brittle and easily broken. Cell division and respiration rates increase, and 
photosynthesis decreases. Food supply of treated plants is nearly exhausted at their death. Roots of treated 
plants lose their ability to take up soil nutrients, and stem tissues fail to move food effectively through the 
plant.	The	killing	action	of	growth-regulating	chemicals	is	not	caused	by	any	single	factor,	but	results	from	
the effects of multiple disturbances in the treated plant. Symptoms include: broadleaf plant leaves become 
cupped,	crinkled,	puckered,	 strap-shaped,	 stunted,	and	malformed;	 leaf	veins	appear	parallel	 rather	 than	

DIAGNOSING VEGETABLE PROBLEMS



6

DIAGNOSING VEGETABLE PROBLEMS
netted, and stems become bent, twisted, and brittle, with shortened internodes. Typical herbicides in the 
PGR	 family	 that	 could	 cause	problems	 if	 they	drift	 to	 adjacent	 vegetable	 crops	 are	 2,4-D	and	dicamba	
(Banvel, Clarity).

•	 PPO-inhibitors: These herbicides control mostly broadleaves but a few products have some activity on 
grasses.	Depending	on	the	product,	some	are	applied	postemergence	while	others	are	soil-applied.	These	
herbicides are referred to as contact herbicides and they kill weeds by destroying cell membranes. They 
appear to burn plant tissues within hours or days of application. Good coverage of the plant tissue and bright 
sunlight are necessary for maximum activity. The activity of these herbicides is delayed in the absence of 
light. Injury symptoms: all contact herbicides cause cellular breakdown by destroying cell membranes, 
allowing cell sap to leak out. Effected plants initially have a “watersoaked” appearance, followed by rapid 
wilting and “burning,” or leaf speckling and browning. Plant death occurs within a few days. However, 
some	of	the	PPO-inhibitors	have	longer	soil	residual	activity	so	potential	carryover	is	a	concern.	Products	
like	Reflex,	Flexstar,	Authority,	Spartan,	Valor,	and	Chateau	can	cause	injury	to	certain	crops	if	recropping	
restrictions are not followed.

	 It	is	important	to	understand	the	herbicide	label	and	know	what	crops	can	be	planted	after	a	specified	waiting	
period. This is especially true in diverse cropping systems that rotate agronomic and vegetable crops. It helps to 
plan crop rotations accordingly otherwise, crop injury or crop rejection could occur. In those situations where 
crop injury is evident, it helps to know what symptoms to expect from certain herbicides in order to properly 
diagnose the problem. There are numerous websites that have good pictures of herbicide injury symptoms; one 
such resource is the Penn State Weed Management website: http://weeds.cas.psu.edu/extension.html 

Dwight Lingenfelter is an extension agronomist/weed scientist in the Dept. of Crop & Soil Sciences at Penn 
State	since	1994.		He	is	responsible	for	writing	fact	sheets	and	newsletter	articles,	developing	presentations	
and other materials for Extension purposes, assisting with the preparation of The Penn State Agronomy Guide, 
presenting	practical	information	at	county	Extension	meetings	and	field	days,	and	generally	contributing	to	
other weed science Extension and research needs in mainly agronomic and some vegetable crops.  He also 
coordinates the annual Penn State Agronomic Field Diagnostic Clinic and coaches the PSU collegiate weed 
science team and is a member of several professional societies and serves on various committees.  He received 
BS	and	MS	degrees	in	Agronomy	from	Penn	State.	 	He	also	worked	for	a	period	at	 the	Ciba-Geigy	(now	
Syngenta) Ag Research Station in Hudson, NY and as a District Manger/Crop Consultant with an independent 
crop consulting company in northern Illinois.  He is a native of central Pennsylvania and became interested in 
agriculture while working on his uncle’s crop farm in western Oregon during the summers.  He and his wife 
Ketja	live	in	State	College.	(2008)
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NUTRIENT DEFICIENCY SYMPTOMS IN VEGETABLES
M. D. Orzolek

Dept. of Horticulture
The Pennsylvania State University

 Both nutrient availability and nutrient balance play important roles in plant nutrition.  Changing the level of one 
nutrient in the soil will often affect the uptake or transport within the plant of other nutrients.  The effects of one 
nutritional element on the uptake or use of another nutritional element and the nutrient interactions within the plant 
can	result	in	the	expression	of	a	nutrient	deficiency	in	the	plant.		Nutrient	interactions	can	be	a	significant	factor	in	
plant	growth	in	the	following	ways:	1)	when	the	levels	of	two	nutrients	are	both	near	the	deficiency	range	and	2)	
when one nutrient is supplied in excessive amounts while another nutrient is at a level considered only marginally 
sufficient.		Nutrient	interactions	may	be	the	result	of	precipitation	reactions	occurring	in	soil	solution,	which	reduces	
availability for plant uptake or the result of competition during nutrient uptake, translocation or metabolic function 
within	the	plant.		Examples	of	some	important	nutrient	interactions	include	ammonium-calcium,	phosphorus-iron,	
phosphorus-copper,	phosphorus-zinc,	and	potassium-magnesium-calcium.

Nutrient	Deficiency	Symptoms

Nitrogen (N)
-	 Nitrogen is used in larger quantities than any other mineral element
-	 Most	frequently	deficient	for	normal	growth	of	non-legumes
-	 Forms taken up by plants   NO3

- and HN4
+

-	 Function	in	plants	–	1)	part	of	the	amino	acids	which	make	up	proteins	and	2)	part	of	the	chlorophyll	molecule
-	 Symptoms
-	 Plants become stunted and/or become yellow on the older leaves
-	 N is mobile in the plant so new leaves may remain green
-	 Excess N may delay plant/fruit maturity
-	 Excess vegetative growth will reduce reproductive growth (fruits). Excessive plant succulence may make a 

plant more susceptible to disease or insect attack.

Phosphorus (P)
-	 Forms taken up by plants H2PO4

-  primary orthophosphate
-	 H2PO4

=  secondary orthophosphate
-	 Functions	in	plants	–	1)	a	part	of	the	protein	molecule,	2)	necessary	for	transfer	of	energy	during	metabolic	

processes	 (ATP)	 and	 3)	 hastens	maturity,	 promotes	 good	 root	 development,	 improves	 drought	 and	 cold	
tolerance, improves seedling vigor and important in seed and fruit formation.

-	 Symptoms
-	 Overall reduction in growth, stunting.
-	 Purple	coloration	on	the	underside	of	leaves,	lower	leaves	first	because	P	is	mobile
-	 Delay in maturity
-	 Failure of seed to form

Potassium (K)
-	 It is used in larger amounts than any other element except N.  May have luxury consumption – plants take up 

more than is needed.  Located in the cell sap as an organic salt.
-	 Forms take up by plants – K+

-	 Functions in plants – 1) It is a catalyst in many reactions; carbohydrate, starch and N metabolism, 2)	activation 
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of	enzymes	involved	in	photosynthesis,	and	even	protein	and	carbohydrate	metabolism,	3)	Adjustment	of	
stomatal	movement	in	leaves	and	water	relations,	4)	helps	disease	resistance	and	5)	increases	quality	of	fruit	
and vegetables.

-	 Symptoms
-	 Tips	and	margins	of	leaves	turn	brown.	K	is	mobile	so	this	occurs	first	on	lower	leaves
-	 Causes fruit to ripen unevenly.

Calcium (Ca) 
-	 Forms taken up by plant – Ca++

-	 Functions	in	plants	–	1)	production	of	calcium	pectate	which	gives	strength	to	cell	walls,	2)	needed	for	peg	
development	in	peanuts	and	3)	required	for	plant	root	and	tip	elongation.

-	 Symptoms
-	 Ca is immobile so new growth is affected
-	 Failure of terminal buds to develop
-	 Symptoms	are	not	usually	seen	under	field	conditions	because	other	problems	caused	by	acidity	of	soil	will	

generally become limiting factors before Ca.
-	 Blossom End Rot in tomato is an exception to this generalization.

Magnesium (Mg)
-	 Forms taken up by plant – Mg++

-	 Functions	 in	plants	–	1)	 a	part	 of	 the	 chlorophyll	molecule	 -	 essential	 for	photosynthesis,	 2)	Related	 to	
phosphorus	metabolism,	3)	Large	quantities	found	in	seeds.

-	 Symptoms
-	 Mg	is	mobile	so	symptoms	occur	first	in	lower	leaves
-	 Interveinal chlorosis.  
-	 Lower	leaves	of	severely	deficient	plants	become	yellow-orange	and	areas	of	purple	pigmentation	may	develop.

Sulfur (S)
-	 Forms taken up by plant – sulfate some SO4

-2 and sulfur dioxide through leaves.
-	 Functions	in	plants	–	1)	a	component	of	3	of	the	21	amino	acids	–	cystine,	cysteine,	methionine,	2)	present	in	

the organic compounds that give the characteristic odors of onion, garlic and mustard.
-	 Symptoms
-	 Uniformly	chlorotic	plants	which	are	stunted	and	spindly.	 	Similar	 to	N	deficiency	symptoms.	 	 It	 is	 less	

mobile	than	N	so	deficiency	may	be	more	apparent	on	younger	leaves.

Manganese (Mn)
-	 Forms taken up by plant – Mn++, Mn+++ can be absorbed through the leaves. Required in small quantities.  

Large amounts are toxic (acid soils).
-	 Functions	in	plants	–	1)	Activation	of	enzyme	systems	and	2)	Chlorophyll	synthesis.
-	 Symptoms
-	 The younger leaves develop yellow streaks.  Persistence of a uniformly dark green veinal network in the yellow 

leaves	is	characteristic	of	Mn	deficiency	and	distinguishes	it	from	Fe	deficiency.		Mn	is	immobile	in	plant.

Iron (Fe)
-	 Forms taken up by plant – Fe++ (ferrous form) and Fe +++ (ferric form) can be taken up by the leaves.
-	 Functions in plants – A catalyst in the production of chlorophyll and enzyme systems.
-	 Symptoms
-	 Leaves on top of plant become pale yellow, while the young mature leaves develop a mottled appearance.  

The young leaves become pale green and develop interveinal yellowing which spreads from the base towards 

DIAGNOSING VEGETABLE PROBLEMS
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the	tip	of	the	leave.		When	the	deficiency	is	not	corrected,	brown	areas	usually	develop	along	and	around	the	
main veins.  Youngest leaves may become almost white.  Fe is immobile in the plant.

Copper (Cu)
-	 Forms taken up by plant – Cu+2 can be absorbed through the leaves.  Very toxic if too much is applied.
-	 Functions in plants – Copper is a catalyst for chlorophyll formation.
-	 Symptoms
-	 Copper is immobile so upper or younger leaves affected – plants wilt and develop a bluish green cast.

Zinc (Zn)
-	 Forms taken up by plant – Zn+++ can be taken up through leaves.  Toxic except in small quantities.
-	 Functions in plants – Activator of enzyme systems.
-	 Symptoms
-	 Zn	is	immobile	–	occurs	in	younger	leaves	first.
-	 Interveinal chlorosis followed by a reduction in rate of shoot growth and shortening of internodes (resetting).

Boron (B)
-	 Forms	taken	up	by	plant	–	H3BO3	can	be	taken	up	through	the	leaves.		Can	be	very	toxic	if	applied	to	some	

crops	at	rates	not	harmful	to	other	crops.		Deficiency	occurs	frequently	on	alfalfa.		Rates	of	B	applied	to	
alfalfa may be toxic to small grains, peas and beans.

-	 Functions	in	plants	–	1)	translocation	of	sugars	across	membranes	and	2)	germination	of	pollen	grains	and	
growth of pollen tube.

-	 Symptoms
-	 Yellowing	of	the	tips	of	the	lower	leaves	is	the	first	symptom	of	B	deficiency	in	both	young	and	mature	

plants.  The yellowing spreads around the margins of the leaves and progresses up the plant.  Brittleness of 
the	foliage	is	characteristic.		Severe	B	deficiency	results	in	death	of	the	growing	point.	

Molybdenum (Mo)
-	 Forms taken up by plant – MoO4

=  and is required in the smallest amounts of any mineral nutrient.  Excess 
may be toxic to grazing animals.

-	 Functions	in	plants	–	1)	It	is	needed	for	the	conversion	of	NO3-	to	NH4+	in	plants,	2)	Mo	is	required	by	
rhizobia	for	N	fixation	in	the	nodules	of	legumes.

-	 Symptoms
-	 Interveinal chlorosis and a pale yellow margin develops on the older leaves.

Reference:
Diagnosing	Nutrient	Disorders	in	Fruit	and	Vegetable	Crops.	2005.	Peter M. Bierman and Carl J. Rosen, Department 
of Soil, Water, and Climate,	Extension	Publication	1190,	University of Minnesota.

Michael D. Orzolek is Professor of Vegetable Crops, Department of Horticulture, The Pennsylvania 
State	 University	 since	 1981	 with	 a	 three-way	 appointment	 –	 60%	 Extension,	 22%	 Research	 and	 18%	
Teaching.  He has done extensive research on stand establishment, plastic mulches, high tunnels, 
weed management and tillage systems.  Mike is also the current Director of the Penn State Center 
for Plasticulture and the CP High Tunnel Research and Education Facility at Rock Springs, PA. 
 
Dr.	Orzolek	formerly	was	Extension	Vegetable	Specialist	at	the	University	of	Delaware	(1974-81).		He	received	
his B.S. in Biology from Alliance College, his M.S. in Horticulture from West Virginia University, and his Ph.D. 
in	Horticulture/Botany	from	the	University	of	Maryland.		2007
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AIR POLLUTION SYMPTOMS

Dennis R. Decoteau
Departments of Horticulture and Plant Pathology

Penn	State	University,	University	Park,	PA		16802-4200
drd10@psu.edu

Background
	 Air	pollution	is	defined	as	gaseous	or	particulate	substances	released	into	the	atmosphere	in	sufficient	quanti-
ties or concentrations to cause injury to plants, animals, or humans.  The Clean Air Act requires the US Environ-
mental Protection Agency to set National ambient Air Quality Standards for six common air pollutants:  ozone, 
lead,	carbon	monoxide,	sulfur	dioxide,	nitrogen	dioxide,	and	fine	particulate	matter.

Air Pollution Injury to Plants
	 Plant	injury	caused	by	air	pollutants	is	most	common	near	large	cities,	smelters,	refineries,	electric	incinera-
tors,	power	plants,	refuse	dumps,	pulp	and	paper	mills,	and	coal-,	gas-,	petroleum-burning	furnaces.		Pollution	
injury on plants include mottled foliage, “burning” at the leaf tips or margins, twig dieback, stunted growth, pre-
mature leaf drop, delayed maturity, abortion or early drop of blossoms and reduced yield and quality.  In general, 
the visible injury to plants is of three types: collapse of leaf tissue with the development of necrotic patterns, 
yellowing or other color changes, and alterations in growth or premature loss of foliage.  Factors that govern 
the extent of damage and the region where air pollution is a problem are:  type and concentration of pollutants, 
distance from the source, length of exposure, and meteorological conditions.  Plant responses to air pollutants are 
helpful	in	establishing	the	early	presence	of	air-borne	contaminants,	determining	the	geographical	distribution	of	
the pollutants, estimating the concentration of air pollutants, providing a passive system for collecting pollutants 
for	chemical	analyses	later,	and	obtaining	direct	identification	of	different	air	pollutants	on	the	basis	of	plant	spe-
cies and variety affected.

Air Pollutants Most Injurious to Plants.  
 Photochemical oxidants (primarily ozone) – are most severe during inversions and stagnant weather, and max-
imum levels often occur in mid to late summer.  The oxidant levels also typically exhibit a diurnal pattern – low 
levels during the night, beginning to rise in the mornings, peaking early afternoon, and then dropping as evening 
approaches.		Ozone	(O3)	is	the	most	important	photochemical	oxidant.

	 Sulfur	dioxide	(SO2)	–	was	one	of	the	first	human-induced	pollutants	to	cause	economic	damage	to	plants.		
Combustion	of	fossil	fuel	is	the	primary	source	for	SO2

	 Fluorides	(Fl)–	are	produced	by	glass,	aluminum,	pottery,	brick	and	ceramic	industries	and	by	refineries,	metal	
ore smelters and phosphate fertilizer factories.

Symptoms on Plants
	 Ozone-	is	the	most	injurious	air	pollutant	to	plants	in	the	US.	O3	enters	the	leaf	through	the	stomata	during	
normal gas exchange where it disrupts cellular membranes.  As these structures are destroyed, groups of cells 
collapse	and	symptomsappear	on	the	leaf	surfaces.		The	most	common	symptoms	due	to	O3	on	leaves	are	small	
flecks	or	stipples.	O3	is	usually	seen	on	the	older	leaves	first	and	symptoms	are	interveinal	and	most	often	on	the	
upper	leaf	surface.	O3	stunts	plant	growth	and	depresses	flowering	and	bud	formation.

 Sulfur dioxide – plant exposure usually results in dry, papery blotches that are generally white, tan, or straw 
colored and marginal or interveinal.  Both the upper and lower leaf surfaces are affected.  Growth suppression, 
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reduction in yield, and heavy defoliation may occur.  Middle aged leaves and young plants are most susceptible 
to	SO2.		Injury	is	usually	greatest	in	the	vicinity	of	a	source	(less	than	1	to	5	miles	away).
 
 Fluorides – typically injury is either a yellowish mottle to a wavy, reddish brown or tan “scorching” at the 
margin and tips of broadleaved plants or a “tip” of grasses and conifers.  A narrow, chlorotic to dark brown band 
often occurs between living and dead tissue.

Mimicking Symptoms
 Many factors in the environment cause plant symptoms that mimic those of air pollutants.  High temperature 
and	dry	soil	cause	leaf	scorch,	symptoms	that	resemble	fluoride	or	SO2	damage.		Some	nutrient	deficiency	symp-
toms	show	up	as	chlorosis	between	the	veins	whereas	other	deficiencies	appear	as	a	general	leaf	chlorosis,	similar	
to symptoms of low level chronic exposure to an air pollutant.  Insects such as mites, aphids and leafhoppers cause 
leaf	symptoms	nearly	identical	to	those	due	to	O3.		Also,	pesticides	used	to	control	fungi	or	insects	may	cause	
injury to plants that resemble air pollution damage.
 

Dr. Dennis R. Decoteau is a Professor of Horticulture and Plant Ecosystem Health at The Pennsylvania State 
University.  Dr. Decoteaureceived his B.S. degree in Environmental Studies from the University of Maine at 
Fort Kent and his M.S. and Ph.D degrees in Plant Science/Physiology from the University of Massachusetts. 
He has won numerous teaching and research awards, including Best Expert Review Article 2009 as selected 
by the editorial board of the Journal of Integrative Plant Biology, the Innovation Award from Penn State’s Col-
lege of Agricultural Sciences’ Environment and Natural Resources Institute in recognition of innovative work 
addressing the effects of environmental stressors on plant growth and development, the Pioneer Award from 
the American Society for Plasticulturein recognition of work that broadens the importance of ASP through 
exemplary research and developmental efforts, the American Society for Horticultural Sciences Education 
Publication Award in recognition of the most outstanding paper on horticultural education published by the 
Society, and the L. M. Ware Distinguished Research Award from the Southern Region American Society for 
Horticultural	Science.		He	has	written	extensively	in	the	scientific	press	and	for	the	general	public	and	pub-
lished the textbooks Vegetable Crops and Principles of Plant Science:  Environmental Factors and Technol-
ogy in Growing Plants for Prentice Hall, Inc.

Custom Built Designs - Domestic and International Markets
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EXTREME WEATHER EFFECTS ON PLANTS

Joseph M. Russo
ZedX,	Inc.,	369	Rolling	Ridge	Drive,	Bellefonte,	PA	16823

 
 In recent years, the public has been bombarded with information about climate change. In particular, there is 
great concern about climate warming during this century. What is overlooked many times in all the discussion 
is	 that	climate	and	climate	change	have	a	set	of	definitions.	The	most	popular	definitions	are	climatic	“state”	
and	“variation.”	Climatic	state	is	the	average	of	weather	conditions	over	a	specified	period	of	time,	such	as	the	
annual maximum temperature. Climatic variation is the difference of climatic states of the same kind, such as the 
difference in annual maximum temperatures between two years. Climatic variation is synonymous with climate 
change	in	most	of	 the	public	discourse.	Two	lesser	known	definitions	 that	are	 just	as	 important	 to	understand	
climate and climate change are climatic “variability” and “anomaly.” Climatic variability is the variance among 
a number of climate states of the same kind. Variance is a statistical measure of the “swings” in climatic states, 
such as the range of warm to cool annual maximum temperatures over a period of years. Climatic anomaly is the 
deviation of a particular climatic state from both its average and variability, such as the warmest or coolest annual 
maximum temperature in a hundred years. A climate anomaly is an extreme event that is rare but still part of the 
climatic record. It is the one that results in extreme weather effects on plants.
 
 The susceptibility of a plant to extreme weather has to due with its adaptation to a particular climate and its 
resiliency	to	rare,	injurious	weather	events.	In	nature,	the	long-period	survival	of	a	plant	in	a	particular	environment	
defines	its	“habitat.”		 Whether	 indigenous	or	 invasive,	a	plant	survives	as	a	species	 in	a	particular	geography	
because the pattern of weather events stays within limits which allow it to reproduce and grow. The natural 
genetic variation in a native plant community ensures that when an injurious extreme weather event occurs, some 
individuals	will	survive	and	flourish.	Through	evolutionary	genetic	selection	over	many	years,	the	hardier	or	more	
resilient plants, which withstood extreme weather events, will make up a greater part of the community. This 
selection will ensure continued survival of a species in the event of future climatic anomalies.
 
 In the case of agricultural plants, which have been bred historically for higher yields and desirable qualitative 
traits,	 resilience	 to	 extreme	weather	 events	 is	more	 dubious.	 Since	 an	 extreme	weather	 is	 rare	 by	 definition,	
growers may experience an injurious event just once in a period of many years. This rare event may be an 
acceptable risk since the weather conditions in other years resulted in good crop yields and quality.  On the other 
hand, frequent extreme weather events may result in high risk and production that is economically unsustainable. 
In order to make good production decisions, a grower must be aware of both the frequency of extreme weather 
events and their effects on a particular crop, especially with respect to their stages of development.
 
 A strategy for anticipating the effects of extreme weather events on plants starts with quantifying environmental 
conditions	in	a	particular	production	space	over	a	long	period,	preferably	fifty	years	or	more.	This	quantification	
of environmental conditions can be in the form of historical weather observations for variables important to crop 
production. These variables include temperature, relative humidity, precipitation, cloud cover, wind speed, and 
evaporation.	Additional	measures	such	as	growing	degree	days	and	soil	moisture	deficits,	and	additional	events	
like the onset of spring and fall frosts can be derived from these variables. After securing the weather observations, 
one must identify the frequency of extreme values in the records relative to the tolerance limits of a plant. For 
example,	a	particular	apple	variety	may	be	resilient	to	winter	cold	down	to	a	temperature	of	-20	F.	Below	-20	F,	
the tree will die. By reviewing the historical observations at the location of an apple orchard, one can quickly 
deduce	the	frequency	of	a	-20	F	minimum	temperature	event.	In	parts	of	upstate	New	York,	it	may	occur	once	
every	25	years,	while	in	northern	Virginia	it	may	happen	once	every	250	years.		A	one-in-25	year	extreme	cold	
event	may	be	an	acceptable	risk,	while	a	one-in-250	year	event	can	be	interpreted	as	virtually	no	risk.	Another	
apple	variety	may	be	resilient	to	a	minimum	temperature	of	only	-10	F	before	it	succumbs	to	cold.	The	frequency	
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of	-10	F	is	found	in	the	observations	to	occur	once	every	five	years	in	upstate	New	York	and	once	every	25	years	
in	northern	Virginia.	The	grower	in	upstate	New	York	would	find	the	extreme	temperature	effect	on	the	variety	to	
be too risky, while the grower in northern Virginia may be willing to gamble on the same variety because of its 
desirable production characteristics. 
 
 The same strategy can be used to anticipate extreme weather effects on annual plants, such as vegetables. By 
perusing historical weather observations, one can identify the dates of the earliest and latest frosts for a particular 
location. One can next calculate the growing degree days between the extreme frost dates to determine if there are 
adequate heat units to achieve a mature, harvestable crop. After checking if there is adequate light and moisture 
between the same frost dates, one could safely assume the risk is minimal for extreme weather events during a 
growing	season.	Plant-by-plant	and	variable-by-variable,	 a	grower	can	determine	 the	 risk	of	 freezes	and	heat	
stresses,	droughts	and	floods,	high	winds	and	prolonged	high	humidity	periods.	The	strategy	of	using	historical	
observations for anticipating extreme weather effects on plants provides a “calculable” risk of crop injury along 
with the necessary numbers for mitigating actions.
 
	 Preparation	for	extreme	weather	effects	on	plants	includes	some	of	most	difficult	production	decisions	for	a	
grower.	Since	an	extreme	weather	event	is	by	definition	rare,	growers	must	make	difficult	choices	about	investing	
in equipment or purchasing services. Even when investments have been made for mitigation, an extreme weather 
event may be so overwhelming that planned responses may fall short. Growers must also gage the amount of crop 
insurance since a catastrophic loss due to extreme weather events is rare while the cost of premiums to ensure 
proper coverage is high. As discussed earlier, historical weather observations can help guide mitigation decisions. 
For starters, growers may distribute their risk by planting varieties of different susceptibilities to extreme weather. 
For	example,	a	cold-hardy	variety	may	not	be	the	highest	yielding	crop	but	it	will	survive	extreme	winter	freezes.		
It	can	be	thought	of	as	insurance	policy	when	planted	among	high-yielding	varieties,	which	are	more	susceptible	
to	freezes.	If	an	extreme	freeze	event	occurs,	the	most	cold-hardy	varieties	will	ensure	continued	production	even	
with	the	sacrifice	of	lower	yields.	Guided	by	statistics,	investments,	such	as	tunnels,	coverings,	sprinkler	systems,	
fans, foams, and mulches, may make sense especially if the materials have other uses than just protection against 
extreme weather events. No matter what the choice, it is important to realize that mitigation lowers extreme 
weather risk but does not eliminate it.
 
	 The	changing	climate	today,	whether	natural	or	man-made,	has	its	share	of	new	patterns	and	anomalies.	The	
dramatic swings being witnessed across the globe in temperature and precipitation in recent years complicates 
responses	to	extreme	weather	on	plants.	For	a	given	location,	a	one-in-25	year	weather	event	during	the	twentieth	
century	may	become	a	one-in-ten	year	 event	 in	 the	present	 century.	 In	 some	 instances,	 a	first	 time	event	not	
seen	 in	previous	 records	may	become	a	 reality.	 If	 the	climate	 is	 indeed	experiencing	a	 fast-pace	change	 then	
current records along with their statistics must be adjusted accordingly. No matter the changes in climatic trends 
or anomalies, informed decisions based on proper observations will always be the best strategy for countering 
extreme weather effects. 
 

Joe Russo is senior research scientist and president of ZedX, Inc., a Pennsylvania 
information	technology	(IT)	company	specializing	in	decision-support	algorithms,	
data	visualization	tools,	interactive	web-based	platforms,	and	learning	services	for	
the agricultural and environmental industries. He has B.S. degree in Meteorology 
from St. Louis University, a M.Sc. degree in Meteorology from McGill University, 
and a Ph.D. degree in Agricultural Meteorology from Cornell University. 
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SNAP BEANS
WAYS TO HAVE POOR WEED CONTROL IN SNAP BEANS

Dwight D. Lingenfelter
Penn	State	University,	Dept.	of	Crop	&	Soil	Sciences,	116	ASI	Building,	University	Park,	PA	16802;	Email:	

dwight@psu.edu

 Management of weeds is a major concern to snap bean producers and a critical component to provide 
optimal crop yield.  The major weeds of concern in snap bean production in Pennsylvania include foxtail, 
barnyardgrass, fall panicum, crabgrass, lambsquarters, pigweed, common ragweed, smartweed, nightshade, 
velvetleaf,	horsenettle,	and	yellow	nutsedge.		In	conjunction	with	non-chemical	strategies	such	as	crop	rotation	
and	cultivation,	herbicides	are	routinely	applied	to	snap	beans	to	reduce	weed	competition.		About	85%	of	the	
snap	bean	acres	in	Pennsylvania	are	treated	with	herbicides	(Crop	Profile	for	Snap	Beans	in	PA,	2004).		Over	71%	
of	the	treated	acres	received	a	preemergence	application	of	a	metolachlor-based	product	(e.g.,	Dual	Magnum),	
primarily	to	control	annual	grass	problems.		Other	pre	or	soil-applied	herbicides	that	are	labeled	for	use	in	snap	
bean	include	clomazone	(Command),	EPTC	(Eptam),	halosulfuron	(Sandea),	and	trifluralin	(Treflan).		Most	weed	
control in snap bean occurs prior to or soon after planting, however, postemergence herbicides may be necessary 
to control escaped weeds.  Postemergence herbicide options include bentazon (Basagran), halosulfuron (Sandea), 
imazamox (Raptor), clethodim (Select Max), quizalofop (Assure II/Targa), and sethoxydim (Poast).  Glyphosate 
(Roundup)	and	paraquat	(Gramoxone)	are	commonly	used	in	burndown	applications	to	aid	in	field	preparations.		
Scythe (pelargonic acid), Racer (ammonium nonanoate), Matran (clove oil), and vinegar are postemergence, 
non-selective,	contact	herbicides	that	are	not	widely	used	but	may	be	used	by	organic	growers	to	control	actively	
growing weeds prior to crop emergence. Some common programs include:

•	 Dual + Sandea (PRE)
•	 Dual	+	Reflex	(PRE)
•	 Eptam + Sandea (PPI, some areas of PA and NY)
•	 Basagran	+	Reflex	(POST)
•	 Command	3ME	(concerns	with	vapor	drift	and	low	use	rates	that	reduce	weed	control	activity)

 Currently, the number of active ingredients (and modes of action) of snap bean herbicides is limited.  There 
could be a major negative impact for successful snap bean weed management programs, if certain herbicides lose 
their snap bean registrations.  Some negative impacts include, less or non effective herbicides to control existing 
weed populations, increased chance for weed populations to develop herbicide resistance or weed shifts, and 
overall increased costs to manage weeds with numerous weed control tactics per season.  Since herbicides play 
an important role in snap bean production, it is important that currently registered herbicides are used judiciously 
and new herbicides (i.e., ones with different active ingredients and modes of action than those currently labeled) 
are	identified	that	fit	into	a	snap	bean	production	system	and	provide	effective	weed	control,	minimal	crop	injury,	
and environmental safety.

 Using herbicides correctly and in the most effective combinations is critical for effective weed control and to 
maximize crop yields. Below are some ways to optimize weed control in snap beans:

•	 Use herbicides that are effective on target weeds. This is a basic concept, but one that is often overlooked. 
Out of routine, the same herbicide programs are often used with varying results. It is essential to consider 
impending	weed	problems	and	know	 the	history	of	 the	field	 in	order	 to	plan	according,	 especially	on	
rented ground. It is helpful to understand strengths and weaknesses of different herbicides. Just because 
a herbicide may, in general, be “good” on annual broadleaves, does not mean it will control all annual 
broadleaves, there will be some weaknesses. The same is true for herbicides that claim activity on grassy 
weeds.	Also,	use	the	right	rate	at	the	right	time	or	in	specific	tank-mixes	for	best	results.	Furthermore,	
some herbicides can be applied both preemergence and postemergence, however weed control activity 
may be different depending on when it is applied. Sandea, for example, controls lambsquarters better 
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when soil applied but is weak on this weed when applied postemergence. Below is a table that shows the 
efficacy	of	selected	herbicides	on	some	common	weeds.

Weeds
Dual 
Mag.
(pre)

Prowl
(pre)

Reflex 
(pre)

Reflex
(post)

Basagran 
(post)

Sandea 
(pre)

Sandea 
(post)

Raptor
(post)

Giant foxtail 9 8 N N N N N 8+

Crabgrass 9 9 N N N N N 7
Yellow nutsedge 8 6 6 7 8 7 9 6

Lambsquarters 6 9 9 7 8 9 N 8+
TR 
Lambsquarters 6 9 9 7 8 9 N 8+

Nightshade 7+ N 8 7+ N 6 6 8
Pigweed 8 8 8 9 6+ 9 9 9
Common 
ragweed 6 N 8? 9 8 8+ 9 7+

Smartweed N 8 8? 8 9 9 8 8

Velvetleaf N 8 7 7+ 8+ 8+ 9 9

Cocklebur N N 6 8 9 8 9 9

Morningglory N N 6 8 N N 6 7

Galinsoga 8 6 9 9 8 8 8 8+

Purslane 7 8 9 9 8 6 6 7+
Weed	control	rating	scale:	9	=	85-95%;	8	=	75-85%;	7	=	65-75%;	6	=	55-65%;	N	=	no	activity

•	 Include residual herbicides. Having residual herbicides in the program broadens the spectrum of 
weed control; improves weed control consistency throughout growing season; and allows timely post 
applications by widening the application window. Plus it can add extra herbicide modes of action for 
resistance management.

•	 Don’t spray weeds when too big. For various reasons weeds are often sprayed when they are too large 
resulting in reduced herbicide effectiveness and causing poor weed control. Most herbicide labels 
list maximum weed sizes or growth stages. The sizes can vary depending on the weed species and/or 
amount of product used.

•	 Add necessary adjuvants to the spray solution. Soil applied herbicides do not require the addition of 
additives	that	improve	herbicide	efficacy,	but	post	herbicides	often	do.	Depending	on	the	herbicide	it	
is necessary to include the appropriate spray additives listed on the product label. These improve and 
optimize the activity of herbicides. If left out of the mixture, generally poor weed control will result. 
It is very important to use the correct type (e.g., surfactant, crop oil concentrate, nitrogen fertilizer) 
and	rate,	otherwise	weed	control	will	be	compromised	or	significant	crop	injury	could	occur.	Crop	oil	
concentrates tend to cause more crop injury. Assure II/Targa, Basagran, Poast, Raptor, Sandea, and 
Reflex	all	require	some	type	of	adjuvant	when	applied	postemergence.	

•	 Use correct spray nozzles. Not only is using the correct herbicide at the right rate and time important 
but it is critical to apply the herbicide in the proper spray volume (gallons per acre) and use the 
appropriate	nozzle.	Most	labels	suggest	a	spray	application	volume	(typically	10	to	20	gallons	per	
acre) and some specify a certain type of spray nozzle. These factors are important especially when 
using	 contact	 herbicides	 such	 as	Basagran	 and	Reflex.	Newer	 nozzle	 types	 (e.g.,	 air	 induction	 or	
venture) designed to reduce spray drift produce larger and fewer droplets and typically will not 
provide effective spray coverage necessary for contact herbicides to work.

•	 Avoid using the same herbicide mode of action in rotational crops. As more weed species become 
resistant	to	herbicides,	certain	precautions	such	as	tank-mixing,	crop	rotations,	and	a	combination	of	
weed management techniques, must be implemented to prevent resistance. Understanding herbicide 
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modes of action is a key factor in this process. The Weed Science Society of America (WSSA) 
developed	a	grouping	system	to	help	with	this	process.	Herbicides	that	are	classified	as	the	same	group	
number kill weeds using the same mode of action. Thus, it is best to select or combine herbicides that 
provide at least two different modes of action against the same weed. Group numbers can be found 
on many herbicide product labels and can be used as a tool to choose herbicides in different mode of 
action groups so mixtures or rotations of active ingredients can be planned to better manage weeds 
and reduce the potential for resistant weed species. Here is an example of herbicide group notations 
from a product label:

•	 Control perennials in previous crops. Since most of the herbicides used in snap beans are not that 
effective on perennial weeds, it is best to consider crop rotations that will allow for more effective 
perennial control in other crops such as corn or soybeans. Roundup Ready crops can help with this 
problem, but if possible include a small grain prior to the snap bean crop. Once the small grain is 
harvested,	allow	perennials	to	regrow	and	apply	systemic	herbicides	(e.g.,	glyphosate,	2,4-D,	dicamba)	
in late summer/early fall before a killing frost occurs. During the time period, perennials are preparing 
for winter survival and subsequent regrowth the next spring by transporting carbohydrates into their 
large root systems. Herbicides applied during this period will be readily taken with the carbohydrates 
into the roots for a more effective kill.

 So, if you want to have poor weed control in snap beans, don’t follow the above principles. However having 
said this, there are times when despite following all the rules and devising a good herbicide program, certain 
weeds will not be controlled. During these situations, it may be best to control problem weeds in other crops that 
allow more effective herbicides or other weed management options.

Dwight Lingenfelter is an extension agronomist/weed scientist in the Dept. of Crop & Soil Sciences at Penn 
State	since	1994.		He	is	responsible	for	writing	fact	sheets	and	newsletter	articles,	developing	presentations	
and other materials for Extension purposes, assisting with the preparation of The Penn State Agronomy Guide, 
presenting	practical	information	at	county	Extension	meetings	and	field	days,	and	generally	contributing	to	
other weed science Extension and research needs in mainly agronomic and some vegetable crops.  He also 
coordinates the annual Penn State Agronomic Field Diagnostic Clinic and coaches the PSU collegiate weed 
science team and is a member of several professional societies and serves on various committees.  He received 
BS	and	MS	degrees	in	Agronomy	from	Penn	State.	 	He	also	worked	for	a	period	at	 the	Ciba-Geigy	(now	
Syngenta) Ag Research Station in Hudson, NY and as a District Manger/Crop Consultant with an independent 
crop consulting company in northern Illinois.  He is a native of central Pennsylvania and became interested in 
agriculture while working on his uncle’s crop farm in western Oregon during the summers.  He and his wife 
Ketja	live	in	State	College.	(2008)
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SNAP BEANS
UPDATE ON VIRUS EPIDEMICS IN SNAP BEANS BY APHID VECTORS

Brian A. Nault
Department	of	Entomology,	Cornell	University,	New	York	State	Agricultural	Experiment	Station,	630	W.	North	

Street,	Geneva,	NY	14456
Email:  ban6@cornell.edu,	Phone:		(315)	787-2354

	 Epidemics	of	viruses	in	snap	bean	fields	in	the	eastern	Great	Lakes	region	have	been	severe	in	odd	numbered	
years	on	a	consistent	basis	since	2001.		If	this	trend	continues,	2011	will	be	another	tough	year	for	snap	bean	
growers.  This article summarizes what we have learned about the viruses, the vectors and their management over 
the past decade.

 Viruses.  There have been around a dozen viruses detected in snap 
bean	fields,	but	the	most	prevalent	virus	that	we	find	during	widespread	
epidemics is Cucumber mosaic virus (CMV).  Characteristic symptoms 
of CMV are leaf cupping and blistering, slightly chlorotic leaves and 
stunting (Fig. 1).  These symptoms are most obvious when plants 
are young (before bloom), but may disappear after bloom.  Because 
symptoms vary among cultivars and are at times absent, relying on 
symptoms to diagnose this disease is not recommended.  Rather, the 
serological	 technique	 DAS-ELISA	 is	 an	 excellent	 tool	 that	 can	 be	
used	relatively	quickly	to	confirm	whether	or	not	a	snap	bean	plant	
is infected with CMV.  This technique can be used to identify other 
viruses such as bean common mosaic virus, clover yellow vein virus 
and	others.		The	DAS-ELISA	test	can	be	performed	by	various	University	disease	diagnostic	clinics.		Contact	
your local vegetable Extension Educator for details.

 Impact of CMV on snap bean yield.  Timing of CMV infection will affect whether or not yield loss will 
occur.	 	 In	general,	 the	earlier	 the	susceptible	bean	plant	 is	 infected,	 the	more	 likely	significant	yield	 loss	will	
result.  If the plant is infected after bloom, yield loss may not occur at all.  Infected plants may yield no pods or 
very	few	pods	because	CMV	causes	flowers	to	develop	abnormally,	resulting	in	the	absence	of	pod	production.		
In	other	cases	pods	may	develop,	but	will	be	delayed	in	maturity	or	become	malformed.		Virus-infected	snap	bean	
plants are also more likely to suffer greater yield loss when growing under stressful environmental conditions 
(e.g., too hot and dry as well as too wet). 

 CMV infection in snap bean plants.  CMV can be transmitted through the seed, but this is uncommon in 
commercial seed production.  In contrast, aphids are the key vectors responsible for spreading CMV.  No other 
insect is capable of spreading CMV (e.g., leafhoppers and beetles do NOT transmit this virus).  Aphids transmit 
CMV	in	a	non-persistent,	stylet-borne	manner.		This	means	that	CMV	does	not	replicate	or	reproduce	within	the	
insect; it is only found on the aphid’s mouthparts (=stylet).  These viruses are acquired from an infected plant 
within seconds and can be spread to other plants within a few seconds.  An aphid may infect more than one plant 
after acquiring CMV.

 Aphid species responsible for CMV epidemics.  There are several aphid species that transmit CMV to snap 
bean.  When CMV epidemics are severe, the soybean aphid, Aphis glycines (Fig. 2), and to a lesser extent, yellow 
clover aphid, Therioaphis trifolii,	are	the	major	vectors.		We	also	know	that	these	two	species	efficiently	transmit	
CMV	into	snap	bean.		The	soybean	aphid	is	an	invasive	species	from	China	that	arrived	in	New	York	around	2001.		
Since	that	time,	epidemics	of	CMV	have	been	severe	in	New	York	snap	bean	fields	every	other	year	(2001,	2003,	
2005,	2007	and	2009).		Another	species,	the	pea	aphid,	Acyrthosiphon pisum, can occasionally spread CMV into 

Fig. 1.  ‘Hystyle’ snap beans infected 
with cucumber mosaic virus (CMV).

Cucumber Mosaic Virus (CMV)Cucumber Mosaic Virus (CMV) 
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bean	fields,	but	this	occurs	early	in	the	season	and	not	widespread.		In	many	
cases,	aphid	species	 that	are	 responsible	 for	spreading	non-persistent,	 stylet-
borne viruses like CMV into crops do not colonize or complete generations on 
that	crop.		All	3	of	the	species	just	mentioned	are	considered	non-colonizing	
species of snap bean.

	 Sources	 of	 CMV	 near	 snap	 bean	 fields.  CMV can only survive and 
replicate within a living plant (i.e., it is not found in the soil).  There are over 
one hundred plant species that are considered hosts for CMV.  Many crops as 
well as weeds may become infected and serve as a source.  Alfalfa is a host for 
CMV and is a dominant crop in the major snap bean production areas in New 
York.  When infected with CMV, alfalfa is symptomless.  In a survey of alfalfa 
fields	in	New	York	in	2002	and	2003,	we	documented	that	an	average	of	13	
to	19%	of	plants	were	 infected	with	CMV.	 	Based	on	 those	 infection	 levels,	
we	estimated	that	85,000	to	124,000	plants	would	be	infected	with	CMV	in	one	acre	of	alfalfa!		Alfalfa	also	is	a	
perennial	and	grown	in	the	same	field	for	4	to	6	years,	thereby	serving	as	a	continuous	source	for	CMV.		Based	
on	this	information,	aphids	may	spread	CMV	into	snap	bean	fields	after	they	acquire	it	from	alfalfa.		However,	
research has not been done to test this theory.

 Time during the season when CMV is of greatest 
concern.	 	 Snap	 bean	 fields	 planted	 later	 in	 the	 season	 are	
generally at greater risk for yield loss from CMV than those 
planted early in the season (Fig. 3).	 	 Over	 a	 5-year	 period	
(2002-2006),	 aphids	 and	CMV	were	monitored	 in	 snap	bean	
fields	planted	over	the	course	of	the	growing	season.		Based	on	
that study, the following sequence of events can be predicted 
for snap bean.  First, there is very little migration of soybean 
aphids	into	snap	bean	fields	in	late	May	and	early	June	and	very	
little virus infection.  In early June in some years, the pea aphid 
may	migrate	from	alfalfa	into	snap	bean	fields	and	spread	CMV.		
At this time, early plantings (June) will be in early vegetative 
stages and yield loss later in the season could occur.  Overall, 
however, epidemics at this time are uncommon and less severe.  
In July and August, the soybean aphid and yellow clover aphid 
join	the	other	species	and	migrate	into	snap	bean	fields.		These	
aphids may or may not spread CMV into snap bean.  Again, if young plants are infected with CMV, yield loss is 
likely.  

	 In	2009,	many	snap	bean	fields	planted	early	in	the	season	were	infected	with	CMV	and	yield	loss	resulted.		
These results contrast what we observed earlier this decade.  Perhaps, soybean aphid is becoming better established 
in New York and survival of overwintering populations is increasing.  High overwintering populations of soybean 
aphids	may	have	migrated	 into	 snap	bean	fields	 in	 early	 June	2009	 at	 the	 same	 time	 they	 typically	 colonize	
soybean	fields.		If	true,	there	may	be	an	increasing	trend	for	snap	beans	to	become	infected	earlier	in	the	season.

 Predicting outbreaks.  No sampling or scouting method has been proven to predict with certainty what 
seasons soybean aphid and CMV will be a problem.  Suction traps have been used to monitor soybean aphid 
activity in the Midwestern US and trap catch data was used to successfully predict whether an outbreak would 
occur	from	2002	through	2009,	but	this	was	not	successful	in	2010.		Another	method	focuses	on	visually	sampling	
soybean	aphid	eggs	on	their	alternate	host,	buckthorn,	in	the	fall	and	spring.		In	fall	2010,	egg	populations	on	

Fig. 2.  Wingless and winged 
soybean aphid.

Fig. 3.  Risk model for yield loss from CMV in 
New	York	snap	bean	fields.
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Aphid species responsible for CMV epidemics. There are several aphid species that 
transmit CMV to snap bean.  When CMV epidemics are severe, the soybean aphid, Aphis 
glycines (Fig. 2), and to a lesser extent, yellow clover aphid,
Therioaphis trifolii, are the major vectors. We also know that 
these two species efficiently transmit CMV into snap bean.  
The soybean aphid is an invasive species from China that 
arrived	in	New	York	around	2001.		Since	that	time,	epidemics	
of CMV have been severe in New York snap bean fields every 
other	 year	 (2001,	 2003,	 2005,	 2007	 and	 2009).	 Another
species, the pea aphid, Acyrthosiphon pisum, can occasionally 
spread CMV into bean fields, but this occurs early in the 
season and not widespread. In many cases, aphid species that 
are responsible for spreading non-persistent, stylet-borne 
viruses like CMV into crops do not colonize or complete 
generations on that crop.  All 3 of the species just mentioned 
are considered non-colonizing species of snap bean.

Sources of CMV near snap bean fields. CMV can only survive and replicate within a 
living plant (i.e., it is not found in the soil).  There are over one hundred plant species that are 
considered hosts for CMV.  Many crops as well as weeds may become infected and serve as a 
source.  Alfalfa is a host for CMV and is a dominant crop in the major snap bean production 
areas in New York.  When infected with CMV, alfalfa is symptomless.  In a survey of alfalfa 
fields	 in	New	York	 in	2002	and	2003,	we	documented	 that	an	average	of	13	 to	19%	of	plants	
were infected with CMV.  Based on those infection levels,	we	estimated	that	85,000	to	124,000	
plants	would	be	infected	with	CMV	in	one	acre	of	alfalfa!		Alfalfa	also	is	a	perennial	and	grown	
in	the	same	field	for	4	to	6	years,	thereby	serving	as	a	continuous	source	for	CMV.		Based	on	this	
information, aphids may spread CMV into snap bean fields after they acquire it from alfalfa.
However, research has not been done to test this theory.

Time during the season when CMV is of greatest concern. Snap bean fields planted
later in the season are generally at greater risk for yield loss from CMV than those planted early 
in the season (Fig. 3).  Over a 5-year period	(2002-2006), aphids and CMV were monitored in 
snap bean fields planted over the course of the 
growing season.  Based on that study, the 
following sequence of events can be predicted 
for snap bean. First, there is very little 
migration of soybean aphids into snap bean 
fields in late May and early June and very 
little virus infection.  In early June in some 
years, the pea aphid may migrate from alfalfa 
into snap bean fields and spread CMV.  At 
this time, early plantings (June) will be in 
early vegetative stages and yield loss later in 
the season could occur.  Overall, however, 
epidemics at this time are uncommon and less 
severe. In July and August, the soybean aphid 
and yellow clover aphid join the other species 
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Aphid species responsible for CMV epidemics. There are several aphid species that 
transmit CMV to snap bean.  When CMV epidemics are severe, the soybean aphid, Aphis 
glycines (Fig. 2), and to a lesser extent, yellow clover aphid,
Therioaphis trifolii, are the major vectors. We also know that 
these two species efficiently transmit CMV into snap bean.  
The soybean aphid is an invasive species from China that 
arrived	in	New	York	around	2001.		Since	that	time,	epidemics	
of CMV have been severe in New York snap bean fields every 
other	 year	 (2001,	 2003,	 2005,	 2007	 and	 2009).	 Another
species, the pea aphid, Acyrthosiphon pisum, can occasionally 
spread CMV into bean fields, but this occurs early in the 
season and not widespread. In many cases, aphid species that 
are responsible for spreading non-persistent, stylet-borne 
viruses like CMV into crops do not colonize or complete 
generations on that crop.  All 3 of the species just mentioned 
are considered non-colonizing species of snap bean.

Sources of CMV near snap bean fields. CMV can only survive and replicate within a 
living plant (i.e., it is not found in the soil).  There are over one hundred plant species that are 
considered hosts for CMV.  Many crops as well as weeds may become infected and serve as a 
source.  Alfalfa is a host for CMV and is a dominant crop in the major snap bean production 
areas in New York.  When infected with CMV, alfalfa is symptomless.  In a survey of alfalfa 
fields	 in	New	York	 in	2002	and	2003,	we	documented	 that	an	average	of	13	 to	19%	of	plants	
were infected with CMV.  Based on those infection levels,	we	estimated	that	85,000	to	124,000	
plants	would	be	infected	with	CMV	in	one	acre	of	alfalfa!		Alfalfa	also	is	a	perennial	and	grown	
in	the	same	field	for	4	to	6	years,	thereby	serving	as	a	continuous	source	for	CMV.		Based	on	this	
information, aphids may spread CMV into snap bean fields after they acquire it from alfalfa.
However, research has not been done to test this theory.

Time during the season when CMV is of greatest concern. Snap bean fields planted
later in the season are generally at greater risk for yield loss from CMV than those planted early 
in the season (Fig. 3).  Over a 5-year period	(2002-2006), aphids and CMV were monitored in 
snap bean fields planted over the course of the 
growing season.  Based on that study, the 
following sequence of events can be predicted 
for snap bean. First, there is very little 
migration of soybean aphids into snap bean 
fields in late May and early June and very 
little virus infection.  In early June in some 
years, the pea aphid may migrate from alfalfa 
into snap bean fields and spread CMV.  At 
this time, early plantings (June) will be in 
early vegetative stages and yield loss later in 
the season could occur.  Overall, however, 
epidemics at this time are uncommon and less 
severe. In July and August, the soybean aphid 
and yellow clover aphid join the other species 
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buckthorn	were	low,	but	were	common,	suggesting	that	soybean	aphid	populations	may	be	problematic	in	2011.		
More research is needed to determine if sampling soybean aphid eggs on buckthorn is the best method to predict 
future outbreaks.

 Management.  Strategies that will NOT work.  Applications of insecticides as either seed treatments or as foliar 
sprays to kill aphids before they spread viruses into the snap bean crop does NOT	work	against	non-persistent,	
stylet-borne	viruses	like	CMV.		Essentially,	the	insecticide	does	not	work	quickly	enough	to	kill	the	aphid	before	
it transmits the virus.  Cruiser 5FS seed treatment seems to reduce the severity of leaf curling in young beans, 
but this is likely a consequence of reduced feeding by aphids rather than a reduction of virus.  Planting snap bean 
fields	away	from	known	sources	of	CMV,	such	as	alfalfa	fields,	will	NOT reduce CMV incidence in snap bean 
fields	because	aphids	can	migrate	relatively	long	distances.

 Strategies that should work.  The best method to prevent CMV infection in snap bean is to plant cultivars that 
are resistant or tolerant to the virus.  Unfortunately, no snap bean cultivars resistant to CMV are commercially 
available,	but	research	is	underway	at	Cornell	 to	fill	 this	void	(traditional	plant	breeding	and	transgenics).	 	 In	
the meantime, commercially available snap bean varieties that are tolerant to CMV (i.e., get infected, but do not 
lose much yield), appear to be a good choice for minimizing the risk of yield loss.  Tolerant varieties include 
‘Huntington’	and	‘Summit’	 (large	bean),	 ‘Caprice’	 (4-sieve	bean),	and	‘Cartagena’	and	‘Banga’	 (whole	bean).		
These varieties also yield very well when they are not infected with CMV.

	 If	snap	bean	fields	are	planted	as	early	as	possible	(before	late	June)	when	soybean	aphid	is	 less	 likely	to	
spread CMV to young snap bean plants, the risk of yield loss should be reduced.  This strategy may be more 
important in odd numbered years because severe CMV epidemics in the Great Lakes region typically have been 
occurring in odd numbered years.  

Brian A. Nault is an Associate Professor in the Entomology Department at Cornell 
University’s New York State Agricultural Experiment Station in Geneva, NY.  Nault’s 
research and extension program focuses on applied insect ecology and pest management 
in vegetable crops.  Brian’s last position was as Assistant Professor at Virginia Tech’s 
Eastern Shore Agricultural Research and Extension Center in Painter, VA.  He received 
his B.S. in Entomology from The Ohio State University, his M.S. in Entomology from the 
University of Georgia, and his Ph.D. in Entomology from North Carolina State University.  
Nault	is	a	native	of	Wooster,	Ohio	and	is	married	with	2	children.
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REDUCED TILLAGE SWEET CORN

Lenny Burger
Drums, PA

 Typically	the	Burgers	till	fields	where	the	early	sweet	corn	will	be	planted.	They	leave	the	late-season	fields	
un-tilled.	Tilling	for	spring	plantings	has	worked	well.	Moisture	is	normally	not	a	problem	at	that	time	of	year.	
Tilling helps warm the soil and get the early plantings off to a good start. Moisture is often a problem for the later 
plantings in the Burger’s red shale soil. This year Lenny started noticing poor and uneven stands in the worked 
fields	that	were	planted	in	early	June.	Seeing	that	soil	moisture	conditions	had	become	a	limiting	factor,	he	left	the	
fields	that	were	to	be	his	later	sweet	corn	plantings	untilled.	He	applied	a	non-selective	herbicide	to	those	fields	to	
help conserve moisture and eliminate established weeds. Irrigation was not available. The end result was a near 
perfect	stand	which	produced	a	uniform	crop	of	large,	filled-out	ears	at	a	time	when	some	competitors	were	trying	
to sell corn that was hurt by the drought. 

	 Additional	benefits	of	no-tilling	are	long	term	increased	organic	matter,	improved	soil	health,	an	increased	
population	of	beneficial	insect	populations	and	a	reduction	in	certain	insect	pests.

	 To	be	successful	with	no-tilling	you	need	to	think	farther	ahead.	It	may	mean	making	time	to	establish	a	fall	
cover	crop.	It	will	mean	having	a	planter	that	is	designed	for	no-tilling	and	is	well	maintained.	Weed	management	
will	change.	Some	of	those	annual	weeds	you	have	been	fighting	will	be	less	of	a	concern	and	some	weeds	that	
currently are not a problem may appear. There are tools to overcome these challenges.

	 Lenny	feels	the	benefit	of	no-tilling	is	not	just	the	savings	of	tillage	costs	and	reduced	soil	erosion.	No-tilling	
can result in higher quality produce and improved yield. As a grower of high value crops you know the value of 
having	consistently	high	quality	and	good	yield.	No-tilling,	when	done	right,	can	give	great	results.

Lenny is the fourth generation of Burgers to work their farm in Drums, Pa. He 
graduated	from	Penn	State	in	1980	with	a	BS	in	Horticulture.	After	graduation	he	
came back to the farm to work with his father. Lenny has been managing the farm 
since	his	fathers’	passing	in	1995.	The	Burgers	farm	about	300	acres,	of	which	50	
acres	are	mixed	vegetable	and	35	acres	are	sweet	corn.	Lenny’s	son,	Lenny	III,	has	
worked full time on the farm for about the last 5 years.
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TACKLING THE TOP 10 WEED ISSUES IN SWEET CORN

Dwight Lingenfelter
Penn	State	University,	Department	of	Crop	and	Soil	Sciences,	116	ASI	Building,	University	Park,	PA		16802

	 Sweet	corn	growers	have	many	more	weed	management	tools	at	their	disposal	now,	compared	to	10	years	
ago. Although more products are now available, weed control in sweet corn can still be a challenge.  Sweet 
corn	 is	 generally	planted	 at	 lower	plant	populations	 than	field	 corn,	 and	 is	 also	 slower	growing,	 shorter,	 and	
produces less dense canopy.  This allows more light to penetrate to the soil surface and lower canopy, which can 
favor	weed	growth.		These	factors	make	sweet	corn	less	competitive	with	weeds	than	field	corn,	and	thus	more	
susceptible to losses due to weeds.  Weeds may also interfere with the operation of mechanical pickers. In addition 
to comments on control of problem weeds, this article will highlight some other important issues in sweet corn 
weed management that must be considered.

•	 Problem annual and perennial weeds. Lambsquarters,	 including	 triazine-resistant	 (TR)	populations,	 is	
the	most	prevalent	weed	in	PA	crops.	TR-lambsquarters	were	identified	in	PA	in	the	early	1980s	and	a	
2002	weed	 survey	 across	PA	 revealed	 that	 80%	of	 livestock	 farms	had	TR-lambsquarters.	 In	general,	
lambsquarters	can	be	difficult	to	control	when	large.	Products	like	Lumax,	Prowl,	Callisto,	Impact	and	
Laudis	can	provide	control	of	TR-lambsquarters.	Ragweed (both common and giant) are highly competitive 
and have a rapid growth rate. Also common ragweed is getting harder to control with atrazine and very 
few	 herbicides	 provide	 effective	 control.	 Lumax,	 Sandea,	 and	 2,4-D	 have	 good	 activity	 on	 ragweed,	
however Prowl is weak. Annual grasses such as foxtails, crabgrass, fall panicum, and shattercane are 
another	type	of	problem	weeds	in	sweet	corn.	They	can	be	very	competitive	with	the	crop	and	difficult	to	
control postemergence. Crop rotation usually helps to reduce the weed seedbank in the soil. Herbicides 
like Dual II Magnum, Lumax, Harness, Outlook, Impact, Accent Q, and Option will control most annual 
grasses.	Keep	in	mind,	crabgrass,	yellow	foxtail,	and	fall	panicum	especially	can	be	difficult	to	control	
postemergence. Finally, Canada thistle can be very hard to control in sweet corn and tillage tends to 
spread	its	rhizomes	causing	even	more	problems.	Also,	it	tends	to	be	patchy	in	fields,	so	it	can	sometimes	
be tricky to decide whether to broadcast apply herbicides or spot spray. Herbicides that suppress Canada 
thistle	include,	Stinger,	Callisto,	Laddok,	and	Sandea	+	2,4-D.	Below	is	a	table	that	shows	the	efficacy	of	
selected herbicides on some common weeds.

Weeds
Bicep 
II 
Mag

Lumax Impact Laudis Callisto
Accent 
Q

Option

Giant foxtail 9 9 7 8 N 9 9
Lg. crabgrass 9 9 8 8 8 7 7
Fall panicum 9 9 8 6 N 9 8+
Yellow 
nutsedge 8+ 8+ 7 7 7+ 6 7+

Lambsquarters 9 9 9 9 9 6 8
TR 
Lambsquarters 7 9 9 9 9 6 8
Nightshade 9 9 9 9 9 N 9
Pigweed 9 9 8+ 8+ 8+ 9 8+
Common 
ragweed 8+ 9 7+ 7+ 8 6 8

Smartweed 9 9 9 9 9 8 N
Velvetleaf 8+ 9 9 9 9 7 8
Cocklebur 8+ 8+ 8+ 8+ 8+ 7 7+
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Annual 
morningglory 8+ 8+ 7+ 7 7+ 7 6

Canada thistle 7 7+ 7 7 8 6 6
Weed	control	rating	scale:	9	=	85-95%;	8	=	75-85%;	7	=	65-75%;	6	=	55-65%;	N	=	no	activity

•	 Resistant weed issues.	Aside	from	TR-weeds,	others	are	become	more	prevalent	in	our	region.	Here	are	
some of the weed species that have become resistant to certain herbicides: Triazine resistant (herbicides 
such as atrazine, simazine, metribuzin) – lambsquarters, pigweed, giant foxtail, common ragweed; ALS 
resistant (herbicides such as Accent Q, Option, Sandea) – pigweed, shattercane, giant foxtail, ragweeds, 
chickweed; and Glyphosate resistant (herbicides like Roundup, Touchdown, Credit, Gly Star, Rattler, etc.) 
– horseweed, ragweeds, lambsquarters, pigweeds. As more weed species become resistant to herbicides, 
certain	precautions	such	as	tank-mixing,	crop	rotations,	and	a	combination	of	weed	management	techniques,	
must be implemented to prevent resistance. Understanding herbicide modes of action is a key factor in this 
process. The Weed Science Society of America (WSSA) developed a grouping system to help with this 
process.	Herbicides	that	are	classified	as	the	same	group	number	kill	weeds	using	the	same	mode	of	action.	
Thus, it is best to select or combine herbicides that provide at least two different modes of action against 
the same weed. Group numbers can be found on many herbicide product labels and can be used as a tool 
to choose herbicides in different mode of action groups so mixtures or rotations of active ingredients can 
be planned to better manage weeds and reduce the potential for resistant weed species. Here is an example 
of herbicide group notations from a product label:

•	 Two-pass	herbicide	programs	are	best. Having residual herbicides in the program broadens the spectrum 
of weed control; improves weed control consistency throughout growing season; and allows timely post 
applications by widening the application window.  Postemergence herbicides should only be used in 
sequence after a soil-applied herbicide.	 	Total-post	weed	 control	 is	 not	 recommended	 because	 sweet	
corn	seedlings	are	very	non-competitive	with	weeds,	and	weather	conditions	that	prevent	postemergence	
herbicide	application	may	delay	weed	control	until	it	is	too	late	to	prevent	loss.		Having	a	soil-applied	
herbicide down improves overall weed control, provides additional herbicide modes of action for resistance 
management, and provides some insurance in case postemergence herbicides can not be sprayed on time. 
In	Penn	State	research	a	two-pass	system	provided	more	effective	weed	control	overall	compared	to	a	
single application timing. If spraying a post treatment, for best results, apply when the weeds are small 
(<3	inches	tall).

•	 Application issues are important (weed size, adjuvants, GPA, nozzles, boom height). For various reasons 
weeds are often sprayed when they are too large resulting in reduced herbicide effectiveness and causing 
poor weed control. Most herbicide labels list maximum weed sizes or growth stages. The sizes can vary 
depending on the weed species and/or amount of product used. Depending on the herbicide it is necessary 
to include the appropriate spray additives listed on the product label. These improve and optimize the 
activity of herbicides. If left out of the mixture, generally poor weed control will result. It is very important 
to use the correct type (e.g., surfactant, crop oil concentrate, nitrogen fertilizer) and rate, otherwise weed 
control	will	be	compromised	or	significant	crop	injury	could	occur.	Crop	oil	concentrates	tend	to	cause	
more crop injury. Accent, Aim, Atrazine, Basagran/Laddok, Callisto, Impact, Laudis, Option, and Permit/
Sandea all require some type of adjuvant when applied postemergence. Not only is using the correct 
herbicide at the right rate and time important but it is critical to apply the herbicide in the proper spray 
volume (gallons per acre) and use the appropriate nozzle. Most labels suggest a spray application volume 
(typically	10	to	20	gallons	per	acre)	and	some	specify	a	certain	type	of	spray nozzle. These factors are 
important especially when using contact herbicides such as Basagran and Aim. Newer nozzle types (e.g., 
air induction or venturi) designed to reduce spray drift produce larger and fewer droplets and typically will 
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not provide effective spray coverage necessary for contact herbicides to work. Also, make sure the boom 
height is appropriate for the type of nozzle and weed height. Product labels must be read and followed, 
and proper sprayer calibration is essential for success.

•	 Generic herbicide options. More and more generic products are being sold due to patent expiration and 
licensing agreements. Some of the more commonly used generic products are those that strive to mimic 
Bicep and Harness products, Guardsman Max, Accent, Sandea/Permit, Stinger, and Prowl. In most cases, 
generic	 herbicides	 cost	 less	 than	 name-brands.	When	 looking	 to	 purchase	 generic	 alternatives,	 ask	 or	
search for the herbicide by its chemical name or active ingredient, for example, glyphosate, metolachlor, 
dicamba. Not all generics are equal to the original. Always read the label and be cautious of how it is 
formulated since it may not have equivalent amounts of active ingredients and therefore the quality and 
application rates may be different. Relative to quality, generic products may or may not be as sound as 
the original and there could be problems with mixing and compatibility with other pesticides. Some of 
the generics are not labeled for use on the same crops or allowed to be applied in certain situations. Watch 
out for offers that sound too good to be true or promise too much. In addition, most generics herbicides 
will not include product service or guarantees if weeds are not controlled or crop injury occurs. It is best 
to consider all factors such as product quality, rebates, warranties and not just price before purchasing a 
generic herbicide. 

•	 Herbicide carryover and crop rotation concerns. Consider any recrop restrictions associated with herbicide 
use. Certain herbicides (e.g., atrazine, Lumax, Accent Q, Sandea, Callisto, Impact, Laudis) can limit what 
rotational or cover crops can be planted after application in sweet corn. Vegetables are generally more 
sensitive than many agronomic crops.

Dwight Lingenfelter is an extension agronomist/weed scientist in the Dept. of Crop & Soil Sciences at Penn 
State	since	1994.		He	is	responsible	for	writing	fact	sheets	and	newsletter	articles,	developing	presentations	
and other materials for Extension purposes, assisting with the preparation of The Penn State Agronomy Guide, 
presenting	practical	information	at	county	Extension	meetings	and	field	days,	and	generally	contributing	to	
other weed science Extension and research needs in mainly agronomic and some vegetable crops.  He also 
coordinates the annual Penn State Agronomic Field Diagnostic Clinic and coaches the PSU collegiate weed 
science team and is a member of several professional societies and serves on various committees.  He received 
BS	and	MS	degrees	 in	Agronomy	from	Penn	State.	 	He	also	worked	for	a	period	at	 the	Ciba-Geigy	(now	
Syngenta) Ag Research Station in Hudson, NY and as a District Manger/Crop Consultant with an independent 
crop consulting company in northern Illinois.  He is a native of central Pennsylvania and became interested in 
agriculture while working on his uncle’s crop farm in western Oregon during the summers.  He and his wife 
Ketja	live	in	State	College.	(2008)
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TECHNIQUES FOR PRODUCING EARLY SWEET CORN

CLEAR PLASTIC AND COVERED USING A HOOP LAYER
Brenton J Barnhart

Country	Creek	Produce	Farm,	LLC,	3746	Etter	Road,	Chambersburg,	Pa	17202,	ccproduce07@gmail.com

 Growing early sweet corn on clear plastic and covered by using a hoop layer is very time consuming and re-
quires many steps to be done successfully.  When planting sweet corn on plastic you need to have a greenhouse 
with	heat.		You	will	also	need	trays	that	have	128	cell	count,	BM1	potting	mix	for	the	trays	and	numerous	friends	
to	help	plug	the	seed	in	the	trays.		I	plant	the	seeds	around	March	20th	and	throughout	the	end	of	March.		They	are	
ready	to	go	into	the	field	by	April	10th	–April	25th.	I	try	to	have	the	plastic	laid	by	April	1st,	weather	permitting,	or	
I plant on my late cucumber and zucchini plastic  I also spray between the rows with Dual, Prowl, Azazen to keep 
the weeks from germinating.  I use a shielded sprayer so I don’t get the chemical on the plastic.  I try to plant the 
corn	on	the	5th	–	10th	of	April,	but	it	all	depends	on	the	weather.		Once	it	is	out	there-it’s	out	there!		That’s	when	
the	real	work	begins-	you	plant	it	with	a	water	wheel	transplanter,	12	to	16	inches	apart	with	two	helpers	riding	the	
planter-you	will	plant	twin	rows	staggered,		You	should	also	have	two	helpers	walking	behind	the	planter	planting	
where the riders have missed. Only plant what you can cover in the same day.  I use a tunnel machine.   It sticks 
the hoops in the soil, lays plastic over the hoops, and also puts soil on the plastic to keep the wind from blowing 
the	plastic	off.		I	let	the	corn	under	the	plastic	until	its	not	going	to	freeze,	or	its	more	than	14	inches	high.		We	
pull the covers usually by the 15th of May, but I just lay them off to the side so if we would get a cold night I can 
pull	them	back	over.		By	May	25th,	I	usually	dispose	of	the	plastic	and	the	hoops	are	pulled.		Also,	at	that	time	we	
pull any weeks around the base of the stalk if needed.

	 I	usually	can	be	earting	my	first	ear	of	corn	by	June	20th,	but	don’t	sell	it	at	the	stand	until	June	25th.		I	always	
have	sweet	corn	for	the	4th	of	July,	and	that	is	all	that	matters!		I	sell	the	corn	for	$4.50-$4.75	a	dozen.		You	could	
get	as	much	as	$5.00	per	dozen,	but	it	depends	on	the	economy	and	what	the	customers	are	willing	to	spend.		I	
don’t sell my early sweet corn to the wholesale markets because of the cost of growing it per dozen.  

Brenton was born in Chambersburg, Pennsylvania and have lived at the same address all his 
life.		He	is	27	years	old	and	single.		He	has	been	producing	farming	for	4	full	years.		During	
high school and after graduation, he worked on a dairy farm.

Brenton grows sweet corn, strawberries, watermelons, cantaloupe, cucumber, zucchini, yel-
low squash, pumpkins, sweet potatoes and also grow processing tomatoes for Furman’s 
Foods.  He also runs two fresh market stands in Chambersburg, PA.  He sells produce to Gi-
ant Foods and Weis markets for their local stores.  He also grows corn, wheat and soybeans 
as	rotation	crops.		He	is	farming	a	total	of	300	acres.
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HOW WE HARVEST SWEET CORN – ONE ROW

MECHANICAL HARVESTER
William S. Geise

Geise’s	Sweet	Corn	Farm,	2895	Point	Township	Drive,	Northumberland,	Pennsylvania	17857
 

	 Our	sweet	corn	enterprise	started	43	years	ago	when	we	had	too	much	sweet	corn	in	our	garden.	Our	son	
wanted	to	sell	the	extra	corn	along	the	highway	in	front	of	the	house.	The	children	raised	sweet	corn	for	4-H	
projects and sold the corn for their college education. Our family picked the sweet corn until it was too much 
work and then we used their friends to pick the sweet corn. We often did not have reliable pickers.
 
	 Twenty-two	years	ago	at	the	Pennsylvania	Vegetable	Growers	Convention,	we	saw	a	one-row	Byron	103	
Sweet	Corn	Picker.	It	was	ready	to	go	to	work	every	day	–rain	or	shine	and	on	time!	We	raised	60	acres	of	sweet	
corn and needed to use varieties that mature at the same time and are cultivated for machine harvest.
 
	 I	plant	our	early	corn	in	a	stony	field	and	the	stones	warm	the	ground.	Sometimes	the	ears	are	too	close	to	
the ground and we have to be careful that the picker doesn’t pick up stones and shear a pin or run the gathering 
belt off. This past year I didn’t have that problem. As the stalk enters the snapping roll, the ears will stop at the 
neoprene strip and the snappers cut off the shank. The picker will harvest easy or hard snapping corn.
 
	 There	are	rubber	gathering	belts	to	take	the	corn	up	to	the	conveyor.	The	first	conveyor	takes	it	up	past	the	
fan	which	does	a	very	good	job	of	removing	the	trash-tassels,	leaves,	etc.	The	second	conveyor	takes	it	up	into	
the wagon hitched to the picker. I have a helper riding on the wagon who throws off the deformed ears and 
stalks that drop to the wagon. He also informs me if I have damaged ears and need to adjust the picker. When 
the picker is adjusted correctly there is very little damage.
 
	 I	take	the	wagons	to	the	sorting	area	where	we	have	four	or	five	people	to	sort	through	the	recently	picked	
corn. The sorters look for any animal damage and immature ears. They arrange the sweet corn on trays which 
are placed on tables behind our sweet corn stand. We have a sales lady to wait on the customers.
 
 We have easy access to the highway and a good location. At our age, if it wasn’t for the mechanical 
harvester, we would not be in the sweet corn business now.
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WHAT TO CONSIDER WHEN PURCHASING A HIGH TUNNEL FRAME

Ed Person, Ledgewood Farm

 The process to build a high tunnel/greenhouse is no different than any other capital project.  Planning, funding, 
and	ordering	are	very	likely	the	most	difficult	steps.		The	actual	building	project	is	relatively	simple	and	it	can	be	
exciting.		The	completion	of	any	project	has	rewards	of	satisfaction	and	future	profit.		Where	do	I	start?
 
 The	first	step	is	to	try	to	evaluate	how	much	growing	space	is	going	to	be	needed	and	how	the	structure	is	going	
to	fit	on	your	property.		Quite	often	I	will	ask	customers	how	large	a	greenhouse	they	want	and	they	don’t	have	any	
idea.  The best way to plan a greenhouse is to know how much you wish to produce.  Figure out how many pounds 
of tomatoes you would like to grow or how many trays of seedlings you need and that will dictate greenhouse size.  
Well	maybe	how	much	money	you	want	to	spend	has	a	little	something	to	do	with	the	final	answer.			The	other	
factor is how much land you have and what is the topography.  It is very important to have enough room around the 
greenhouse for easy access with vehicles and equipment, snow removal, water drainage, and ventilation.  Oh yes, 
and	what	about	expansion.		You	will	see	very	few	greenhouses	standing	alone.		They	seem	to	like	company!
 
 Site selection is a very important decision.  The greenhouse wants to be convenient for access, utilities and water 
supply.  Most installations want to be made on level or nearly level ground. A slope the length of the frame is okay, 
but	it	should	be	level	over	the	width.	The	shape	of	the	greenhouse	might	be	dependent	on	how	the	site	is	configured.		
Is	the	site	square,	long	and	narrow,	a	side	hill	that	needs	to	be	terraced?		All	of	these	factors	will	play	in	the	final	
decision.  Once the best site is selected then it is time to begin preparation.  If the greenhouse is going to be used 
for	in	the	ground	growing	it	should	be	prepared	like	any	field	situation.		If	it	is	to	be	used	for	bench	crops,	a	sand	or	
gravel base should be added.  Make sure the greenhouse is at least a foot above the grade of the land around it and 
that all of the water that will shed from the roof in a rainstorm or from melting snow has an easy drainage path.  Also 
remember that most greenhouses require ground posts that are installed into the ground from two to four feet deep.  
Do you have ledge, boulders, coarse gravel or any other obstruction that could hamper installation? These need to 
be removed or holes bored with a rock drill. The site needs to be open so that ventilation systems will be effective. 
Both passive and mechanical systems require free air movement.  A distance of at least ten to twenty feet around the 
perimeter is necessary.
 
 The choice of structure is only limited by the above restrictions. There are many choices of companies that 
produce frames.  They range from simple round cold frames to state of the art computer controlled systems.  How 
do you decide?  Budget is a very important aspect as well as the length of growing season. Short growing seasons 
make	it	difficult	to	justify	the	expense	of	a	sophisticated	system.	If	you	will	be	using	the	structure	for	most	of	the	
year	then	considerations	for	fuel	efficiency,	light	dispersion,	processing	the	crop	and	volume	of	production	will	be	
more important.  Growers in snow regions should consider a gothic shape house for better snow shedding.  Tall side 
walls are important for natural ventilation and for snow accumulation after it slides off the structure. Many growers 
start with a small simple system and then plan on expansion later to adjust for changes in demand of the crops to be 
grown.		A	small	simple	system	for	many	is	a	structure	of	1000-2000	square	feet	covered	with	polyethylene.		If	you	
have	a	demand	for	1000	pounds	of	tomatoes	a	week	or	you	need	50,000	seedlings	ready	all	at	once	then	that	is	going	
to help you decide what to build.
 
 The	next	steps	after	you	have	chosen	a	site	and	the	proper	structure	is	installation.		The	free	-standing	gothic	
frames	are	very	easy	to	build.		Time	invested	can	be	quite	extensive	however.		A	2000	square	foot	structure	will	
require	about	75	man-hours	to	complete.		This	includes	setting	up	the	metal	frame,	installing	hip	and	baseboards,	
building end walls, and covering the frame with polyethylene. Most manufacturers provide instruction manuals with 
the frame and provide support if needed.  The most important step is to make certain that the layout is square and 
uniformly pitched or level.  If this is done carefully the frame should install easily. Some growers choose to hire 
experienced	crews	to	do	the	installation.		The	cost	for	this	is	approximately	fifty	cents	to	one	dollar	per	square	foot.		
The more complicated systems may justify hiring a professional crew.
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 A few points about installation that need to be pondered include the type of lumber to be used, door sizes, end 
wall materials, and ground cover. The choice of lumber is dependent on philosophy and budget.   The most longevity 
for baseboard is achieved from pressure treated wood.  If an organic crop is to be grown this may not be possible.  
Spruce, hemlock, cedar, and pine all also choices.  The rate of decay varies with these woods and failure of the 
baseboard must be considered.  The hip board should be inspected at each polyethylene change to make sure it is 
sound for the next several years.  End walls are normally made with a treated sill and untreated wall studs.  Wall 
coverings are made from plywood, boards, polyethylene, structured sheets, or some combination.  Doors should be 
large enough to provide ventilation and easy access.  The ground cover choices include fabric, concrete, sand, gravel, 
loam, and asphalt.  Individual situations will determine choice.
 
 Mechanics are divided into two categories.  Heating and cooling need to be addressed for any application.  
Early spring production will require night heat and then almost immediately morning cooling and on some days a 
continual change from heat to cooling for moisture control.  Unheated spring crops need ventilation for cooling and 
moisture control.  Winter crops may need heat and cooling at times depending on the weather, but almost constant 
control of moisture is critical.  Low light levels tend to soften plant tissues and leaf diseases could develop.  Heating 
is obtained using several methods.  Fuel types are propane/natural gas, fuel oil/kerosene, wood, and electricity.  
Transfer of the heat from the source is achieved either by hot air or hot water systems. Fuel type is a personal choice 
based	on	preference	and	available	supply.		Fuel	oil	is	about	one-third	less	expensive	than	propane	if	the	price	per	
gallon	is	the	same.		Wood	is	economical	if	supply	is	local.		Actual	wood	fuel	cost	is	difficult	to	calculate	as	many	
operations	harvest	and	process	on	site.	Consistency	of	all	night	heating	is	difficult	with	wood	unless	the	furnace	is	
supplemented	with	another	type	of	fuel	or	one	of	the	new	wood	fired	boilers	is	used.		Electricity	does	not	seem	to	be	
viable on a large scale, however for periodic supplemental heat it is an option. Hot air distribution is simpler and less 
expensive than hot water, but hot water may be used to heat the soil or benches.  Cooling choices are mechanical, 
passive, or a combination of both. Mechanical includes electrically powered fans and intakes, evaporative cooling 
pads,	and	automated	passive	systems.		Passive	systems	include	manually	operated	roll-up	sides,	ridge	vents,	and	end	
vents.		The	ridge-	vents	in	combination	with	roll-up	side’s	work	very	well,	but	is	quite	expensive	to	install.		Most	
unheated	spring	to	fall	application	is	sufficiently	cooled	with	rollup	sides.		Winter	and	early	spring	crops	may	need	
both	mechanical	and	passive	systems	to	adequately	control	the	environment.		A	fan	system	would	cost	about	$.50	
per	square	foot	to	install.		A	complete	ridge-vent	system	would	be	about	$1.00	per	square	foot.		Rollup	sides	are	
about	$.15	per	square	foot	installed.		Good	quality	mechanical	controls	will	save	fuel	and	create	a	more	consistent	
environment.	Estimates	for	heating	system	size	can	be	calculated	at	100btu	per	hour	per	square	foot	of	greenhouse	
area.		Exhaust	fan	capacity	is	estimated	by	multiplying	greenhouse	area	in	square	feet	by	eight.	Horizontal	airflow	
fan systems are the best choice to circulate heated air and to maintain dry foliage to reduce mold outbreaks.
 
	 The	choices	for	covering	a	greenhouse	are	numerous.		The	most	common	cover	is	polyethylene	film	either	as	a	
single	layer	or	double	layer	with	inflation	between	the	layers.	The	newer	films	are	treated	to	reduce	heat	loss	and	to	
diffuse transmitted light to increase adsorption by the plants.  Each layer of polyethylene increases heat retention but 
also reduces light levels so a balance must be reached.  Glass is still the best glazing for light transmission, however, 
cost of installation is very high. The other choice is a structured sheet made of polycarbonate or acrylic.  These 
materials are longer lasting than polyethylene and less expensive than glass. The cost for a double layer polyethylene 
cover	is	about	20	cents	per	square	foot.		Structured	sheets	are	about	$1.00	per	square	foot	and	glass	is	about	$3.00	
per square foot.  The choice of covering is determined by each individual preference. 

 The decision on what size, type, and season to operate a greenhouse will only become apparent after several 
years of trial.  There is no question that in most climates protective growing systems repay the cost of installation in 
a very short time.  In many instances one season is all that is needed. 
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Ledgewood Farm is owned by Edward and SuZ Person and located in Moultonborough, NH.  Moultonborough 
is located in the Lakes Region and it is a summer tourist destination. The population in the region swells from 
about	15,000	to	nearly	100,000	during	the	summer.	The	farm	consists	of	twenty-one	acres	of	vegetables	and	it	
is	a	no	spray	farm.	There	are	21	greenhouses.	Two	are	used	for	seedling	production	and	the	remaining	nineteen	
are used to grow vegetable and small fruit crops to maturity. The farm has one retail location three miles away 
on a state highway. The season starts at the end of June and continues until early September. The stand is open 
five	days	and	closed	on	Tuesday	and	Wednesday.

The season is very short so Ledgewood must have a large variety of crops available when the stands open in June. 
Some of the ways that this is attained include the use of row covers, heated greenhouse tomatoes, transplanted 
sweet corn, and unheated high tunnels.
 
The	greenhouse	manufacturing	business	started	in	1987	and	has	grown	steadily.		Two	of	us	are	able	to	handle	the	
demands of production and delivery.  Ledgewood delivers eighty percent of the frames and twenty percent are 
delivered by common carrier outside of New England. Manufacturing takes place year around with the busiest 
times	fall	and	early	spring.		Ledgewood	thrives	on	repeat	business	and	referrals	from	satisfied	customers.	The	
most important part of the business is to help the customer make the right choice. The decision on the size of 
frame,	equipment,	and	construction	can	be	overwhelming.	The	guidance	that	we	are	able	to	provide	helps	flatten	
the learning curve. We all know that means helping to avoid costly mistakes and the purchase of unnecessary 
equipment.

HIGH TUNNELS
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PUTTING THE ECONOMIC PENCIL TO HIGH TUNNEL PRODUCTION

Adam Montri                                                                                                                                             
Michigan State University, Department of Horticulture, Student Organic Farm                          

A422	Plant	and	Soil	Sciences	BuildingEast	Lansing,	MI	48808admontri@msu.edu

Production Approaches
	 There	are	three	distinct	ways	that	farmers	use	high	tunnels.		The	first,	and	most	traditional,	is	for	extending	
the	production	of	warm-season	vegetables.	 	The	most	common	crops	 in	 this	production	system	are	 tomatoes,	
cucumbers, and peppers.  Generally, production times for these crops in the Northern United States range from 
March or April through October or November depending on farm location.  The idea here is to gain an advantage 
by	producing	the	crops	earlier	and	later	than	those	that	are	field	grown	thereby	being	able	to	charge	a	higher	price	
when less product is available in the market.  

	 The	second	is	for	the	production	of	cool-season	vegetables.		Farmers	using	these	methods	in	the	Northern	
United States tend to plant crops in the fall from August through October and have a range of harvest times.  Some 
farmers harvest and market their entire product from September through November or December and then plant 
again	in	February	or	March	and	harvest	in	the	early	spring	before	field	plantings	are	harvestable.		Others	harvest,	
depending on location, throughout the entire winter, replanting in spring for additional early harvests.  The key for 
this type of production is to plant early enough in the fall that crops grow to harvestable size, and then the crops 
can be harvested as needed.  Growth does not typically occur on root crops when the temperatures and light levels 
are low.  Greens and other leafy crops do grow, but at a much slower pace than in the traditional growing season.
The	third	is	a	combination	of	the	above	two	approaches	to	high	tunnel	farming	in	that	they	combine	warm-	and	
cool-season	crop	production	for	ten	to	twelve	months	of	farming	without	supplemental	heat	or	light.		The	range	is	
dependent upon how far north and what crops the farm is growing.  We work with farmers in the Upper Peninsula 
of Michigan who have had success with growing spinach throughout the winter, but are not able to produce the 
more tender leafy crops (like lettuce) in the second half of December and in January.  

Why	Grow	in	the	Shoulder-	or	Off-Season
	 Many	 farmers	who	are	using	 season	 extension	or	 year-round	 farming	 approaches	 talk	 about	 a	number	of	
reasons why they choose to use high tunnels on their farms.  They often say that demand for their products is 
high while supply is low so they can charge a more premium price.  In addition, they also say, that management 
requirements are very low the later and earlier into the calendar year in relation to what they can charge for the 
products in November through February.  A good weeding in November nearly eliminates the need to weed until 
February.  Pests are also greatly reduced because of the cold temperatures.  Lastly they talk about the ease of 
planting	for	the	winter	because	of	the	lack	of	succession	plantings	needed.		For	example,	if	we	want	to	sell	200	
heads	of	lettuce	each	week	for	6	weeks	from	the	beginning	of	November	through	the	second	week	of	December	
all	1200	of	those	heads	(plus	some	to	account	for	loss)	will	be	planted	at	the	same	time	(mid-September	for	Zone	5).

The Economics
As commercial farmers, no matter what production approach we chose, we have to make sure that it makes 
money.		It	is	great	that	we	can	grow	crops	outside	of	the	field	production	window,	but	if	it	doesn’t	make	money	it	
is	just	an	exercise	in	growing.		At	Michigan	State	we	were	fortunate	to	partner	with	12	farms	around	the	state	on	
a	30	month	project	with	funding	from	USDA	National	Research	Initiative	(now	NIFA),	MSU	Project	GREEEN	
(Generating Research and Extension to meet Economic and Environmental Needs), and MSU Extension on a 
three	year	project	looking	at	the	economics	of	high	tunnel	production.		Farmers	were	provided	with	a	30	X	96	ft	
hoophouse in exchange for sharing monthly records including expenditures, activities, and sales.  There is a very 
large	range	in	sales,	profit,	and	labor,	as	seen	in	the	table	below.		This	is	attributed	to	a	number	of	reasons,	includ-
ing all of these farmers having little to no experience in season extension.  
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In	addition	to	total	profits,	we	were	interested	in	the	cash	flow	by	month	and	how	long	it	would	take	to	pay	off	the	
initial	investment	(~$10,000	in	2006).		The	graphs	below	show	the	combined	average	cash	flow	(Graph	1)	and	
years	to	payback	(Graph	2)	for	all	farmers.

 

Graph	1.	Average	profit	by	month	for	all	farmers	
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November through the second week of December all 1200 of those heads (plus some to 
account for loss) will be planted at the same time (mid-September for Zone 5). 

As commercial farmers, no matter what production approach we chose, we have to make sure 
that it makes money.  It is great that we can grow crops outside of the field production window, 
but if it doesn’t make money it is just an exercise in growing.  At Michigan State we were 
fortunate to partner with 12 farms around the state on a 30 month project with funding from 
USDA National Research Initiative (now NIFA), MSU Project GREEEN (Generating Research and 
Extension to meet Economic and Environmental Needs), and MSU Extension on a three year 
project looking at the economics of high tunnel production.  Farmers were provided with a 30 X 
96 ft hoophouse in exchange for sharing monthly records including expenditures, activities, and 
sales.  There is a very large range in sales, profit, and labor, as seen in the table below.  This is 
attributed to a number of reasons, including all of these farmers having little to no experience 
in season extension.   

The Economics 

 Gross Sales 
(Revenues) 

Total 

Costs 

Total 

Profit 

Total 
Labor 

Effective 
Wage 

 (US$) (US$) (US$) (hours) ($/hr) 

F1 $8,892.50 $2,967.00 $5,925.50 3,074.5 $1.93 

F2 $20,320.09 $3,420.80 $16,899.29 1,207.8 $13.99 

F3 $6,269.60 $3,202.42 $3,067.18 264.4 $11.60 

F4 $5,600.40 $3,005.84 $2,594.56 327.5 $7.92 

F5 $6,963.16 $1,482.70 $5,480.46 752.3 $7.28 

F6 $22,256.25 $7,056.20 $15,200.05 1,807.5 $8.41 

F7 $2,400.00 $2,049.95 $350.05 1,241.3 $0.28 

F8 $4,414.25 $2,237.51 $2,176.74 420.1 $5.18 

F9 $9,122.01 $4,856.75 $4,265.26 1,315.3 $3.24 

F10 $18,897.00 $3,638.20 $15,258.80 1,590.9 $9.59 

F11 $14,887.91 $5,675.49 $9,212.42 508.0 $18.13 

F12 $17,398.15 $5,983.09 $11,415.06 646.8 $23.87 

Table 1. Sales, costs, profit, labor, and wage by farmer (30 months) In addition to total profits, we were interested in the cash flow by month and how long it would 
take to pay off the initial investment (~$10,000 in 2006).  The graphs below show the combined 
average cash flow (Graph 1) and years to payback (Graph 2) for all farmers. 
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Graph 2. Time to payback initial investment based on first 24 months of profit 
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Graph	2.	Time	to	payback	initial	investment	based	on	first	24	months	of	profit

Adam Montri works as the Outreach Coordinator for the Student Organic Farm in the Department of Hor-
ticulture at Michigan State University.  He and his wife, Dru, and daughter, Lydia, as own and operate Ten 
Hens	Farm	in	Bath,	MI	where	they	grow	and	sell	12	months	of	the	year.		He	earned	his	undergraduate	from	
Michigan State in English and his Masters from Penn State in Horticulture.  Adam works with farmers inter-
ested	in	high	tunnel	and	field	production	throughout	Michigan	in	rural	areas	as	well	as	in	Flint	and	Detroit.	

HIGH TUNNELS

In addition to total profits, we were interested in the cash flow by month and how long it would 
take to pay off the initial investment (~$10,000 in 2006).  The graphs below show the combined 
average cash flow (Graph 1) and years to payback (Graph 2) for all farmers. 
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USING HIGH TUNNELS FOR THE PRODUCTION OF TOMATOES AND OTHER CROPS

Fred Forsburg                                                                                                                                        
Honeyhill Farm

High tunnels are an important season extension and disease control tool that are particularly useful for high value 
crops such as tomatoes. While well established in Europe and East Asia, high tunnels remain an unconventional 
and pioneering concept in the US. The goal of this talk is to eliminate some of the confusion surrounding this 
technology and offer insight from a grower’s perspective.What are high tunnels
A	quick	definition	is	in	order	with	a	description	of	the	various	features	and	benefits.	The	author	will	display	pho-
tographs of his structures and the reasoning behind their purchase along with suggestions as to options.

Plasticulture
A succinct description of the basic tools of plasticulture involved in the production of tomatoes on the author’s 
farm is offered. Suggestions will be offered and missteps revealed. 

Tomato culture
Specifics	on	the	author’s	methods	will	be	presented	with	regard	to	soil	management,	irrigation	and	fertigation,	
transplanting, pruning, training and harvest. Inherent requirements for heirlooms will be discussed.

Quality vs. Productivity
Quality	is	always	first	and	customers	are	willing	to	pay	for	it!	A	definition	of	quality	is	proposed	and	a	methodol-
ogy is offered.

Economics
Pay	for	your	high	tunnel	in	the	first	year!	

Variety recommendations
The author will offer variety recommendations based on both consumer and grower preference. 

The	author	operates	a	diversified	and	certified	organic	farm	in	Western	New	York.	The	farm	consists	of	50	
acres	of	which	20	are	in	permanent	rotational	pastures	for	grassfed	beef	and	pasture	raised	broilers.	Eight	
acres	are	assigned	to	garlic,	potatoes,	leeks	and	etc.	horticultural	crops.	He	installed	the	first	high	tunnel	in	
2004	and	has	expanded	to	5	tunnels	subsequently.	Two	tunnels	are	annually	assigned	to	tomato	production	
with	the	balance	in	non-solanaceous	crops	for	both	summer	and	winter	production.		Discovering	his	latent	
interest	in	agriculture	Mr.	Forsburg	began	farming	in	2002	upon	exiting	an	engineering	career.	
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HOW I USE TUNNELS IN MY FARMING OPERATION

Ed Person, Ledgewood Farm

	 The	production	of	crops	inside	protective	structures	has	been	an	accepted	technique	for	many	years.		The	benefits	
include increased production and extended periods of crop harvest. In some cases higher quality is also achieved.  
Any number of crops can be produced under cover.  The most common are high value crops such as tomatoes, pep-
pers,	vinecrops,	and	cut	flowers.	The	techniques	to	produce	these	early	crops	are	outlined	below.	
 
 The most important aspect in the production of any crop is maintaining high soil fertility and consistent soil 
moisture levels. Most greenhouse systems rely on a combination of preplant and continual applications of fertilizer.  
The system that Ledgewood Farm uses includes cover crops during the off season and composted organic fertilizers.  
In most cases additional fertilizer applications during the growing cycle are not needed.  Drip or overhead irrigation 
systems are installed in all houses.
 
 Tomatoes.  The production of early tomatoes is the quest of almost every farmer. Using greenhouses with heating 
systems is the best way to produce early crops. Another option is to use unheated high tunnels to gain up to a month 
earlier	crop	over	field	production.

	 Greenhouse	space	is	precious	so	many	growers’	plant	higher	densities	than	they	would	field	crops.	Allowing	
about four square feet per plant and trellising or using basket weave systems is common. The seeds are planted into 
162	cell	plug	trays	and	then	transplanted	into	four-inch	pots	after	three	weeks.	Ledgewood	Farm	transplants	six-	
week old plants into the greenhouse. Plants are placed in the greenhouse about ten weeks before harvest. Mulch and 
drip irrigation systems keep the foliage dry to reduce mold growth on the plants. Trellised plants are tied and suckers 
removed on a weekly schedule.  Basket weave strings are added as needed and only the lower suckers are removed. 
 
 Heat and ventilation control is vital for the production of a healthy and abundant crop. The key is to maintain low 
humidity in conjunction with high soil moisture. Pollination is a large problem with early plantings so bumblebees 
are	placed	in	the	houses.		Later	plantings	that	use	natural	ventilation	(roll-up	sides)	generally	pollinate	from	the	wind	
and	other	insects.	Temperature	levels	are	maintained	between	60	and	80	degrees	Fahrenheit.
 
 Peppers.  The peppers are grown without heat. The miniature Jingle Bell peppers ripen from green to red by the end of 
June and that is early enough for my markets. The full size bells are harvested green also beginning at the end of June.
 
 The system that Ledgewood Farm uses includes drip irrigation, woven ground fabric, trellis strings and a high 
plant	density.	Seeds	are	placed	in	288	cell	plug	trays	and	transplanted	into	four-inch	pots	about	three	weeks	later.	
Eight-	week	old	plants	are	placed	in	the	greenhouse	eight	weeks	before	harvest.	The	plants	are	spaced	one	foot	in	
the row with three feet between rows. Some of the larger bell varieties may require increased spacing. The most 
profitable	variety	is	the	Jingle	Bell	that	is	harvested	red.		One	pepper	plant	will	produce	about	40-60	red	peppers	
between	June	30	and	September	10.	Temperature	control	is	important	to	insure	high	pollination	and	at	the	same	time	
maintain high night temperatures. Plenty of ventilation and even watering are important to reduce blossom end rot 
and sunburn. The plants are trellised on strings using plant clips so that the weight of the fruit doesn’t bend the plants 
over and scar the fruit on the ground.
 
 Sandwich Onions.	The	sandwich	onions	are	grown	in	beds	with	four	or	five	rows	in	each	bed	and	six-inch	on	
center	plant	spacing.	The	beds	are	covered	with	one-mil	black	plastic.	The	onion	plants	are	germinated	in	288	cell	
trays	and	transplanted	into	48	cell	trays	after	about	three	weeks.	The	plants	are	transplanted	into	the	house	after	about	
eight	weeks.		A	drip	system	is	used	with	two	runs	per	bed.	The	house	is	kept	warm	at	night	by	closing	the	roll-up	
sides. Cool day temperatures are maintained to help with strong stems and lower chances of mold forming. The 
varieties that Ledgewood Farm grows are Ailsa Craig, Walla Walla, and Mars. Harvest begins at the end of June and 
continues	for	about	a	month.		At	that	time	the	field	grown	onions	are	ready	to	be	harvested.
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 Flowers.	The	fresh	cut	flowers	that	are	planted	into	the	houses	are	generally	annuals	with	short	days	to	maturity.	
The most popular are snapdragons, zinnias, asters, statice, and celosia. Large stem size and abundant early blooms 
are	important.		The	seeds	are	germinated	in	a	heated	greenhouse	in	288	plug	trays	and	transplanted	to	four-inch	pots	
about	four	weeks	later.	The	four-inch	pots	are	used	so	that	a	larger	plant	is	placed	in	the	unheated	house	around	May	
first	and	harvest	begins	by	the	end	of	June.	Approximately	twenty	stems	are	cut	from	each	plant	by	late	July	when	
the	field	harvest	begins.	The	plants	are	placed	three	rows	to	a	bed	and	the	beds	are	on	four-foot	centers.	The	taller	
plants	like	snapdragons	and	zinnias	are	supported	by	basket	weave	or	six-inch	mesh	suspended	about	one	foot	above	
the ground. Ground fabric and drip irrigation is also used.
 
 Small Fruit.  Strawberries and raspberries are the two small fruit crops we grow in tunnels. We are growing day 
neutral	strawberries	one	tunnel	planted	mid-April	and	one	that	is	held	from	the	previous	year.	They	are	grown	on	
biodegradable black poly two rows per bed. After the poly degrades we mulch with a layer of sawdust. We average 
about	2	square	feet	per	plant	including	aisle	space.	1000	plants	in	a	2000	square	foot	tunnel.	The	raspberries	are	a	
combination	of	June	bearing	and	fall	bearing	types.	The	plants	are	in	rows	7	feet	on	center	and	18”	in	row	spacing.	
We	start	harvesting	in	early	July	and	harvest	continually	until	mid-November.
 
 Other Crops. The other crops that Ledgewood Farm grows inside the houses include garlic, cucumbers, Summer 
and	Zucchini	squash,	muskmelons,	and	eggplant.	Cucumber	is	the	most	profitable	of	this	group.	The	cucumbers	are	
trellised on strings and are capable of producing forty or more fruit on each plant.
 
 The use of aluminum window screen  to exclude insect pests has become a part of our management plan at 
Ledgewood. The exclusion of potato beetle from eggplant is one example that reduces the insect pressure to levels 
where hand picking of the beetles becomes viable. The striped cucumber beetle is becoming a major pest because 
it vectors bacterial wilt and only small populations can have a devastating impact on plant health.  Last year we had 
zero	striped	cucumber	beetles	in	our	tunnels.	The	screen	works	great	to	keep	Japanese	beetles	away	from	cut	flowers	
as well. One grower produces all of his broccoli and cabbage inside screened houses to exclude cabbage maggots 
and worms. Ledgewood Farm plans to plant one house of early red potatoes this year, and then install row cover for 
an	early	crop	and	to	try	to	exclude	potato	beetle.	Research	has	shown	that	profitable	production	is	possible	with	a	
high plant density. The only limitation for the use of greenhouses as an aid in season extension is ones imagination.
  

Ledgewood Farm is owned by Edward and SuZ Person and located in Moultonborough, NH.  Moultonborough 
is located in the Lakes Region and it is a summer tourist destination. The population in the region swells from 
about	15,000	to	nearly	100,000	during	the	summer.	The	farm	consists	of	twenty-one	acres	of	vegetables	and	it	is	
a	no	spray	farm.	There	are	21	greenhouses.	Two	are	used	for	seedling	production	and	the	remaining	nineteen	are	
used to grow vegetable and small fruit crops to maturity. The farm has one retail location three miles away on a 
state	highway.	The	season	starts	at	the	end	of	June	and	continues	until	early	September.	The	stand	is	open	five	
days and closed on Tuesday and Wednesday.

The season is very short so Ledgewood must have a large variety of crops available when the stands open in June. 
Some of the ways that this is attained include the use of row covers, heated greenhouse tomatoes, transplanted 
sweet corn, and unheated high tunnels.

The	greenhouse	manufacturing	business	started	in	1987	and	has	grown	steadily.		Two	of	us	are	able	to	handle	the	
demands of production and delivery.  Ledgewood delivers eighty percent of the frames and twenty percent are 
delivered by common carrier outside of New England. Manufacturing takes place year around with the busiest 
times	fall	and	early	spring.		Ledgewood	thrives	on	repeat	business	and	referrals	from	satisfied	customers.	The	
most important part of the business is to help the customer make the right choice. The decision on the size of 
frame,	equipment,	and	construction	can	be	overwhelming.	The	guidance	that	we	are	able	to	provide	helps	flatten	
the learning curve. We all know that means helping to avoid costly mistakes and the purchase of unnecessary 
equipment.

HIGH TUNNELS
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ORGANIC VEGETABLES
THE ROLE OF CROP ROTATION IN WEED MANAGEMENT

Charles L. Mohler
Cornell	University,	Department	of	Crop	and	Soil	Sciences,	907	Bradfield	Hall,	Ithaca,	NY		14853

 All weed control practices occur within the context of a sequence of crops– the crop rotation.  The identities 
of the crops are critical in determining how the rotation affects disease and insect management. In contrast, for 
weed management, the identity of the crop species is less critical than the type of weed control practices used with 
each crop.  In general, crop sequences that take advantage of multiple opportunities to suppress and remove weeds 
from	the	field	will	improve	weed	management	on	the	farm.
 
 Few studies have examined the role of crop rotation in weed suppression.  Most of these have looked at crop 
rotation in conventional agricultural systems with herbicides.  These studies often show that weeds that are dif-
ficult	to	control	in	one	crop	can	often	be	suppressed	in	another	crop	due	to	the	differing	sensitivities	of	the	crops	
and weeds to particular herbicides.  
 
 Here, however, I focus on how the variation in cultural and mechanical practices suitable for various crops en-
hance	long-term	weed	management	on	a	farm.		The	few	rotation	studies	without	herbicides	have	generally	found	
that more diverse systems had lower density of problem weeds, but a greater diversity of weed species.  This is 
reasonable since the variation in cultural practices during the rotation will tend to disrupt life cycles of each par-
ticular weed species, but create niches for a greater variety of species.
 
 Although the sparse literature on crop rotation offers only general insights into the design of weed suppres-
sive crop rotations, the ecology of weeds offers many clues as to the sort of crop sequences that are most likely to 
minimize weed problems.  In many cases the usefulness of the principles outlined below have been documented 
by practicing farmers.

Principle 1:  Include clean fallow periods in the rotation to deplete perennial roots and rhizomes and to 
flush	out	and	destroy	annual	weeds.	
	 Most	perennial	weed	species	will	re-sprout	after	their	roots	and	rhizomes	have	been	cut	into	small	pieces	by	
tillage	implements.		Thus,	many	new	shoots	are	produced	but	each	shoot	is	weaker	due	to	less	below-ground	food	
storage.  If these shoots are again cultivated into the soil, they are further weakened.  A few such cycles once every 
2	to	3	years	can	greatly	suppress	or	eliminate	most	perennial	weeds	whose	roots	are	within	the	plow	layer	and	help	
keep deeper rooted perennials in check.  
 
	 Similarly,	tillage	tends	to	stimulate	the	germination	of	most	weed	seeds	(Mohler	2001a),	and	subsequent	culti-
vation will prevent them from competing with future crops.  This is an important approach to reducing the density 
of weed seeds stored in the soil.  Northern Pennsylvania farmers Eric and Anne Nordell have nearly eliminated 
weeds from their vegetable farm through a combination of weed suppressing cover crops and summer fallow 
periods.  Over the years, they greatly shortened the fallow periods as weeds became less problematic. 

Prniciple 2: follow weed-prone crops with crops in which it is easy to keep weeds from going to seed.  
	 Weed	control	is	inherently	more	difficult	in	some	crops	than	others.		For	example,	unless	mulches	are	used,	
winter squash and pumpkins tend to become weedy because cultivation and hand weeding are essentially impos-
sible after the vines have run out of the row.  Moreover, weeds have usually set seed by the time these full season 
crops have matured.  Following such crops with a rapid succession of short season crops like spinach and lettuce 
that are harvested before weeds can set seed will kill off many of the seeds produced in the vine crop.  This re-
duces weed problems in subsequent crops.  
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	 Weed	control	is	often	more	difficult	in	direct	seeded	vegetables	than	transplanted	vegetables	because	the	di-
rect	seeded	crops	have	a	prolonged	early	period	when	the	crop	competes	poorly	and	cultivation	is	difficult.		Direct	
seeded species like carrot and beet that have small seeds are more of a problem in this regard than are snap bean 
or sweet corn.  If weeds proliferate in the direct seeded crop, follow it with a transplanted or large seeded crop that 
is easy to cultivate and hoe.

Principle 3: plant crops in which weed seed production can be prevented before crops that are poor com-
petitors.  
	 Weed	control	is	often	difficult	in	crops	like	onion	and	carrot	because	they	are	slow	growing	and	cast	relatively	
little	shade.		Although	some	weeds	establish	from	the	long-term	seed	bank	in	the	soil,	many	of	the	weeds	encoun-
tered in a given year establish from seeds shed the previous year or two.  Consequently, growing a crop in which 
weed seed production can be prevented before planting a poor competitor can reduce the amount of precision 
cultivation and hand weeding required for successful production of the poor competitor.  Cropping years in which 
management prevents weed seed production may include successive plantings of short season crops, short cycle 
cover crops alternating with clean fallow periods, crops grown with weed suppressing mulch, and highly competi-
tive crops that are intensively cultivated (for example, potato).  The crop types that prevent seed production will 
vary depending on the practices of the farmer.  For example, a fully mulched vine crop can be used as a “cleaning” 
crop because the combination of mulch and a dense canopy effectively suppresses weeds, whereas without mulch, 
vine	crops	often	contribute	to	the	weed	seed	bank	because	they	become	difficult	to	cultivate	or	hand	weed	late	in	
the season.  

 Principle 4: rotate between crops that are planted in different seasons.  
 Competitive spring planted crops like potato tend to suppress midsummer germinating species like purslane.  
Summer tillage for midseason planted vegetables like fall harvested cole crops kill many spring germinating 
weeds like lambsquarters and common ragweed before they can set seeds.  Late summer or fall tillage for late 
harvested	greens	will	encourage	germination	of	species	like	shepherd’s-purse	and	Persion	speedwell.		If	the	field	
is cleaned up after harvest or in early spring, these species will be killed before they can set seed.

Principle 5: insert cover crops between cash crops at times when the soil would otherwise be bare.  
 Weeds establish most easily when the ground is bare.  Plant canopies suppress seed germination of many 
weed species by reducing the amount of light and the relative amount of red wavelength light reaching the soil 
surface.  In addition, cover crops compete with any weeds that do emerge.  Thus, for example, planting winter rye 
or	mustard	cover	crops	following	plowdown	of	pasture	reduced	spring	weed	cover	from	52%	down	to	9%	and	4	
%	,	respectively.		
 
 Many studies have shown that grain and legume crops are more competitive against weeds when planted at 
high density and uniform spacing, and the same principle applies when these species are used as cover crops.  
Increasing	seeding	rates	by	50	 to	100%	relative	 to	 recommended	rates	 for	grain	or	 forage	production	usually	
produces noticeably improved weed control, particularly if the cover crop is broadcast.  Very high density sowins 
of competitive cover crops like buckwheat, soybean and grain rye can completely smother even many perennial 
weeds.		Experimenting	on	small	areas	to	find	the	right	balance	between	seed	cost	pf	cover	crops	and	weed	control	
is often worthwhile.
 
 Cover crops interseeded into standing cash crops during the last cultivation can help suppress late emerging 
weeds. but may also compete with the crop.  Although interseeding is often a good way of establishing a winter 
cover crop in late planted vegetables, I do not recommend it as a method of weed control. 

Principle 6: avoid cover crop species and cover crop management that promotes weeds.
 Many cover crops can behave as weeds if allowed to go to seed due to a delay in mowing or incorporation.  

ORGANIC VEGETABLES
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Buckwheat and winter grains are particularly prone to cause problems if allowed to seed because they are fast 
growing, competitive species.
 
 Long season cover crops like red clover and sweet clover are useful for supplying nitrogen and improving 
soil structure, but they are relatively uncompetitive early in their development and can become weedy.  Because 
they remain in the ground most of a year or more, annual weeds have time to set seeds and perennials have plenty 
of time to increase.  Such cover crops thus work best when sown with or interseeded into a grain or buckwheat 
“nurse” crop that can suppress weeds while the legume cover crop develops.  Even with a nurse crop, however, 
weed seed production can be a problem unless mowing of the nurse crop and legume cover crop are carefully 
timed.  Similarly, rapidly growing weeds like purslane and hairy galinsoga often go to seed in summer cover crops 
if	these	are	left	in	the	ground	more	than	6	to	8	weeks.
 
 Even hairy vetch or a winter grain like rye may allow seed production by winter annuals like chickweed and 
shepherd’s-purse	if	the	cover	crop	is	not	incorporated	promptly	in	the	spring.		The	problem	is	greatest	when	the	
cover	crop	stand	is	light	or	spotty.		The	problem	can	be	avoided	by	incorporating	the	cover	crop	at	the	first	sign	
of capsule formation on the weeds, but this usually reduces the amount of N supplied by the vetch.
 
Principle 7: rotate between annual crops and perennial sod crops.  
 Although weed seed populations decline more rapidly when the soil is tilled, substantial decreases in popula-
tions of most annual weeds occur when sod crops are left in the ground for a few years.  This occurs by natural 
die-off	of	seeds	in	the	soil	and	because	annuals	that	germinate	in	a	perennial	sod	are	competitively	suppressed	
by	the	already	well-established	perennial	 legumes	and	grasses.	 	The	few	annuals	 that	do	establish	are	usually	
prevented	from	setting	seeds	by	repeated	mowing	or	grazing.		One	study	found	that	83%		of	farmers	surveyed	in	
Saskatchewan and Manitoba noticed decreased weed problems following sod crops, and most indicated that the 
effect lasted more than one year.  In addition to reducing annual weeds, many of these farmers indicated a reduc-
tion in Canada thistle, probably because mowing several times each year depleted food storage in the thistle’s 
rhizomes.
 
 Precautions are required, however, when alternating sod crops with annual crops.  Perennial grass weeds like 
quackgrass should be well controlled prior to planting the sod or they will likely increase during the sod phase of 
the rotation.  Also, annual weeds may set many seeds during establishment of the sod crop, thereby negating the 
expected decline in the weed seed bank.  Weed seed production can be minimized by using a grain nurse crop that 
competes with the annual weeds, early harvest of the nurse crop for forage or straw before annuals go to seed, and 
subsequent mowing of the sod during the establishment year.  Another strategy to reduce weed seed production 
during sod establishment is to plant the sod crop in late summer or early fall.

	 None	of	the	strategies	discussed	above	is	sufficient	by	itself	to	control	weeds.		But	when	combined	with	other	
practices in an integrated scheme, thoughtful crop rotation planning can greatly enhance the ease and effective-
ness of weed management.  

 
Chuck Mohler is a Senior Research Associate in the Department of Crop and Soil Sciences at Cornell Univer-
sity.		He	has	been	studying	the	ecology	of	weeds	and	non-chemical	methods	of	weed	management	since	1983.		
He has worked on a variety of issues related to organic crop production as well and served as Project Director 
for	a	large	multi-disciplinary	project	comparing	various	organic	grain	and	vegetable	cropping	systems	from	
2004	through	2010.		He	is	coauthor	of	Ecological	Management	of	Agricultural	Weeds,	M.	Liebman,	C.	L.	
Mohler	and	C.	P.	Staver	2001,	Cambridge	University	Press	and	is	co-editor	and	principle	author	of	Crop	Rota-
tion	on	Organic	Farms:	A	Planning	Manual,	C.	L.	Mohler	and	S.	E.	Johnson	(eds.),	2009,	NRAES.
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CROP ROTATION PLANNING DURING THE TRANSITION TO ORGANIC VEGETABLE PRODUCTION

Charles L. Mohler
Senior	Research	Associate,	Department	of	Crop	and	Soil	Sciences,	Cornell	University,	Ithaca,	NY		14853

 
 Good crop rotation practices are desirable for any farm, but effective crop rotation is critical during and after 
the transition to organic management.  Some of the advantages that can be obtained from a well planned crop ro-
tation	include	suppression	of	soil-borne	diseases,	better	weed	control,	suppression	of	some	insect	pests,	improve-
ment of soil quality, increased nutrient availability and reduced nutrient losses,
 
	 Although	many	of	the	benefits	of	crop	rotation	are	well	understood	scientifically	and	widely	acknowledged	
by	farmers,	implementing	a	good	crop	rotation	on	a	diversified	vegetable	farm	is	remarkably	difficult.		The	large	
number of crops and great variation in crop acreage usually makes consistently following crop A with crop B im-
possible.  Moreover many crops are planted at multiple dates during a typical growing season to achieve a more 
continuous harvest, and the various plantings often require different preceding or following crops or cover crops.  
Finally,	many	farms	consist	of	a	mosaic	of	soil	types	and	field	conditions	which	restrict	which	crops	can	be	profit-
ably	grown	in	a	particular	field.
 
 To assist growers in planning crop rotations, the Northeast Organic Network (NEON) developed a book Crop 
Rotation on Organic Farms: a Planning Manual, edited by Charles L. Mohler and Sue Ellen Johnson which is 
available from the publisher (http://www.nraes.org/), or or as a free pdf download at http://www.sare.org/pub-
lications/croprotation.htm.  To ensure practical recommendations, the book is solidly based on farmer practice. 
NEON	consulted	two	groups	of	farmers	about	their	rotation	practices.		First,	we	assembled	a	panel	of	12	exem-
plary growers nominated by farming organizations throughout the Northeast.  These participated in a three day 
process designed to help them communicate exactly how they plan crop rotations.  On a second group of 11 farms 
we intensively studied all aspects of the farming system, including crop rotation.
 
 All of these growers rejected the textbook approach of Crop A follows Crop B follows Crop C.  First, such 
an	approach	could	not	accommodate	either	the	diversity	of	their	crops	or	the	complexity	of	their	field	conditions.		
Second, it was impractical due to unforeseeable effects of weather and changes in markets and labor availability.  
Instead, all growers focused on the ad hoc placement of particular crops in particular locations based on cropping 
history	and	field	conditions.		These	exemplary	growers	knew	the	geography	of	their	fields	intimately.		In	addition,	
most kept careful records of what crops had been grown in each location during the past several years.  They then 
chose a suitable location for each crop such that, although some crop locations might be suboptimal, overall, the 
farm would prosper.  In addition to yields in the current year, they included aesthetic considerations, issues relat-
ing to ease of harvest, constraints their choices placed on future cropping plans, and other factors.
 
 A relatively small subset of these growers did their ad hoc sequencing of crops within the context of a larger 
general rotation scheme.  Some rotated vegetables with hay or with years with fallow and cover crops.  A few ro-
tated between broad categories of crops, with the particular crops within each category chosen on an ad hoc basis.  
These	general	plans	greatly	simplified	the	decisions	required	to	place	crops	on	field	locations	each	year.
 
	 Some	of	the	critical	steps	in	planning	crop	sequences	include	defining	and	prioritizing	the	goals	of	crop	ro-
tation	on	the	particular	farm;	deciding	whether	to	use	a	general	rotation	scheme;	defining	the	list	of	crops	to	be	
grown and the acreage of each; determining the maximum return time before major plant families will have to 
return to a given location; construction of a crop rotation planning map and associated table of past crop locations; 
placing crops onto locations for the coming growing season; placing crops onto locations for the next growing 
season after that and deciding on cover crops for the intervening period; checking the reasonableness of decisions 
by	taking	the	resulting	maps	to	the	field	and	thinking	through	the	steps	required	to	grow	each	crop	on	the	locations	
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chosen; and formulating contingency plans if weather, labor supply or last minute changes in market conditions 
force revisions of the planting plan.  Good records of which crops were grown in various locations around the 
farm each year is especially critical, and this can be greatly facilitated by dividing the farm into many roughly 
equal area units.  Rest years or long periods preceding or following short cycle crops like lettuce are  highly ben-
eficial,	particularly	during	transition	to	organic	production.		These	periods	provide	opportunities	to	restore	soil	
quality	with	cover	crops,	to	suppress	soil-borne	diseases	by	denying	the	disease	organisms	suitable	hosts,	and	to	
reduce weed pressure through cultivated fallows. 
 
 Transition to organic vegetable production usually begins either with an existing vegetable farm or with an 
old	pasture	or	hay	field.		The	two	situations	pose	different	challenges	and	hence	require	different	initial	rotation	
plans.		When	beginning	with	an	old	pasture	or	hayfield,	the	principle	problem	is	usually	an	abundance	of	perennial	
weeds.		Typically,	the	sod	has	created	good	soil	structure	and	high	organic	matter	and	has	eliminated	most	soil-
borne	vegetable	diseases,	so	these	potential	problems	usually	pose	no	difficulties.		The	rotation	must,	however,	
suppress	any	perennial	weeds	present	if	organic	vegetable	production	is	to	be	profitable.		Depending	on	the	spe-
cies and abundance of perennial weeds present, an initial year or two of alternation between periods of cultivated 
fallow	and	short	periods	in	rapidly	growing	cover	crops	may	be	needed	to	suppress	perennials	sufficiently	for	crop	
production.  Until the perennial weeds are well controlled, any vegetable crops grown should (1) be rapidly grow-
ing,	(2)	be	large	seeded	or	transplanted,	(3)	have	a	short	to	moderate	time	to	harvest,	and	(4)	be	easy	to	cultivate	
aggressively.  Potatos, bush snap beans, lettuce, and summer squash are reasonable choices. Avoid direct seeded 
crops like carrot or beet and slow growing species like onion: the hand labor required to produce these crops in 
an infestation of Canada thistle or quackgrass is unlikely to be repaid.  Also, avoid long season, hard to weed 
crops like winter squash until the perennials are well controlled since the long period between last cultivation and 
harvest will allow the weeds plenty of time to restore nutrient reserves in roots and rhizomes. 
 
 The main problems that need to be addressed by crop rotation when transitioning from conventional vegeta-
bles	to	organic	vegetables	are	usually	soil	physical	condition	and	soil-borne	crop	diseases.		Soil	compaction	can	
be	addressed	through	conversion	to	a	permanent	bed	system	with	controlled	wheel	traffic	and	tap-rooted	cover	
crops like clover.  The best way to improve soil aggregation is with cover crops.  Windows of opportunity for 
planting	cover	crops	include	late	summer	to	fall	(e.g.,	oats,	field	peas),	fall	to	spring	(e.g.,	hairy	vetch,	wheat,	rye),	
and	mid-summer	between	early	spring	and	fall	crops	(e.g.,	buckwheat,	sorghum-sudan	grass).		When	a	late	har-
vested crop must be followed by an early planted one, cover crops can be sowed between the crop rows at the last 
cultivation to provide ground cover over the winter.  In addition to building soil physical structure, cover crops 
will	increase	the	active	organic	matter	pool	that	feeds	beneficial	microbes	and	soil	animals	like	ground	beetles	
and earthworms.  These organisms will kill disease spores, improve crop disease resistance and eat weed seeds 
and pest insect eggs and larvae.  Crop planting should be delayed one to two weeks after cover crop incorporation 
to	allow	beneficial	microbes	to	replace	certain	root	rot	and	damping	off	organisms	that	thrive	on	freshly	killed	
organic matter.
 
	 Soil-borne	disease	problems	are	more	easily	prevented	than	cured,	but	in	either	case,	crop	rotation	is	the	key	to	
management.		If	the	field	has	a	history	of	a	particular	soil-borne	disease,	often	5	or	more	years	without	susceptible	
crops	(and	susceptible	weeds!)	is	required	to	eliminate	the	problem.		A	farm	enterprise	that	produces	a	wide	range	
of	crop	families	is	obviously	beneficial	in	this	regard.		However,	some	soil-borne	diseases,	such	as	white	mold/let-
tuce drop (Sclerotinia sclerotiorum) and the various diseases caused by Rhizoctonia solani attack crops in several 
families.		Generally,	rotation	into	sweet	corn,	field	corn,	small	grains	or	forage	grasses	helps	reduce	soil-borne	
diseases of vegetables by denying the disease organisms a suitable host. Some crops and cover crops actively 
suppress	certain	diseases.		For	example,	hairy	vetch	suppresses	Fusarium	wilt,	probably	by	favoring	beneficial	
microbes	that	consume	or	out-compete	the	disease.		Some	species	in	the	mustard	family	release	sufficient	levels	
of	isothiocyanates	following	incorporation	to	chemically	kill	disease	organisms	by	bio-fumigation.	For	example,	
white mold/lettuce drop is less severe following broccoli.  Whiteor yellow mustard (Brassica hirta), brown mus-
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tard	(B.	juncea)	and	rapeseed	(B.	napus)	cover	crops	are	all	used	as	bio-fumigants.		Note,	however,	that	including	
mustard family cover crops in a rotation that includes mustard family cash crops can lead to an outbreak of club 
root, a disease that typically requires seven or more years without mustard family crops and weeds to eliminate.
 
	 Effective	crop	rotation	during	transition	to	organic	production	begins	with	identification	of	the	disease,	weed	
and	soil	health	problems	faced	on	each	field.		A	rotation	plan	that	includes	careful	sequencing	of	crops	to	avoid	
disease problems, uses cover crops to build soil quality and cultivated fallows to reduce critical weed problems 
can	then	address	the	particular	problems	identified.		A	key	ingredient	in	planning	crop	rotation	for	organic	produc-
tion is the provision of rest periods without vegetable crops.  Experienced organic producers often cycle between 
vegetable crops and crops in the grass family to build organic matter and soil structure and allow disease organ-
isms time to die out.  As one experienced organic grower said. “It is a whole lot easier to produce six acres of veg-
etables	on	12	acres	of	land	than	on	six	acres	of	land”.		The	same	principle	applies	at	all	scales,	from	the	backyard	
vegetable	farm	to	Park	Farming	Organics	in	California’s	Central	Valley	which	produces	900	acres	of	vegetables	
in	rotation	with	600	acres	of	grain.		In	short,	diversity,	and	most	especially,	the	right	sort	of	well	planned	diversity,	
is the key to successful crop rotation in organic production systems.  
 
 

Chuck Mohler is a Senior Research Associate in the Department of Crop and Soil Sciences at Cornell Univer-
sity.		He	has	been	studying	the	ecology	of	weeds	and	non-chemical	methods	of	weed	management	since	1983.		
He has worked on a variety of issues related to organic crop production as well and served as Project Director 
for	a	large	multi-disciplinary	project	comparing	various	organic	grain	and	vegetable	cropping	systems	from	
2004	through	2010.		He	is	coauthor	of	Ecological	Management	of	Agricultural	Weeds,	M.	Liebman,	C.	L.	
Mohler	and	C.	P.	Staver	2001,	Cambridge	University	Press	and	is	co-editor	and	principle	author	of	Crop	Rota-
tion	on	Organic	Farms:	A	Planning	Manual,	C.	L.	Mohler	and	S.	E.	Johnson	(eds.),	2009,	NRAES.
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ORGANIC VEGETABLES
GRANT PROGRAMS AVAILABLE THAT ALLOW FARMERS TO TRY NEW AND 

INNOVATIVE PRACTICES ON THEIR FARMS
Carol L. Delaney

Northeast	Sustainable	Agriculture	Research	and	Education,	University	of	Vermont,	655	Spear	Street,	
Burlington,	Vermont,	05405	USA,	carol.delaney@uvm.edu,	802-656-0697

Background
 Since	1988,	 the	USDA	has	 supported	a	competitive	grant	 and	education	program	 targeting	applied	on-farm	
research.  The Sustainable Agriculture Research and Education (SARE) program is spread across four regions 
(Northeast, Southern, North Central, Western) in the country and includes the U.S. Territories of Guam, Northern 
Mariana	Islands,	Micronesia-FSM,	American	Samoa,	Puerto	Rico	and	the	Virgin	Islands.		The	twenty	year	summary	
of all the grants and monies funded may be found at http://www.sare.org/highlights/state_summaries.shtml.

 Faculty and staff with University of Vermont Extension administer the USDA’s Northeast SARE program 
which makes grants to farmers, researchers, educators, agricultural service providers and graduate students in 
12	states,	Connecticut,	Delaware,	Maine,	Maryland,	Massachusetts,	New	Hampshire,	New	Jersey,	New	York,	
Pennsylvania, Rhode Island, Vermont, West Virginia, and Washington, D.C.  Northeast SARE assigns its funds 
and	support	based	on	its	own	outcome	statement	which	expresses	a	long-term	vision	of	the	results	we	are	working	
to achieve. 
 
Agriculture	in	the	Northeast	will	be	diversified	and	profitable,	providing	healthful	products	to	its	customers;	
it	will	be	conducted	by	farmers	who	manage	resources	wisely,	who	are	satisfied	with	their	lifestyles,	and	
have	a	positive	influence	on	their	communities	and	the	environment.

The	data	in	Table	1	shows	the	distribution	of	grant	funds	in	2010.

													Table	1.	2010	Northeast	SARE	grant	categories	for	$3,665,671	in	awards.
Number of grants Category of Grant Total awards in $

13 Graduate Student $166,059
17 Sustainable Community $237,316
27 Farmer $243,082
19 Partnership $256,895
4 Professional Development $430,310

13 Research & Education $1,739,665

In	addition,	SARE	provided	$25,000	in	support	of	speakers	at	sustainable	agriculture	conferences	and	meetings,	
and	$567,344	for	‘on-the-ground’	state	programs	in	sustainable	agriculture	that	were	implemented	in	all	12	states	
plus the District of Columbia.

Grant Evaluation
Each proposal is evaluated based on the following criteria:

1. A direct link to agricultural sustainability.	Sustainability	is	defined	as	farming	practices	that	are	profitable,	
good	for	the	environment,	and	beneficial	to	farm	communities,	and	all	projects	must	have	a	direct	link	to	at	least	
one of the key themes in sustainable agriculture, and two or more is better. 

	the reduction of environmental and health risks in agriculture
	the prevention of agricultural pollution
	improved productivity, the reduction of costs, and the increase of net farm income
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	the conservation of soil, the improvement of water quality, and the protection of natural resources
	the enhancement of employment in rural areas
	the improvement of quality of life for farmers, their employees, and the farm community

2. Innovative content and approach. 
3. Familiarity with related work. 
4. Capacity for success. 
5. Clear objectives, sound methods, and measurable results. 
6. Involvement from the technical advisor. 
7. Outreach
8. Sensible budget. 

Past Farmer Grants in the Northeast

Table	2.	Farmer	grants	by	state,	success	rate,	2005-2010

 # of 
applications # of grants success rate

CT 9  4  44%
DE 3  2  67%
ME 42  21  50%
MD 21  8  38%
MA 27  12  44%
NH 24  7  29%
NJ 10  2  20%
NY 71  32  45%
PA 52  20  38%
RI 6  5  83%
VT 31  15  48%
WV 22  7  32%
      
total 318 135 42%

	 Northeast	SARE	began	offering	grants	directly	to	farmers	through	its	Farmer	Grant	program	in	1993.	These	
have	been	small	grant	offerings—under	$10,000	until	2009,	then	under	$15,000	in	2010.		Major	topics	covered	
by these grants are pest control and management; soil building, erosion, and conservation; grazing, forage and 
pasture	management;	and	marketing	and	food	processing.		Most	farmer	grants	(65	percent)	are	crop	related,	in	
contrast	to	livestock	related	grants	(30	percent).	Farmer	Grants	are	most	often	within	the	crop	group	vegetables,	
sweet corn, and melons; or addressing topics on fruits and nuts. The livestock groups most represented in these 
grants	are	dairy	and	sheep-and-goats.	 	The	number	of	applications	and	awards	from	each	state	varies	as	seen	
below	in	Table	2.

It is easy to search for these projects on the nation SARE project database found at http://www.sare.org/projects/ 

Some recent examples are below.
● Waste Vegetable Oil Fired Flame Weeder,	David	Dolan,	Otego,	NY,	2010

● Perimeter and Internal Trap Cropping in Organic Winter Squash, Nancy Hanson, Hampshire College 
Farm,	Amherst,	MA,	2009

● Economical Climate Control for extended Production in High Tunnel Vertical Growing Systems, Allen 
Lily,	Ryan’s	Glade	Farm,	Oakland,	MD,	2010
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● Summer Veggie Snack Mix - Product Development and Processing of Excess Summer Vegetables into a 

Value-Added Dried Snack Mix and Soup Blend,	Pam	West,	Lewisburg,	WV,	2008

● Farmer-Built Compost Turner with Hydraulic Drive,	Nigel	Tudor,	Avella,	PA,	2008

● Better Wine Grape Quality using Combined Vine Training and Canopy Management - Phase Two, Richard 
Lamoy,		Morrisonville,	NY,	2010

● Introducing Rice as a Commercial Crop to the Northeastern USA,	Linda	Akaogi,	Putney,	VT,	2009

● Performance of Red Clover and Oilseed Radish Interseeded Into Corn,	Ronald	Stutzman,	2008

● Reduction of Imidacloprid Resistance of Colorado Potato Beetles with an Organic Integrated Pest 
Management Program, Megan Patterson, West Fryeburg, ME

Conclusion
	 Farmer	grants	are	very	useful	in	testing	specific	questions	that	are	practical	to	farmers.		The	application	process	
is straightforward but the advice of a technical advisor is essential to help make the proposal more competitive.  
The deadline for Farmer Grant proposals each year is in December by an online submission process.

PLEASES SEE ONE-PAGE GLOSSY SUMMARY OF FARMER GRANTS IN BACK OF PROCEEDINGS

Carol Delaney, Farmer Grant specialist, Northeast SARE is the administrator of Farmer, Partnership and 
Sustainable	 Community	 grant	 programs	 since	 2008.	 	 Former	 Small	 Ruminant	 Dairy	 Specialist,	 UVM	
Extension.  MS Cornell University and BS University of Vermont.   
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GROWING POTATOES ORGANICALLY

Mel Henninger
Rutgers	Cooperative	Extension,	59	Dudley	Road,	Foran	Hall,	New	Brunswick,	NJ	08901-8520

	 The	seed	potatoes	were	cut	and	suberized	for	5	days	@	55oF	and	95%	Relative	Humidity	after	which	they	
were	returned	to	40oF	until	planting	on	April	25th.		No	other	seed-piece	treatment	was	used	on	any	of	the	treat-
ments.

1. Conventional Bare Ground
4/24	 800	#/A	of	15	0	15	/	A	pre	plant	and	dish	in
4/25	 Planting	36”	rows	9”	in	the	row		plus	a	systemic	insecticide	and	fungicide	sprayed	over	seed	pieces		 	

as they were covered.
5/01	 Two	herbicides	are	sprayed	over	the	surface	not	incorporated.
5/15	 100	#/A	of	Nitrogen	as	45	0	0	and	cultivated	in
6/09	 Hilled	and	sprayed	two	additional	herbicide	treatments
6/16	&	7/24	 Foliar	Sprays	were	applied	for	potato	leaf	hoppers
8/27	 Harvested
8/28	 Washed,	and	Graded

Organic Treatments received 9600 #/A  chicken compost on 4/24 & dish in.
2. Organic Bare Ground no Mulch

4/25	 Planting		36”	rows		9”	in	the	row
5/07	 Drag	off	with	a	spike	tooth	harrow	no	potatoes	showing.
5/15 Cultivate and drag off potatoes are breaking
5/22	and	6/02	 Cultivate
6/09	 Hilled
6/17	and	7/11	 Hand	weeded.
8/06	 Harvested,	Washed,	and	Graded

3. Organic Bare Ground with Leaf Mulch
4/25				Planting		36”	rows	9”	in	the	row
5/07				Drag	off	with	a	spike	tooth	harrow		no	potatoes	showing.
5/15    Cultivate, drag off, hill & spread leaf mulch, potatoes are breaking
6/17				More	leaf	mulch	&	hand	weeded.
8/27				Harvested
8/28				Washed,	and	Graded

4. Organic Black Plastic with Leaf Mulch
4/25				Planting			double	row	on	the	plastic
5/07				First	potatoes	to	emerge		
5/15    Cultivate middles, must potatoes up
5/28				Cultivate	and	spread	leaf	mulch
6/17				More	leaf	mulch	&	hand	weeded
8/27				Harvested
8/28				Washed,	and	Graded
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First Problem:   Weeds  
    Weeds 1” tall are too big for dragging off
    Dragging off, cultivating, or weedering twice a week to keep weeds from starting

Next Problem:   Bugs  
    Colorado Potato Beetles 
  Hand Picked Adults several times until larva hatched
	 	 Entrust	@	3	oz/A				
	 	 Three	sprays	6/05,	6/12,	and	6/25
  Gave excellent control of the small larva

     Potato Leaf Hoppers
					 	 PyGanic	5.0	EC	@	1	pt/A
	 	 Seven	Sprays	6/05,	6/12,	6/19,	6/25,	7/01,	7/10,	&	7/16
  Killed Leaf Hoppers but reintroduction rate was too high

Drip Irrigation was used in all treatments
     Installed it after Hilling in Mid of June except the Black Plastic treatment
     It worked well in all treatments except Conventional Bare Ground. There something was drilling pin holes into
   the drip tape.
					Keeping	the	surface	dry	reduced	the	annual	weed	germination	until	the	rain	on	7/04.
   
Final Observations 
 The conventional treatment had the highest marketable yield with Katahdin, Dark Red Norland, and Yukon Gold.
 The leaf mulch treatment had the same marketable yield as conventional with Blazer Russet, Superior, and 
  King Harry.
 The reduced yields on black plastic were due to higher then average losses by the harvester.
 The bare ground organic treatment had the lowest yield with each variety.
 Size was good except organic bare ground

Tuber Appearance
 Blazer Russet and King Harry each had a  big improvement in tuber appearance with leaf mulch; fewer knobs
   and misshapen.
	 All	varieties	except	Superior	had	significantly	less	culls	in	the	leaf	mulch	as	compared	to	the	conventional.
 The leaf mulch was a big problem on the harvester.   
 Drip tape was removed before harvest.
 The plastic when over the harvester with little problem.
	 The	leaves,	drip,	and	plastic	may	have	been	less	of	a	problem	with	a	regular	flat	bed	digger.
	 There	was	no	late	blight	problems	in	2008,	thus	no	fungicide	sprays.
	 With	this	organic	and	convention	research	plot,	it	was	very	time	consuming.		We	spend	263	hours	(32	eight	
	 	 hour	days)	extra	on	the	organic	area.	Some	of	the	more	time	consuming	operations	were:	cleaning	equip-
	 	 ment,	pulling	weeds,	picking	CPB,	spreading	leaves,	record	keeping	and	planting	through	the	black	plas-
  tic.
 The largest increase in costs were the insecticides, drip, plastic, & labor.

Is it worth the increase in cost?

YES,	If	you	have	the	market!!
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Mel	Henninger	is	an	extension	specialist	in	vegetable	crops	at	Rutgers	University	for	39	years.	His	area	of	
special interest is white potatoes; however, he is also working with sweetpotatoes, squash, and cole crops. 
For the past nine years he has been the education session coordinator of the New Jersey Annual Vegetable 
Meeting.  He has his B.S., M.S., and Ph.D. in Agronomy from Penn State. He is formerly work as an county 
extension agent in Schuylkill County, PA. He is former president of the Potato Association of America and 
an	Honorary	Life	Member.	Mel	and	Dilys	are	married	44	years	with	2	children	and	3	grandchildren.	(2011)

ORGANIC VEGETABLES
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TOOLS FOR INTEGRATED CROP MANAGEMENT OF PEPPERS 

(CAPSICUM ANNUUM)
Mark A. Bennett

Dept.	of	Hort.	and	Crop	Science,	Ohio	State	University,	Columbus,	OH		43210

 An integrated crop management (ICM) program for vegetable crop production is essentially the use of   ‘best 
management	practices’	for	enhanced	yields	and	efficient	resource	utilization.		Cultural	practices	to	consider	for	a	
pepper ICM program include the eight categories listed below.

•	 Crop rotation-	behind	corn,	small	grains;	not	other	solanaceous	crops	or	soybeans,	etc.;	frequently	alter	the	
habitat, type, and timing of food supply available to pests.

•	 Sanitation-	 remove	habitat	and	 inoculum	by	destroying	crop	 residues,	using	clean	seed	and	 transplants,	
controlling weeds.

•	 Timely tillage and cultivation- bury or expose pests, reduce overwintering sites, uproot weeds; use rye 
strips	for	wind	protection	and	earlier	warming	on	light-textured	soils.

•	 Crop and variety selection-	grow	plants	 that	can	resist	or	 tolerate	expected	pests;	evaluate	and	identify	
successful practices and incorporate into next year’s crop plan.

•	 Crop timing-	plant	or	harvest	to	avoid	known	peaks	in	pest	pressure;	update	field	weed	maps	and	use	to	
make treatment decisions next season.

•	 Crop health- optimize fertility and irrigation to enhance crop’s ability to cope with pests.  Soil test and 
fertilize	according	to	guidelines;	desired	soil	pH	is	6.0-6.8.		Apply	2/3	of	fertilizer	preplant.		High	phosphorus	
is	important	to	early	flowering	and	yield.		Peppers	have	moderate	depth/sized	root	systems,	and	low	tolerance	
for soil water depletion.

•	 Crop	diversification-	plant several crops and/or several varieties to spread risk.

•	 Modify crop environment- suppress	specific	pests	or	disorders	using	mulches,	row	covers,	raised	beds,	
optimal plant populations, and other techniques.

       
 An important factor in optimal pepper production is the effect of plant population per acre and plant spacing 
on insect and disease incidence, effectiveness of pesticide applications, and yield.  Before examining research done 
recently in the Great Lakes region to determine the most economically advantageous plant population for currently 
used cultivars of peppers, key points of research from other states are summarized below.

Batal	and	Smittle	(1981	-	Georgia)	compared	27,000,	40,000	and	60,000	bell	pepper	plants/ha	(~11,250,	16,670,	
and	25,000	plants/A).		The	biggest	yield	increase	occurred	when	populations	were	increased	to	16,670	plants/A,	but	
yields	decreased	when	plant	populations	were	increased	to	25,000	plants/A.

Locascio	and	Stall	(1994-	Florida)	compared	1,	2,	and	3	rows	on	two	bed	widths	(48”	and	72”	wide)	and	in-row	plant	
spacing	of	9	and	12”	between	plants.		Highest	yields	were	from	single	row	orientation	and	wider	in-row	spacing.		
Best yields were achieved with fewer plants/row.  The number of rows per bed and the overall raised bed width had 
more	influence	on	yield	than	in-row	spacing.		Bell	Pepper	fruit	yields	per	plant	were	also	greater	with	the	wider	
spaced	in-row	spacing.		Two	rows	per	bed	versus	3	rows	resulted	in	nonsignificant	yield	differences	probably	due	to	
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better	light	use.		This	is	also	confirmed	with	the	three-row	orientation	where	plants	in	the	middle	row	produced	the	
lowest yields compared to the outside rows on the same raised bed.

Stoffella	and	Bryan	(1988	-	Florida)	compared	populations	of	plug-mix	seeded	bell	peppers	planted	at	21,500	to	
258,000	plants/ha	(9,000	to	107,000	plants/A).		Variable	in-row	spacings	of	13,	25,	38	and	50	cm	(5-	20	inches)	
were compared.  As plant population increased, shoot:root ratios generally declined.  This suggests that the decrease 
in shoot weight was greater than the decrease in root weight.  At higher plant populations, the larger root system to 
shoot mass is perhaps required to improve water and nutrient absorption since root competition between plants is 
higher. Marketable pepper fruit number and weight generally decreased per plant and increased per hectre as plant 
populations increased.  

Decoteau	and	Graham	(1994	–	South	Carolina)	compared	plant	spacing	of	cayenne	pepper	for	mechanical	harvesting.		
Plants	were	arranged	in	single	and	double	rows	on	raised	beds	at	a	plant	spacing	of	15	to	60	cm	(6	to	24	inches)	
apart.		As	spacing	increased	from	15	to	60	cm,	the	total	fruit	weight	and	number	per	plant	increased	linearly.		As	in-
row spacing increased total fruit production per hectare decreased.  In row spacing effected plant growth and fruit 
production.  Closer plant spacing generally produced more dry weight per plant, taller plants, thinner stem diameters 
and fewer fruit set per plant but more plants per hectre.  Plants in double rows produced more fruit on the top of the 
plants compared to single rows where more fruit developed lower on the plant.  The double row orientation may 
increase the probability of harvesting more fruit mechanically.

Motsenbocker,	et	al.,	(1997	-	Louisiana)   evaluated	the	effect	of	in-row	spacing	on	2	cultivars	of	machine-harvested	
jalapeno	peppers.	 	 Plants	were	 spaced	4,	 8,	 12,	 and	16	 inches	 apart	 in-row.	 	Yields,	 in	 general,	 increased	with	
reduced	plant	in-row	spacing.		This	effect,	however,	may	be	cultivar	dependent.	 	One	cultivar	‘Jalapeno-M’	had	
highest	yields	with	4	inches	between	plants	vs.	cultivar	‘TAM	Mild	–1’	that	obtained	the	highest	yields	with	a	12	
inch	in-row	spacing,	but	was	not	significantly	different	from	the	4	or	8	inch	spacing.		Closer	in-row	spacing	may	
provide	increased	marketable	yield	of	jalapeno	peppers.		Both	cultivars	had	more	plant	lodging	with	increased	in-
row spacings. 

 Commercial practices in the Great Lakes region vary from staggered twin rows on raised beds with bed centers 
5	feet	apart,	to	single	rows	3	to	4	feet	apart	without	raised	beds;	in-row	spacing	ranges	from	12	to	18	inches.		Total	
populations	range	from	8,000	to	25,000	plants	per	acre.		Hybrid	pepper	seed	is	expensive,	particularly	for	processing	
peppers	where	 profitability	margins	 are	 relatively	 slim.	 	Growers	 are	 seeking	 information	 to	 determine	 if	 plant	
populations	can	be	adjusted	to	reduce	hybrid	seed	costs,	without	significantly	reducing	yield,	particularly	if	this	is	
associated with better insect and disease control and thus fewer culls.  Plant spacing affects the microclimate in the 
plant	canopy	that	in	turn	may	influence	the	incidence	and	severity	of	a	number	of	diseases	as	well	as	the	attractiveness	
for egg laying by European corn borer.  No data are available on the effect of plant density on the epidemiology of 
anthracnose (C. acutatum) on peppers.  However, plant spacing and microclimate are known to affect the severity of 
anthracnose	disease	on	other	crops	(Boudreau	&	Madden	1995;	Koech	&	Whitbread	2000).		

Results	are	briefly	summarized	below	for	a	2005	field	study	(Welty,	Bennett,	Miller,	et	al.)	near	Fremont,	OH	(Table	
1).		Single	row	pepper	plots	with	10,500	to	14,000	plants/A	equivalent	provided	best	red	pepper	(cv.	‘Socrates’)	
yields and quality in general.  First harvest red fruit yields from single row plots were twice those of twin rows.  
Sunscald	was	not	different	for	single	vs.	twin	or	the	3	plant	density	comparisons	(7,	10.5	or	14	K	per	acre).		Single	
row plots produced more ECB damaged fruit, and fruit with internal browning symptoms (Table 1).  Cumulative red 
fruit	harvest	data	showed	significantly	larger	fruit	from	plots	with	plant	densities	of	7,	or	10.5	K/A.		Individual	fruit	
fresh	weights	from	plants	in	the	7	K	plots	were	15%	heavier	than	those	from	plants	in	the	14	K/A	plots	(Table	1).		
End of season green fruit yields were also greater for plants in single row plots.
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FIRST HARVEST RED FRUIT:     --------------avg. # of fruit/plot------------------ 
Table 1. Bell pepper (‘Socrates’) plant density and row type interactions with yield and quality variables – Fremont, OH, 2005. 

Plant        Indiv.  ECB  End Internal   

Row type
density  Variable T/A Clean% fr. wt (g) larva  rot browning Sunscald 

Single 2.5a 44a 309a 1.3a 0.0a 4.6a 1.1a
Twin 1.3b 48a 292a 0.3b 0.1a 1.3b 1.0a

Distance within row
14	K 11 in. 2.2a 43a 277a 0.9a 0.0a 3.6a 1.3a
10.5	K 15 in. 2.2a 45a 310a 0.9a 0.1a 3.6a 0.8a
7	K 22	in. 1.6a 49a 314a 0.5b 0.0a 1.6b 1.0a
----------------------------------------------------------------------------------------------------------------------------------------------
CUMULATIVE HARVEST RED FRUIT:   --------------avg. # of fruit/plot------------------ 
Plant        Indiv.  ECB  End Internal   

Row type
density  Variable T/A Clean% fr. wt (g) larva  rot browning Sunscald 

Single 4.5a 48a 291a 2.2a 0.1a 5.2a 1.6a
Twin 3.3a 56a 283a 0.8a 0.1a 1.6a 1.4a

Distance within row
14	K 11 in. 5.3a 54a 264b 1.7a 0.1a 4.0a 2.2a
10.5	K 15 in. 4.4a 53a 292a 1.7a 0.1a 4.3a 1.2a
7	K 22	in. 2.6a 49a 304a 1.1a 0.0a 1.8a 1.3a
----------------------------------------------------------------------------------------------------------------------------------------------
END OF SEASON GREEN FRUIT:    --------------avg. # of fruit/plot------------------ 
Plant        Indiv.  ECB  End Internal   

Row type
density  Variable T/A Clean% fr. wt (g) larva  rot browning Sunscald 

Single 4.8a 88a 134a 1.3a 0.0a 0.1a 1.3a
Twin 4.0b 85a 132a 0.8a 0.0a 0.0a 0.8a

Distance within row
14	K 11 in. 4.5a 88a 129a 1.0a 0.0a 0.0a 0.8a
10.5	K 15 in. 4.3a 89a 134a 0.7a 0.0a 0.0a 1.3a
7	K 22	in. 4.9a 83a 135a 1.3a 0.0a 0.0a 1.0a

Mark Bennett is a professor and Extension specialist in the Dept. of Horticulture & Crop Science at OSU.  His 
research, teaching, and outreach programs focus on seed quality and seedling establishment of vegetable crops. A 
native of River Falls, WI, Bennett earned his B.A. (biology) at St. Olaf College, and his M.S. and Ph.D degrees 
(horticulture/plant	physiology)	at	the	University	of	Minnesota.	He	joined	the	Ohio	State	faculty	in	1986.
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ONION PRODUCTION 101
Art King, Harvest Valley Farms

	 We	have	been	growing	onions	for	about	10	years	and	continue	to	update	our	practices	each	year.		Candy	has	
been	the	main	variety	we	have	grown	except	for	a	smaller	amount	of	Red	Bull.		We	plant	about	35,000	plants	per	
year	and	harvest	around	30	4x4	bins	or	24,000	lbs.	of	dry	onions.		Our	marketing	is	mostly	retail	through	farmers	
markets, CSA, and our farm market.  A small amount is sold wholesale to other farm markets and one wholesaler.  
We	start	the	year	by	planting	1800	plants	in	a	high	tunnel	around	March	20th, then the remainder of plants in the 
field	around	April	25th.		All	planting	is	done	by	hand,	in	the	greenhouse	on	flat	black	plastic,	but	in	the	field	on	
raised beds with black plastic.  Drip irrigation is applied with one row of drip for every two rows of onions.  In 
the	field	we	use	a	home	made	row	opener	that	is	spaced	at	7”	in	the	row	and	4	rows	across	the	bed.		The	A	shaped	
spikes	are	1	¼	wide	by	2”	deep.		The	row	opener,	designed	by	my	son,	Dave,	is	a	55	gallon	steel	drum	with	added	
steel for weight on each end.  It does not put water in the holes so we usually irrigate just before and after planting.  
Currently our transplants come from Sunbelt Transplants in Arizona.  They generally come about April 15th to the 
25th.  I generally try to get as many people as I can to get this job done.  Hot pizza and cold cash helps.

 After planting we overhead irrigate, unless it rains, which is frequently the case at that time of year.  After 
about two weeks, depending on the weather, the onions will be large enough to spray with a post emergence 
herbicide.  We use Goal and Post at this time and then again two weeks later, making sure that the weeds are about 
1”	in	height.		Usually	it	is	necessary	to	hand	weed	some	spots	in	the	field	around	the	1st of June and also to spray 
glysophate between the rows.  Irrigation through the drip starts soon after transplanting and continues with the 
idea	of	providing	1”	of	water	per	week	up	till	mid	June,	and	then	2”	of	water	a	week	after	that	till	the	plants	start	
to	drop.		The	field	should	be	monitored	for	thrips	when	the	temperatures	start	to	get	above	85	degrees.		Regular	
rainfall will help to control thrips as well so that some years we see none at all.  The onion plants should be 
monitored on a regular basis for signs of lack of nutrition depending on the soil type.  We apply fertilizer when we 
lay the plastic in the spring and many times do not need to apply additional fertilizer because our soil is so heavy 
and high in organic matter.  If you have lighter, sandy soil, it may be necessary to apply nitrogen through the drip. 
We also will apply foliar fertilizer along with insecticides if necessary. 

	 Onions	are	96%	water.		So	in	order	to	get	large	onions	they	must have adequate water.  If temperatures reach 
into	the	90’s	in	July	when	the	onions	are	bulbing,	we	may	irrigate	every	other	day.		We	start	to	harvest	the	onions	
as	soon	as	the	bulbs	reach	about	3”	in	diameter.		High	tunnel	onions	start	for	us	about	June	15th	and	field	onions	
start about July 1st.  They will still have green leaves on them.  All we do is pull out the amount that can be sold 
within a few days.  We strip off one layer of skin and they look white and clean.  We call them Knobby Onions 
at that time.  Onions that are pulled green will be very mild, usually no tears when you cut them.  They sell very 
well	for	1.25	each	retail.

	 Once	the	onions	start	to	drop	we	watch	the	field	very	closely.		Usually	this	occurs	between	July	21st and August 
1st.  As soon as ½ of the plants have dropped we will start harvest.  Sometimes we will pull them out and lay them on 
the plastic for one day, other times we will not.  If the temperatures are high and lots of sun is predicted, you could 
get sun scald on the onions if left lying on the plastic too long.  If it is hot and dry, we stop irrigating about 5 days 
before harvest, and pull the onions out, cut the tops off leaving about 1” to 1 ½” of neck on, then put the onions in 
4x4	bins.		Again	harvest	is	a	very	labor	intensive	job	so	we	try	to	get	as	much	help	as	possible	to	do	it	quickly.		We	
use plastic bins because they are easier to handle and have slots for good air movement through the bin.

	 We	built	 our	 own	onion	drying	building.	 	 It	 is	 a	 30	x	32	greenhouse	with	 a	 shade	 cloth	over	 it,	 situated	
perpendicular	to	a	20	x	96	greenhouse	that	we	use	for	bedding	plants.		The	two	24”	exhaust	fans	on	the	larger	
greenhouse are diverted into the onion drying greenhouse with plywood and a wood rack is built inside the onion 
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drying greenhouse so that the bins can be stacked on both sides of the rack and the warm air is forced through 
the	bins	of	onions.		It	works	very	well	for	us	and	we	can	dry	24	bins	at	a	time.		After	about	1	week	in	the	dryer	
the onions are ready to be graded and sold.  The key to getting candy onions to keep is getting them dried down 
properly.  After we are sure the onions are completely dry, we turn off the fans and let onions sit in the drying 
greenhouse.		Since	the	greenhouse	has	no	end	walls	it	has	great	air	flow	naturally	and	stays	cool	with	the	shade	
cloth over it.

 We are licensed Pennsylvania Simply Sweet Onion growers and I would encourage anyone wanting to grow 
onions to do the same.  You can command a much better price when you have a branded product to sell.  We sell 
PA	Simply	Sweets	for	1.29	per	lb.	at	our	farm	market	and	at	the	farmer	markets.		The	license	for	the	PA	Simply	
Sweet	costs	100.00	per	year	and	you	must	be	a	PVGA	member.		Before	harvest	we	pull	10	onions	and	send	them	
to	a	testing	lab	(paid	for	by	the	PA	Simply	Sweet	Onion	committee).			Our	onions	must	test	out	at	least	6%	sugar.		
Historically	ours	have	tested	between	6.8%	and	7.8%.		Only	onions	measuring	at	least	2	½”	in	diameter	or	larger	
can be sold as PA Simply Sweet.  For more information on the PA Simply Sweet Onion or for a copy of the license 
agreement contact Bill Troxell at pvga@pvga.org

Art King operates Harvest Valley Farms with his son David and his brother Larry 
in	Valencia,	PA,	 just	north	of	Pittsburgh.	 	Their	marketing	 is	 just	 as	diversified	as	
their	product	list.		Over	58	varieties	of	small	fruits	and	vegetables	are	grown	on	140	
acres.	They	have	a	350	member	CSA,	sell	at	3	farmers	markets,	a	home	farm	market,	
one	wholesale	account,	the	Pittsburgh	Food	Bank	and	host	pick-your-own	pumpkin	
activities in October.

Art holds a BA Degree in Nature Conservation from California University, Calif., PA 
and an associate degree in Business Management from Butler Community College.  
He currently is President of the Pennsylvania Vegetable Growers Association, serves 
on the PA Simply Sweet Onion Committee, a member of Royal Grange and PASA. 
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IRIS YELLOW SPOT VIRUS: THE NEW YORK STORY

ChristineHoepting
Cornell	Cooperative	Extension	Regional	Vegetable	Program,	12,690	Rte.	31,	Albion,	NY	14411,	cah59@cornell.edu

Iris Yellow Spot Virus occurs worldwide and now in Pennsylvania
 Iris Yellow Spot Virus is an emerging and potentially devastating disease of onions worldwide.  In onion bulb 
crops it results in reduced bulb size, delayed maturity and reduced bulb quality, especially in sweet and red va-
rieties.In seed crops, IYSV causes scapes to lodge, which reduces seed yield and quality.  An epidemic of IYSV 
in	Colorado	in	2003	was	estimated	to	have	cost	growers	$2.5	to	$5.0	million	in	farm	receipts	alone	based	on	a	
conservative	5	to	10%	loss	of	$50	million	annual	revenue,	not	including	costs	incurred	by	additional	pesticide	
sprays.		In	Washington,	at	least	one	seed	crop	per	year	from	2004	to	2007,	valued	at	approximately	$300,000	was	
lost due to IYSV.

	 IYSV	was	first	identified	on	an	onion	seed	crop	in	Idaho	in	1991,	although	it	was	first	named	in	Holland	as	
a virus of iris, thus, it has a confusing name.  In the United States, IYSV has been reported in all of the western 
states	where	significant	onion	production	occurs.		In	eastern	United	States,	IYSV	only	occurred	in	Georgia,	until	
2006	when	it	was	first	detected	in	New	York	and	consequently	in	Michigan	in	2007.It	was	detected	for	the	first	
time	in	Pennsylvania	in	2010.		Internationally,	IYSV	occurs	in	North	America	in	Canada	and	Mexico,	in	South	
America in Brazil, Chile, Peru and Uruguay, in Europe in France, Germany, Greece, Holland, Italy, Reunion Is-
land, Serbia, Slovenia and Spain, in Africa in Kenya, Mauritius, Nairobi, South Africa, Tunisia and Uganda, in the 
Middle East in Israel, in Asia in India and Japan, and in Australia and New Zealand.

IVSY is tricky to identify
	 IYSV	produces	straw-colored,	dry,	 tan	spindle-	or	diamond-shaped	 lesions,	with	or	without	distinct	green	
centers with yellow or tan borders on leaves and scapes.  Symptoms vary greatly and are most diagnostic on scape 
tissue.  On onion leaves, lesions are tricky to identify.  In general, they are white and elongated, oriented along the 
long	axis	of	the	leaf	with	multiple	lesions	often	off-set	from	each	other.		Symptoms	are	most	likely	to	first	occur	on	
the	middle-aged	leaves.		Eventually,	lesions	coalesce	and	girdle	the	leaf,	causing	reduced	photosynthetic	capacity	
of the plant, which can reduce bulb size, and seed yield and quality.  IYSV lesions can easily be confused with 
early stages of bacterial diseases and downy mildew, herbicide injury and purple blotch.

IYSV is spread by onion thrips
	 IYSV	is	a	tospovirus,	similar	to	Tomato	Spot	Wilt	Virus,	and	is	transmitted	solely	by	onion	thrips.		Only	first	
and second instars can acquire IYSV and only second instars and adults can transmit IYSV.  Once a thrips has ac-
quired IYSV, it is viruliferous for life and can continue to spread the virus to new plants.  IYSV has been detected 
in	all	onion	plant	parts,	except	seed,	and	is	most	commonly	found	in	the	middle-aged	leaves	and	leaf	axils.		IYSV	
may overwinter in weeds, volunteer onions or dormant adult thrips.  In general, IYSV outbreaks increase as onion 
thrips pressure and plant stress increase.

First detection of IYSV in New York 
	 In	June	2006,	approximately	25%	of	the	scapes	of	about	100	volunteer	onion	plants	(both	red	and	yellow	
cultivars)	found	at	the	edge	of	a	cull	pile	from	a	2005	onion	crop	in	the	Elba	Muckland	(Orleans/Genesee	Cos.)	
exhibited	characteristic	diamond-shaped	 lesions	of	 IYSV.	 	The	cull	pile	composed	primarily	of	 locally-grown	
onions, although a few of the bulbs were grown from bareroot transplants imported from Arizona.Symptomatic 
plants	tested	positive	for	IYSV	using	an	IYSV-specific	antiserum	from	Agdia	Inc.	(Elkhart,	IN)	in	a	double	an-
tibody	sandwich-enzyme	linked	immunosorbent	assay	(DAS-ELISA).		Nucleotide	sequence	analysis	confirmed	
the	identity	of	the	amplicon	as	that	of	the	IYSV	S-RNA.		Sequence	comparisons	showed	95	to	98%	identity	with	
known	IYSV	N	gene	sequences	available	in	GenBank.		DAS-ELISA	and	RT-PCR	confirmations	were	made	by	
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Howard Schwartz, Colorado State University and HanuPappu, Washington State University, respectively. This 
was	the	first	report	of	IYSV	in	New	York	and	the	Northeastern	US.
 
	 In	late	July,	2006,	IYSV	was	detected	and	confirmed	via	DAS-ELISA	in	an	onion	bulb	crop	of	a	red	cultivar	
grown from transplant seedlings imported from Arizona, located in close proximity to the cull pile where IYSV 
was	originally	found.		Highest	incidence	of	infected	plants	occurred	along	the	field	edge	where	onion	thrips	pres-
sure and injury was very high.A late season survey was conducted in all major onion growing regions in New 
York	in	2006	and	2007.		Presence	of	IYSV	was	determined	on	a	field	basis.Two	to	five	plants	with	suspicious	le-
sions	were	collected	per	field	and	analyzed	as	a	cluster	sample	for	IYSV	using	DAS-ELISA.		Results	showed	that	
IYSV	occurred	in	all	five	major	onion	growing	regions	in	New	York	with	52	out	of	60	(=87%)	testing	positive	for	
IYSV.		Such	widespread	distribution	suggests	that	IYSV	had	occurred	in	New	York	before	its	detection	in	2006.

Where does IYSV in New York come from?
	 Imported	transplants?Perhaps	IYSV	is	re-introduced	into	New	York	annually,in	infected	bareroottransplant	
seedlings or via viruliferousthrips associated with them, which are shipped into New York fromArizonia, where 
IYSV	is	known	to	occur.In	2007,	1097	samples	of	transplants,	each	consisting	of	5	plants,	from	7	yellow	and	4	red	
onion	cultivars	were	assayed	for	IYSV.		Similarly,	760	samples	from	8	yellow	and	4	red	cultivars	were	assayed	in	
2008.		Zero	(=	0%)	and	4	(=	0.53%)	samples	tested	positive	for	IYSV	in	2007	and	2008,	respectively,	for	a	total	
average	of	0.043%	infected	transplants.For	those	cultivars	that	had	at	least	one	infected	plant,	incidence	levels	
ranged	from	0.17	to	3.3%.		

	 In	April	2007,	onion	thrips	were	recovered	and	counted	from	a	sample	of	600	transplants	representing	12	cul-
tivars.		Eleven	of	12	cultivars	(=	92%)	had	thrips	on	them	with	an	average	of	0.03	live	thrips	per	plant.		Additional	
work is required to determine whether the thrips on transplants are viruliferous for IYSV.  
Further	studies	in	New	York	showed	that	there	were	no	differences	in	IYSV	progression	between	fields	estab-
lished	from	transplants	and	seed.		By	harvest,	incidence	of	IYSV	was	significantly	higher	in	fields	started	from	
seed compared to transplants.  Thus, introduction of low levels of IYSV via infected transplants or viruliferoust-
hrips associated with transplants does not appear to be a major source of IYSV in New York.  However, it allows 
for the introduction of new isolates of IYSV on an annual basis that could be more virulent or easily transmitted 
via thrips.

Volunteer onions? 
 Perhaps IYSV is established in New York in volunteer onion plants that originate from unharvested bulbs left 
in	onion	fields	or	discarded	bulbs	concentrated	in	onion	cull	piles	serving	as	an	overwintering	reservoir	for	the	
virus.		In	late	May	to	early	June	of	2007,	a	total	of	231	volunteer	onion	plants	from	10	non-rotated	onion	fields	
were	collected	and	assayed	for	IYSV	in	2007.		In	2008,	a	total	of	578	volunteer	onions	were	tested	from	27	fields.
In	2007,	volunteer	onions	in	3	of	10	(=	30%)	fields	tested	positive	for	IYSV	with	an	average	infection	level	of	
4.5%.		
	 In	2008,	4	of	27	(=14.8%)	fields	tested	positive	for	IYSV	with	an	average	infection	level	of	11.1%.		
In	2008,	359	volunteer	plants	were	collected	from	12	cull	piles	and	tested	for	IYSV.		Six	of	12	cull	piles	(50%)	
had	volunteer	plants	that	tested	positive	for	IYSV	with	an	average	incidence	of	7.8%.

	 Onion	thrips	are	commonly	found	on	volunteer	onion	plants.		In	2009,	25	volunteer	onion	plants	per	field	of	
6	fields	were	flagged	and	onion	thrips	per	plant	counted.		Onion	thrips	counts	on	volunteer	onion	plants	in	onion	
fields	peaked	in	mid	June,	with	pressure	being	highly	variable	from	field	to	field,	and	then	steadily	declined	to	less	
than	0.1	thrips	per	plant	by	early	July.		

	 Volunteer	onions	in	fields	and	cull	piles	can	serve	as	a	source	of	IYSV	in	the	spring.		Volunteer	onion	plants	
should be removed by late May to early June in New York in order to omit this source of IYSV.  Fortunately, this 
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is common practice in New York.  Because IYSV occurs at higher rates in volunteer onions in cull piles, it is very 
important	to	locate	cull	piles	as	far	away	as	possible	from	onion	fields.		This	is	also	common	practice	in	New	York.

Imported bulbs?  
	 Perhaps	IYSV	is	re-introduced	into	New	York	annually	via	infected	bulbs	or	viruliferousthrips	associated	with	
bulbs that are shipped in from states where IYSV is known to occur, that end up in cull piles and subsequently 
spread	into	onion	fields	in	New	York.		Based	on	the	fact	that	volunteer	onions	in	cull	piles	that	may	have	origi-
nated from out of state are infected with IYSV, it is possible that new isolates may be introduced on an annual 
basis.		Thus,	locating	cull	piles	as	far	away	from	onion	fields	as	possible	is	a	very	important	management	strategy	
for IYSV.

Weeds?
 In	addition	to	infecting	Allium	species,	IYSV	has	been	found	in	21	non-Allium	plant	species	and	may	be	the	
primary	source	and	reservoir	for	the	virus	to	persist	after	onion	bulb	crops	are	harvested.		In	2008,	only	4	of	17	
(=23%)	weed	species	tested	positive	for	IYSV	including	chicory	(Cichoriumintybus),	common	burdock	(Arctium	
minus),	curly	dock	(Rumexcrispus),	and	dandelion	(Taraxacumofficinale).		For	weeds	to	be	an	important	source	
of IYSV, onion thrips need to be able to complete development on these alternative hosts in order for the larvae 
to acquire IYSV and then transmit it as adults to onions.All four of these weed species are considered hosts for 
onion thrips, especially dandelion and common burdock.  Certain weeds serve as a reservoir for IYSV in New 
York, although currently, only at very low levels.  It is possible that levels of IYSV will build up over time, and 
become	a	more	important	source	of	IYSV	as	these	weeds	outside	of	onion	fields	are	generally	not	managed.		
 
	 Overall,	we	have	identified	multiple	sources	of	IYSV	in	the	onion	ecosystem	in	New	York.		Further	research	is	
needed	to	determine	the	relative	importance	of	each	of	these	sources	in	the	epidemiology	of	IYSV	in	onion	fields.

Does IYSV impact yield and bulb size in New York?
	 Since	IYSV	was	first	detected	in	New	York	in	2006,	there	have	been	no	grower	reports	of	losses	caused	solely	
by	IYSV.		IYSV	lesions	can	first	be	detected	in	early	July.		In	a	hot	dry	year	when	thrips	pressure	is	high,	IYSV	is	
readily	apparent	in	August,	especially	along	field	edges.		In	cooler	growing	seasons,	IYSV	lesions	are	very	hard	
to	find	in	the	field.It	is	virtually	impossible	to	distinguish	yield	loss	from	IYSV	and	onion	thrips.		In	2009	onions	
with minimal to no thrips damage were sampled and, average bulb weights for onions that tested positive for 
IYSV	were	7	to	25%	lower	than	bulb	weights	of	onion	plants	that	tested	negative	for	IYSV.		This	was	consistent	
for	crops	grown	from	seed	and	onion	transplants,	and	across	a	yellow	and	a	red	variety.		In	2009,	weather	was	cool	
and	wet	and	IYSV	lesions	were	challenging	to	find	in	the	field,	even	along	field	edges	at	harvest.		Nonetheless,	
infected plants had lower yields.  We suspect that IYSV would have had an even greater impact on yield in a hot, 
dry	year	when	thrips	pressure	is	high,	as	it	was	in	2010.		

	 In	2007	and	2008,	a	study	showed	incidence	of	IYSV	of	randomly	selected	onion	plants	(majority	asymptom-
atic)	was	very	low	or	nonexistent	in	onion	fields	until	late	July	to	early	August,	after	which	time	IYSV	increased	
dramatically	up	to	100%	of	60	sample	sites	per	field	testing	positive	with	no	differences	occurring	between	trans-
planted or seeded onions.  This increase is suspected to be associated with dispersal ofviruliferous adult onion 
thrips	from	nearby	harvested	fields.In	the	same	study,	transplanted	onions	had	significantly	lower	incidence	of	
IYSV at harvest than seeded onions.  Transplanted onions are harvested earlier than those grown from seed; thus, 
IYSV has longer to develop and spread in seeded onions.  Fields that had the highest incidence of IYSV also had 
the highest thrips densities in August and September.

Do New York growers need to be concerned about IYSV?
 IYSV is most likely to cause greater losses in New York in direct seeded onions of later maturing varieties in 
years when thrips pressure is high and the crop is under stress.  In New York, IYSV will continue to be introduced 
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at	low	levels	via	infected	transplants	and	from	imported	bulbs,	and	volunteer	onions	in	onion	fields	and	cull	piles	
will continue to serve as reservoirs for IYSV in the spring.  These can be easily managed by removing volunteer 
onions	from	onion	fields	by	early	June	and	by	locating	cull	piles	as	far	away	from	onion	fields	as	possible.	Weeds	
will continue to serve as a reservoir for IYSV, which could increase over time. In New York, effective control of 
onion thrips is the most important management strategy for reducing losses from IYSV.  Also important is reduc-
ing plant stress from drought, heat, compacted soil, and low or imbalanced fertility.

Christine Hoepting is a Vegetable Specialist with the Cornell Cooperative Extension Regional Vegetable Pro-
gram	in	Western	New	York.		She	conducts	on-farm	applied	farm	research	projects	and	demonstrations,	and	
educational programming in onions and cabbage.  She has a B.Sc. degree in Environmental Toxicology and 
a M.Sc. in Plant Pathology and Applied Entomology for the University of Guelph.  A native of Canada, she 
moved	to	New	York	in	2001,	where	she	resides	with	her	husband	and	daughter.	

ONIONS

Drip Tape • Irrigation Reels • Floating Row Cover •
All Types of Plastic Mulch • Filtration Stations • Etc.
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ONIONS
MAXIMIZING THE LEVEL OF ONION THRIPS CONTROL USING INSECTICIDES

Brian A. Nault1, Cynthia L. Hsu1 and Christy A. Hoepting2

1Dept.	of	Entomology,	Cornell	Univ.,	NYSAES,	630	W.	North	Street,	Geneva,	NY	14456;	2Cornell Cooperative 
Extension,	Cornell	Vegetable	Program,	Albion,	NY	14411.

Email:  ban6@cornell.edu,	Phone:		(315)	787-2354

Introduction
 Onion thrips, Thrips tabaci,	is	a	key	pest	of	onion	and	their	control	is	vital	to	the	production	and	profitability	
of	this	crop.		If	onion	thrips	are	not	controlled,	damage	can	routinely	reduce	bulb	yields	by	30-50%.		Such	losses	
might be compounded if thrips infect the crop with Iris yellow spot virus.  Insecticides continue to be the most 
important	 tools	 for	 thrips	 control.	 	Most	 onion	fields	need	protection	 against	 thrips	 for	 one	 to	 two	months	 and	
multiple applications are required to control infestations, but there are few labeled insecticides that provide effective 
and consistent control.

	 In	fall	2008,	spinetoram	(Radiant	SC)	became	labeled	in	the	US.		Radiant	is	arguably	one	of	the	best	products	
registered for controlling onion thrips on onion.  Radiant belongs to a novel class of chemistry called the Spinosyns 
and it has both contact and ingestion activity.  The mode of action targets the insect’s nervous system and causes 
involuntary muscle contractions, paralysis and ultimately death.  Radiant has local systemic action and becomes 
translaminar in the plant tissue.  To ensure that spinetoram penetrates the waxy leaf surface of the onion leaves, a 
methylated	crop	oil	or	non-ionic	surfactant	is	recommended.		

	 In	spring	2009,	spirotetramat	(Movento)	and	abamectin	(Agri-Mek	0.15EC)	were	awarded	Section	18s	for	onion	
thrips control in several states.  Movento is a systemic insecticide that belongs to a novel class of chemistry called 
tetramic acid.  The product is active through ingestion and inhibits lipid biosynthesis, which causes acute poisoning 
and	finally	death.		Because	Movento	must	penetrate	the	plant	to	become	systemic,	it	must	be	mixed	with	a	spray	
adjuvant	that	has	both	spreading	and	penetrating	properties.		Agri-Mek	belongs	to	a	novel	class	of	chemistry	called	
the	Avermectins	and	is	active	primarily	through	ingestion,	but	there	is	some	contact	activity.		Agri-Mek	attacks	the	
nervous	system	and	causes	irreversible	paralysis.		Like	Radiant,	Agri-Mek	has	limited	systemic	activity,	but	will	
move	into	plant	tissue	to	provide	residual	control.		For	both	Movento	and	Agri-Mek,	methylated	crop	oil	or	non-ionic	
surfactants	are	generally	recommended	to	improve	efficacy.		To	our	knowledge,	no	studies	have	compared	efficacy	
of these new products when used in combination with different types of penetrating surfactants (e.g., methylated seed 
oil	derivatives,	non-ionic	surfactants	and	organosilicones).		Information	about	which	adjuvants	improve	efficacy	of	
products to control thrips and those that do not would be highly valuable to growers.

 Insecticides and fungicides are routinely tank mixed and applied as foliar sprays to protect the onion crop from 
thrips	and	foliar	diseases.		This	strategy	is	efficient	because	it	saves	time	and	fuel	by	pulling	the	sprayer	through	the	
field	one	time	instead	of	twice.		However,	there	is	increasing	concern	that	this	tank	mixing	strategy	may	reduce	the	
performance of these newer insecticides because most fungicides are formulated to contain a spreader sticker, which 
may	inhibit	penetration	of	the	insecticide	into	plant	tissues	and	reduce	efficacy.		This	is	a	serious	concern	because	
growers can not afford to use an expensive insecticide that is not performing as well as it should.  Moreover, if these 
insecticides have shorter residual activity when tank mixed with a fungicide, applications may be needed more 
frequently	and	this	could	exacerbate	resistance	development.		The	purpose	of	this	study	was	to	evaluate	the	efficacy	
of insecticides with or without the commonly used fungicide, chlorothalonil, for managing onion thrips.  Additionally, 
several types of penetrating surfactants were evaluated in combination with these treatments to determine if potential 
efficacy	problems	could	be	overcome.

Materials & Methods
	 This	study	was	conducted	in	a	commercial	onion	field	near	Elba,	NY.		The	field	was	established	by	transplanting	
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the	cultivar	‘Red	Bull’	on	April	12,	2010.		Control	of	onion	thrips	was	evaluated	using	the	insecticides	mentioned	
previously	combined	with	several	penetrating	surfactants	and	a	fungicide.		The	insecticides	were	Agri-Mek	0.7SC	
(@	3.2	fl	oz/acre),	Movento	(@	5	fl	oz	per	acre)	and	Radiant	(@	6	fl	oz	per	acre).	 	The	penetrating	surfactants	
were	a	non-ionic	surfactant	(Induce	@	0.5%	v:v),	a	methylated	spray	oil	concentrate	(MSO	@	2	pts/acre)	and	an	
organosilicone	surfactant	(Silwet	L-77).		The	broad-spectrum	fungicide	chlorothalonil	(Chloronil	720	@	a	rate	of	3	
pts per acre), which contains a synthetic latex spreader sticker, and a synthetic latex spreader sticker only, Bond Max 
(0.25%	v:v),	were	used.		Controls	were	also	included	such	that	the	insecticide	was	applied	without	a	penetrating	
surfactant	and/or	without	a	fungicide	or	sticker.		The	experiment	was	a	3	(insecticide)	x	4	(penetrating	surfactant)	
x	3	(fungicide/	sticker)	factorial	with	each	treatment	replicated	4	times	and	all	treatments	arranged	in	a	randomized	
complete	block	design.		Plots	were	a	single	20-ft	long	row	flanked	by	untreated	rows.		No	insecticides	or	fungicides,	
other than the ones in this experiment, were applied to the test site prior to or during this trial.  

	 Treatments	were	applied	at	42	gallons	per	acre	and	40	psi	using	a	CO2 –pressurized backpack sprayer equipped 
with	a	single,	twin	flat-fan	nozzle	(TJ60-8004VS).		Plots	were	initially	sprayed	on	22	June	when	plants	had	an	average	
of	21.1	larvae	per	plant	(2.3	per	leaf).		An	additional	application	was	made	on	30	June.		Efficacy	of	treatments	was	
evaluated	by	recording	the	number	of	onion	thrips	larvae	per	plant	from	15	randomly	selected	plants	per	plot	7,	14	
and	19	days	after	the	first	application.		Adults	were	not	recorded	because	they	move	between	plots	and	their	presence	
does	not	always	reflect	the	efficacy	of	the	treatment.  

 Mean cumulative densities of thrips larvae per leaf over the three sampling dates were considered the dependent 
variable and were analyzed using ANOVA (PROC MIXED), with insecticide, penetrating surfactant and fungicide/ 
sticker	as	fixed	in	the	model	and	replication	as	a	random	factor.		All	mean	treatment	comparisons	were	made	using	
Tukey-Kramer	at	P<0.05.	 	To	determine	 residual	 efficacy	of	 insecticides,	 a	 repeated	measures	ANOVA	(PROC	
MIXED)	was	conducted	with	the	main	treatment	effects	considered	fixed	in	the	model,	and	unstructured,	first-order	
autoregressive covariance structures used to model covariance between the treatments and sampling dates.  Before 
all analyses were performed, numbers of thrips were transformed using a log10 (x	+	1)	function.		All	non-transformed	
data are presented in this report.  

Results.		The	onion	thrips	infestation	was	high	and	increased	during	the	study	from	21.1	larvae	per	plant	(22	June)	
to	161	per	plant	on	the	last	sampling	date	(12	July).		The	mean	cumulative	number	of	thrips	larvae	per	plant	was	
significantly	affected	by	all	main	effect	terms	in	the	model	(insecticide,	penetrating	surfactant	and	fungicide/	sticker).		
Additionally,	significant	interactions	existed	between	most	of	the	main	effects.		Thus,	the	results	section	will	focus	
on these interactions.

 Insecticide x penetrating surfactant.  Overall, the best thrips control 
was	provided	by	Radiant	followed	by	Movento	and	then	Agri-mek	(Fig. 
1).		Thrips	control	improved	significantly	when	Movento	was	combined	
with	a	penetrating	surfactant.		This	was	true	numerically	for	Agri-Mek,	
though	the	difference	was	not	significant	(Fig. 1).  In contrast, Radiant 
did not show much improvement when combined with a penetrating 
surfactant (Fig. 1).		Agri-Mek	provided	a	similar	level	of	thrips	control	
regardless of the type of penetrating surfactant, whereas  Movento and 
Radiant	seemed	to	work	better	when	combined	with	Silwet	L-77	than	
with either Induce or MSO, but this difference was not statistically 
significant	(Fig. 1).  

 Insecticide x fungicide/ sticker.  Thrips control was reduced for each 
insecticide when the fungicide Chloronil was included (Fig. 2).  Surprisingly, thrips control was not negatively im-
pacted by the inclusion of the spreader sticker Bond Max (Fig. 2).  These results suggest that either chlorothalonil is 
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responsible	for	reducing	efficacy	of	these	insecticides,	or	that	the	type	or	quantity	
of the spreader sticker in the Chloronil formulation is considerably different than 
the formulation in Bond Max.

 Penetrating surfactant x fungicide/ sticker.  Despite the fact that Chloronil 
reduced	insecticide	efficacy,	inclusion	of	a	penetrating	surfactant	overcame	this	
problem (Fig. 3).  Induce and Silwet were more effective than MSO, but this dif-
ference	was	not	statistically	significant	(Fig. 3).

 Thrips control through time.		The	first	application	for	all	treatments	was	made	
when	the	thrips	population	averaged	21.1	thrips	per	plant	(day	0),	but	despite	this	
application	thrips	densities	 increased	in	all	 treatments	by	day	7	(Fig. 4). With 
the	exception	of	 the	Agri-Mek	and	Movento	 treatments	 that	did	not	 include	a	
penetrating surfactant, thrips densities declined after the second application in all 
treatments	(see	drop	in	densities	from	day	7	to	day	14)	(Fig. 4).  Thrips densi-
ties	began	to	increase	in	all	Agri-Mek	and	Radiant	treatments	from	day	14	to	19.		
The	efficacy	of	these	products	may	have		broken	down	sometime	between	7	and	
12	days	after	the	second	application	(Fig. 4).  In contrast, thrips densities in all 
Movento	treatments	continued	to	decline	between	day	14	and	19,	indicating	that	
it	continued	to	be	efficacious	12	days	after	the	second	application	(Fig. 4).  

Discussion
Insecticides continue to be an invaluable tool for managing onion thrips on on-
ion.  New products, however, have novel modes of action and biological proper-
ties compared with classical pyrethroid, carbamate and organophosphate prod-
ucts, and research is needed to determine how to use these new products most 
effectively.	 	 In	 this	 study,	 inclusion	of	Chloronil	with	Agri-Mek,	Movento	or	
Radiant	as	a	tank	mix	reduced	the	efficacy	of	thrips	control	compared	with	us-
ing the insecticides without Chloronil.  The reason for this phenomenon is not 
known.  Results from this study also revealed that the reduction in thrips control 
that occurred when Chloronil was included in the tank mix can be mitigated if a 
penetrating surfactant is included.  Therefore, a tank mix that includes the insec-
ticide, Chloronil and a penetrating surfactant will provide an acceptable level of 
thrips control.

Brian A. Nault is an Associate Professor in the Entomology 
Department at Cornell University’s New York State 
Agricultural Experiment Station in Geneva, NY.  Nault’s 
research and extension program focuses on applied insect 
ecology and pest management in vegetable crops.  Brian’s 
first	 academic	position	was	as	Assistant	Professor	 at	 the	
Eastern Shore Agricultural Research and Extension Center, 
Virginia Tech, in Painter, VA.  He received his B.S. in 

Entomology from The Ohio State University, his M.S. in Entomology from the 
University of Georgia, and his Ph.D. in Entomology from North Carolina State 
University.		Nault	is	a	native	of	Wooster,	Ohio	and	is	married	with	2	children.
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Thrips control through time.
The first application for all treatments 
was made when the thrips population 
averaged	 21.1	 thrips	 per	 plant	 (day	 0),	
but despite this application thrips 
densities increased in all treatments by 
day	 7	 (Fig. 4). With the exception of 
the Agri-Mek and Movento treatments 
that did not include a penetrating 
surfactant, thrips densities declined 
after the second application in all 
treatments (see drop in densities from 
day	 7	 to	 day	 14) (Fig. 4).  Thrips 
densities began to increase in all Agri-
Mek and Radiant treatments from day 
14	 to	 19.  The efficacy of these 
products may have  broken down 
sometime	between	7	 and	12	days	 after	
the second application (Fig. 4). In 
contrast, thrips densities in all Movento 
treatments continued to decline 
between	day	14	and	19,	 indicating	 that	
it	 continued	 to	 be	 efficacious	 12	 days	
after the second application (Fig. 4).

Insecticides continue to be an 
invaluable tool for managing onion 
thrips on onion.  New products,
however, have novel modes of action 
and biological properties compared with classical pyrethroid, carbamate and organophosphate 
products, and research is needed to determine how to use these new products most effectively.
In this study, inclusion of Chloronil with Agri-Mek, Movento or Radiant as a tank mix reduced 
the efficacy of thrips control compared with using the insecticides without Chloronil.  The reason
for this phenomenon is not known.  Results from this study also revealed that the reduction in 
thrips control that occurred when Chloronil was included in the tank mix can be mitigated if a 
penetrating surfactant is included. Therefore, a tank mix that includes the insecticide, Chloronil 
and a penetrating surfactant will provide an acceptable level of thrips control.

Discussion

Brian A. Nault is an Associate Professor in the Entomology Department at Cornell 
University’s New York State Agricultural Experiment Station in Geneva, NY.  Nault’s 
research and extension program focuses on applied insect ecology and pest management in 
vegetable crops.  Brian's first academic position was as Assistant Professor at the Eastern 
Shore Agricultural Research and Extension Center, Virginia Tech, in Painter, VA.  He 
received his B.S. in Entomology from The Ohio State University, his M.S. in Entomology 
from the University of Georgia, and his Ph.D. in Entomology from North Carolina State 
University.		Nault	is	a	native	of	Wooster,	Ohio	and	is	married	with	2	children.
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MANAGING DISEASES OF COLE CROPS DURING A COOL, WET SEASON
Christine Smart and Holly Lange

Dept	of	Plant	Pathology	and	Plant-Microbe	Biology,	Cornell	University,	NYSAES	Geneva,	NY		14456

 Cool and wet weather will certainly increase disease pressure on cole crops (as well as on everything else you 
are	growing).		While	2009	was	cool	and	wet,	2010	was	much	hotter.		Some	of	the	more	common	diseases	in	a	cool	
season include; Alternaria leaf spot, downy mildew, white mold and wirestem.  Hot season diseases include club 
root	and	black	rot,	both	of	which	are	favored	by	hot	wet	weather	(as	we	had	in	NY	in	2010).		This	overview	will	
also include a discussion of each disease, and describe some management practices that may help either prevent 
or mediate the problem.

 Alternaria leaf spot is a fungal disease caused by several species of the fungus Alternaria including Alternaria 
brassicae, Alternaria brassicicola, and Alternaria raphani.		Over	the	past	6	seasons	here	in	New	York,	my	lab	
has only seen Alternaria brassicicola.  The three fungi are all very closely related, cause similar symptoms on 
the plant, and are controlled in the same manner.  The disease begins as small black or brown dots on the leaf 
surface,	which	grow	in	size	and	become	dark	target-shaped	lesions	on	the	leaf.		The	older	lesions	produce	many	
black spores that can spread to other plants by wind, water or animals.  The Alternaria pathogens need either free 
water or very high humidity for spore production, germination and infection, so wet seasons certainly increase the 
chances	of	this	disease.		The	fungal	spores	can	survive	on	seed,	susceptible	weeds,	or	on	crop	debris	in	the	field.		
Cultural controls include; removal of diseased seedlings from a greenhouse or seed bed, a three year rotation 
away from crucifer crops, destroy crop debris after harvest, and increase row spacing to increase air movement.  
Chemical	control	options	include;	chlorothalonil,	azoxystrobin,	pyraclostrobin,	boscalid,	cyprodinil	+	fludioxonil,	
copper	products	have	also	shown	some	efficacy.

 Downy mildew	is	caused	by	the	fungus-like	water	mold	Hyaloperonospora parasitica.  This pathogen thrives 
in cool, wet weather.  We see this disease most often on young transplants in the early spring, or older plants in the 
late fall.  Symptoms start as small yellow or brown leaf spots.  In conditions of high humidity, white/gray spores 
of the pathogen can be seen on the bottom side of the leaf.  The best cultural control is to keep the leaves as dry 
as possible, since leaf wetness is needed for spore production, germination and infection.  Multiple products are 
labeled	for	use	against	this	pathogen,	and	trials	in	our	lab	have	shown	that	many	have	some	efficacy	including;	
chlorothalonil, mefenoxam, copper, azoxystrobin and others.

 White mold is a fungal disease caused by Sclerotina sclerotiorum, which has a very wide host range (over 
300	plant	species)	including	cole	crops,	tomatoes,	eggplants,	peppers,	beans,	carrots,	lettuce,	sunflower	and	many	
weeds.	 	Early	 symptoms	 are	water	 soaked	 lesions	 that	 grow	 into	 irregular-shaped	 areas.	 	Later	 these	 lesions	
become covered with a pure white fungal growth and black sclerotia can be found on and in the diseased tissue.  
The sclerotia, which look like small black pebbles, fall into the soil and serve as the source of inoculum for future 
seasons.  Control measures for white mold are limited.  Cultural controls that increase drainage and improve 
air	flow	are	recommended.		Rotation	to	non-hosts	such	as	grain	and	sweet	corn	for	a	minimum	of	three	years	
will help reduce inoculum.  However, sclerotia are long lived in the soil and spores produced by the sclerotia 
can become airborne and move some distance.  One product labeled for control of white mold in New York is 
Contans (marketed by Advan LLC).  This is a biological control method that contains the fungus Coniothyrium 
minitans.  This fungus has the ability to colonize and destroy sclerotia in the soil, and should be applied directly 
to the soil and crop debris following harvest and incorporated into the upper soil layer.  Our lab has performed 
trials to identify additional products that are effective in controlling white mold in cabbage.  We have found that 
boscalid (sold by BASF under the trade name Endura) and a new product from Bayer Crop Science (which is not 
yet labeled) to be effective against this pathogen.
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 Wirestem, caused by the fungus Rhizoctonia solani, is another disease we commonly see on transplants.  
Symptoms	appear	as	a	spot	within	a	flat	with	young	plants	 that	appear	 less	vigorous	than	surrounding	plants.		
Upon closer inspection, lesions can be seen on the stem near the soil line.  As the disease progresses, the lesions 
completely	girdle	the	plant	and	the	stem	appears	dark	brown	and	thin	(wire-like).		The	best	control	is	to	ensure	
that plants and soil do not become excessively wet.

 Club root has not been a common problem in New York recently, but we do receive several samples per 
season, and it does tend to be worse during wet seasons.  Caused by the protist Plasmodiophora brassicae, club 
root favors wet and acidic soils.  Above ground symptoms include yellowing, stunting and wilting of the plant, but 
the real action is below ground.  Infected roots enlarge to form galls causing roots to become severely distorted, 
and unable to absorb water or nutrients.  Roots disintegrate leaving resting spores or cysts in the soil to serve as a 
source of inoculum in future seasons.  Because the resting spores can survive in the soil for a very long time, it is 
recommended	that	infected	fields	are	rotated	out	of	brassica	crops	for	a	minimum	of	seven	years.		To	control	this	
pathogen,	it	is	important	to	maintain	a	soil	pH	above	7.2.

 Black rot, caused by the bacterial pathogen Xanthomonas campestris pv. campestris (Xcc), thrives in wet and 
warm	weather.		This	is	the	type	of	weather	we	had	in	New	York	in	2010,	and	there	were	several	severe	outbreaks	
of black rot.  The outbreaks were relatively small, and we did not have widespread losses due to this pathogen.  
Symptoms of black rot generally begin with yellowing at the leaf margin, which expands into the characteristic 
v-shaped	lesion.		This	pathogen	is	systemic,	meaning	that	it	can	enter	the	veins	of	the	plant	and	spread	into	the	
cabbage head.  Blackening of the vascular tissue is typical in severe infections.  As with most bacterial pathogens, 
control	can	be	very	difficult	when	the	weather	is	conducive	for	disease.		Once	a	plant	is	infected,	there	is	no	rescue	
treatment	since	the	pathogen	is	systemic.		Copper-based	products	are	effective	in	controlling	spread	to	healthy	
plants.  

	 Since	2004,	my	laboratory	has	collected	Xcc	samples	from	diseased	cole	crops	in	New	York	and	some	from	
surrounding	states.		Each	season,	we	isolated	and	identified	(using	DNA	fingerprinting)	strains	of	the	pathogen	
that were causing disease.  Our results have been consistent; new isolates enter New York each season. While we 
know	that	the	pathogen	can	survive	on	crop	debris	and	weeds	in	New	York,	we	generally	do	not	see	re-infestations	
with	the	same	strain	of	Xcc	due	to	the	excellent	rotational	strategies	in	use.		Additionally,	strains	that	are	identified	
during	transplant	production	can	be	identified	from	diseased	plants	in	the	field,	however	not	all	strains	present	in	
the	field	were	found	in	transplants.		We	are	currently	studying	control	strategies	to	prevent	the	spread	of	the	black	
rot pathogen during transplant production.

Chris Smart is an Associate Professor of Vegetable Pathology at Cornell University’s New 
York State Agricultural Experiment Station in Geneva, NY.  Her research and extension 
activities focus on bacterial diseases and Phytophthora blight of vegetables.  She received 
her BS and Ph.D. degrees from Michigan State University.
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CABBAGE ADDS DIVERSITY TO MANY MARKETS

Jan van der Heide
Bejo	Seeds,	1088	Healey	Road,	Geneva,	NY	14456				phone:	805-689-1783

 Cabbage has been around as a staple vegetable for a long time, and this is causing some people to think of cab-
bage	as	an	old-fashioned	food	that	has	lost	touch	with	the	life	styles	of	modern	consumers.		As	consumer	demands	
are shifting, however, new cabbage varieties are developed to meet the need for smaller size heads, thinner leaves 
that are quicker to cook and easier to eat raw, and that have improved storage qualities, as well as improved resis-
tances to diseases and insects.

	 The	old-fashioned	image	of	cabbage	is	that	of	the	round	and	heavy	head,	together	with	the	smell	of	cooking	cab-
bage coming from grandma’s kitchen.  In reality, the group of vegetables that we lump together in the cabbage group 
is	tremendously	diverse,	and	includes	awide	range	of	colors,	shapes,	textures	and	flavor	profiles.	(Brussels	Sprouts,	
Cauliflower,	Kale,	Radish,	Rutabaga,	and	various	other	cabbages.)

 Cabbage can be grown on a wide range of soil types, and in a wide range of climatic conditions, and provides 
very	economical	and	nutritious	food	that	is	loaded	with	health-promoting	compounds,	such	as	glucosinilates,	phe-
nols, and anthocyanin.

	 Let’s	take	a	look	at	the	familiar	round	cabbage	first.		There	are	different	types	for	fresh	market	sales,	boxing	and	
shipping cabbage, sauerkraut and coleslaw production, and storage cabbage.

Fresh Market Cabbage
 This type of cabbage matures quickly, and has a relatively high water content.  This makes the leaves tender 
and	juicy	(great	for	fresh	eating),	but	makes	it	very	difficult	for	this	type	of	cabbage	to	store	well.		The	rapid	growth	
rate often results in splitting of the heads if harvest is delayed, and the cabbage is easily bruised by rough handling.  
Because this cabbage grows quickly, it can be planted multiple times during the season to extend the availability in 
the market.

 Good examples of Fresh Market Cabbage are TIARA (small heads), CHECKMATE (medium – large heads), 
BENELLI (medium – large, thrips resistant) and CAPTURE (medium – large, Black Rot resistant).

Boxing Cabbage
 The leaves on this type are harder than on the fresh market types, and stand up well to handling and shipping (in 
boxes).		The	eating	quality	is	still	quite	good,	but	boxing	cabbage	is	harder	and	denser	than	the	tender	fresh-market	
types.		Boxing	cabbage	will	hold	much	better	in	the	field,	and	can	even	be	stored	for	a	few	weeks	to	a	few	months	
(depending on variety).  Good examples of boxing cabbage are BAJONET, RAMADA, BRONCO and LEOPOLD.

Processing (Kraut & Slaw) Cabbage
	 You	can	make	sauerkraut	out	of	any	type	of	cabbage	(Just	add	salt	--	2%	by	weight,	and	exclude	oxygen),	but	
the	quality	of	the	final	product	will	vary	widely	by	the	variety	of	cabbage	that	is	used.		Kraut	cabbage	has	been	bred	
specifically	for	a	high	Dry	Matter	content	(high	recovery),	high	sugar	content	(rapid	fermentation),	and	high	Vitamin	
C content (prevents oxidation – nice white kraut).  In addition, the Kraut cabbage varieties are very productive and 
make	large	heads.		Average	yield	approaches	40	Tons	per	Acre.		Because	of	this	great	productivity	these	varieties	are	
also attractive to coleslaw processors.

 Kraut processing facilities plant a range of cabbage varieties with different maturities, to supply cabbage from 
the end of July through late November.  Most Kraut varieties cannot be stored for very long, but the later maturing 
varieties and some of the newly developed varieties can be held until late February.
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 Good examples of processing cabbage varieties are PADOC (very early), KAITLIN, MENTOR, TRANSAM, 
and JUBILEE.

Storage Cabbage
 While summer coleslaw is often produced from early maturing varieties, the majority of coleslaw in the USA 
is produced from storage cabbage.  Good cabbage storage facilities can take a good storage cabbage and ensure 
year-round	availability.		In	addition,	the	hard	texture,	good	sugar	content	and	high	vitamin	C	content	of	storage	
cabbage	ensure	a	long	shelf	life	of	the	finished	coleslaw	(up	to	30	days).

	 Storage	cabbage	is	often	found	as	an	ingredient	in	processed	and	ready-to-eat	vegetable	mixes,	egg	rolls,	cab-
bage rolls, etc.  

 Storage cabbage typically grows slowly and needs the full season to mature.  Field holding is excellent, with 
much	of	the	yield	resulting	from	growth	in	September,	October	and	November.		The	typical	“light-bulb”	shape	of	
storage cabbage facilitates easy trimming, making preparation for shipment to coleslaw processors a cinch.

 EXPECT and SERADOX have excellent thrips resistance, while PARADOX, AMTRAK and SIRCON are 
some	of	the	heaviest	yielders	in	the	industry.		ZERLINA	makes	medium	heads	that	have	an	excellent	sweet	flavor	
from long term storage.

Red Cabbage
 Popular in Germanic cuisine, Red Cabbage packs a powerful health punch with very high levels of anthocy-
anin that are very easily digested and absorbed in the human digestive tract (much higher levels of absorption than 
anthocyanin	from	Blueberries	–	and	much	cheaper!)		There	are	many	flavorful	recipes	–	encourage	your	custom-
ers to try some.

 Red Cabbage comes in many varieties, such as KOSARO (fresh market, medium head), AZURRO (small, 
boxing), CAIRO (large, boxing), BUSCARO (processing), and LECTRO and RENDERO (storage).

Savoy Cabbage
 Savoy cabbage is quite dry, and will not appeal to most people as fresh cabbage.  However, savoy cabbage 
only needs a few minutes of steaming, tossed with a little milk and dressed with a little nutmeg to create a very 
appealing	and	tasty	side-dish.		A	great	choice	for	the	traditional	cabbage	and	corned	beef	at	St.	Patrick’s	Day!
A wide range of varieties is available:  FAMOSA (organic), MELISSA, CLARISSA for fresh market, and WIRO-
SA for winter markets.

Winter Cabbage
 Some varieties are very frost tolerant.  Some of these varieties can stand freezing solid many times, and be 
perfectly	fine	after	a	thaw.		This	allows	for	field	storage	of	cabbage	for	smaller	growers	who	supply	wintermar-
kets, and eliminates the need for largeinsulated storages.
Examples are DEADON (red exterior, green interior), PARESA and DARSA (green, slightly savoyed).

Chinese Cabbage
	 The	Napa-type	cabbages	are	excellent	in	stir	fries,	fresh	soups,	and	as	a	summer	salad.		Select	varieties	that	
have good bolting resistance in the early part of the summer (OPTIKO), and varieties with good resistance to soft 
rot, pepper spot and club root.  EMIKO is a great choice for reliable production during the hot summer months.

Specialty Cabbage
 Flat Cabbage: 	Popular	in	Chinese	markets	(thin	leaves	cook	quickly	in	stir	fries!).		BENELLI	makes	a	nice	
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flat	head	when	young,	and	continues	to	grow	into	a	rounder	head	for	traditional	markets.		GUNMA	is	very	flat	
and	can	be	cut	into	individual	square	and	ready-to-use	leaves	for	sandwiches,	cabbage	rolls	and	other	imagina-
tive	uses.		Flat	cabbage	like	GUNMA	is	also	used	by	eastern	European	consumers	for	whole-head	pickling.		(The	
leaves are stripped after fermentation for cabbage rolls, etc.)

 Pointed Cabbage: 	THE	cabbage	of	choice	for	European	markets.		The	thin	and	flexible	leaves	have	outstand-
ing	eating	quality,	and	are	a	favorite	of	consumers	for	over	20	years.		Pointed	Cabbage	sells	at	premium	prices	
at	three	times	the	volume	of	regular	cabbage!		CARAFLEX	is	excellent	for	fresh	markets	(2	lb	head	or	smaller,	
stores	well),	and	MURDOC	is	a	giant	for	specialty	sauerkraut	production	(Weisskraut	–	tender	and	mild	flavored!)
Consumers	always	come	back	for	Pointed	Cabbage	–	this	type	will	help	to	re-popularize	cabbage!

 Mini Cabbage: 	Smaller	families	want	smaller	cabbages.		You	can	grow	nice	mini-cabbages	by	crowding	the	
plants in the row, and cutting way back on fertilizer (no N, ½ K, normal P).  Not all varieties can take this kind of 
stress – use PRIMERO for red mini cabbage, TIARA and GONZALES for green, ALCOSA for savoy.

Trends in Cabbage Marketing
 The same developments that put bagged salads on every grocery store shelf are responsible for the introduc-
tion	of	various	types	of	shredded	and	ready-to-eat	cabbage	products.		Minimally	processed	cabbage	is	making	an	
appearance in summer salads (coarsely shredded Fresh Market and Pointed Headed types – better shelf life than 
lettuces), traditional coleslaws (boxing and storage types), soup packets (storage and savoy types).  Cabbage is 
also gaining popularity as an ingredient in many other vegetable mixes (stir fries, soups, stews, etc.)

	 Whole	head	cabbage	is	hard	to	find	in	European	supermarkets	–	all	cabbage	is	sold	as	minimally	processed	
“ready	to	eat/use”	product	(at	prices	that	are	attractive	to	both	consumers	and	growers!)

Originally from Holland, Jan van der Heide has worked for the onion breeding program at Cornell University, 
as an Extension Agent on the Muck Farms of Oswego County, NY, and is currently employed as the Product 
Development Specialist with the Northeastern operations of BEJO SEEDS in Geneva, NY.

Jan travels extensively throughout the Northeast to establish variety trials on com-
mercial farms, and also works closely with the Bejo Crew at the BEJO Demonstra-
tion Farm in Geneva, NY.  An annual FIELD DAY spans a period of several days in 
late August for summer vegetables, and another period of trial demonstrations high-
lights the fall vegetables in October.  A large Kitchen Garden project shows off some 
of the very attractive “minor” vegetables, such as leeks, radicchio, fennel, radish, and 
many more.

Jan	is	married	(sorry,	ladies!),	and	has	trouble	remembering	the	names	of	his	many	
children.
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COLORFUL CAULIFLOWER PRODUCTION

Michelle	Infante-Casella,	Agricultural	Agent
Rutgers	NJAES	Cooperative	Extension,	Gloucester	County,	1200	N.	Delsea	Dr.	Bldg.A,	Clayton,	NJ	08312

	 Colored	cauliflower	varieties	are	 the	 result	of	decades	of	 traditional	 selective	breeding.	Colors	other	 than	
traditional	white	varieties	 include	purple,	green	and	orange	cauliflower	varieties.	All	cole	crops	grow	well	 in	
reasonably	fertile,	well-drained,	moist	soils	with	plenty	of	added	organic	matter.	The	pH	should	be	between	6.0	
and	7.0	 for	optimum	growth.	A	pH	within	 this	 range	will	discourage	clubroot	disease	and	maximize	nutrient	
availability.	More	than	any	other	vegetable,	cauliflower	is	very	sensitive	to	weather	conditions.	Heat	can	cause	
browning	of	the	curds	or	stem	rot.	Dry	spells	or	extremes	of	cold	or	heat	can	cause	bolting	(premature	flowering),	
buttoning	 (formation	 of	 small,	 undersized	 heads),	 or	 “ricey”	 curds	 (separation	 of	 heads	 into	 small	 rice-like	
sections).	Extreme	fluctuations	in	temperature	can	cause	leaves	to	grow	among	the	curds.	Principle	insect	and	
disease	problems	are	the	cabbage	looper,	imported	cabbage	worm,	cabbage	maggot,	aphids,	flea	beetles,	blackleg,	
black rot, clubroot, and yellows.

The	following	information	gives	details	on	different	colored	cauliflower	types	and	varieties:

Green Romanesco type
Varieties: Romanesco Broccoli, Chou Romanesco or Calabrese Romanesco 
Origin and cultivation:	a	variety	was	cultivated	around	Rome	and	Naples	in	Italy	and	in	the	early	1990s,	the	
variety was bred for larger scale cultivation  
Appearance: green color comes from chlorophyll
Flavor: this	hybrid	of	cauliflower	and	broccoli,	as	you	might	guess,	tastes	like	a	mix	between	the	two	
Notes:	florets	occur	in	a	fractal	pattern	that	resemble	a	spikes,	individual	florets	resemble	tiny	pine/spruce	trees

Green	Cauliflower,	also	known	as	Broccoflower™.	
Broccoflower™	 (pronounced	 “BRAHK-uh-flower”)	 is	 the	 trademark	 name	 owned	 by	 California	 growers	
Tanimura	&	Antle,	used	exclusively	for	their	version	of	green	cauliflower,	a	cauliflower-broccoli	cross
Varieties: ‘Green Ball’, ‘Alverda’, ‘Green Goddess’, ‘Marches of Green’, ‘Panther’ ‘Monte Verde’ and ‘Vorda’.  
Appearance:	Green	cauliflower,	resembles	a	white	cauliflower	whose	curd	has	been	dyed	a	springtime	hue	of	
vivid chartreuse
Flavor:	 leans	more	toward	cauliflower	than	broccoli,	although	it	features	some	of	broccoli’s	sweetness	and	is	
milder	than	typical	white	cauliflower

Orange	Cauliflower
Also known as: Cheddar	Cauliflower
Varieties: ‘Cheddar’, ‘Orange Bouquet’
Origin and cultivation: discovered	as	a	spontaneous	mutation	in	1970	in	Canada;	improved	through	breeding	
at Cornell University by crucifer breeder, Michael Dickson 
Appearance: bright orange color
Flavor:	like	regular	white	cauliflower
Note:	Pigment	is	from	beta-carotene	(converts	to	Vitamin	A	once	you	eat	it),	the	same	as	in	orange	carrots.	If	
you	eat	a	lot	of	orange	cauliflower,	or	carrots,	or	anything	else	with	beta-carotene	every	day,	your	skin	will	turn	
orange, a condition known as carotenemia

Purple	Cauliflower (hard head type)
Varieties: ‘Graffiti’,	‘Purple	Cape’
Origin and cultivation: discovered	as	a	spontaneous	mutation	in	the	1980s,	and	improved	through	breeding	in 
Denmark 
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Appearance: bright purple color
Flavor:	like	regular	white	cauliflower
Note: Pigment is from anthocyanin pigments, which since water soluble, will wash out if cooked with too much 
water, heat will also change purple color to more of a bluish color

Purple	Cauliflower	(softer	head	type	that	more	resembles	broccoli	florets)
Varieties: ‘Violet Queen’ 
Origin: Purple cauliflower	is	a	heritage	variety	that	comes	from	either	Italy	or	South	Africa,
intermediate	between	a	cauliflower	and	broccoli	plant
Appearance:	bright	purple	and	softer	heads	than	hard	type	cauliflower,	more	broccoli-like.
Flavor: More like broccoli
Note:	Purple	pigments	are	very	water	soluble	and	if	boiled	too	long	in	water	pigment	will	wash	out	and	florets	
can become more pale green than purple 

Michelle	 Infante-Casella	 has	 been	 an	 Agricultural	 Agent	 with	 Rutgers	 Cooperative	
Extension	 of	 Gloucester	 County	 since	 1996.	 She	 is	 responsible	 for	 extension	 activities	
related	 to	 vegetable	 production	 and	 marketing	 as	 well	 as	 field	 crops	 and	 greenhouse	
production in Gloucester County, New Jersey. Her research areas include tomato, pepper, 
eggplant, cole crops, pumpkin and squash research and sustainable agriculture practices. 
She has a Bachelors Degree in Horticulture from Delaware Valley College and a Masters in 
Plant Science from Virginia Tech. Originally from Monmouth County, New Jersey, she and 
her husband Benjamin now reside in Gloucester County, New Jersey and have two sons, 
Benjamin, Jr. and Dominick.
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NUTRITION OF COLE CROPS

Carl J. Rosen 
	 Department	of	Soil,	Water,	and	Climate,	University	of	Minnesota,	St.	Paul,	MN	55108

 Cole crops include a broad group of vegetables in the genus Brassica.  This report discusses broccoli, cabbage, and 
cauliflower.		Cole	crops	have	a	relatively	shallow	root	system	and	require	adequate	drainage	to	promote	root	growth	
and	optimum	production.		Various	soils	can	be	used	for	cole	crop	production;	however,	coarse-textured	sandy	soils	
will require irrigation to produce a marketable crop.  Plants are often grown in beds, which will promote desirable 
root characteristics.  Soil tests are recommended before planting to provide a basis for determining supplemental 
nutrient	requirements.		Specific	nutrient	responses	may	vary	depending	on	the	type	of	cole	crop	grown.	Differences	
in nutrient responses among these related crops are pointed out in the discussion below.  

Soil pH
	 Optimum	soil	pH	for	cole	crop	production	is	5.8	to	7.0.		If	the	pH	is	below	the	desired	range,	lime	should	
be	applied	and	incorporated	to	a	depth	of	6	to	8	inches	before	planting	according	to	soil	test	recommendations.		
Cole	 crops	can	be	grown	on	 soils	with	pH	 levels	 above	 the	desired	 range	and	a	pH	 level	greater	 than	7.0	 is	
recommended	if	clubroot	is	a	problem;	however,	certain	micronutrient	deficiencies	may	be	more	prevalent	(refer	
to the micronutrient section).  

Establishing Transplants
	 In	most	cases	broccoli,	cabbage,	and	cauliflower	are	started	 from	 transplants.	 	To	promote	 root	growth,	a	
starter	solution	high	in	phosphorus	should	be	applied	when	setting	transplants	in	the	field.		Typical	high	phosphate	
fertilizers	include	15-30-15,	18-46-0,	and	11-52-0	(dry	fertilizers),	or	10-34-0	(a	liquid	fertilizer).		Mix	3	lb	of	dry	
fertilizer	or	2	pints	of	the	liquid	fertilizer	per	50	gallons	of	water.		Use	1/2	pint	of	this	solution	per	plant,	applying	
it	directly	to	the	plant	roots	when	transplanting	to	the	field.		Approximately	thirteen,	50	gallon	batches	will	be	
needed per acre.   

Nitrogen
 Because of the mobility of the nitrate form of nitrogen in soils, and the complex transformations of nitrogen 
from organic matter, soil tests for nitrogen are not reliable for predicting nitrogen needs in humid areas of the 
U.S..  This is particularly true on sandy, irrigated soils.  Therefore, basic nitrogen recommendations for cole crops 
are based on yield goal and soil organic matter content and adjusted if necessary to account for the previous crop.  
Nitrogen	recommendations	for	cole	crops	range	from	120	to	180	lb	N/A	and	are	based	on	attaining	a	yield	of	120	
cwt/A	(6	tons/A)	for	broccoli,	400	cwt/A	(20	tons/A)	for	cabbage,	and	150	cwt/A	(7.5	tons/A)	for	cauliflower.		
Different rates of nitrogen may be required for higher (or lower) yielding varieties and higher (or lower) yield 
goals.  Use a realistic yield potential based on previously achieved yields.  In addition to differences between 
varieties, factors like plant population, availability of irrigation, and the stage of growth harvested will affect yield 
and crop nitrogen requirements.

 Nitrogen rates should be adjusted downward when cole crops follow a legume crop or if manure compost is 
being	used.		In	general,	subtract	70	lb	N/A	from	the	recommended	nitrogen	application	if	the	previous	crop	was	a	
good	stand	of	alfalfa	and	40	lb	N/A	for	a	poor	alfalfa	stand.		Subtract	20	lb	N/A	from	the	recommended	nitrogen	
application if the previous crop was peas, snap beans, or soybeans.  Lack of nitrogen can result in pale yellow 
plants, delayed maturity, and poorly formed heads.  Excessive nitrogen, however, can result in splitting of broccoli 
and	cauliflower	stems	and	splitting	of	cabbage	heads.		High	rates	of	N	may	produce	higher	total	yields	of	cole	
crops, but the heads may be too large to sell on the fresh market. 

 Timing of nitrogen application is important for optimum cole crop yields, particularly if grown on sandier 
soils.		In	general,	two	to	three	split	applications	of	nitrogen	are	suggested.		Broadcast	1/3	of	the	nitrogen	before	
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planting.			An	additional	1/3	of	the	nitrogen	should	be	sidedressed	two	weeks	after	transplanting.		The	remaining	
1/3	of	the	nitrogen	should	be	sidedressed	3-4	weeks	after	planting.		If	drip	irrigation	is	available,	apply	1/3	of	the	
nitrogen	at	or	before	transplanting	and	split	the	remainder	of	the	nitrogen	into	5	or	6	applications	through	the	drip	
system.		Fertigate	at	7	to	10	day	intervals	starting	about	10-15	days	after	transplanting.		For	heavier	clay	soils	or	
if	irrigation	is	not	used,	preplant	nitrogen	applications	are	sufficient.		

Phosphorus
 Because of the relative immobility of phosphorus in soil, all phosphorus fertilizer should be applied and 
incorporated at or before planting and rates should be based on soil test results.  Depending on soil test level, rates 
can	vary	from	0	to	150	lb	P2O5/A.  The rates suggested are for the total amount to apply: broadcast plus starter.  Up 
to	70	lb	P2O5/A	can	be	banded	at	planting.		Monoammonium	phosphate	(11-52-0)	or	diammonium	phosphate	(18-
46-0)	are	the	most	common	granular	phosphorus	fertilizer	sources	used.			Symptoms	of	phosphorus	deficiency	
include stunted growth and dark green to purpling of the older leaves.

Potassium
 Similar to phosphorus, potassium should be applied and incorporated at or before planting and rates should be 
based	on	soil	test	results.		Depending	on	soil	test	level,	rates	can	vary	from	0	to	250	lb	K2O/A.  The rates suggested 
are	for	the	total	amount	to	apply:	broadcast	plus	starter.		Up	to	30	lb	K2O/A can be banded at planting.  If cole 
crops are grown on a sandy soil and drip irrigation is available, all or part of the potassium should be split into 5 or 
6	applications	through	the	drip	system.		Fertigate	at	7	to	10	day	intervals	starting	about	10	days	after	transplanting.		
When	potassium	recommendations	are	high	(100	to	250	lb	K2O/A)	due	to	low	soil	test	levels,	apply	1/3	to	2/3	
of	the	potassium	fertilizer	at	or	before	transplanting	and	fertigate	the	remainder.		Potassium	chloride	(0-0-60)	is	
the	most	economical	source	of	potassium	fertilizer	to	use.	Potassium	sulfate	(0-0-50)	is	also	a	good	source	of	
potassium especially if sulfur is needed, but is more expensive than potassium chloride. Symptoms of potassium 
deficiency	include	scorching	of	the	older	leaves.	     

Calcium, Magnesium, and Sulfur
 Low calcium and magnesium are most likely to occur on acid, sandy soils and requirements for these nutrients 
can	usually	be	satisfied	through	a	proper	liming	program.		Do	not	lime	soils	that	are	already	in	the	optimum	pH	
range.		If	soil	test	magnesium	levels	are	low	and	soil	pH	is	above	6.0,	then	broadcast	and	incorporate	50	to	100	
lb	Mg/A	as	potassium	magnesium	sulfate	(11%	Mg)	or	Epsom	salts	(10%	Mg)	before	planting.	Symptoms	of	
magnesium	deficiency	include	a	mottling	and	interveinal	yellowing	of	the	older	leaves.	

	 Cabbage	and	cauliflower	are	susceptible	to	leaf	tipburn,	a	calcium	deficiency	or	physiological	disorder,	even	
when adequate levels of soil calcium may be present.  If tipburn is a problem the following control measures 
should	be	taken:	1)	if	soil	pH	is	less	than	6.0,	then	lime	to	a	pH	of	6	to	7;		2)	avoid	ammonium	forms	of	nitro-
gen	fertilizer;	3)	ensure	an	adequate	and	even		supply	of	water,		too	much	or	too	little	water	and	fluctuating	soil	
moisture conditions can induce tipburn; 5) adjust the planting date so that head maturation occurs during cooler 
temperatures;	6)	change	to	a	variety	that	is	less	susceptible	to	tipburn.	

	 Calcium	 sprays	 are	 sometimes	 beneficial	 in	 controlling	 similar	 calcium	 disorders,	 but	 most	 research	 on	
cauliflower	and	cabbage	has	found	that	calcium	sprays	are	ineffective	in	controlling	tipburn.		Planting	date	and	
differences	in	susceptibility	between	cauliflower	or	cabbage	varieties	had	much	more	of	an	effect	on	the	incidence	
of leaf tipburn than calcium sprays.

	 Sulfur	deficiency	 is	most	common	on	sandy	soils	 low	in	organic	matter.	 	Soils	high	 in	organic	matter	are	
generally	not	sulfur	deficient	and	soil	tests	for	sulfur	are	only	reliable	for	soils	with	low	or	medium	organic	matter	
levels.		If	soil	test	sulfur	is	less	than	7	ppm,	broadcast	and	incorporate	20	to	30	lb	S/A	before	planting	or	apply	
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10	to	15	lb	S/A	as	starter.		A	variety	of	sulfate	containing	fertilizers	are	suitable	S	sources.		Symptoms	of	sulfur	
deficiency	include	a	general	yellowing	of	the	leaves.	
  
Micronutrients
 The need for micronutrients should be based on soil and/or tissue tests.  Cole crops have moderate to high 
demands for some micronutrients, although there are important differences between broccoli, cabbage, and 
cauliflower	in	their	susceptibility	to	several	micronutrient	deficiencies.	 	In	general,	most	soils	 in	can	meet	the	
micronutrient	needs	for	cole	crop	production,	but	deficiencies	of	individual	micronutrients	do	occur	under	certain	
soil conditions.  

Boron: 	 Of	 all	 the	 micronutrients,	 cole	 crops	 may	 be	 most	 susceptible	 to	 boron	 deficiency.	 	 Broccoli	 and	
cauliflower		 have	 higher	 boron	 demands	 than	 cabbage	 and	 are	 particularly	 sensitive	 to	 low	 soil	 boron.		
Deficiencies	are	most	 likely	to	occur	on	sandy,	 low	organic	matter	soils,	especially	when	boron	is	 leached	by	
excessive	rainfall	or	irrigation.		If	soil	test	boron	is	less	than	1	ppm,	broadcast	and	incorporate	2	to	4	lb	B/A	before	
planting.		Symptoms	of	boron	deficiency	include	hollow	stem	with	browning.		Caution:  do not over apply boron 
because excess boron can be highly toxic to plants.  Symptoms of excessive boron include scorching of the older 
leaves,	similar	to	potassium	deficiency.	

Copper:		Copper	may	be	deficient	on	organic	soils.		If	soil	test	copper	is	less	than	5	ppm,	then	6	to	10	lb	Cu/A	
should	be	incorporated	before	planting.		Alternatively,	0.1	to	0.3	lb	Cu/A	can	be	applied	as	a	foliar	spray	in	two	or	
three	applications	at	weekly	intervals.		Do	not	apply	more	than	0.15	lb	Cu/A	in	a	single	application	or	leaf	burn	
may	occur.		Copper	deficiency	in	cole	crops	on	mineral	soils	is	not	common.

Iron:		Iron	deficiency	is	related	more	to	soil	pH	than	soil	test	iron	levels	and	is	not	common	in	cole	crop	production.	
High	soil	pH	(above	7.2)	reduces	iron	availability	to	plant	roots	and	iron	soil	tests	are	not	reliable	indicators	of	
potential	iron	deficiency.		If	iron	deficiency	is	known	or	suspected,	foliar	applications	of	an	iron	chelate	can	be	
made	two	to	three	times	during	the	growing	season.		Suggested	foliar	application	rates	are	0.1	to	0.15	lb	Fe/A.

Manganese:	 	Manganese	 deficiency	 is	 related	more	 to	 soil	 pH	 than	 soil	 test	manganese	 levels.	 	Manganese	
deficiency	problems	are	most	likely	to	occur	on	organic	soils	with	a	pH	greater	than	5.8.		If	manganese	deficiency	
is	 known	 or	 suspected,	 apply	 0.2	 to	 0.4	 lb	Mn/A	 as	 a	 foliar	 spray.	 	Use	 the	 higher	 rate	 if	 soil	 pH	 is	 6.4	 or	
above.  Apply a chelated form of manganese and spray two to three times during the growing season.  Manganese 
deficiency	in	cole	crops	on	mineral	soils	is	not	common.

Molybdenum:		Cauliflower	has	a	high	demand	for	molybdenum	and	deficiencies	may	occur	on	acid	soils	(pH	
less	than	5).		Symptoms	of	molybdenum	deficiency	include	a	whiptail	distortion	of	the	leaves.		Liming	acid	soils	
usually	corrects	the	problem,	although	some	cauliflower	cultivars	are	susceptible	to	molybdenum	deficiency	even	
in	limed	soils.		If	soil	pH	is	satisfactory	and	molybdenum	deficiency	is	a	problem,	then	soil	applications	of	0.25	
to	0.5	lb	Mo/A	are	suggested.		Foliar	applications	of	1	to	2	oz	Mo/A	can	also	be	used.	Soil	tests	for	molybdenum	
are not reliable for making Mo fertilizer recommendations.  

Zinc:		Zinc	deficiency	is	most	likely	to	occur	on	high	pH	soils,	sandy	soils	low	in	organic	matter,	or	when	phos-
phorus	fertilizer	has	been	applied	at	excessive	rates.		If	soil	test	zinc	is	less	than	1	ppm,	5	to	10	lb	Zn/A	should	
be	broadcast	and	incorporated	before	planting.		Alternatively,	1	to	2	lb	Zn/A	can	be	banded	at	planting.		Foliar	
applications	of	2	oz	Zn/A	can	be	made	during	the	growing	season	using	a	chelated	form	of	zinc.	

Tissue tests for cole crops
	 Leaf	analysis	is	useful	for	diagnosing	many	suspected	nutrient	disorders	and	determining	the	efficiency	of	
a fertilizer program.  Leaf analysis is not a substitute for soil testing, but should be used in conjunction with a 
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routine	soil-testing	program.		Nutrient	deficiencies	detected	through	tissue	testing	may	permit	corrective	action	
to	be	taken	(foliar	sprays,	fertigation)	before	visible	deficiency	symptoms	appear.		For	annual	vegetable	crops	it	
may	be	too	late	to	correct	a	deficiency	during	the	current	growing	season,	but	plant	analysis	results	are	still	useful	
to	help	prevent	nutrient	deficiencies	during	the	next	growing	season.		Accurate	tissue	testing	requires	sampling	
specific	leaves	at	the	proper	growth	stage:	Broccoli	-	Sample	15	young	mature	leaves	at	buttoning;	Cabbage	-	
Sample	15	young	wrapper	leaves	when	heads	are	half	grown;	Cauliflower	-	Sample	15	young	mature	leaves	at	
buttoning.   

Carl Rosen is an Extension Soil Scientist in the Department of Soil, Water and Climate at the University of 
Minnesota where he is currently serving as Department Head.  He has been with the University of Minnesota 
since	1983.		Dr.	Rosen	received	his	B.S.	and	M.S.	in	Horticulture	from	Penn	State	University	and	a	Ph.D.	
degree in Soil Science from UC Davis.  His extension and research programs at Minnesota have focused on 
nutrient management for a wide range of fruit and vegetable crops.  He grew up in Swarthmore, PA and now 
lives in St. Paul, MN with his wife JoAnn.  They have three sons, Jacob, Lucas, and Max. 
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SOIL pH, CEC, and ORGANIC MATTER: HOW ARE THEY RELATED?

Carl J. Rosen 
	 Department	of	Soil,	Water,	and	Climate,	University	of	Minnesota,	St.	Paul,	MN	55108

Soil pH
 The term pH is a way of describing soil acidity or alkalinity and is measurement of the relative concentration of 
H+	ions	on	a	logarithmic	scale	(1	to	14).		A	one	unit	change	in	pH	is	equivalent	to	a	tenfold	change	in	H+	concentra-
tion. Soil pH is sometimes called the “master variable” because it controls much of the chemistry and reactions in 
soil solutions, which in turn affects many soil chemical, biological, and physical properties. In particular, nutrient 
availability,	mineral	solubility,	cation	exchange	capacity,	microbial	activity,	and	root	growth	are	all	influenced	by	
pH, and therefore, it can have a major impact on the nutrition and growth of your crops.Most soils range in pH from 
4.0	to	9.0	with	maximum	nutrient	availability	occurring	between	5.5	and	7.0.		Consequently,	it	is	not	surprising	that	
the	optimum	range	for	most	crops	is	between	6.0	and	7.0;	although,	this	does	vary	with	crop	species	as	well	as	with	
pH effects on soil borne diseases. 

 Soils become acid over time through various processes.  Some of these include: rainfall and leaching of basic 
cations such as calcium, magnesium and potassium; release of aluminum from primary and secondary minerals; 
organic matter decomposition and production of organic and carbonic acids; addition of ammonium based nitrogen 
fertilizers;	and	crop	removal	of	basic	cations.		The	rate	of	soil	acidification	depends	on	the	type	of	soil	parent	mate-
rial, clay content, organic matter content, climate, and production practices.  Soils with a pH below 5.5 tend to have 
lower availability of basic cations and higher availability of aluminum, which is toxic to root growth of most plant 
species. Increasing soil pH above 5.5 will precipitate most of the aluminum as aluminum hydroxides making it un-
available to the plant roots. 

Cation Exchange Capacity and Organic Matter
 The cation exchange capacity (CEC) of a soil refers to the amount of positively charged ions a soil can hold on 
to.		Traditionally	the	CEC	of	a	soil	is	measured	as	the	amount	of	charge	or	millequivalents	per	100	grams	of	soil	
(meq/100g).		Clay	and	organic	matter	particles	under	most	conditions	have	a	slight	negative	charge.		This	negative	
charge is primarily generated in clay mineralsduring their formation through a process called isomorphic substitu-
tion.		During	this	process	cationslike	silicon	with	a	charge	of	+4	are	replaced	with	ions	of	lower	charge	such	alumi-
num	(+3)	and	magnesium	(+2)	in	the	inter	layers	of	the	clays	leaving	a	net	negative	charge.		This	source	of	charge	
is	unaffected	by	soil	pH.		Another	source	of	negative	charge	is	from	the	broken	edges	of	clays	which	expose	Si-OH	
and	Al-OH	groups.		These	are	pH	dependent	charges	and	CEC	will	increase	as	hydrogen	ions	are	neutralized	and	soil	
pH increases.  

 Similar to clay edges, organic matter in various stages of decomposition have phenolic acid and carboxylic acid 
(COOH) groups that dissociate with increasing pH resulting in a higher negative surface charge.All CEC resulting 
from organic matter is pH dependent, so as soil pH increases the CEC will also increase.  Soils high in organic mat-
ter	and	clay	content	will	have	a	high	CEC,	typically	in	the	20	to	40	meq/100g	range,	while	sandy	soils	low	inorganic	
matter	will	have	a	low	CEC	typically	less	than	5	meq/100g.		

 Positively charged ions or cations are attracted to these negative sites and are adsorbed to the surfaces of the 
particles.		In	soils	the	primary	cations	that	are	attracted	to	the	negative	sites	are:	aluminum	(Al3+),	hydrogen	(H+),	
Calcium	(Ca2+),	Magnesium	(Mg2+),	Potassium	(K+),	Ammonium	(NH4+),	and	Sodium	(Na+).		These	cations	are	
considered to be exchangeable ions and all except for Al are essential for plant growth.  In acidic soils the exchange 
sites are dominated by Al, H, Ca, Mg and K while in slightly acid to basic soils the exchange sites are dominated by 
Ca, Mg, K, and Na.  The term base saturation refers to the amount of total CEC occupied by Ca, Mg, K, and Na.  In 
most eastern U.S. soils the amount of Na in soils is low and is usually ignored.  An important point to remember is 
that the availability of Ca, Mg, and K to plant roots increases as base saturation of the soil increases. 
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So How Are pH, CEC and Organic Matter Related and Why Is It Important? 
 The primary relationship between pH, CEC and organic matter has to do with their interactive effects on base 
saturation.  CEC is the result of negative charges on clay minerals and organic matter particles, which attract ex-
changeable cations.  As soil pH increases, the amount of exchangeable Al and H decreases, the capacity of a soil to 
hold on to the basic cations (Ca, Mg and K) increases, andconsequently the base saturation increases.  An increase in 
base saturation means that Ca, Mg, and K are more available to plant roots, which will have positive effects on plant 
growth and nutrition.  

 Determining the pH of a soil is a relatively simple process and should be part of a routine soil testing program.  
For	low	pH	acid	soils,	the	main	recommendation	is	to	add	lime	to	raise	pH	to	6.0	to	6.5.		The	amount	of	lime	to	add	
is based on the buffer index, which is an additional test that takes into account the amount of reserve acidity on the 
exchange sites. At a given pH level, clay soils high in organic matter will require more lime to neutralize reserve 
acidity than sandy soils low in organic matter.  Either calcitic or dolomitic lime can be used.  Both lime forms are 
effective in raising pH, but the dolomitic form will supply more Mg than the calcitic form.   

Carl Rosen is an Extension Soil Scientist in the Department of Soil, Water and Climate at the University of Min-
nesota where he is currently serving as Department Head.  He has been with the University of Minnesota since 
1983.		Dr.	Rosen	received	his	B.S.	and	M.S.	in	Horticulture	from	Penn	State	University	and	a	Ph.D.	degree	in	
Soil Science from UC Davis.  His extension and research programs at Minnesota have focused on nutrient man-
agement for a wide range of fruit and vegetable crops.  He grew up in Swarthmore, PA and now lives in St. Paul, 
MN with his wife JoAnn.  They have three sons, Jacob, Lucas, and Max.
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IMPROVING CAROTENOID PHYTOCHEMICAL CONCENTRATIONS IN VEGETABLE CROPS
Dean A. Kopsell, Associate Professor

Plant	Sciences	Department,	The	University	of	Tennessee,	Knoxville,	TN	37996-4561
E-mail:	dkopsell@utk.edu

	 Phytochemicals	are	broadly	defined	as	food	components	that	elicit	profound	effects	on	health	maintenance	
and disease prevention.  In the human body, oxidants produced during normal metabolism and immune defense 
against infectious and chemical agents are responsible for damage to DNA, proteins, and cellular tissues.  This 
harmful oxidative damage is considered the major cause of aging and degenerative diseases such as cancer, 
cardiovascular	disease,	 immune-system	decline,	 and	 cataract	 (Kopsell	 and	Kopsell,	 2009).	 	Compounds	 such	
as	ascorbate,	a-tocopherol,	and	carotenoids	are	examples	of	antioxidants	that	have	the	ability	to	quench	reactive	
oxygen species.  In fact, carotenoids are some of the most potent biological quenchers of reactive oxygen species.  

	 Changing	environmental	factors	can	impose	stress	on	plants	(Kopsell	et	al.,	2009).		Organic	phytochemicals	
are assumed to be utilized by plants to combat stress conditions.  The topics discussed in this manuscript were 
designed	to	measure	the	influence	of	several	environmental	growing	conditions	on	the	production	of	carotenoid	
phytochemicals in leafy and other vegetable crops.  Our overall goal was to investigate the potential of manipu-
lating environmental growing conditions to increase the availability of functional components that may provide 
long-term	health	consequences.	

Carotenoids in Plant Metabolism
 Carotenoids are lipid soluble yellow, orange, and red pigments that are uniquely synthesized in plants, algae, 
fungi, and bacteria.  In photosynthesis, carotenoids function to help harvest light and dissipate excess energy 
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before damage occurs.  In their main role, carotenoid pigments protect photosynthetic structures by quenching 
reactive oxygen species (ROS) to inhibit oxidative damage.

Carotenoids and Human Health
	 Carotenoids	 are	 lipid	 soluble	 which	 possess	 reported	 health	 benefits	 of	 reducing	 cancers	 (lycopene),	
cardiovascular (lycopene), and aging eye diseases [lutein (L) and zeaxanthin(Zea)] when regularly consumed 
in the diet.  One of the most important physiological functions of carotenoids in human nutrition is as vitamin A 
precursors	[β-carotene	(BC)].		Humans	cannot	synthesize	carotenoids;	therefore,	fruits	and	vegetables	are	primary	
sources	of	carotenoids	in	human	diets	world-wide.

  
Growing	Air	Temperature	can	Influence	Carotenoid	Accumulation
	 Environmental	factors	such	as	light,	water	and	growing	air	temperatures	can	have	significant	influences	on	
plant	growth	and	development.		Rapid	fluctuations	in	growing	air	temperature	can	limit	plant	growth	at	both	low	
and high temperature extremes.  Plants can adapt to air temperature changes in the growing environment and 
usually easily adjust to conditions slightly above and below optimum air temperature ranges.  Our goal was to 
investigate	the	influences	of	different	air	temperatures	on	the	accumulation	of	carotenoid	pigments	in	kale	and	
spinach.  ‘Winterbor’ kale and ‘Melody’ spinach were grown in environmental chambers that provided plants with 
set	point	air	temperature	treatments	of	15,	20,	25,	or	30	°C	for	the	kale,	and	10,	15,	20,	or	25	°C	for	the	spinach	
(Lefsrud	et	al.,	2005).		Carotenoid	concentrations	in	the	leaves	of	kale	increased	as	the	air	temperatures	increased	
from	15	to	30	°C,	while	the	carotenoid	concentrations	decreased	in	spinach	as	the	air	temperature	increased	from	
10	to	25	°C.	Results	from	our	study	demonstrated	that	changes	in	growing	air	 temperatures	can	influence	the	
production	of	carotenoid	pigments	in	the	leaves	of	kale	and	spinach.		Air	temperatures	in	field	conditions	can	be	
modified	by	growing	kale	and	spinach	at	different	times	of	the	year.		

Light	Intensity	can	Influence	Carotenoid	Accumulation
 As light strikes the surface of plant leaves, photons are absorbed by antenna pigments which funnel this energy 
to	the	photosynthetic	reaction	center.		Carotenoids	are	bound	to	pigment-protein	complexes	within	the	thylakoid	
membranes and are utilized as antenna pigments.  At high light levels, excess energy must be removed from the 
photosynthetic system to prevent damage.  Our goal was to investigate the effects of different irradiance levels 
on plant biomass and accumulation of carotenoid pigments in kale and spinach.  ‘Winterbor’ kale and ‘Melody’ 
spinach were grown in environmental chambers that provided plants with average irradiance treatment levels of 
photosynthetically	active	radiation	(PAR)	of	125,	200,	335,	460,	and	620	mmol	m-2 sec-1.  The daily photoperiod 
was16	h,	with	irradiance	treatment	daily	integrals	of	7.2,	11.5,	19.3,	26.5,	and	35.7	mol	m-2, for the increasing 
PAR	treatments	(Lefsrud	et	al.,	2006a).		Kale	leaf	tissue	L	accumulation	ranged	from	9.1	mg	100	g-1	at	125	mmol	
m-2 sec-1,	to	as	high	as	15.1	mg	100	g-1	at	335	mmol	m-2 sec-1.  Similarly, BC accumulation in the kale leaf tissues 
responded	significantly	to	irradiance	treatments	and	ranged	from	5.7	mg	100	g-1	at	125	mmol	m-2 sec-1, to as high 
as	11.1	mg	100	g-1	at	335	mmol	m-2 sec-1.  The largest accumulation of carotenoid pigments in spinach leaf tissues 
occurred	at	the	irradiance	level	of	200	mmol	m-2 sec-1,	with	L	levels	at	11.1	mg	100	g-1,	BC	levels	at	9.2	mg	100	
g-1.  However, spinach leaf tissue carotenoid concentrations were not affected by irradiance treatments.  Average 
field	irradiance	levels	can	vary	dependent	on	location,	time	of	year,	shading,	and	atmospheric	conditions.				

Light	Photoperiod	can	Influence	Carotenoid	Accumulation
 The	 length	 of	 the	 photoperiod	 will	 influence	 a	 number	 of	 plant	 physiological	 factors	 including	 biomass	
production,	bud	formation,	flowering,	germination,	leaf	elongation,	leaf	emergence,	and	changes	in	secondary	
compounds.  Proper photoperiod is critical for plant growth and development, and the length of the photoperiod 
can	easily	be	controlled	by	growers	using	artificial	growing	environments	or	shading/lighting	techniques.		Our	
goal	was	to	determine	the	influences	of	four	different	irradiance	photoperiods	on	plant	biomass	and	accumulation	
patterns of carotenoid pigments in the leaf tissues of kale. ‘Winterbor’ kale was grown in environmental chambers 
under	irradiance	photoperiods	of	6,	12,	16,	or	24	h.		The	plants	were	grown	for	3	weeks	under	the	photoperiod	
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treatments	(Lefsrud	et	al.,	2006b).		Maximum	L	accumulation	(13.5	mg	100	g-1)	occurred	under	the	24-h	photoperiod	
treatment,	whereas	the	lowest	L	concentrations	(8.8	mg	100	g	-1)	occurred	at	the	6-h	photoperiod.		Maximum	BC	
accumulation	was	10.4	mg	100	g-1	 for	 the	24-h	photoperiod	 treatment,	whereas	 the	 lowest	BC	accumulation	
(6.3	mg	100	g-1)	occurred	during	 the	6-h	photoperiod	 treatment.	 	Both	L	and	BC	concentrations	significantly	
increased in response to increasing photoperiods.  Photoperiod conditions can be easily manipulated in plant 
production systems to maximize plant biomass production and concentrations of plant secondary compounds, 
such as carotenoids.  

Conclusions
 Changing environmental growing conditions will impose stress on crop plants.  Research conducted by our 
group	demonstrates	the	influence	of	environmental	growing	conditions	such	as	air	temperature,	light	intensity,	
photoperiod, and other directed stress factors on plant biomass and the production of carotenoid phytochemicals 
in	leafy	vegetable	crops.		In	many	parts	of	the	U.S.,	cool-season	crops,	such	as	kale	and	spinach,	can	be	planted	
in both the spring and fall, two seasons having very different environmental conditions.  Therefore, producers 
must recognize that, even though overall crop yield may differ little when crops are produced in different seasons 
of the year, there may be considerable variation in crop phytochemical concentrations among different seasonal 
production schemes.          
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MANAGEMENT STRATEGIES FOR PHYTOPHTHORA BLIGHT
Christine Smart, Amara Camp, Lisa Jones and Holly Lange

Dept	of	Plant	Pathology	and	Plant-Microbe	Biology,	Cornell	University,	NYSAES,	Geneva,	NY		14456

 Phytophthora blight is a devastating disease of vegetables caused by the water mold pathogen Phytophthora 
capsici.  In New York, it has caused losses in bell pepper, hot pepper, tomato, eggplant, cantaloupe, cucumber, 
melon, pumpkin, squash, zucchini and snap bean crops.  While many states have battled this disease for decades, 
the	pathogen	had	not	been	a	significant	problem	in	upstate	New	York	until	relatively	recently.		Over	the	past	five-
ten years both incidence and severity of the disease have increased, and vegetable producers are now searching 
for effective control strategies.  Phytophthora blight is particularly menacing for NY growers because vegetables 
on	approximately	1/3	of	the	acreage,	comprising	40%	of	the	farm-gate	value,	are	susceptible	to	the	disease.		

 While there is no ‘silver bullet’ for the control of Phytophthora blight, the best management strategy is to 
keep the pathogen off of a farm.  The spores (known as sporangia) of P. capsici do not move long distances in the 
wind, but rather move in water, soil and in culled fruit.  Perhaps the most common method of disease spread is by 
growers	throwing	Phytophthora	blight	diseased	culled	fruit	into	a	field.		Some	growers	have	also	realized	(after	
the	fact)	that	they	were	spreading	Phytophthora	blight	from	field-to-field	on	soil	stuck	in	tractor	tires.		Promoting	
good drainage and utilizing raised beds for peppers and summer squash help to get plant roots and crowns out of 
standing water.  Raised beds are not recommended for vine crops, as the fruit tends to fall off of the bed into the 
wet furrow.

 In order to survive the winter in Northern climates, Phytophthora blight must make overwintering spores 
known	as	oospores.		These	spores	are	only	made	when	two	mating	types	of	the	pathogen	are	present.		In	2006,	
2007,	and	2008,	we	collected	samples	from	farms	across	New	York	State	 that	were	affected	by	Phytophthora	
blight.  We recovered both mating types of P. capsici from all growing regions in the state, indicating that 
overwintering	spores	are	being	produced	that	can	remain	viable	in	fields	for	years.		Because	of	the	wide	host	range	
of this pathogen, and the fact that the overwintering spores can survive in soil for more than a decade, keeping 
Phytophthora	blight	out	of	fields	is	the	best	strategy	for	control.		If	a	field	does	have	Phytophthora	blight,	rotation	
is important to reduce the number of overwintering spores in the soil.  

 In addition to moving in soil, P. capsici spores are extremely adapted to moving in water (it is a water mold).  
The spores will move wherever water moves, including draining into surface irrigation sources like streams or 
ponds,	from	which	they	can	be	spread	throughout	entire	fields,	or	from	one	farm	to	another	within	a	watershed.	
This pathogen will produce swimming spores when it is in water, and they are attracted to plant roots as they 
move through water.  We currently have a project to test surface irrigation water for plant pathogens including 
P. capsici.		The	project	started	in	2010,	and	20	irrigation	sites	were	tested	monthly	last	summer.		These	included	
streams, ponds and even the Erie canal.  The project is in cooperation with food scientists that are testing for 
human	pathogens,	and	samples	from	2010	are	still	being	analyzed.		One	exciting	component	of	the	project	is	that	
we are also testing possible methods to decontaminate water.  

 Many growers in New York utilize available fungicides to reduce the impact of Phytophthora blight.  We now 
know that resistance to the fungicide mefenoxam (Ridomil) is common in isolates from the eastern part of the state 
(Long Island and the Capital District), so this chemical will no longer be an effective management tool for blight 
in these regions. In the western part of the state, all isolates we collected were still susceptible to mefenoxam. 
However,	it	has	been	demonstrated	that	resistance	to	mefenoxam	can	develop	relatively	quickly	in	fields	where	
this chemical is applied regularly. Therefore it is important to rotate mefenoxam with other chemistries to delay the 
development	of	resistance,	and	be	on	the	look-out	for	fields	where	mefenoxam	is	no	longer	effectively	controlling	
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Phytophthora blight. Furthermore, because of the pathogen’s demonstrated ability to develop resistance, it is 
especially prudent for growers to use a good resistance management program and rotate fungicide chemistries 
to delay the development of resistance.  There are other fungicides available depending on the crops you are 
growing, and these will be discussed.

 There are commercially available sweet pepper varieties that are resistant or tolerant to Phytophthora blight and 
some have done quite well in our research tests.  The varieties Paladin, Aristotle and Vanguard have consistently 
had a high level of tolerance in our trials, while Declaration and Revolution have been very tolerant some years 
and had intermediate tolerance in other years.  Red Knight has consistently been the most susceptible variety 
in our tests.  Additional varieties from public and private breeders are tested at our Phytophthora blight farm 
annually.  This is a nine acre facility in Geneva, NY dedicated to research on Phytophthora blight.
We have developed a website which has fact sheets that can be downloaded, lots of images, research updates, and 
management strategies.  The URL for the site is http://phytophthora.pppmb.cals.cornell.edu/
Management strategies for Phytophthora blight are summarized below.

If you don’t have Phytophthora blight on your farm…
•	 Never	dump	culled	fruit	or	plants	into	production	fields
•	 If you are sharing equipment with another grower, clean the equipment to remove soil before bringing it onto 

your farm
•	 Know	where	your	irrigation	water	comes	from,	and	avoid	water	from	surface	sources	that	may	have	run-off	

from a farm that has Phytophthora blight
•	 Obtain compost from a trusted source     

If you already have Phytophthora blight …
•	 Promote	good	drainage	and	do	not	over-irrigate	
•	 Grow bushing cucurbits, tomatoes, peppers, and eggplants on raised beds
•	 Plant tolerant sweet pepper varieties
•	 Rotate	(watch	your	weeds!)
•	 Dispose	of	culled	fruit	or	infected	plants	in	a	sanitary	landfill,	or	by	burying
•	 Rogue	infected	plants	and	harvest	early	from	an	infected	field
•	 Use chemical fungicides according to the label

Chris Smart is an Associate Professor of Vegetable Pathology at Cornell University’s New 
York State Agricultural Experiment Station in Geneva, NY.  Her research and extension 
activities focus on bacterial diseases and Phytophthora blight of vegetables.  She received 
her BS and Ph.D. degrees from Michigan State University.
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ASPARAGUS PRODUCTION
Bob Precheur, Extension Vegetable Crops, Dept. of Horticulture and Crop Science, The Ohio State University, 

2001	Fyffe	Ct.,	Columbus,	OH	43210

1. Site Selection
a.		 Select	field	1	year	prior	to	planting.
b.  Select well drained soils no standing water after a heavy rain.
c.		 Adjust	soil	pH	to	6.8.	Allow	4	to	6	months.
d.  Soil Test
e.  Control perennial weeds.
f.  Select an area that has never had asparagus

2. Variety Selection
1.  Jersey Giant (widest geographic adaptability and highest yield)
2.		 Jersey	Supreme.	
3.		 Jersey	King.	
4.		 Jersey	Gem.	
5.  Jersey Knight (lowest yielding)

California	Hybrids	-	not	male	hybrids.	See	Note	below
Atlas, Apollo, Grande
Purple	Passion	(Viola)	is	a	prolific	seed	producer	from	female	plants.		Spears	are	higher	in	sugar	content	than	
green.  Not a high yielder but can charge more for the purple novelty.
Note:	All	can	produce	taller	spears	with	larger	spear	diameters,	retaining	tip	tightness	without	“ferning-out”	under	
high	temperatures,	but	do	not	over-winter	well	in	colder	climates,	and	leads	to	yield	reductions	over	time.
***Variety consultation for varieties adapted to your location:
 Carl J. Cantaluppi, Jr., Extension Area Agent, Horticulture, Granville and Person Counties, North Carolina   
 Cooperative Extension Service
	 919-603-1350	(Granville),	336-599-1195	(Person)
 Email: carl_cantaluppi@ncsu.edu

3. Soil Fertility and pH.
Soil Test to determine phosphorus and potassium needs.
Apply	250	lbs.	phosphorus/A
Apply	300	lbs.	potassium/A
Apply	50	lbs.	nitrogen/A
Add	lime	to	bring	pH	between	6.8-7.0
In addition to the amount of fertilizer recommended above, phosphate fertilizer should be applied down the   
furrow	before	setting	crowns	(250	pounds/A,	0-20-0	or	100	lbs	of	0-46-0).	Newly	set	crowns	should	be	sid-	 	
edressed	with	30	pounds	per	acre	nitrogen	at	the	first	cultivation.

4. Planting
Crowns: Use one year old crowns.
Separate	crowns	before	going	to	the	field	and	sort	out	small	crowns
Make	trenches:	8-10	inches.	Use	a	middle	buster	plow	just	before	planting.
Spacing:	In	row:	12	inches

	 														Row:5-6	feet
Population:	Tests	at	Bixby,	OK	indicate	planting	9,000	crowns/A	will	outyield	6,000	crowns	per	acre	by	a	small	

GENERAL VEGETABLES
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amount	the	first	2	seasons.	By	the	third	season,	Yields	were	equal	with	6,000	and	9,000	crowns	per	acre.	Setting	
crowns	too	close	will	result	in	a	large	%	of	smaller	spears.	Running	rows	north	to	south	is	best,if	possible,		to	
promote faster drying of rain and dew off the ferns and help delay the onset of foliar diseases

Planting	Depth:	top	of	crown	is	6-8	inches.	Hand	place	so	top	of	crown	is	about	6	inches	deep
Phosphorus is important to root growth and especially during establishment (see soil fertility above).

5. Seed and Transplants
Ten – twelve week old transplants can be grown from seed. Expensive hybrid seed will plant double the area 
or	about	2	acres	per	pound.
Disadvantages: Growing transplants requires care. Aphids will quickly stunt young seedlings. Transplants 
must be planted in a “W” shaped furrow to protect them from heavy down pours and thunderstorms, which can 
kill	them	by	burying	them.	Yields,	the	first	year,	from	planting	are	low.

Seed	Versus	Crowns	on	2	Acres
Seed	For	2	Acres	 	 	 Crowns	For	2	Acres
$500.00/lb.(16,000	seeds/lb.)	$160.00/1,000	crowns($1,920.00)
Can’t	harvest	2nd	year	 	 Can	harvest	2nd	year
1lb.seed	can	plant	2	acres	 Takes	12,000	crowns/2	acres,
Yield After Five Years on Two Acres
  Seed   Crowns
	 	 7,000	lbs.	 	 13,000	lbs.

6. Furrow Covering and Weed Control
Can cover furrow all at once after planting crowns and no need to cover furrow in stages.
Do	not	drive	over	the	newly-covered	furrow	or	spear	emergence	will	be	delayed.
Appy	Lorox	over	the	newly-covered	furrow	and	row	middles	after	planting.
Spears	should	emerge	in	1-2	weeks	if	have	ample	soil	moisture.

Maintaining  Established Plantings
Objective:	during	the	first	2	years	after	planting	it	is	important	to	develop	maximum	fern	growth	to	develop	a	
good and extensive crown system. Any thing that interferes with this can have a prolonged and detrimental effect 
on	yield	and	the	life	of	the	bed.	Before	spring	discing	the	second	year,	broadcast	70	lbs/A	nitrogen

Irrigation
Might	be	needed	during	the	first	2	seasons	during	drought	stress	to	establish	the	planting	and	increase	fern	growth.	
Generally, deep rooted and draws water from deep in the soil

7. Harvest
How Long Can I Harvest:  
•2nd	year	-1	-	2	weeks;	
•3rd	year	-	4	weeks;	
•4th	year	-	6	weeks;	
•5th	year	-	8	weeks.	
•An	average	of	30	harvests	over	8	weeks.
•Should	harvest	about	100	lbs./Acre/Day	or	3,000	lbs.	over	30	harvests	in	a	mature	field	during	a	good	growing	
season.Harvest frequency depends on air temperature

8. Post Harvest Handling of Asparagus
Has one of the highest rates of respiration for all vegetables. Loss of quality begins at harvest and rate of de-
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terioration	is	influenced	by:	handling	practices,	sanitation,	humidity	and	temperature.	On	hot	days,	asparagus	
should	be	rapidly	cooled	to	40	degrees	F	by	hydrocooling	to	remove	field	heat.	Water	should	be	kept	around	
36	degrees	with	ice	to	provide	rapid	cooling.	Coolant	water	should	be	chlorinated	at	approximately	125	parts	
per million to protect from organisms like bacterial soft rot. If hydrocooling is not available, use cold rooms 
but	this	may	not	be	fast	enough	affecting	quality	and	shelf	life.	For	best	quality,	asparagus	to	be	held	10	days	or	
less,use	33	to	34	degrees.	Greater	than	10	days	use	36	degrees	to	prevent	chilling	and	relative	humidity	around	
90%.	Display	bunches	on	moisture	absorbent	padding	or	in	trays	of	water.	Keep	water	clean	to	avoid	soft	rot	
problems on butt ends

Weed Control – see commercial recommendations provided in each state.

Insects
Cutworms – depending on size, age and type, they can feed at the base of the spear or slightly below the soil. 
Some will climb the spear and feed on the tip.Damage is usually severe curling or twisting.
Asparagus beetles: Distinct appearance and feed on spear tips. Also lay eggs making spears unmarketable
Plant bugs – and tarnished plant bug cause severe tip dieback
Leaf miner

Diseases
Rust – attacks fern growth reducing photosynthetic area for putting food into the crown for next year
Purple Spot – Fungus causing purple spots on spears.
Fusarium	crown	and	root	rot	-		Disease	affecting	crowns	causing	rapid	bed	decline.	Premature	fern	yellowing.	
Strong varieties & maintain healthy beds.

For more complete information, you can purchase the following bulletin
How To Order:
Asparagus	Production,	Management,	and	Marketing,	by	Carl	Cantaluppi,	Jr.	&	Bob	Precheur,Product	Code:	826,	
Pages:	33,	Price:	$9.50.	
This publication was written to provide useful and practical information about asparagus production, manage-
ment, and marketing to growers over a wide geographical area across the United States and Canada. It focuses 
primarily on the northeast, Midwest, and southeastern states.
Contact for shipping and other fees: 
Ohio State University ExtensionMedia Distribution, 
2021	Coffey	Rd.,	Rm	216,	
Columbus,	OH	43210-1044,	
phone:	(614)	292-1607,	
fax:	(614)	292-2270,
pubs@ag.osu.edu
Visit	our	online	catalog	to	order:http://estore.osu-extention.org

Dr.	Precheur	is	currently	Extension	Vegetable	Crops	Specialist-Fresh	Market	Vegetables	at	The	Ohio	State	
University.	His	research	is	in	the	areas	of	pumpkin	production	and	fungicide	efficacy,	fresh	market	peppers	
and sweet corn. He was formerly the Extension Vegetable Crops Specialist at the University of Massachusetts. 
He received his B.S. degree from Delaware Valley College, his M.S. degree from Purdue University and his 
PhD degree from Kansas State University.
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BRASSICA COVER CROPS AND SEED MEALS AS SOIL BIOFUMIGANTS IN 

VEGETABLE CROPS
Dean A. Kopsell, Associate Professor and Carl E. Sams, Professor

Plant	Sciences	Department,	The	University	of	Tennessee,	Knoxville,	TN	37996-4561,	E-mail:	dkopsell@utk.
edu and carlsams@utk.edu

The web address for project descriptions is http://web.utk.edu/~tkarpine/EnhBiofum.html.

 Data now supports the concept that many classes of biological pest management are effective in controlling 
diseases caused by soilborne pathogens. The volatile compounds released from Brassica plants are known 
to release biocidal compounds that are able to suppress soilborne pathogens when incorporated into the soil. 
Sustainable control of soilborne phytopathogenic fungi is likely to be achieved through the enhancement of 
biologically	based	methods	via	the	integration	of	multiple	techniques.	Even	sub-lethal	doses	of	biofumigants	can	
act to weaken pathogen propagules making them more susceptible to the actions of the microbial antagonists that 
can be delivered through compost applications. It is clear that a fundamental attribute of an effective integrated 
organic system is its ability to decrease pathogen numbers in the soil and establish a soil microecology suppressive 
to pathogens. 

Biofumigation 
 Biofumigation is the use of volatile plant chemicals for control of soilborne pests.  The viability of 
biofumigation to control pathogens has been investigated for many years. Studies conducted at The University 
of Tennessee showed that mustard seed meal has extremely high concentrations of isothiocyanates (ITCs). The 
seed meal is also a fertilizer source of nitrogen and other nutrients. When incorporated into the soil, ITCs act as 
effective biofumigants, reducing populations of pathogenic fungal species (Sclerotium, Rhizoctonia, and Phytium), 
nematodes, weeds, and certain insect species.  These products have been shown to suppress the pathogens Botrytis 
cinerea, R. solani, F. oxysporum, Didymella lycopersici, and Cladosporium fulvum. In these studies, we found that 
the volatiles from several Brassica species suppressed the growth of the tomato pathogens P. ultimum, R. solani, 
and S. rolfsii.  The biocidal activity of Brassicas against fungal pathogens, nematodes, weeds, and insects is 
frequently	attributed	to	ITCs	from	Brassica	tissues.	ITCs	are	effective,	broad-spectrum	pesticides,	and	substantial	
quantities	of	them	can	be	produced	for	field	application.	Research	has	shown	that	Black	mustard	(B. nigra L. W. 
Koch) and Indian mustard (B. juncea L. Czern and Coss.) produce high levels of ITC, and could be utilized in a 
biofumigation cropping system.

	 Since	1999	field	 trials	have	been	conducted	at	Knoxville	Experiment	Station.	Significant	decreases	 in	 the	
incidence of Southern Blight of tomato were recorded, as well as increases in fruit yield, when integrating 
biofumigation into a sustainable production system. The research yielded important knowledge pertaining to 
the development of the appropriate production methods utilizing biofumigation as a management technique. 
Both Brassica cover crops and mustard seed meal incorporations have been evaluated. The ability to amend 
production	 soils	with	 the	 spreadable	meal,	 in	 conjunction	with	 its	 high	 ITC	 content	 (3-4	 x	 leaf	 tissue),	 give	
this enhanced biofumigation technique great potential. Problems associated with growing cover crops 
such as variable stands and weather complications are avoided when using the meal. As a fully organic 
product,	 pre-plant	 mustard	 meal	 applications	 give	 the	 grower	 superior	 ability	 to	 control	 soilborne	 pests.	 
 
Tomato Production and Blight diseases as a Model System
	 The	 use	 of	 raised-bed	 plasticulture	methods	 for	 fruit	 and	 vegetable	 production	 is	 becoming	 increasingly	
prevalent within the United States. Advantages include increased crop performance by conserving moisture and 
nutrients, stabilizing soil temperature, reducing some diseases, reducing or eliminating weeds, and increasing 
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early	harvest	yields.	Often	grown	without	rotation,	tomato	fields	can	develop	high	pathogen	inoculum	densities.	
Southern Blight, caused by the phytopathogenic fungus Sclerotium rolfsii, represents one of the major disease 
threats to tomato crops (both organic and conventional) in the southeast United States. Various control methods 
have	traditionally	been	utilized	to	lessen	the	incidence	of	Southern	Blight	in	commercial	vegetable	fields,	all	with	
no	definitive	control	of	the	disease.		A	prevailing	hypothesis	is	that	by	altering	the	composition	or	activities	of	
soil	microflora,	including	the	addition	of	biocontrol	agents	such	as	antagonistic	microorganisms,	that	there	is	a	
potential for improved control of soilborne diseases. 

Introduction
 The effects of different combinations and techniques of mustard meal and compost application and chemical 
fumigants	on	vegetable	production	are	studied	in	four	field	experiments	in	Tennessee	and	North	Caroline	and	
in	three	on-farm	trials	with	commercial	growers	during	2003-2005.	Yield	and	quality	of	tomato	and	strawberry	
plants and their diseases were measured to characterize the effects of enhanced biofumigation on productivity. 
The web address for the project is http://web.utk.edu/~tkarpine/EnhBiofum.html.

 The objectives of the studies were to study the effect of Brassica cover crop and mustard meal application in 
combination with composting on soilborne diseases and tomato yield.

 Treatment combinations applied in several locations included: 1)	Control	(no	amendments);	2)	Brassica	
plants	(fall	incorporation);	3)	Brassica	plants	(spring	incorporation)	+	Basamid	at	175	lb./acre;	4)	Brassica	plants	
(fall	incorporation)	+	mustard	meal	at	1000	lb./acre	(spring	incorporation);	5)	Mustard	meal	at	500	lb./acre;	6)	
Mustard	meal	at	1000	lb./acre;	7)	Mustard	meal	at	2000	lb./acre;	8)	Compost	at	30	tons/acre;	and	9)	Compost	at	
30	tons/acre	+	Mustard	meal	at	1000	lb./acre.

Impact of Results/Outcomes
The	 following	 results	 of	 the	 study	 are	 practically	 and	 scientifically	 important	 and	will	 impact	 on	 sustainable	
agriculture. 

1. Combination of mustard meal incorporation with compost increases the yield and quality of tomatoes, but 
the	effect	may	only	be	achieved	after	1-2	years	of	the	application.

2.	 Combination	of	mustard	meal	application	with	compost	protects	tomato	plants	from	Early	Blight.
3.	 Mustard	meal	application	increases	the	yield	of	strawberry	plants	and	protects	them	against	Anthracnose.	

These positive effects may accompanied by an increase in the number of weeds.
4.	 The	application	of	mustard	meal	disturbs	the	bacterial	and	fungi	communities	in	the	soil	during	the	first	

two weeks after the application. Both, a decrease and an increase in the number of heterotrophic bacteria 
and fungi may take place. To the end of the growing season the bacterial and fungi population is stabilized 
and deceased in number.

5. The response of nematode population to mustard meal and compost application depends on soil and 
weather conditions. Both a decrease and an increase in number of total nematodes, fungal feeders and 
bacterial feeders may occur. Mustard meal treatment and basamid treatment decrease the number of spiral 
nematode in soil associated with damage to some crops. 

The following technique of mustard meal application is recommended for vegetables production:
1.	 Compost	may	be	incorporated	before	the	mustard	meal	application	in	fall,	or	in	spring.	Usual	rate	is	30	

tons per acre. It may also be applied together with the mustard meal.
2.	 Mustard	meal	should	be	incorporated	two	weeks	before	the	expected	date	of	plating	at	a	rate	1000	-	2000	

lb. per acre. Mustard meal should be applied only to beds that will be covered with plastic to prevent lose 
of the biofumigant.
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3.	 Mustard	meal	must	be	tilled	in	the	soil.	The	beds	need	to	be	covered	with	plastic	and	irrigated	with	at	least	
1 inch of water the same day of application. The irrigation must be repeated in a day at the same rate (1 
inch). The irrigation is necessary to trigger reactions of mustard meal with the soil and soil organisms. The 
heat	under	the	plastic	kills	pathogens	and	stimulates	reproduction	of	beneficial	microbes	and	nematoes	in	
the soil.

4.	 Plants	may	be	planted	in	two	weeks	after	mustard	meal	application.	This	delay	is	necessary	to	avoid	toxic	
effect of mustard meal on germinated seeds or roots of seedlings.

Dean Kopsell is an Associate Professor of Vegetable Crop Physiology in the Plant Sciences 
Department at the University of Tennessee.  His research interests include genetic and 
environmental effects on phytochemical concentrations within vegetable and specialty crops, 
metabolism	 of	 nutritionally	 beneficial	 macronutrients	 and	 micronutrients,	 and	 breeding	
strategies to improve vegetable phytochemical concentrations.  He has a B.S. degree in 
Agribusiness from Illinois State University, and an M.S. and Ph.D. in Horticultural Science 
from the University of Georgia.  He worked previously at the University of New Hampshire 

in the former Plant Biology Department.  A native of Hebron, IL, he and his wife Jennifer currently reside in 
Knoxville, TN with their two daughters, Allison and Caroline.
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BASIC PLANT NUTRITION
Ernest L. Bergman

The Pennsylvania State University, Department of Horticulture, 
1940	Cliffside	Drive,	#110,	State	College,	PA.	16801-7662

 

 Often plant nutrition and mineral nutrition are used synonymously, however, mineral nutrition is only a part of 
plant nutrition since many essential elements involved in the growth process are not minerals. Nutrition of plants is 
the basis  of healthy plant production, yield and quality. It is very much affected by the following factors: Chosen 
crop, elements, soil, climate, water and the grower himself. 

The Law of Minimum
	 More	than		150	years	ago	the	German	chemist,	Liebig,	coined	“the	Law	of	Minimum”.	Based	on	his	research	
in plant and soil sciences, the law shed a guiding light for the future of plant nutrition and soil fertility. The Law of 
the Minimum states: Crop yield is limited by that one factor which is least available to the plant in comparison to 
each of the other factors. Over the years this basic principles for balance in plant nutrition have changed very little, 
but production practices have. Pesticide and insecticide regulations have been strengthened. New, improved crop 
varieties have been introduced and the word “organic” has been often overemphasized and organic matter application 
described	by	some	as	the	cure-all	for	a	sound	production.	Furthermore,	use	of	plastic	foil	and	drip	irrigation	have	
become of age. 

The Elements – essentiality
	 Today	17	elements	are	 recognized	as	being	absolutely	necessary,	hence	essential,	 for	plants.	The	criteria	 for	
essentiality are: The element is necessary for growth and development of the plant. The plant cannot complete its life 
cycle  (seed to seed) without that particular element. The element cannot be totally replaced by another element, must 
be	involved	in	the	metabolism	of	the	plant	and	must	have	a	specific	function.	The	essential	elements	are:	carbon	(C),	
hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg) 
which	are	called	macro-elements	and	the	following	microelements:	Iron	(Fe),	manganese	(Mn),	copper	(Cu),	boron	
(B), zinc (Zn), molybdenum (Mo), chlorine (CL), cobalt (Co).

Beneficial	elements
 These elements have not as yet been judged to be essential for all higher plants, but may be for some species or 
animals and human beings. They are: Aluminum (Al) bromine (Br), selenium (Se), silicon (Si) and sodium (Na).

Other elements
	 Since	the	plant	will	take	up	what	is	readily	available	to	it,	approximately	60	other	elements	can	be	found	in	the	
ash of the plant.

In the trade one often hears about primary and secondary elements, however this is not based on plant need,  
but	sales	potentials	and	the	most	suitable	expressions	are,	as	mentioned	above,	macro-	and	microelements	(trace	
elements) which is based on the plant and/or content.

For trouble shooting purposes
 It is also very helpful to know which are the mobile and immobile, essential elements, since the mobile elements can 
be	trans-located	from	the	physiological	oldest	plant	parts	to	the	youngest	ones	and	hence	show	deficiency	symptoms	
at that location as to compared to the immobile elements where the symptoms are exhibited on the youngest plant 
parts. The mobile essential elements are N, P, K, Mg, Mo & Cl, while the immobile ones are Ca, S, Fe, Mn, B, Cu 
&	Zn.	Depending	on	the	element,	the	expression	“toxicity”	is	not	used,	since	the	element	induces	a	deficiency	of	an	
other	element(s)	or	create	severe	imbalances.	However,	every	now	and	then	one	can	find	toxicity	symptoms	of	NO3	
(nitrate), Mn, B, Cl, Na. and lithium (Li) on plants

To identify damage 
On	plants	by	cause	it	must	be	considered	that	nutritional	symptoms	are	very	specific	on	oldest	versus	youngest	plant	
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parts in a general pattern while herbicide injury can affect oldest to youngest plant parts, as chlorosis or burned edges 
of	leaves.	Disease	symptoms	appear	here	and	there	any	place	on	the	plant	in	a	not	specific	pattern	and	insect	damage	
is visible underneath the leaves with holes or even cuts in the leaves. Virus symptoms can show up in terminals 
similar	to	microelement	deficiency	but	are	uneven,	also	sometimes	as	pockered	and	elevated	or	are	having	depressed	
areas on leaves. Pollution symptoms show up on terminals with the wind direction or on plants growing in swales.

Crops
 Each crop has separate elemental and water needs and therefore nutrients have to be applied to satisfy these 
specific	needs.	Based	thereon	crop	rotation,	not	only	variety	change,	is	very	helpful	and	should	be	used	when	possible.

Soils
 Plants get most of their nutrients from the soil or the media in which they grow. Hence, a good soil test is the 
cheapest insurance as to what is available for the plant and actually essential for annual plant production while the 
same can be stated for tissue analysis for perennial plants. Naturally, a complete tissue analysis gives the result for 
the elements present in the plant and is also helpful in trouble shooting for annual plants showing severe, visually 
unidentifiable	symptoms.	The	soil	test	also	indicates	the	pH	of	the	soil	which	is	made	up	of	the	cation	exchange	
capacity and involves the elements Ca, K and Mg, but one must remember that these three elements will strongly 
affect each others and just knowing the pH will not indicate the actual amount of each element present to the plant. 

Organic Matter
 Another important factor in the soil is the presence of organic matter, which helps with the water holding capacity, 
friability and also to some extent with nutrient availability to the plant. It should, however, not be considered to 
replace	all	the	essential	elements	needed	by	the	specific	crop	which	might	have	to	be	applied	in	form	of	synthetic	
fertilizer. Most certainly manure and compost are very helpful in plant nutrition. However, one has to be careful with 
its application, since in many cases we don’t even know where the parent material of the organic matter (compost for 
instance)	was	grown.	If	it	is	the	same	area	to	which	then	the	compost	is	applied	again	and	might	be	low	or	deficient	
in	one	element	only,	the	deficiency	will	be	enhanced,	the	soil	will	become	out	of	balance	and	plant	life	will	be	stifled.	
Composted	bio-solids	from	sewer	plants	are	excellent	but	only	when	they	meet	class	A	standards	set	by	D.E.P.	Hence,	
here too, an analysis is extremely helpful

Soil and Plant Analyses
 There isn’t a better and cheaper insurance than soil analysis for the production needs of annual plants. For 
perennial	plants,	tissue	analysis	is	preferred,	which	gives	the	total	content	of	individual	elements	in	the	specific	plant	
part	or	whole	plant.	The	soil	testing	kit	for	$	9	and	plant	analyses	kit	for	$	24	can	be	purchased	in	Pennsylvania	at	the	
Cooperative	Extension	Service	County	offices.	It	is	also	very	helpful	to	know	the	organic	matter	content	of	the	soil.	
This has to be specially requested with the soil test as an optional test for a small additional fee. Furthermore, it can 
be very helpful to know what is in the applied compost.

Information for additional tests 
 Of the manure and compost testing programs, description of fee schedules, sample submission form, soil testing 
interpretation and recommendations can be found on the Penn State Agricultural Testing Resources website www.
aasl.psu.edu.

Ernest L. Bergman joint the Faculty of the Department of Horticulture, The Pennsylvania State University 
as	Assistant	Professor	of	Plant	Nutrition	in	1958	and	retired	in	1987	with	the	rank	of	Professor	Emeritus.	He	
conducted research in Plant Nutrition and Vegetable crops, taught undergraduate and graduate students and 
helped out Extension when needed. He also served on international assignments in Argentina, Uruguay, the 
Peoples Republic of China and West	Africa.	He	has	a	2-year	degree	in	General	Agriculture	from	Switzerland,	the	
B.S. in Horticulture/Pomology from Oregon State College and the M.S. and Ph.D. degrees in Horticulture/Plant 
Nutrition from Michigan State University. He lives in State College, PA.
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BURNING PLASTIC FOR ENERGY: AN UPDATE

James W. Garthe, PE
Pennsylvania	State	University,	Department	of	Agricultural	and	Biological	Engineering,	246	Agricultural	

Engineering	Building,	University	Park,	PA	16802

	 Since	energy	drives	our	economy,	striving	to	reclaim	a	second	life	from	dirty,	used	or	non-recycled	agricultural	
plastics as an energy source is important to sustaining the American lifestyle we have come to enjoy. For 15 years 
Penn	State	University	 researchers	have	densified	commonly	discarded	plastic	 items	 to	produce	a	 fuel	or	 fuel	
supplement for heating buildings or fueling cement kilns. Penn State researchers have also promoted a Korean 
technology that cleanly burns plastics for energy recovery. Below is a brief status report on these projects.

Making the Fuel:  Plastofuel®
 A	simple	process	densifies	waste	plastics	into	a	fuel	nugget,	called	Plastofuel.	It	works	by	using	hydraulics	
to	 force	rigid	or	film	plastic	 items	 through	a	heated	die	80	mm	(3	 in.)	 in	diameter,	 thus	melting	a	 thin	 jacket	
which encapsulates the pieces of plastic and dirt within the extruded material exiting the die. A hot shear cuts the 
extrusion into dense fuel nuggets that can be easily conveyed, stored and shipped. See Fig 1.

Figure 1. These Plastofuel fuel extrusions were made from all sorts of dirty plastics mixed together. 
The	process	works	well	using	either	discarded	films,	rigid	plastic	items,	or	both.	It	 is	severed	into	
nuggets	before	co-firing	with	coal	or	wood.

The	nuggets	have	been	designed	 to	be	co-fired	5-10	percent	with	coal	 in	existing	
boilers,	allowing	the	high	temperature	of	coal	(around	1100	oC	(2000	oF)) to sustain 
clean combustion, free of noxious smoke. Nuggets also make an excellent fuel for 
cement kilns. Plastofuel can be made either on the farm or in small industrial settings, 

thereby	consuming	the	energy	close	to	the	source.	The	benefit	of	the	system	is	that	it	converts	an	annoying	waste	
into	a	valuable	fuel,	with	a	minimum	of	energy	expended	in	the	process.	Non-recycled	consumer	plastic	food	and	
beverage	containers	can	also	be	used	in	the	process.	Shown	in	Figure	2,	the	prototype	machine	developed	by	Penn	
State awaits commercialization by private enterprise. 

Figure 2.	This	prototype	Plastofuel	machine	densifies	commonly	discarded	agricultural	plastics	using	
a fraction of the energy recovered when the fuel is burned. 

Burning the Fuel:  A Onetime Bright Flame Now Snuffed Out
     Since	2003,	Penn	State	has	been	showcasing	a	plastic-derived	fuel	 technology	
developed	 by	 GR	 Technologies	 Company,	 Ltd.	 of	 Korea,	 shown	 in	 Fig	 3.	 This	
company	developed	a	plastic-derived	fuel	burner	that	cleanly	and	efficiently	burned	

certain types of plastic to heat greenhouses and other structures. Since this was the only technology of its kind 
in the world, Penn State promoted the concept of using discarded plastics as fuel in a safe and environmentally 
friendly fashion. 

Figure 3.	The	Korean	plastic-derived	fuel	burner	shown	will	not	be	for	sale	in	the	US	in	the	near	
future.

While the Korean system is an excellent idea that works well using commonly 
discarded polyethylene and polypropylene, the company has been incapable of 
developing a business model to manufacture these devices for sale in North America. 
Also, regrettably, the company will not allow the patented technology to be licensed 
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to	entrepreneurs.	Late	in	2010,	Penn	State’s	efforts	to	promote	the	environmental	sustainability	of	this	particular	
technology has come to a close.

Coming Down the Pike

 The recovery of value from agricultural plastics, either by recycling or energy recovery, formerly fell under 
the guise of the American Society for Plasticulture (ASP). ASP has recently folded and become a working group 
within the American Society for Horticultural Science. Since then, another special interest group has sprung to the 
forefront:.

The	Pesticide	Stewardship	Alliance	(TPSA)	was	founded	in	2000	as	an	organization	involved	in	many	aspects	
of pesticide stewardship. TPSA has become the new Mecca for individuals working to recover value from used 
agricultural plastics. The organization initially focused on recycling of plastic pesticide containers. Today TPSA 
is looking to include other agricultural plastic items that may have pesticide residues on them, including items 
PERCEIVED to contain pesticide residues. The organization is working to embrace and help promote various 
energy	 recovery	 processes	 such	 as	 pyrolysis,	 gasification	 and	 combustion	 of	 plastics,	 including	 plastic-to-oil	
technologies.

James W. Garthe is an agricultural engineer at The Pennsylvania State University, 
where he conducts Extension programs and technology transfer research on recycling 
and solid waste management. Outside of Penn State, he has been a consultant for 15 
years working in the area of mobile machinery accident investigations and agricultural 
machinery design and development. Prior to Penn State, he worked four years with 
FMC Corporation as a design engineer developing lawn and garden equipment, and 
also served as a supervisor in their experimental shop. He received his B.S. degree 
from	Clemson	University	in	1971,	and	his	M.S.	from	the	University	of	Idaho	in	1974,	
both	in	agricultural	engineering.	He	served	as	a	first	lieutenant	in	the	United	States	

Army	Reserve	 in	field	artillery	from	1971	-	1979.	He	 is	a	 registered	professional	engineer	and	a	certified	
recycling professional in Pennsylvania. He is married and has three children. 
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SPIKING YOUR FARM MARKET
THE SIGNIFICANCE OF EDUCATING THE CONSUMERS – YOUR CUSTOMERS

MeeCee Baker, PhD
Versant	Strategies,	116	Pine	Street,	5th	Floor,	Harrisburg,	PA		17101

 This presentation will be delivered in an interactive format focusing on audience participation so that 
attendees	can	benefit	from	the	experiences	of	others.		Dr.	Baker	will	use	a	five-step	program	to	assist	producers	in	
educating their consumers and ultimately growing their customer bases.  The delivery will be “power point free” 
but participants will leave with a detailed outline (and homework) to help them institute principles learned in the 
seminar at their home businesses.

	 The	first	step	in	the	presentation	will	focus	on	knowing customers.  Whether your customer is a baby boomer, 
Gen Xer, or senior citizen, this workshop will help you understand the needs, strengths and weaknesses of differing 
customer groups.

 After knowing your customers, you as producers will be able to begin serving customers based on their 
unique desires.  While Gen Xers may want an easily accessible website that contains hours of operation, available 
produce,	and	recipes,	senior	citizens	may	need	a	business-oriented	pamphlet	that	contains	similar	information.	

 Educating customers will	be	the	third	point	addressed.		Producers	must	first	know	and	serve	their	customers	
to	establish	loyal	consumers	and	simultaneously	then	target	their	educational	and	marketing	initiatives	to	reflect	
requirements	specific	to	individual	tastes.

 Once consumers are known, served and educated, producers can start engaging customers in	 on-farm	
activities to build a sense of ownership and community in relationship to the business.

 Enlisting customers	to	assist	in	outreach	activities	to	grow	the	business	is	the	final	step	in	customer/consumer	
relations.

 Allowing customers to provide input into the business and working to serve individual needs are keys to the 
success of any fruit/vegetable enterprise.  In the day of online social media, most consumers still desire to have 
a personal “face to face” relationship with the producers of their food.  This workshop will assist participants 
in developing a plan of action for knowing, serving, educating, engaging, and enlisting customers to ultimately 
improve	profitability.
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THE A-B-Cs, I MEAN N-P-Ks OF TOMATO PRODUCTION
Dean A. Kopsell, Associate Professor

Plant	Sciences	Department,	The	University	of	Tennessee,	Knoxville,	TN	37996-4561
E-mail:	dkopsell@utk.edu

 Tomatoes are a crop that is easy to grow, very responsive to changes in environmental growing conditions, 
and	charact4erized	by	having	a	relatively	high	nutrient/fertilizer	requirement.		With	that	said,	many	experienced	
growers	know	that	it	is	not	a	easy	task	to	maximize	the	yield	potential	of	a	tomato	crop,	either	in	field	production	
or greenhouse culture.  There are several excellent resources available that can be consulted on other cultural as-
pects of tomato production, such as proper pruning, disease management, and fruiting maximization.

 The functional roles of the essential (C, H, O, N, P, K, Ca, Mg, S, B, Cl, Cu, Fe, Mn, Mo, Ni, Zn) and ben-
eficial	(Co,	I,	Se,	Si,	Na,	etc.)	elements	are	all	fairly	well	know.		Several	of	the	essential	elements	are	involved	in	
energy transfer reactions (P, Fe, Mn).  Most have functional roles in photosynthesis (N, Mg, P, Fe, S, Cl).  Some 
are constituents of genetic materials and proteins (N, P).  Most are also used by plants as enzyme activators (K, 
Mg,	Cu,	Mo,	Zn)	(Jones,	2008).		Sufficiency	ranges	for	the	essential	elements	are	known	for	most	horticultural	
crops.		When	concentrations	of	elements	fall	below	sufficiency	ranges,	or	are	non-existent,	deficiency	symptoms	
result.  When growing conditions cause too much uptake of essential elements, toxicity symptoms become evi-
dent.		For	the	proper	diagnosis	of	deficient	and/or	toxic	conditions,	there	are	many	resources	that	can	be	consulted	
that provide descriptions and pictures for each of the elements in suspect.  The information that follows in meant 
as	a	refresher	on	nutrient	management	in	tomato	production.		Listed	are	the	sufficiency	ranges	for	tissue	nutrient	
elements for proper tomato plant growth (which depends highly on stage of plant development):

Essential Macronutrients:

NITROGEN (N) is mobile*	in	the	plant,	with	a	sufficiency	range	of	4.0	to	6.0	%**.		Essentiality: Constituent 
of chlorophyll molecule, amino acids, nucleic acids, nucleotides; Involved in the synthesis and translocation of 
phytohormones like cytokinins (delay maturity).  Deficiency: Photosynthesis inhibited, production of CHO’s 
for growth is limited.  Uniform yellowing of leaves (older to younger); Slow growing, weak, stunted plants; 
Reduced cytokinins causes rapid shift towards senescence, early matuation (yield/quality decreased).  Toxicity: 
Chlorophyll production in elevated…dark green leaves; Ammonium N will cause lack of C for growth…stunting, 
reduced root growth, breakdown of vascular tissues; Leaf burning, shoot elongation.

PHOSPHORUS (P) is	mobile	in	the	plant,	with	a	sufficiency	range	of	0.3	to	0.8	%.  Essentiality: Component of 
certain enzymes, ATP (energy transfer), RNA and DNA (genetic information).  Deficiency:  Enhanced anthocyanin 
production…red/purple coloring; Disruption of Photosynthesis because of its effect of ATP; Slow growing, stunted 
plants.  Dark green, older leaves.  Toxicity:  Very high levels can depress uptake of Zn, Fe, and Cu.

POTASSIUM (K) is	mobile	in	the	plant,	with	a	sufficiency	range	of	3.5	to	6.0	%.	 Essentiality: Maintains cell 
turgor and water status by controlling the opening and closing of the stomata; Required for accumulation and 
translocation of CHO’s; Involved in cellulose synthesis.  Deficiency:  Lack of stomatal integrity.  Older leaves 
seem	burned	at	 the	margins;	Reduced	lignification	of	vascular	bundles	causes	stem	lodging…plants	fall	over;	
Collapse	of	chloroplast	and	mitochondria;	Droopy,	flascid	leaves	because	of	reduced	ability	to	conserve	water.		
Toxicity:  Competes with Mg and Ca for uptake.

SULFUR (S) is	slightly	immobile	in	plant,	with	a	sufficiency	range	of	0.15	to	0.50	%.  Essentiality: Component 
of	amino-acids	cysteine	and	methionine;	Involved	in	protein	synthesis;	Di-sulfide	bonds	formed	by	–SH	groups	
of cysteine and methionine are crucial for tertiary structure of proteins.  Deficiency:	 	Growth	 is	 significantly	
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impared; Uniform yellowing of younger leaves, stunted plants with woody stems.  Toxicity:  Plants are relatively 
insensitive to high sulfate levels.

CALCIUM (Ca) is	immobile	in	the	plant,	with	a	sufficiency	range	of	1.5	to	4.0	%.		Essentiality:  Maintains cell 
integrity and permeability.  Calcium binds pectins in between cell walls…acts like cement; Removal of Ca from 
cell	walls	 is	part	of	 leaf	abscision	and	fruit	 ripening…very	important	 in	post-harvest	quality;	Involved	in	cell	
elongation and division; May detoxify some heavy metals inside the plant.  Deficiency:  Growing points of leaves 
and roots turn brown and die; Reduced growth of meristematic tissues; Leaves curl and become necrotic; Fruit 
quality	reduced…most	notably	is	blossom-end	rot	in	tomato.		Toxicity:  Competes with K and Mg for uptake sites.

MAGNESIUM (Mg) is	mobile	in	the	plant,	with	a	sufficiency	range	of	0.4	to	1.2	%.  Essentiality: Center of 
chlorophyll molecule; Involved in transfer of phosphoryl groups of ATP/ADP; Cofactor for enzymes affecting 
phosphorylation; Stabilizes ribosome particles for protein synthesis.  Deficiency:  Chloroplast structure affected, 
chlorophyll and grana are reduced; yellowing or interveinal chlorosis of older leaves; margins of younger leaves 
become necrotic.  Toxicity:  No symptoms, but imbalances of Mg, Ca and K may reduce growth.

Essential Micronutrients

BORON (B) is	 immobile	 in	 the	plant,	with	a	sufficiency	range	of	30	 to	100	ppm.	 	Essentiality:  Involved in 
cell division, cell differentiation, pollen tube development.  Deficiency: Abnormal growth of growing points…
twisted, stunted.  Toxicity: Typical toxicity results in chlorosis of leaf margins or tips followed by necrosis.

CHLOROINE (Cl) is	mobile	in	the	plant,	with	a	sufficiency	range	of	0.5	to	2.5	%	ppm.  Essentiality:		Influences	
cell osmotic pressure, stomatal regulation.  Deficiency:  Cell tugor is decreased…wilting and veins pucker; 
Chlorosis.  Toxicity:	Reduced	or	stunted	growth	in	non-tolerant	plant	species.		Salinity	is	the	#1	problem	world-
wide in growing plants.

COPPER (Cu) is	immobile	in	the	plant,	with	a	sufficiency	range	of	5	to	15	ppm.  Essentiality: Component of 
plastocyanin (chloroplast protein), involved in electron transport in PS I and II.  Deficiency: Reduced, stunted 
growth, apical meristem becomes necrotic.  Toxicity:	Chlorosis	of	the	leaves.		May	also	induce	Fe	deficiency.		In	
non-tolerant	plants,	reduced	root	growth	develops.

IRON (Fe) is	immobile	in	the	plant,	with	a	sufficiency	range	of	60	to	300	ppm.	Essentiality: Involved in chlorophyll 
synthesis, PS I and II, ferredoxin. Deficiency: Formation of chlorophyll hindered, interveinal chlorosis of younger 
leaves…including bronzing.  Toxicity: Results in the “bronzing” of leaf tissue, especially under waterlogged 
conditions. 

MANGANESE (Mn)		is	immobile	in	the	plant,	with	a	sufficiency	range	of	50	to	250	ppm.  Essentiality: Involved 
in the Hill Reaction (splitting of water). Deficiency: Interveinal chlorosis of young leaves, with necrotic spots.  
Toxicity:  In most plants Mn toxicity is characterized by brown speckles on mature leaves.  It may also appear as 
interveinal chlorosis and necrosis.

MOLYBDENUM (Mo) is	mobile	in	the	plant,	with	a	sufficiency	range	of	0.6	ppm.  Essentiality:  Nitrate reductase 
enzyme…converts nitrate to ammonium in the plant.  Deficiency:   Limited nitrate reduction causes less N in 
plant…necrotic leaf margins, chlorosis, curling.  Toxicity: Very high levels of Mo will result in malformation of 
leaf tissues and development of a golden yellow color on the shoots

NICKEL (Ni) is	mobile	in	the	plant,	with	a	sufficiency	range	of	1	to	10	ppm.		Essentiality:  Urease is the only 
Ni-containing	enzyme	identified	in	higher	plants.		It	is	involved	in	necessary	breakdown	of	urea-N	during	normal	
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N metabolism.  Deficiency:		No	real	deficiency	identified	in	field	grown	plants.		Toxicity: Restricted root growth.  
Limited dry matter production.

ZINC (Zn) is	mobile	 in	 the	plant,	with	 a	 sufficiency	 range	of	30to	100	ppm. Essentiality: Needed for some 
enzymatic reactions (carbonic anhydrase).  Also is involved in pprotein synthesis.  Present in chloroplast.  
Deficiency: Interveinal chlorosis of older leaves.  Stinted growth due to short internodes.  Toxicity:	In	non-tolerant	
plants toxicity results in inhibition of root elongation.  It can also lead to chlorosis in younger leaves by inducing 
a	deficiency	of	Mg,	Fe,	or	Mn.

*Mobility	gives	a	good	indication	of	the	suspected	deficient	element.		Mobile	elements	will	display	deficiency	
symptoms	on	older	leaves,	whereas	immobile	elements	will	display	deficient	symptoms	on	new	growth.		**	1%	
=	10,000	ppm.

The critical macronutrient elements to tomato plant growth are N, Ca, P, K, and Mg.  The critical micronutrient 
elements	to	tomato	plant	growth	can	be	narrowed	to	Fe	and	Zn	(Jones,	2008).

References:

Jones,	J.B.,	Jr.	2008.	Tomato	plant	nutrition,	pp.	129-178.	In:	Tomato	plant	culture:	in	the	field,	greenhouse,	
and home garden. CRC Press, Taylor & Francis Group, Boca Raton, FL.

Dean Kopsell is an Associate Professor of Vegetable Crop Physiology in the Plant Sciences 
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Agribusiness from Illinois State University, and an M.S. and Ph.D. in Horticultural Science 
from the University of Georgia.  He worked previously at the University of New Hampshire 

in the former Plant Biology Department.  A native of Hebron, IL, he and his wife Jennifer currently reside in 
Knoxville, TN with their two daughters, Allison and Caroline.
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FOOD SAFETY
FARM FOOD SAFETY UPDATE FROM PENN STATE UNIVERSITY: RECENT RE-

SEARCH AND EXTENSION ACTIVITIES 
Luke F. LaBorde Ph.D.

Associate Professor of Food Science, Penn State University

 Nationwide interest in farm food safety continues to rise and Pennsylvania fruit and vegetable growers are 
increasingly affected. Most major grocery store chains and many restaurant chains now require their produce sup-
pliers to learn about farm food safety and some are demanding documentation of safe practices through written 
plans and third party inspections. Farm food safety standards, known as Good Agricultural Practices or “GAPs”, 
include	procedures	for	 the	safe	use	of	crop-contact	water,	use	of	raw	and	composted	animal	manures,	worker	
hygienic	practices,	post-harvest	handling	practices,	and	product	 trace-back	 (FDA	1998).	This	 is	new	 territory	
for most Pennsylvania fruit and vegetable growers and Penn State Extension is committed to helping the state’s 
agricultural producers tackle this challenge. 

 An important component of Good Agricultural Practices is monitoring the quality of water used for irrigation 
or other crop contact uses. From a food safety standpoint, surface water (e.g. rivers, streams, lakes) is of great-
estconcern since it has the potential to become suddenly and unpredictably contaminated from wildlife activities, 
agricultural or urban runoff, or uncontrolled access to domestic animals.Regular testing for human pathogens is 
not practical because specialized methods that are expensive and time consuming are necessary. Instead, lower 
cost testing for microbial indicator organisms (e.g. E. coli, coliforms, fecal coliforms, Enterobacteriaceae) is pre-
ferred. However, since indicator groups include both harmful and harmless microbes, they vary in their ability to 
predict	potential	food	safety	problems	(Suslow	2009).	

	 There	are	no	government	regulations	that	specifically	establish	safe	levels	of	microorganisms	in	pre-harvest	
water that comes into contact with fruits and vegetables. However, microbial water standards have been estab-
lished by commodity groups and auditing companies. U.S. Environmental Protection Agency (EPA) microbial 
standards	for	safe	recreational	water	that	limit	the	number	of	E.	coli	to	less	than	the	equivalent	of	126	microbial	
cells	 (CFU)	per	100	ml	of	water	have	been	adopted	by	 the	 fresh	produce	 industry	 for	 leafy	greens	and	other	
commodities	that	have	been	associated	with	foodborne	outbreaks	(WGA	2010).	Pennsylvania	recreational	water	
standards,	however,	limit	fecal	coliform	levels	to	less	than	200	CFU/100	ml	of	water	(EPA	2003).	GlobalGAP,	a	
private	sector	body	that	sets	voluntary	worldwide	standards	for	certification	of	agricultural	products,	limits	fecal	
coliforms	in	crop	contact	water	to	less	than	1000	CFU/100	ml	(GlobalGAP	2010).	It	can	be	expected	that,	when	
U.S.	Food	and	Drug	Administration	(FDA)	establishes	produce	safety	standards	in	2011,	they	will	decide	which	
among these standards is most appropriate for acceptable microbial levels in crop contact water.  

	 In	the	summer	of	2010,	the	Penn	State	Department	of	Food	Science	conducted	a	survey	of	microbial	popula-
tions in Pennsylvania surface water sources used for crop irrigation. After statewide farm food safety training was 
completed	in	2009,	a	follow-up	survey	was	sent	to	236	attending	farmers.	Of	the	56%	of	farms	who	returned	the	
survey,	76%	indicated	that	they	irrigate	their	crops	and	60%	of	those	reported	they	use	surface	water	for	irrigation	
or other crop contact use. We telephoned surface water users located in south central and south eastern Pennsyl-
vania	to	ask	permission	to	conduct	water	sampling	three	times	during	the	2010	growing	season.	This	area	of	the	
state was selected because of its high concentration of produce farms and its nearness to the Penn State Berks 
campus	where	samples	were	analyzed.	Once	we	obtained	permission	to	sample	at	33	farms,	each	three	times	dur-
ing	the	growing	season,	theirlocations	were	entered	into	a	Google	Maps	database.	Using	this	web	application,	five	
sampling routes were planned based on calculated driving times necessary to limit the interval between sampling 
and	analysis	to	no	more	than	six	hours,	as	specified	in	EPA	protocols	for	microbial	testing	of	surface	water.	
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 Using standard microbial methods, populations of indicator microbes(total plate counts, coliforms, fecal co-
liforms,	Enterococci,	and	Enterobacteriaceae)	were	determined.	Select	human	pathogens	(E.	coli	O157:H7,	Yer-
sinia enterocolitica, Salmonella spp., Shigella) were also determined at each site. Data was collected at each site 
for air and water temperature, and water pH, turbidity, conductivity, and dissolved oxygen. The type of crops 
grown,	upstream	water	use,	depth	at	intake,	precipitation	during	the	previous	72	hours,	water	movement,	algae	
growth, and nearby animal activity were also recorded.

	 Results	are	only	preliminary	at	 this	 time	(LaBorde	and	others	2010)and	a	complete	statistical	analysis	for	
predicators of microbial quality is ongoing. However, data can be reported for some microbial indicator popula-
tions	(Figure	1).	Based	on	fecal	coliform	counts,	we	calculate	that	67%	of	the	samples	would	be	above	the	limit	
for	fecal	coliforms	in	the	Pennsylvania	recreational	water	standards	and	that	44%	would	be	above	the	irrigation	
water	limit	required	for	GlobalGAP	certification.	If	samples	were	evaluated	against	California	leafy	greens	stan-
dards	for	generic	E.	coli,	57%	would	be	in	violation.	The	widespread	occurrence	of	E.	coli	is	of	concern	since	it,	
among the indicator groups, is the most reliable predictor of fecal contamination, and thus the presence of human 
pathogens. We also observed that many of the water sources were accessible to domestic and wild animals and 
that	some	samples	were	taken	from	low-flow	streams	or	still	ponds,	factors	which	might	be	linked	to	higher	mi-
crobial populations. Many of our tests were positive for human pathogens. However, we cannot report the data at 
this	time	since	we	have	only	just	begun	to	conduct	confirmatory	tests	necessary	for	definitive	conclusions.		

 Based on the data and observations collected last summer, we recommend that growers follow established 
Good Agricultural Practices to protect surface water sources from contaminants. These include protecting surface 
water from uncontrolled livestock or wildlife access; implementing soil and water conservation practices such as 
grass/sod waterways, diversion berms, runoff control structures, and vegetative buffer areas to minimize runoff; 
and using drip, furrow, or underground irrigation techniques instead of overhead spraying. 

 Penn State Cooperative Extension stands ready to assist Pennsylvania growers implement Good Agricultural 
Practices on their farms. A program team consisting of state wide educators with expertise in production agricul-
ture and food safety has developed educational materials and is delivering training and assistance throughout the 
state. ThePenn State Farm Food Safety web site at www.foodsafety.psu.edu/gaps was developed to provide grow-
ers with tools they can be used to start writing a food safety plan. Included in the site are sections titled “What 
are Good Agricultural Practices”, “How does my farm compare with national GAP standards?” “How do I write a 
food safety plan?”, and perhaps most importantly “Where can I get help?”. The site also includes a template farm 
food safety plan with checklists and forms designed to make documentation farm food safety practices simple and 
straightforward. Information on upcoming GAP training workshops is also posted. 

 For more information farm food safety research and extension activities at Penn State, visit the Penn State 
Farm	Food	Safety	web	site	at	www.foodsafety.psu.edu/gaps,	or	contact	Dr.	Luke	LaBordeat	814-863-2298	or	
lfl5@psu.edu.		
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Figure 1. Population levels of coliforms, fecal coliforms, and E. coliin Pennsylvania surface water used for irriga-
tion of fresh produce. (Samples collected three times during the growing season)
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Figure 1. Population levels of coliforms, fecal coliforms, and E. coliin Pennsylvania surface 
water used for irrigation of fresh produce. (Samples collected three times during the 
growing season) 
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POSTHARVEST HANDLING
ABCs OF POST-HARVEST HANDLING 
Lee	Stivers	Young1,	Brian	Kelly2,	and	Thomas	Ford2

1Penn	State	Cooperative	Extension,	Washington	County,	100	West	Beau	St.,	Washington,	PA	15301
2Penn	State	Cooperative	Extension,	Blair	County

Produce a Clean, Mature Product: Quality cannot be improved after harvest; it can only be maintained. Noth-
ing done during postharvest stages can improve that quality.  So it makes sense to start with the highest quality 
crop possible at harvest. This means selecting the right varieties, controlling pests during the growing season, 
managing water and nutrients, and harvesting at the optimal time.

Handle with Tender Loving Care:  If produce is injured during harvest, grading or packaging, damage may not 
be seen until it reaches the retail or consumer levels. Postharvest rots are more prevalent in injured produce. Me-
chanically damaged fruits and vegetables also lose water more rapidly. Whether you are harvesting and handling 
cabbages	or	corn,	berries	or	beans,	“treat	‘em	like	eggs!”

Natural Processes Age Produce: Plants continue to respire after harvest, causing a loss of food value, weight, 
flavor	and	texture.	Water	is	lost	through	transpiration,	causing	wilting,	shriveling,	and	softening.	Ethylene	gas	is	
produced naturally by some commodities like apples and tomatoes, while other commodities, such as leafy greens 
and broccoli, are sensitive to the presence of ethylene. Chilling injury occurs when certain fruits and vegetables 
are cooled to temperatures below 55o F. 

Remove the Field Heat and Store at Proper Temperature: Natural processes that age produce can be greatly 
minimized by cooling produce and storing it under the proper temperature and humidity. Postharvest cooling 
lowers the respiration rate of the product, slows water loss, inhibits the growth of molds and bacteria that can 
cause	decay,	and	reduces	the	production	of	ethylene.	Cooling	methods	include	room-cooling,	forced-air	cooling,	
hydro-cooling	and	icing.

Sanitize for Food Safety:	Using	chlorine	or	other	sanitizing	agents	in	wash	water	and	hydro-cooling	water	helps	
protect	against	post-harvest	diseases	and	also	helps	protect	consumers	from	food-borne	illnesses	caused	by	patho-
gens	such	as	E.	coli	157:H7,	salmonella,	cryptosporidium,	hepatitis,	and	cyclospora.	

Package Properly: Any packaging should be designed to prevent physical damage to produce and be easy to 
handle. Depending on the produce item, packaging can aid in retaining water while still allowing gas exchange.

Know Your Produce:	Various	types	of	fruits	and	vegetables	have	different	post-harvest	needs.	Tomatoes,	sum-
mer squashes, cucumbers and eggplants are very sensitive to chilling injury, and should not be held at the same 
temperatures as leafy greens and berries.Some items such as onions, garlic and sweet potatoes must be properly 
cured before storage. Become familiar with the optimum storage temperatures and curing needs of each produce 
item.

Information Sources:

Wilson,	L.G.,	M.D.	Boyette,	and	E.A.	Estes.1995.	“Postharvest	Handling	and	Cooling	of	Fresh	Fruits,	Vegetables,	
and	Flowers	for	Small	Farms.”	NC	State	University.http://www.ces.ncsu.edu/depts/hort/hil/hil-802.html

Boyette,	M.D.,	L.G.	Wilson,	E.A.	Estes.	1989.	“Introduction	to	Proper	Postharvest	Cooling	and	Handling	Meth-
ods.”	NC	State	University.http://www.bae.ncsu.edu/programs/extension/publicat/postharv/ag-414-1/index.html
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University of California at Davis Postharvest Technology Research and Information Center, http://postharvest.
ucdavis.edu/
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LeeStivers	Young	has	been	the	County	Extension	Director	in	Washington	County	since	2001.	She	is	a	mem-
ber of Penn State Cooperative Extension’s Vegetable and Small Fruit Program and GAPs Program Teams, 
and also works with greenhouse producers and the wine grape industry in southwestern Pennsylvania. Prior 
to moving to Pennsylvania, Lee worked for Cornell Cooperative Extension and the University of California, 
Davis. 
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WINTER SQUASH CULTIVAR EVALUATIONS IN WEST VIRGINIA
Lewis	W.	Jett,	State	Extension	Specialist-Commercial	Horticulture,	West	Virginia	University

John	Murray,	WVU	County	Extension	Agent-Marion/Taylor	Counties
Larry	Campbell,	WVU	County	Extension	Agent-Harrison	County

Introduction:
 Winter squash (Cucurbita spp.) is widely grown throughout West Virginia.  Winter squash is a very nutrient 
dense	vegetable	containing	significant	amounts	of	fiber	and	Vitamins	A	and	C.			The	market	potential	for	winter	
squashes continues to expand because this type of squash can be stored for several months and sold during the 
off-season.		The	optimal	storage	environment	is	cool	(50-60°F)	and	dry	(50-70%	relative	humidity).		
			Twenty-eight	winter	squash	cultivars	were	hand-seeded	into	50-cell	pro	trays	filled	with	Promix	media	on	June	
14,	2010.		One	seed	was	seeded	per	cell.		Transplants	were	grown	in	trays	outside	and	watered	once	or	twice	daily.			
On	July	8,	the	winter	squash	transplants	were	hand-transplanted	on	raised	beds	covered	with	white	plastic	mulch	
and	drip	irrigation	on	a	commercial	produce	farm	near	Jane	Lew,	WV	(39°N).		The	soil	at	this	site	was	a	silt-loam	
with	a	pH	of	6.2.		Prior	to	bedding	and	transplanting,	100	lbs	of	N,	applied	as	10-20-20	was	broadcast	and	disked	
into	the	plots.		No	fungicides	were	sprayed.		Each	plot	was	20	feet	long	with	6	plants/plot	spaced	3	feet	between	
plants.   Each cultivar was replicated three times and the experimental design was a randomized complete block.  
Harvest	began	on	October	8,	2010.		Squash	were	counted	and	weighed.		Subsamples	of	squash	were	collected	for	
postharvest storage evaluations. All data were analyzed using Costat statistical analysis.

Results and Discussion:
 Acorn squashes are native to North America and typically have a green to variegated colored rind with deep 
furrows.		The	flesh	is	usually	yellowish	with	a	relatively	large	seed	cavity.		‘Table	Queen’	was	one	of	the	first	
varieties released by seed companies and is still a viable commercial variety.  Nine cultivars of acorn squash 
were evaluated. Both ‘Tiptop’ and ‘Taybelle’ acorn squash have good resistance to powdery mildew, a potentially 
serious disease of winter squashes.  ‘Autumn Delight’, ‘Harlequin’ and ‘Taybelle’ produced the highest yields of 
acorn squash/acre while ‘Jet’, ‘Tiptop PMR’ and ‘Autumn Delight’ cultivars had the largest sized fruit (Table 1).  
‘Honey	Bear’,	a	new	All-America	Selection	Winner	produced	small,	lightly-ribbed	fruit	on	a	compact	plant.	
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 Butternut squash are in the group called ‘neck pumpkins’ or Cucurbita moschata.  These types of winter 
squashes	have	long	necks,	a	tan/buff	external	color,	dark	orange	interior	and	excellent	flavor.		Butternut	squash	has	
a	very	moist	flesh	and	easy	to	peel	skin.		Six	butternut	squash	cultivars	were	evaluated.		‘Atlas’	produced	a	very	
large	fruit	(»5	lbs/fruit).		While	yields	of	this	cultivar	were	excellent,	some	of	the	fruit	had	significant	longitudinal	
growth cracks which could reduce marketable yields and post harvest storage life (Table 1).  ‘Waltham’, a previous 
All-America	Selection	winner,	had	significantly	high	yields	but	was	not	as	uniform	in	size	and	shape	as	more	
recent	hybrids	such	as	‘Avalon’.		Both	‘Metro’	and	‘Bugle’	are	superb,	small	(<	2	lbs/fruit)	butternut	squashes	
(Table 1).  ‘Metro’ exhibited some infection by anthracnose in one replication.

	 Buttercup	squashes	were	first	developed	by	horticulturists	in	North	Dakota	in	the	1920’s.			Buttercup	squashes	
have a sweet potato texture and were developed to become the northern sweet potato substitute. Buttercup squashes 
are small, round squashes with a distinct navel or turban. Three buttercup squash cultivars were evaluated.  ‘Bon 
Bon’	is	a	dark-green	buttercup	squash	with	high	average	fruit	weight	but	did	not	yield	the	largest	number	of	fruits	
per acre (Table 1).  ‘Sunspot’ is a dark red/orange squash with high yields.  ‘Orange Cutie’ produced a large 
number of small, buttercup squashes.

 Delicata squashes are	 small	 cream-colored	 squashes	with	 green	 stripes.	 	The	 ‘Delicata’	 variety	 evaluated	
weighed	had	an	average	fruit	weight	of	1	lb	with	6	lbs	of	fruit	produced	per	plant	(Table	1).
   
 Hubbard squashes are diverse types of squashes in size and color.  Hubbard squashes have a teardrop shape 
and are excellent storage squashes. ‘Red Kuri’ is a small hubbard squash with a dark red shell. ‘Red Kuri’ is a 
superb squash in both quality and marketable yield.
   
 Kabocha squashes are Japanese squashes which closely resemble buttercup squashes, except they lack the 
turban or navel.  Kabocha squashes are considered to be the highest quality winter squashes for market.  They 
typically don’t have unique colors or shapes, but their eating quality is unmatched.  ‘Cha Cha’ and ‘Kabocha 
Orange’ produced high yields of quality fruit (Table 1).  ‘Cha Cha’ has a green exterior (shell) while ‘Kabocha 
Orange’ is burnt orange.
   
	 Spaghetti	 squash,	 sometimes	 called	 vegetable	 marrow,	 is	 typically	 oblong	 shaped	 with	 a	 stringy	 flesh.	
Spaghetti squash originated in China.  When spaghetti squash fruit turn a golden yellow, they are ready for 
harvest.	 	Although	yields	from	this	winter	squash	can	be	significant,	this	type	of	squash	has	poor	tolerance	to	
powdery mildew.  Striped spaghetti squash ‘Stripetti” had very high marketable yields (Table 1). 
   
	 Winter	squashes	are	very	easy	to	grow	and	produce	a	significant	yield	of	marketable	fruit	on	a	limited	space.		
Winter squash must be harvested when the rind or shell is tough and unable to be penetrated by a thumb nail.  
Most	winter	squashes	benefit	from	field	
curing for about 5 days in warm, dry weather.  This curing process improves postharvest quality.  The squash can 
be stored in basements. sheds or root cellars throughout the winter for extended use or marketing.
    
 Six fruit from each cultivar were selected for winter storage.  The squash were dry packed into plastic storage 
baskets and were placed in a basement.  Culinary evaluations were made over the course of storage.  Results from 
post harvest evaluations will be presented at the Mid-Atlantic Fruit and Vegetable Convention.
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Table 1.		Marketable	yield	of	winter	squash	cultivars	in	West	Virginia,	2010.

Cultivar Type Avg. wt.
(lbs)

Marketable yield
(lbs/plant)          (tons/acre)

Autumn Delight Acorn 1.8 		8.2 	7.5
Celebration 1.3 		6.6 		6.0
Harlequin 1.2 		7.9 		7.2
Honey Bear 1.2 		4.5 		4.1
Jet 1.8 		6.6 		6.0
Table Star 1.4 		6.9 		6.3
Taybelle PMRz 1.7 		8.2 		7.5
TipTop PMR 1.8 		6.6 		6.0
Tuffy 1.3 		3.8 		3.4

Atlas Butternut 4.9 13.4 12.0
Avalon 2.7 13.6 12.3
Bugle 1.7 		7.6 		6.9
JWS 6823 1.5 		7.7 		7.0
Metro 1.5 		7.3 		6.6
Waltham 2.0 13.4 12.1

Bon Bon Buttercup 2.3 		5.2 		4.7
Sunspot 1.7 		6.0   5.5
Orange Cutie 1.4 		7.8 		7.0

Delicata
Delicata 1.0 		6.2 		5.6

Red Kuri Hubbard 2.6 			5.9 5.3

Kabocha
Cha Cha 3.1 			5.9 5.3
Delica 3.0 			3.9 3.6
Kabocha 
Orange

3.1 			9.1 8.2

Orange Cutie 1.4 			7.8 7.0
Spaghetti

Spaghetti 2.4 		6.7 6.1
Stripetti 2.6 17.3 15.7

*LSD 
(0.05)

0.6 2.9 2.6

zPMR=Powdery mildew resistance
*Means	which	differ	by	more	than	the	LSD	value	are	statistically	different	at	P=0.05.

Lewis W. Jett, Ph.D, State Horticulture Extension Specialist, Small Fruit and Vegetable Crops, West Virginia 
University,	Morgantown,	WV		26506
Email:  Lewis.Jett@mail.WVU.edu
Dr. Jett is State Extension Horticulture Specialist with an emphasis in commercial, edible horticulture 
crops.  His research and outreach program focuses on methods to lengthen the traditional growing season 
and expanding locally grown production of fruits and vegetables.  Other areas of research include stand 
establishment,	seed	production,	no-till	production	and	organic	horticulture.
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PENNSYLVANIA MARKETMAKER

Sarah Cornelisse
Penn	State	University,	206A	Armsby	Building,	University	Park,	PA	16802;	sar243@psu.edu

Introduced	in	Pennsylvania	in	August	2010,	MarketMaker	is	a	web-based	resource	that	connects	farmers,	proces-
sors,	distributors,	food	retailers,	and	consumers.		The	National	MarketMaker	system	currently	includes	17	partner	
states, including the District of Columbia.

What is MarketMaker?
•	 MarketMaker	is	a	resource	for	all	businesses	in	the	food	supply	chain.		The	site	can	help	a	grocery	store			
	 find	farm-fresh	produce	or	a	farmer	find	a	place	to	sell	their	product,	such	as	farmers’	markets	in	a	target			
 location.
 o Locate other produces, processors, wholesalers, food retailers, farmers’ markets and restaurants within   
  the partner states.
 o Create lists of potential marketing partners by location.
•	 The	MarketMaker	website	contains	demographic	and	business	data	that	the	use	can	query.		Details	can	be		 	
 summarized on a map to show concentrations of consumer markets and strategic partners.
 o Identify potential markets by demographic characteristics.
•	 MarketMaker’s	Buy	&	Sell	Forum	hosts	time	sensitive	posts	including:	requests	for	specific	food	products,	
 freight sharing opportunities, and products available for immediate delivery.

PA MarketMaker is supported by the following – Penn State College of Agricultural Sciences, Fair Food, PA 
Vegetable Growers Association, PA Preferred, PA Retail Farm Market Association, PA Winery Association, PASA 
and PA Farm Bureau 

Using	Pennsylvania	MarketMaker	is	free!		Register	your	business	on	the	MarketMaker	website	so	that	other	busi-
nesses and potential customers can locate you.  Check it out today at www.PAMarketMaker.com.

Sarah Cornelisse is a Sr. Extension Associate in the Dept. of Agricultural Economics at Penn State Univer-
sity.	Her	programming	is	 in	the	area	of	business	management	and	marketing	with	a	focus	on	value-added	
agricultural entrepreneurship, business and marketing planning, and the use of social media for small scale 
ag marketing.  She has her B.A. in Mathematics from SUNY Geneseo and M.S.s in Agricultural Economics 
and Animal Science from Penn State.  Originally from Albion, NY, Sarah and her husband Gary live in State 
College.
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MAINTAINING QUALITY AT THE WHOLESALE/RETAIL LEVEL

Wesley Kline, PhD
Rutgers	Cooperative	Extension	of	Cumberland	County,	291	Morton	Ave.,	Millville,	NJ08332

wkline@rce.rutgers.edu

 Introduction:  Good	 produce	 quality	 (firmness,	 flavor,	 etc.)	 helps	 maintain	 self-life	 and	 can	 increase	
profitability.		Quality	concerns	do	not	start	the	day	you	harvest	the	crop.		They	start	even	before	the	seed	is	planted.		
Selecting the right variety with the most disease tolerance that has acceptable plant and fruit characteristics, 
planting at the correct time of the year and harvesting at the proper stage of maturity are all important.

 Rough handling during picking, poorly designed grading equipment, trying to grade too large an amount and 
overfilling	boxes	can	all	affect	the	produce	shelf	life	and	may	lead	to	loads	being	rejected	at	the	retail	end.		It	only	
takes a few minutes to watch peppers being graded to determine if there may be damage points on a line or if the 
product is too large for the box being used.  One rejected load will pay for the time a grower spends watching his 
crew or family grade the product.

 The main way to maintain quality is to maintain the cold chain.  Most fruits and vegetables should be cooled 
to the recommended temperature within four hours while soft berries (strawberries, raspberries, etc) must be 
cooled in two hours.  Depending on the ripeness of the tomatoes, they may be held at room temperature to further 
ripen after harvest.  It is critical to maintain produce at the appropriate temperature to maintain quality and extend 
shelf life.  When cooled produce is allowed to warm above the recommended temperature the produce quality 
decreases.  

Temperature Guidelines for Fresh Produce (up to 10-day storage)
32-36F, 90-98%1 45-50F, 85-95% 55-65F, 85-95% 

Arugula(se) Parsley(se) Basil(se), (50F) Bitter Melon
Asparagus(se) Peas(se) Beans Dry Onions
Beets Radish Cucumber(se) Pumpkin
Broccoli(se) Rhubarb Eggplant(se) Winter Squash(se)
Cabbage(se) Rutabaga Okra(se) Sweet Potato(se)
Carrots(se) Chard(se) Peppers Tomatoes-E-
Cauliflower(se) Apples–E- Potatoes Watermelon-E-
Sweet Corn Blackberry S. Squash(se)
G. Onions(se) Blueberry Tomatillo For ripening 55-70F, 85-95% 
Garlic Cantaloupe-E- Peaches-E-
Herbs(se) Cherry Pears-E-
Kale(se) Grape Plums-E-
Greens(se) Peach (ripe)-E-
Leeks(se) Plum (ripe)-E-
Lettuce(se) Raspberry
Mint(se) Strawberry

1		%	Relative	humidity
 Ethylene can affect the storage length of produce.  In the table above, produce that is marked with a “se” could 
develop	a	potential	problem	if	stored	too	long	with	produce	that	generates	ethylene	“-E-.		In	addition,	produce	
such	as	onions	and	garlic	can	give	off	flavors	to	other	produce	if	stored	for	long	periods	together.

 Cooling systems:	There	are	many	ways	to	remove	the	field	heat	and	maintain	produce	quality	whether	you	
are	a	large	or	small	grower.		Forced	air-cooling	where	the	air	is	either	pulled	or	pushed	through	the	product,	cold	
water	(hydro-cooled)	for	product	such	as	sweet	corn,	leafy	greens	and	asparagus,	vacuum	cooling	or	placing	the	
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product	in	a	cold	room	are	cooling	options.		All	work	well	for	specific	commodities,	but	some	can	be	expensive	
for small growers.

 Basic for any produce operation is to have some type of cold room or have access to one close to the operation.  
Growers who do not have this option cannot produce good quality produce.  However, walk in coolers can be 
expensive	($3500.00)	just	for	the	compressor	which	may	make	it	cost	prohibitive	for	small	growers.		Ron	Khosla	
(http://storeitcold.com) a grower in New York designed a simple unit to help reduce that cost.  The “Coolbot” is 
a unit that is attached to a standard air conditioner to lower the temperature without freezing up.  The unit costs 
$299.00	and	this	combined	with	the	air	conditioner	is	a	very	inexpensive	way	to	maintain	temperatures	in	a	room.		
The	room	must	be	well	insulated	(at	least	4	inches)	on	all	surfaces	including	the	floor.		The	air	conditioner	capacity	
must	be	matched	with	the	size	of	room.		Also,	not	all	conditioners	are	easily	to	retrofit	for	the	Coolbot	(check	
website	for	details).		The	maximum	room	size	is	approximately	10	X	14	feet	for	one	Coolbot.		The	same	type	of	
unit can be used in a trailer or box truck when the grower goes to market.  Individuals who have purchased these 
units have been very happy with the results.

Cold Room Dimensions
Feet

Air Conditioner Size
BTUs

6	X	8 10,000
8 X 8 12,000
8	X	10 15,000
8	X	12 18,000
10	X	12 21,000
10	X	14 25,000

 Transporting product:The cold chain must be maintained even during shipping whether it is from the 
packinghouse to the market or across the country.  If loading a refrigerated truck, make sure the unit is functioning 
properly and at the desired temperature prior to loading.  These refrigeration units are designed to maintain 
temperatures, not to remove heat from a product, so produce must be cooled prior to loading.  The required 
temperature should be written on the bill of lading in case of an issue later.  In addition, temperature recorders can 
be placed in the load to ensure the produce is maintained at the right temperature.

 Farmers markets: Keeping	produce	cool	at	farmers	markets	can	be	a	difficult	process.		Perishables	should	be	
maintained	at	45F	or	lower.		There	are	several	ways	to	help	keep	the	temperature	near	the	optimum	level.		Produce	
should be displayed so the sun does not shine directly on the produce.  All produce should be displayed under 
shade by an umbrella, canopy or permanent structure.  All perishable produce should be transported in coolers 
with ice.  Place a cloth towel between the produce and ice to reduce the chance of freezing or cold damage.  This 
is especially important for leafy greens.  The towel also helps to maintain the moisture in the produce.  In addition, 
if the coolers are stored in the cold room the product will not warm from a warm cooler.  

Produce can be displayed on ice.  This combined with the use of a spray bottle of potable water helps maintain 
produce moisture and provide some cooling.  Only display a portion of produce and continually rotate the product 
so customers see quality items.

 Rehydration: Leafy greens are very susceptible to dehydration even under the best of conditions.  The 
rehydration	process	allows	 the	produce	 to	be	 sold	without	measurably	 reducing	 the	quality.	 	The	first	 step	 in	
the process is to cut a fresh thin slice from the vegetables cut surface.  Submerge in lukewarm (tepid) water and 
soak	for	10-15	minutes	then	drain	the	vegetable	and	shake	off	the	excess	water.		The	lukewarm	water	opens	the	
pores in the vegetable and allows water to enter.  Immediately place in refrigeration for a minimum of four hours.  

POSTHARVEST HANDLING
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Refrigeration closes the pores and maintains the vegetable in a well hydrated state.  The produce will be crisp and 
ready to sell.

References

Jolly,	Desmond	and	Chris	Lewis.	2005.	Food	Safety	at	Farmers	Markets	and	Agritourism	Venues	–	A	Primer	for	
California Operations. UC Small Farm Center.

Kader,	Adel	(ed).	2002.	Postharvest	Technology	of	Horticultural	Crops.	3rd.	Univ.	of	Calif.	Pub.	3311.

Thompson,	James	and	Adel	Kader.	2009.	From	the	Farm	to	Your	Table	–	A	Consumer’s	Guide	to	Fresh	Fruits	and	
Vegetables.	Univ.	of	Calif.	Pub.	21643.

Wes Kline is an Agricultural Agent with Rutgers Cooperative Extension in Cumberland County, New Jersey.  
He is responsible for the commercial vegetable and herb production programs in the county.  His research 
and extension activities are based on growers’ needs in integrated pest management, cultural practices and 
post	harvest	handling.		Areas	of	emphasis	the	last	five	years	have	been	on	food	safety,	cultural	systems	related	
to phytophthora blight of pepper and tomato production systems.  He is the state coordinator for food safety 
training in produce.  Before joining Rutgers Cooperative Extension, Dr. Kline worked in Central America 
with the United States Agency for International Development and the Honduran Foundation for Agricultural 
Research  He received his B.A. from Salem College, Salem, West Virginia and his MS and Ph.D. from Cornell 
University in the Vegetable Crops Department.  

POSTHARVEST HANDLING

Order online at Johnnyseeds.com 
or call 1-877-564-6697

Winslow, Maine U.S.A.

l Award-Winning Development
l Cutting-Edge Varieties
l Innovative Products
l On-site Customer Support

Johnny’s is invested in your future.

Johnny’s Breeds Success!

An employee-owned company



108

SPOTTED WING DROSOPHILA IN SMALL FRUIT
Kathy Demchak

Penn	State	University,	102	Tyson	Building,	University	Park,	PA			16802

 Spotted wing drosophila (Drosophila suzukii)	 is	an	 invasive	 fruit	flythat	has	 recently	become	problematic	on	
small	fruit	crops,	in	addition	to	soft-fruited	tree	fruit.		Previously	it	had	been	called	the	“cherry	vinegar	fruit	fly”,	as	it	
was	frequently	noted	as	a	pest	of	cherries.It	has	been	documented	as	a	pest	in	Japan	since	1916,	became	established	
in	Hawaii	in	the	1980’s,	was	first	identified	as	a	pest	in	California	in	2008,	and	since	has	become	a	large	problem	
along	the	West	Coast	from	California	to	British	Columbia.		This	pest	was	found	in	Florida	in	2009,	and	detected	in	
the	geographically	dispersed	states	of	Michigan,	Utah,	and	the	Carolinas	in	2010	where	monitoring	traps	had	been	
employed.  Since it was found in states so far apart, it could have been present in other states as well, but may have 
gone undetected.  It has also been found in Europe.

	 Spotted	wing	drosophila	(SWD)	can	be	a	problem	on	any	soft	thin-skinned	fruit,	and	has	be	reported	to	affect	
strawberries, raspberries, cherries, blueberries, plums, peaches, nectarines, currants, and wine grapes. It is different 
from	other	fruit	flies	in	that	it	lays	its	eggs	under	the	skin	of	good	quality	fruit	in	addition	to	old	or	damaged	fruit,	whereas	
otherfruit	flies	that	we	commonly	see	only	feed	on	or	lay	eggs	in	fruit	once	it	is	very	soft	and	past	marketability.		Spotted	
wing	drosophila	is	capable	oflaying	eggs	in	marketable	fruit	because	the	female	of	this	species	has	a	comparatively	
large	serrated	ovipositor	that	can	pierce	the	fruit’s	skin,	whereas	other	fruit	flies	can	only	lay	eggs	in	the	fruit	once	it	
has become very soft.  Thus, the problem caused by spotted wing drosophila is similar to that caused by other insects 
that lay eggs in marketable fruit – while direct damage from oviposition and feeding is a problem, the bigger issue is 
that the harvested fruit can have larvae or pupae in it. Oviposition holes are small, and though larval feeding will cause 
the tissue to collapse near the hole within a few days, the damage is relatively obscure.  So, if fruit is sold soon after 
the	eggs	are	laid	or	when	the	larvae	are	very	young,	the	consumers	may	be	the	first	to	discover	the	larvae.

 Information in this presentation is based on work done elsewhere.  Even in the western U.S. where considerable 
effort has been put towards understanding and managing this pest, experience is still relatively limited.  Thus, we don’t 
really know how this pest will behave in the U.S. yet, and certainly not in the Northeast.  How well it will survive in our 
environment is not known, norhow many generations will occur per year, though some educated guesses could be made.  

	 The	time	it	takes	from	generation	to	generation	is	quite	short	–	it	can	vary	from	9	days	to	50	days,	depending	on	
the temperature. This pest actually multiplies more quickly under moderate temperatures, as very high temperatures 
–	over	86	degrees	F.	–	slows	population	growth.		SWD	also	prefers	relatively	high	humidity.		Thus,	there	have	been	
reports of SWD populations remaining stable or decreasing during hot dry spells in midsummer.      

 In relatively mild areas where SWD is established, it overwinters as adults.  We don’t know whether SWD will 
be able to survive outdoor winter temperatures in our area, though it could probably survive in protected locations.  
However, even if it doesn’t survive Northeastern winters, the likelihood that this pest could be reintroduced in fruit 
bought in from other locations is fairly high given its widespread occurrence.Thus, localized populations could be 
present	anytime	during	any	particular	growing	season.		Adults	live	for	about	1	to	2	months,	and	during	this	time	an	
adult	females	can	lay	between	200	and	600	eggs	in	the	fruit,	which	she	begins	doing	as	fruit	starts	to	color	and	sugar	
levels	begin	to	rise.		Eggs	hatch	in	1	to	3	days,	and	the	larvae	then	feed	in	the	fruit	for	about	5	to	7	days,	though	some	
works	shows	this	may	take	as	long	as	11	days.		They	then	pupate	for	4	to	15	days	either	inside	or	outside	the	fruit	
before	emerging	as	adults.		Depending	on	the	environment,	as	few	as	3	or	as	many	as	14	generations	per	year	may	
occur.  Thus, it is easy to surmise that multiple generations per year could occur in the Northeast if the pest is present 
from	the	beginning	of	 the	growing	season.	 	Early	season	crops	such	as	June-bearing	strawberries	could	probably	
escape	significant	damage,	but	as	the	summer	progresses,	the	pest’s	population	would	be	likely	to	increase.		Control	
even	on	early-season	crops	would	be	important	however,	 in	order	 to	prevent	populations	from	building	on	them.		
Some	of	the	greatest	problems	that	have	been	reported	were	with	later	season	fruit	such	as	blueberries	and	fall-bearing	
raspberries.
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 Cultural control consists of keeping fruit as completely harvested as possible.  SWD will continue to multiply in 
cull	fruit,	so	unmarketable	fruit	should	be	removed	from	the	field	and	destroyed	or	buried	rather	than	being	left	behind	
in	or	between	the	rows.		Strawberry	fields	should	be	renovated	as	soon	as	possible	after	harvest,	possibly	with	early	
cultivars	being	renovated	sooner	than	usual	rather	than	waiting	for	harvest	of	all	cultivars	to	be	finished.		Unfortunately,	
SWD will multiple on wild fruit as well as cultivated fruit, and thus wild stands of raspberries or blackberries may 
serve as reservoirs of SWD during the growing season, so our usual recommendations to remove wild raspberries or  
blackberries	from	near	cultivated	fields	takes	on	added	importance.	

	 Pyrethroid	and	spinosyn	insecticides	have	been	quite	effective	in	controlling	SWD,	as	well	as	several	other	broad-
spectrum materials, though frequency of application needed is still being worked out and will likely vary with the year 
and	growing	conditions.		As	of	this	writing,	materials	for	use	by	growers	in	the	Mid-Atlantic	are	still	under	consideration,	
but growers should watch for announcements concerning labeled recommended insecticides as the growing season 
approaches.  On some farms, materials that are being applied anyway for control of pests such as tarnished plant bugs 
on strawberries or Japanese beetles on blueberries may keep SWD populations in check, so there is the possibility that 
additional chemical sprays may not even be needed beyond those already being used on some crops.     

	 Coordinated	monitoring	efforts	will	be	taking	place	within	the	Mid-Atlantic	region,	but	additional	monitoring	on	
individual farms could provide early awareness of a potential problem, or perhaps peace of mind depending on results.  
This species can be differentiated from other species by the presence of one black spot towards the tip of each wing of 
the	males,	which	gives	this	species	its	name.		Typical	fruit	flies	have	wings	that	are	clear,	and	while	there	is	one	other	
species	of	fly	with	a	black	spot	on	the	wing,	it	is	much	less	obvious	than	on	SWD.		The	females	do	not	have	this	black	
spot	on	their	wings,	so	they	are	more	difficult	to	tell	from	other	fruit	flies	except	by	those	who	are	able	to	distinguish	
the	larger	ovipositor.		However,	since	it’s	unlikely	that	there	are	females	around	without	males,	identification	of	males	
is	all	that’s	typically	used	to	tell	whether	these	fruit	flies	are	present.SWD	is	attracted	to	vinegar,	so	this	is	usually	used	
as the bait, though yeast and water solutions may be more effective at low populations. 

	 Traps	can	be	made	at	 low	cost	from	16	to	32	oz	clear	plastic	cups	with	lids,	such	as	those		used	at	fast-food	
restaurants or convenience stores, or from other more rigid plastic container such as a plastic mayonnaise jar.  To make 
the	traps,	drill	six	to	twelve	holes	3/16”	in	diameter	in	the	upper	half	of	the	container.		Drill	two	additional	holes	near	
the top opposite from each other through which you can thread a wire which you will use for hanging the container.  
Drill	two	more	holes	in	the	lid	through	which	you	can	thread	a	twist-tie	for	hanging	a	yellow	sticky	card	(optional).			
Fill the cup or jar with two inches to three inches of vinegar, or a yeast solution made by mixing  one package of dry 
yeast	(0.25	oz)	,	4	teaspoons	of	sugar,	and	12	oz	of	water.			You	will	attract	more	types	of	flies	than	just	the	spotted	wing	
drosophila, so be prepared to look at a lot of insects. You’ll probably need a magnifying glass to see the diagnostic 
spots	on	the	wings.		SWD	are	2-3	mm	long,	tan	or	light	brown,	and	have	red	eyes,	but	none	of	these	features	can	be	
used	to	definitively	tell	SWD	from	other	fruit	flies	-	only	the	black	spots	are	diagnostic.		Sticky	cards	and	solution	
should be replaced weekly.

Web sites used for information above or for further details are:
Utah State University:  http://extension.usu.edu/files/publications/publication/ENT-140-10.pdf
Washington	State	University		http://jenny.tfrec.wsu.edu/opm/displaySpecies.php?pn=165
U.C. Davis: http://www.ipm.ucdavis.edu/PDF/PMG/SWD-ID-Dsuzukii.pdf
Oregon State University:  http://swd.hort.oregonstate.edu/documents

Kathy	 Demchak	 has	 been	 at	 Penn	 State	 since	 1983,	 working	 first	 in	 the	 area	 of	 vegetable	 and	 tree	 fruit	
nutritionand later in berry crops. Recent research projects have included work on blueberry cultivar evaluation, 
blackberrycultivar	 evaluation	 and	 cold-hardiness,	 high	 tunnel	 production	 of	 strawberries,	 raspberries,	 and	
blackberries,	and	day-neutralstrawberry	production.	She	earned	a	B.S.	in	Horticulture	from	Penn	State	and	an	
M.S. in Horticulture fromVirginia Tech. She lives in a rural area of Centre County, with husband Steve, and sons 
Tim and Jeff.
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UNDERSTANDING THE ROLE OF ROOT DISEASES IN STRAWBERRY AND 
RASPBERRY DECLINE

Kerik D. Cox , Assistant Professor
Dept.	of	Plant	Pathology	and	Plant-Microbe	Biology,	Cornell	University,	NYSAES,	Geneva,	NY	14456

Understanding the root diseases of brambles and strawberry
 Root diseases are particularly devastating and frustrating to managein small fruit production operations. 
This is especially the case for established operations because the most effective management practices must be 
implemented prior to planting. The pathogens causing root diseases are all soilborne and remain protected within 
the soil. In addition, the most diagnostic symptoms are also below ground, which prevents one from recognizing 
the problem during time when action could be taken to save the planting. 

In the region, the same set of root diseases and disorders affect both raspberry and strawberry. Hence, 
identifying the characteristics of these problems will help one understand their role in seasonal plant decline. 
These root diseases and disorders include: 

1. Winter Injury (raspberry & strawberry): Decline from winter injury occurs when plants aren’t well 
insulated against freezing during winter or when young tissue isn’t protected against frost in the spring. 
Plants stressed by disease or abiotic factors prior to dormancy will be more susceptible to winter injury. 
Winter injury can result in reduced in vigor and productivity, or kill plants outright. Winter injury to the 
roots can be diagnosed by cutting longitudinally through the crown of dying (not dead) plants. Initially, 
the cortex of roots and crown tissue will appear brown while the vascular tissue remains white and 
healthy. By contrast, most root diseases will preferentially affect the vascular tissue, and decay in the 
cortex occurs by secondary pathogens. In raspberries, winter injured plants will send up new canes that 
remain healthy through the season, while root disease will cause decline of canes throughout the season.  

2. Phytophthora	root	rots	(raspberry	&	strawberry-red	stele):	Phytophthora is an aquatic pathogen that prefers 
cool	weather	 and	 free	moisture	 (e.g.	 wet	 spots	 in	 the	 field).	 During	Phytophthora	 infections,	 fine/lateral	
roots	will	decay	first	leaving	only	large	primary	roots,	resulting	in	a	rattail	appearance.	When	the	roots	and	
crown are sectioned longitudinally,the vascular tissues will be reddish brown. As infection progresses and the 
plant dies, secondary decay fungi will rot the cortex of roots and the crown. Following plant death, infective 
propagules remain in dead plant tissue and the soil. These are capable of causing infections in later seasons 
after replanting. In both strawberries and raspberries there are varieties resistant to Phytophthora root rot.

3. Verticillium wilt (raspberry & strawberry): Verticllium wilt has the most distinctive symptoms of the root 
diseases presented here, and is easiest to diagnose. In strawberries, plants wilt and decline more slowly than 
other	root	diseases.	The	outer	and	older	leaves	wilt	first,	while	the	younger	leaves	remain	small	and	stunted	
in	the	center.	One	will	often	find	bluish	streak-shaped	lesions	on	the	runners	and	petioles.	In	raspberry,	the	
youngest	 canes	will	wilt	first	beginning	 from	 the	base	 to	 the	 tip.	On	 such	canes,	 the	petioles	will	 remain	
attached with the oldest leaves at the base looking scorched and youngest leaves at the tip looking stunted, but 
often	still	green.	Similar	to	strawberries,	infected	raspberry	canes	will	also	have	bluish	streak-shaped	lesions	
within infected canes. In both strawberries and raspberries there are resistant varieties to Verticillium wilt.

4.	 Black root rot (strawberry): Black root rot of strawberry is a root disease caused by a complex of several 
pathogens. One of the pathogens, Pythium, is another aquatic organism similar to Phytophthora. Because 
of the similarities, the management practices for Phytophthora root rot are often effective for managing 
black root rot as well. Decline from black root rot usually occurs during the year of establishment, and like 
Phytophthora root rot, this disease primarily occurs in wet spots or in compacted soils with poor drainage. By 
harvest, infected plants have decreased vigor, are stunted, and lack productivity. However, severely infected 
plants may be killed prior to harvest. Below the soil, the lateral/feeder roots will have decayed (similar to 
Phytophthora root rot), and the large primary roots will have dark lesions that expand overtime. Initially, the 
vascular tissue of infected roots appears white and healthy, but ultimately turns black as infection progresses. 
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It is important not to confuse the black root rot with the natural blackening of strawberry roots that occurs 
with	age.	Older	roots	will	have	a	black	epidermal	covering,	but	the	cortex	and	vascular	tissue	will	be	firm	and	
white instead of having dark lesions.

The role of root diseases in plant decline during 2009 and 2010
	 The	beginning	of	the	2009	season	was	fairly	dry,	but	the	summer	remained	cool	with	considerable	rainfall	
from late May through July. Disease pressure across all fruit commodities was extreme, and disease losses were 
unmanageable	in	many	situations.	In	2010,	the	early	season	was	warm	and	dry,	but	considerable	rainfall	occurred	
from late July through September. There were many reports of small fruit plant decline, especially in strawberries 
and high tunnel raspberries. Unfortunately, the majority of the samples diagnosed by this program had progressed 
to	 a	 stage	 of	 decline	where	 it	was	 impossible	 to	 confirm	 root	 disease	 as	 the	 cause.	 Some	 samples	 provided	
clear indications of Verticillium wilt and signs of Phytophthora infected tissues, but others were simply winter 
injury.	There	was	one	instance	of	black	root	rot.	Although,	most	root	diseases	remained	unconfirmed	in	2009	and	
2010,	the	cool	summer	temperatures	in	2009	and	heavy	rains	both	years	would	have	been	quite	conducive	for	
Phytophthoraroot rotand black root rot complex of strawberry. 

Preparing for root diseases and decline in 2011
	 Given	the	overall	high	disease	pressure	and	favorable	environmental	conditions	for	disease	in	2009	and	late	
2010,	 there	could	be	considerable	root	disease	 inoculum	present	 in	small	 fruit	plantings	 in	2011.	 In	plantings	
with	severe	plant	decline	in	low-lying	wet	areas,	a	phosphorous	fungicide	program	may	be	warranted	to	prevent	
additional loss to Phytophthoraor black root rot. In addition to diseases, winter injury could be more severe in 
2011.	Plants	with	high	levels	of	disease	(even	foliar	diseases	like	leaf	spot)	at	harvest	may	be	stressed	or	weakened	
as	they	enter	dormancy	and	would	be	more	susceptible	to	winter	injury.	In	order	to	avoid	plant	decline	in	2011,	
producers	should	ensure	plant	insulation	during	winter	and	scout	during	spring	and	early	summer	for	the	first	
signs of plant decline (e.g. wilting). If recognized early enough, the extent of losses could be mitigated. 
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Kerik has been at Cornell’s New York State Agricultural Experiment Station as the 
Tree	Fruit	and	Berry	Pathologist	since	2006.	His	tree	fruit	research	and	extension	
efforts	are	focused	on	understanding	and	managing	site-specific	fungicide	resistance	
in	field	populations	of	apple	and	stone	fruit	pathogens.	Kerik’s	small	fruit	interests	
currently focused on understanding the prevalence of blueberry viruses in NY, 
and emerging seasonal disease concerns including root diseases and mummyberry 
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STRAWBERRY WEED MANAGEMENT UPDATE

A. Richard Bonanno, Ph.D.
UMass Extension

rbonanno@umext.umass.edu

Introduction
 This presentation will cover both cultural and chemical weed management options for strawberry growers.   
For	 growers	 in	New	England	 using	 herbicides,	 the	 2010-2011	 version	 of	 the	New	England	Small	 Fruit	 Pest	
Management Guide is available and all small fruit growers should have a copy of this publication.  Growers in 
the	Mid-Atlantic	should	have	a	copy	of	recommendations	from	their	respective	states.		Remember	that	Extension	
recommendations are made with the best information at the time of printing but that growers must follow all label 
directions prior to the use of any herbicides.  For New England growers, this information is also available online 
at www.umass.edu/fruitadvisor 

Major Herbicide Label Changes
	 Chateau	(flumioxazin) is	registered	in	strawberries.		In	DORMANT	strawberries,	the	rate	is	3	oz/acre.		Chateau	
will provide preemergence control of many broadleaf weed species.  If small boadleaf weeds are emerged, also 
apply	a	crop	oil	concentrate	at	1%	or	a	non-ionic	surfactant	at	¼%	by	volume.		Chateau	will	control	emerged	
chickweed,	field	pansy,	and	oxalis	if	sufficient	contact	is	made	with	the	weeds.		2,4-D	may	still	be	required	to	
control other emerged weeds.  A residual grass herbicide such as Devrinol (napropamide) or Dacthal (DCPA) is 
still	needed.			Chateau	can	also	be	applied	with	a	hood	or	shield	to	row	middles	of	non-dormant	strawberries	prior	
to fruit set.  This includes strawberries grown on both matted row and plasticulture systems.  DO NOT allow 
Chateau to come into contact with actively growing strawberry fruit or foliage.

	 Prowl	H2O	(pendimethalin)	is	registered	pre	transplant	in	strawberries.		Uniformly	apply	Prowl	at	a	rate	of	1.5	
to	3	pints	per	acre	to	the	soil	surface	PRE	TRANSPLANT.		Once	the	strawberries	are	established,	an	application	
may	be	made	up	to	35	days	prior	 to	harvest	BETWEEN	crops	rows.	 	DO	NOT	spray	over	strawberry	plants.		
Application may cause stunting of daughter plants.  Prowl provides excellent control of many annual grasses and 
several broadleaf species.  See the label for a complete list of weeds.

Late Summer Planting of Oats
 Also in strawberry, growers have been experimenting with using oats as a living or dead mulch.  The purpose 
of this is to add organic matter and to help hold added mulch in the late fall from blowing away.  It is not a weed 
management	option.		Some	tips	to	follow.		They	include	planting	in	mid-August	at	a	rate	of	100	lb/acre	either	
broadcast or banded.  Use of Sinbar, Devrinol (napropamide), or Dacthal at renovation will adversely affect the 
germination and growth of the oats.  If possible, band the herbicides only in the row so that the oats can establish 
between the rows.  Herbicide applications or other weed control options may still be required after establishment.  
Look for the oats to grow at least 18 inches tall. The oats will winter kill

Using Row Covers Instead of Straw Mulch
 Growers that use row covers for winter protection should take extra precaution to insure that winter annual, 
biennial,	and	perennial	weeds	are	not	present	 in	strawberry	field	during	 the	winter	months.	 	Row	covers	will	
increase daytime temperatures and cause these weeds to grow at a much faster rate than if they were under straw 
mulch.  This is especially true in the Spring before the covers are removed.

Specific	Timings	to	Control	Weeds
Late Fall/Winter:  after the strawberries are dormant.
1.		Apply	Chateau	or	Formula	40	(2,4-D)	to	emerged	weeds.		
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2.		Apply	half	the	annual	rate	of	Sinbar
3.		Apply	half	the	annual	rate	of	Devrinol

Spring Weed Management:  up until bloom
1.  The only common herbicide options at this time would be either Poast or Select for emerged grasses.  Either 
will control volunteer rye or other small grains that emerged in the spring from seeds in the winter mulch.

Renovation Options:
1.		Formula	40	applied	just	after	the	last	harvest	to	control,	emerged	broadleaf	weeds.
2.		Apply	half	the	annual	rate	of	Sinbar	after	mowing	and	tilling.

Late Summer:  prior to the emergence of winter annuals
1.  Apply half the annual rate of Devrinol to control winter annuals before they emerge.

Cultivation
 During the establishment year, cultivation is an important tool until daughter plants start to grow and root.
	 The	most	common	time	for	using	cultivation	in	established	strawberry	fields	is	from	renovation	until	daughter	
plants start to root.  If herbicides have been used, cultivations should be shallow to avoid diluting the herbicide.  
Even	when	herbicides	are	not	used,	cultivations	should	not	be	deeper	than	1	to	2	inches	to	avoid	damaging	crop	
roots and drying out the soil.

A. Richard Bonanno is Extension Weed Scientist with Umass Extension.  He is responsible for vegetable and 
small fruit weed management.  Rich is also owner of Pleasant Valley Gardens in Methuen, MA.  Pleasant 
Valley	Gardens	produces	50	acres	of	 fresh-market	vegetables,	2	acres	of	field-grown	flowers,	and	¾	acre	
of greenhouse bedding plants and vegetable transplants.  He has a B.S. degree in Agronomy and a M.S. in 
Vegetable Crops and Weed Science from Cornell University.  His Ph.D. is in Horticulture and Plant Physiology 
from Oregon State University.  He was formerly on  the faculty of North Carolina State University.  Rich is 
currently President of Massachusetts Farm Bureau, sits on the MA Pesticide Board, and sits on the Board of 
Directors of many agricultural groups including the New England Vegetable and Berry Growers Association, 
the oldest vegetable growers association in the U.S.  
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EXPERIENCES WITH BROWN MARMORATED STINK BUG IN RASPBERRIES

Bryan Butler University of Maryland Extension

 Brown Marmorated Stink Bug (BMSB) has appeared to become a very serious pest in a very short time in 
a	 rather	 limited	area.	However,	 as	we	 interact	with	more	growers	over	an	ever	widening	area	we	are	finding	
BMSB	damage	may	have	been	occurring	for	the	last	several	years	and	in	a	larger	area	than	first	thought.	Much	
of	this	damage	was	ignored	or	misdiagnosed	as	cold	injury,	calcium	deficiency;	other	insect	pests	or,	was	simply	
dismissed due to low levels of damage. It is for these reasons that it is more important than ever that there be an 
increased level of educational interactions and outreach from land grant institutions.  It is also vital that input be 
gathered from growers to help direct research efforts since the growers are on the front line actually observing the 
pest situation and attempting to develop control strategies. 

 BMSB has been observed in western Maryland for several years but had appeared to only be a nuisance pest. 
However,	in	June	of	2010	as	the	primocane	red	raspberries	began	to	make	their	first	berries	there	appeared	to	be	
a problem which continued to get worse as the season progressed. The damaged to the drupelets was consistent 
with native stinkbug damage yet became more severe and as more fruit began to mature nearly ripe fruit could 
have almost all the drupelets damaged and as the berry shriveled it could not be removed from the receptacle. This 
partially dehydrated fruit persisting on the plants led to a Botrytitis problem even in a very dry year. Insecticides 
were applied and there was control, yet the plants never seemed to recover even though these plants were covered 
to extend the season. BMSB was very mobile and continued to move back into the planting until late September. 
Damage	persisted	even	when	the	numbers	appeared	to	be	low	yet	numbers	in	the	field	appeared	to	vary	by	the	
hour.

	 Another	commercial	planting	was	damaged	during	bloom	and	failed	to	set	fruit.	BMSB	appeared	to	fly	in	
from	the	wooded	edges.	This	field	was	virtually	a	100%	loss.	Again	the	mobility	of	the	pest	appeared	to	make	
adequate control extremely challenging.
It	 is	 vitally	 important	 that	 all	 bramble	 growers	 go	 into	 the	 2011	 season	 being	 very	 aware	 of	BMSB	and	 the	
potential	for	severe	losses.	Monitoring	and	judicious	pesticide	applications	may	be	the	only	answer	for	2011	but	
research is ongoing andhopefully better and more sustainable control measures will be available soon.

Bryan R. Butler Sr. is the mid Maryland Tree Fruit Agent for University of Maryland Extension.  

He	has	been	with	The	University	of	Maryland	Extension	for	19	years.

He provides research based information to commercial producers and is involved in a number of research 
projects including, Brown Marmorated Stink Bug in tree and small fruit, pumpkin trials, apple rootstocks, 
organic small fruit and vegetable production and the use of high tunnels as well as mobile tunnels. Much of 
the	high	tunnel	work	has	been	done	with	strawberries	and	raspberries	as	well	as	tomatoes	and	cut	flowers	to	
extend	the	growing	season	and	provide	unique	marketing	opportunities	for	producers	in	the	mid-Atlantic.	

As	an	Extension	Agent	Bryan	works	directly	with	producers	in	the	field	and	has	had	a	firsthand	look	at	the	
scope of the damage caused by the Brown Marmorated Stink Bug this season.
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ARKANSAS TABLE GRAPES FOR LOCAL MARKETS
John R. Clark

Dept.	of	Horticulture,	University	of	Arkansas,	Fayetteville,	AR	72701,	jrclark@uark.edu

Introduction
	 To	begin	a	discussion	on	table	grapes	in	the	eastern	U.S.,	one	must	first	define	“eastern”,	along	with	some	
description of what a “table grape” is in this region. For purposes of my discussion, I consider the eastern U.S. 
to include all areas east of the Rocky Mountains (rather than a common delineation of the country using the 
Mississippi River).  The primary reason for this basis is that in general all areas east of the Rocky Mountains, 
with some exceptions in Texas, Oklahoma, and other states that have relatively dry climates, all have rainfall 
most	or	all	months	of	the	year,	and	therefore	have	diseases,	other	pests,	and	fruit-cracking	pressures	exceeding	
that	of	more	arid	climates	such	as	in	the	western	U.S.	states.		The	definition	of	a	“table	grape”	is	a	more	difficult	
task.	In	the	East,	even	today,	seeded,	slip-skin	grapes	such	as	Concord	are	sold	in	some	markets	as	a	fresh-eating	
grape. However, many would argue that Concord is not a table grape, but rather a processing grape used for juice. 
Therefore,	it	seems	that	the	definition	of	a	table	grape	might	vary	based	on	a	number	of	considerations.	I	believe	
that	one	might	designate	the	following	definitions	with	the	first	being	a	very	basic	and	early	U.S.	designation	and	
the	last	a	more	modern-day,	purist	definition:

-	 A	grape	that	is	improved	in	quality	(over	wild	or	poor	quality	fruits)	and	could	be	produced	for	fresh	fruit	
consumption locally,

-	 a	grape	with	improved	fruit	size	over	that	of	native	or	small-berry	wine	types,
-	 a	 grape	 bred	 specifically	 for	 improved	 eating	 quality	 (rather	 than	 for	 processing)	 but	 not	 necessarily	

seedless,	non-slipskin,	or	crisp,
-	 A	grape	developed	exclusively	for	the	table	market	with	the	characteristics	of	seedless,	crisp,	edible	skin,	

and	can	be	consumed	easily	with	no	discarding	of	skins	or	other	 inedible	components.	This	definition	
would	be	what	most	modern-day	consumers	would	consider	a	 table	grape,	while	 the	prior	 three	 types	
would be unfamiliar to most Americans today.

A Brief History of Eastern Table Grapes 
	 The	 longest	continuing	 table	grape	breeding	program	conducted	by	a	public	agency	was	 initiated	 in	1919	
by	 the	New	York	State	Agricultural	Experiment	Station	(NYAES).	The	first	breeder	was	A.B.	Stout	who	was	
employed by the New York Botanical Garden located in Bronx, N.Y. This unique arrangement allowed evaluation 
and	breeding	to	be	done	in	Geneva	while	he	worked	in	New	York	City	the	majority	of	his	time.	The	first	eastern	
U.S.	seedless	grape	released	was	Stout	Seedless	which	was	introduced	in	1930.	Early	introductions	had	significant	
limitations in performance including fungal disease susceptibility, tendency for fruit cracking, and winter hardiness 
limitations.	The	NYAES	program	continued	with	noteworthy	releases	including	the	seeded	Steuben	in	1947	and	
Alden	 in	 1952.	 	Three	 additional	 seedless	 releases	were	 Interlaken	 (1947)	 along	with	Himrod	 and	Romulus	
(1952).	The	NYAES	program	most	recently	released	Einset	Seedless	(1985)	and	Marquis	(1996).	

 The longest sustained grape breeding effort in the Midwest has been carried out by the Univ. of Minnesota. 
The	program	was	begun	in	1908,	and	the	notable	early	release	was	‘Bluebell’	 in	1944.	 	Although	the	modern	
emphasis has been on wine grape improvement, a small table effort continues  with objectives of hardiness, 
disease	 resistance,	 seedlessness,	 crisp	 texture,	 and	 enhanced	 flavors	 including	muscat	 and	 other	 flavors.	The	
grape breeding program based at the Horticulture Research Institute, Vineland Ontario, (now Univ. of Guelph) 
has	largely	focused	on	wine	grape	breeding,	but	the	release	of	Vanessa	Seedless		in	1985	provided	an	adapted,	
crisp/non-slip-skin	genotype.	Other	table	grape	improvement	efforts	that	are	no	longer	active	include	the	Univ.	
of Illinois, the South Dakota Agricultural Experiment Station and the State Fruit Experiment Station in Missouri 
(now part of Missouri State Univ.).
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	 The	Univ.	of	Arkansas	program	was	begun	in	1964	by	J.N.	Moore.	This	ambitious	program	focused	primarily	
on	table	grapes,	and	included	objectives	such	as	fruit	cracking	resistance,	improved	texture	including	non-slip-
skin,	seedlessness,	a	range	of	flavors	(American	species	and	muscat),	shape	variation,	attractive	clusters,	disease	
resistance,	and	winter	hardiness.	Releases	included	Venus	(1977),	Reliance	(1983),	Mars	(1985),	Saturn	(1989),	
Jupiter	(1999),	and	Neptune	(1999).		Upon	Moore’s	retirement	in	1996,	I	assumed	leadership	of	this	effort	and	the	
program continues today with the same major objectives.

Major Objectives in Eastern Table Grape Improvement
 Texture. As with most fruit breeding efforts, table grape quality is increasingly taking the paramount role in 
variety	improvement.	In	the	U.S.,	most	consumers	are	unfamiliar	with	non-crisp,	slip-skin	table	grapes	due	to	
the dominance of the market by V. vinifera  shipped from California. Therefore, a widely accepted genotype will 
likely	have	non-slip-skin	texture.	Two	eastern	developments	that	fit	 in	this	category	are	Vanessa	Seedless	and	
Jupiter. Although they lack in the crispness of the California varieties, they provide a different mouth sensation 
compared	 to	 slip-skin	varieties	 such	 as	Mars	or	Einset	Seedless.	However,	 in	breeding	 for	firmer	 texture,	 an	
increase in the V. vinifera component is required, and this leads to many of the shortcomings mentioned earlier. 
An	additional	benefit	of	crisp	texture	is	that	seed	traces	are	usually	not	as	noticeable	in	crisp	berries.	However,	the	
most discerning consumer will have concerns if grapes are not fully seedless if they are marketed as such.

 Seedlessness. Complete seedlessness is desired in all table grape improvement programs. With the advent of 
seedless x seedless crossing, the development of fully seedless genotypes has been enhanced. However, currently 
the	active	eastern	U.S.	programs	use	seeded	x	seedless	crosses,	with	a	significant	number	of	the	resulting	progeny	
being seeded along with variation in seed trace size. Complete seedlessness is found in most retail market table 
grapes, and eastern table grapes would be more desirable if absence of seeds was assured in market offerings. 

 Fruit cracking resistance. One of the greatest challenges in developing table grape varieties for climates where 
summer rains occur during ripening or harvest is resistance to the cracking or splitting of the skins. Substantial 
success has been made in this area over the years, and resistance to cracking is much more advanced than in the 
first	eastern	varieties.	In	general,	the	trend	of	increased	quality	with	traits	such	as	crisp	texture,	thin	skins,	and	
complete seedlessness results in a greater tendency to crack. Reliance is an example of a genotype with exceptional 
flavor	and	sweetness,	but	in	many	locations	(including	Arkansas	where	it	was	developed)	it	can	exhibit	extreme	
cracking if near mature when summer rainfall occurs

 Flavors.	I	believe	one	of	the	most	exciting	areas	of	table	grape	improvement	is	the	enhancement	of	flavors,	
with these coming from muscat and American species, particularly V. labrusca and hybrids of this species. Most 
commercial table grapes in retail markets have two main sensations upon eating: a crunch, crisp texture, and 
a taste of sweetness (assuming the grapes were mature when harvested). Those familiar with a wider array of 
flavors	know	that	consumers	are	missing	out	on	a	much	wider	flavor	profile	than	exists	in	current	commercial	
table	grapes.	In	the	Arkansas	and	New	York	programs,	along	with	others	in	the	eastern	U.S.,	a	range	of	flavors	has	
been incorporated in table grape selections and varieties, and these offer a much more exciting eating experience. 

 Winter hardiness. A primary objective since the beginning of eastern table grape breeding, some degree of 
winter hardiness greater than that found in V. vinifera is required for reliable production in the East. The more 
advanced achievements in hardiness in eastern varieties have been in the Univ. of Minnesota program and the 
private program of Elmer Swenson. Excellent hardiness has also been achieved in many NYSAES varieties. The 
hardiest of the Arkansas varieties is Reliance, which was found to be hardy in Wisconsin in its early evaluation 
prior to release. 

 Disease resistance. All programs have some degree of screening for common diseases such as black rot, 
powdery and downy mildew, anthracnose, and other fungal concerns. Field screening of seedlings and selections 
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is the primary method of identifying disease resistance. The NYSAES program is a leader in current disease 
resistance breeding, and probably has the most intense screening for resistance in its routine breeding procedures. 
In the Arkansas program, fungicides are applied to some degree in the seedling and selection vineyards, due to 
the extreme disease pressure in this environment of high temperatures and humidity plus rainfall. It is not likely 
that varieties with exceptionally high quality will be developed that do not require some fungicide applications 
for reliable production.

Arkansas Varieties for the Mid-Atlantic
 Jupiter. This is the hottest of the Arkansas varieties currently, and is increasing in planting and consumer 
popularity.	It	is	highly	recommended	for	trial	or	planting	in		the	Mid-Atlantic	based	on	reports	from	area	states,	
particularly	New	York.	It	appears	to	have	adequate	hardiness	for	much	of	the	northeast.	Its	main	attribute	is	flavor,	
with	a	muscat	flavor	blended	with	some	American	flavors.	It	is	also	non-slipskin	and	is	accepted	by	consumers	
almost universally. It is dark red to purple when ripe. It is generally crack resistant, has medium clusters of 
medium	fill,	and	moderate	yields.	It	needs	a	good	downy	mildew	control	program.

 Mars.	This	1985	release	still	merits	consideration.	Its	hardiness	and	reliable	cropping	are	major	considerations	
for	the	Mid-Atlantic.	It	is	blue/purple,	seedless,	slipskin,	and	has	an	American	grape	flavor	somewhat	like	Concord	
but	not	as	strong.	It	is	very	vigorous,	usually	high	yielding,	and	has	medium	clusters	that	are	usually	well	filled	to	
tight. It is the most disease resistant of the Arkansas varieties, but still must be sprayed with fungicides for reliable 
cropping.

 Neptune.	The	only	green	(white)	grape	from	the	Arkansas	program,	this	fruity-flavored,	non-slipskin	grape	
might	be	considered	for	trial	in	the	Mid-Atlantic.	The	main	concern	is	winter	hardiness,	as	it	has	not	fared	well	in	
New	York	winters	in	some	reports.	It	has	large,	beautiful	clusters,	non-cracking	berries,	but	only	moderate	yields.	
Like Jupiter, it needs careful downy mildew control.

 Reliance.	This	1983	release	is	still	a	favorite	of	many.	It	has	a	wonderful	fruity	flavor,	is	slipskin,	and	has	
medium	clusters.	It	is	very	winter	hardy,	and	should	survive	harsh	winters	in	the	Mid-Atlantic.	Its	main	limitation	
is fruit cracking, in that it will crack badly in summer thundershowers near maturity. However, Midwest growers 
tend to have better luck with Reliance than one might in Arkansas with the cracking issue.
Other	varieties	to	consider	for	the	Mid-Atlantic	from	other	programs	include	Einset	Seedless,	Marquis,	Vanessa	
Seedless, Interlaken, and others from the NYAES program. Local or regional testing should be investigated to 
determine the best adapted varieties for your area. 

John R. Clark is a university professor of horticulture at the University of Arkansas. His 
research responsibilities are his primary appointment, where he directs the University’s 
Division of Agriculture fruit breeding program and manages the intellectual property 
rights of the program’s developments. Crops he works with include blackberries, table 
grapes, muscadine grapes, blueberries, and peaches/nectarines. His research activities 
are carried out in Arkansas, several US states, and various countries in the world. He 
also teaches in the areas of plant breeding and fruit production and advises graduate 
and undergraduate students.  A native of Mississippi, he has BS and MS degrees from 
Mississippi State Univ. and a PhD from the Univ. of Arkansas. 
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ASSESSING AND AVOIDING VIRUSES IN BLUEBERRIES AND RASPBERRIES

Kerik D. Cox and Marc Fuchs
Dept.	of	Plant	Pathology	and	Plant-Microbe	Biology,	Cornell	University,	NYSAES,	Geneva,	NY	14456

Blueberry and Raspberry Viruses the situation in New York
 In recent years, there have been several outbreaks of berry virus diseases in NY occurring as far north as Oswego 
County to as far south as Tioga County. Moreover, our program at NYSAES has received numerous suspected 
berry	virus	samples	from	2008	to	2010.	The	majority	of	suspected	berry	virus	disease	samples	were	blueberries	
and raspberries, and fortunately, were clearly not viruses diseases and represented miscellaneous nutritional and 
horticultural anomalies. At the same, such samples and producer concern provide a clear impetus for delivering more 
extension information on virus problems in small. Because of several been berry virus outbreaks in NY, we now have 
a knowledge base for small fruit virus education. 

	 Since	2006,	 the	majority	of	 the	outbreaks	in	NY	blueberrieshave	been	tobacco	(TRSV)	and	tomato	ringspot	
virus	 (ToRSV)	 and	 blueberry	 scorch	 virus	 (BlScV)epidemics	 restricted	 to	 the	 fields	 in	 which	 they	 occurred.	
When contracted these viruses can be quite devastating to blueberry plantings. They compromise fruit production 
considerably andevenutally lead to plant death as the infection becomes systemic. The ringspot viruses (TRSV 
&ToRSV)	spreads	 fairly	 slowly	as	 the	vector	 is	 a	 (1/16th inch long) soilborne roundworm that migrates best in 
sandier	soils	with	large	pore	sizes.	However,	it’s	not	uncommon	to	the	find	the	nematode	already	distributed	across	a	
mature planting due to the fact that numerous weeds can also host the nematode. By comparison, BlScV is vectored 
by aphids and will quickly spread throughout a production operation. 

 In NY raspberries we have only observed two virus outbreaks in recent years: one outbreak of crumbly berry and 
one of raspberry bushy dwarf virus (RBDV). Crumbly berry is also caused by ToRSV and transmitted by the same 
nematode vectored in blueberries. Infected raspberries can range fromslightly stunted to completely healthy looking. 
The most striking and diagnostic symptom of the virus is the production of small fruit, which crumble apart when 
touched. ToRSV infection prevents the maturation of fruit druplets, which is the reason for druplet disassociation on 
contact.	Recently,	an	outbreak	of	RBDV	was	reported	and	confirmed	in	NY.	This	disease	typically	causes	stunting	
and shoot proliferation in red raspberries, hence the name bushy dwarf. RBDV infection can also cause aborted 
druplets and a crumbly berry symptom in some varieties, but will not hinder pollen production. What makes this 
RBDV exceptionally dangerous is the fact that itis pollen born and seed transmitted, meaning that nearby healthy 
plants can become infected during pollination. Because of this mode of transmission, this virus may also spread 
much more rapidly than ToRSV in raspberry plantings. 

How to distinguish viruses from other problems
 Because of the devastating nature of viruses diseases in plants (virus presence = remove plants or the planting), 
it becomes important to be able to distinguish virus problems from other subtle but similar looking horticultural 
problems. The reason that viruses look so similar to horticulatural problems is due to the fact that virus infection 
primarily	upsets	the	plant	physiology	in	similar	ways	to	a	nutrient	deficiency	or	toxicity.	For	example,	if	a	virus	
infection	 and	 nutrient	 deficiency	 both	 disruptschloroplastproduction,	 they	 would	 both	 cause	 affected	 leaves	 to	
appear pale. This being said, there are several things one can look for to see if virus infection is a likely culprit of the 
symptomsobserved. Below is a list of considerations regarding virus development in a fruit planting: 

1.	 Number	of	shoots	and	leaves	expressing	virus-like	symptoms:	Do	not	be	alarmed	by	the	presence	of	a	few	
crumbly bramble fruit, or interveinal/patterned chlorosis on one or two leaves or shoots on a cane or bush. 
Indeed, symptom distribution can be patchy throughout an individual plant, but only one or two strange 
looking leaves or shoots all by themselves is not cause for alarm.

2.	 Intensity	 of	 virus-like	 symptoms:	 Although	 virus	 infected	 plants	 can	 be	 asymptomatic,	 poor	 fruit	
production, or lack thereof is not reason enough to suspect a virus infection. In the infected plantings that 
we have visited, symptoms were spectacular enough as to be certain to the untrained eye.
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3.	 Timing	of	symptom	appearance:	Virus	tissue	titers	are	greatest	during	the	height	of	plant	tissue	production,	
and as such, virus symptoms will be most readily apparent during peak biomass production. Hence, the 
sudden appearance of bizarre symptoms at the end of the summer during the beginning of senesce is not 
likely to be a virus problem. Young tissue that failed to mature during the season due to poor nutrition can 
look quite spectacular.

1. Symptom distribution patterns: Viruses are usually patchy in distribution during their initial inception. 
This is due to the restricted movement and habitation patterns of the virus. 

2.	 Symptom	distribution	pattern	across	varieties:	Varieties	vary	in	susceptibility	and	response	to	virus	
infection. Symptoms are usuallyclustered or differentially expressed in different varieties. Uniformly 
distributed symptoms across plants, blocks, and varieties are more likely to be due to abiotic causes 
like a toxicities or nutrition problems.

How to avoid and get rid of viruses
 Since viruses aren’t living organisms, there are no pesticides that can be applied to control them. Even if there 
were effective chemical controls, the viruses are protected within the host tissue. The best defense is to avoid them. 
Unfortunately, you can’t avoid the vectors, but you can scountand treat for nematodes and aphids. More unfortunately, 
planting stock can arrive at your doorstep already infected with virus. Hence, it is most important to only purchase 
from	established	nurseries	with	virus	certification	programs	or	those	that	provide	virus-free	tissue	culture-propagated	
planting stock. Do not propagate planting stock from local grower colleagues or even your own plantings.

 Once, a plant has a virus, it has the virus for life. The only way to get rid of the virus from your planting is to 
remove and burn the infected plants or the entire planting. You cannot just remove the symptomatic plants as the 
neighboring plants may also be infected, but do not have high enough tissue titers to display symptoms. For most 
virusdiseases of blueberries and raspberries, it may important to remove the entire block or planting to make sure 
you are rid of the problem. It’s dangerous to your continued operations and neighboring operations to leave the crop 
in the ground in the hope of getting another harvest. 
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BLACKBERRY VARIETY SELECTION OPPORTUNITIES 

John R. Clark
Dept.	of	Horticulture,	University	of	Arkansas,	Fayetteville,	AR	72701,	jrclark@uark.edu

Introduction
 Blackberries offer another small fruit option for eastern US growers for a range of markets. The major issues for 
Pennsylvania	and	Mid-Atlantic	growers	when	considering	blackberry	varieties	include	winter	hardiness,	maturity	
date, quality, yield, berry size, and overall adaptation. I will share some information in general about blackberries, 
some	market	and	production	changes	in	the	US,	and	finally	some	variety	thoughts	for	Mid-Atlantic	growers.
 
 Blackberry and raspberryplants are rather unique in the fruit world in that they have a perennial root system 
but have biennial canes. This means the canes live two years and then die. The two cane types are primocanes, or 
first-year	canes,	and	floricanes,	which	are	second-year	canes.	In	red	raspberry,	primocane-	and	floricane-fruiting	
varieities	exist	and	both	have	substantial	commercial	value.	In	blackberries,	floricane-fruiting	has	been	the	basis	of	
all	blackberry	production	and	commercial	primocane-fruiting	varieties	did	not	exist	prior	to	the	release	of	Prime-
Jim®,	Prime-Jan®,	and	Prime-Ark®45	by	the	University	of	Arkansas.	Primocane	fruiting	offers	the	opportunity	for	
late summer and fall production, to complement summer production of blackberries. However, there is much to 
be	done	in	the	improvement	of	primocane	blackberries	and	all	the	answers	are	not	in	place	yet	for	Mid-Atlantic	
growers. 

Aspects of Blackberry Production History
	 A	survey	of	eastern	U.S.	(east	of	the	Rocky	Mountains)	production	in	1990	indicated	blackberries	were	marketed	
in	the	following	ways:	62%	pick-your-own,	36%	pre-picked	fresh	market	(mainly	on-farm	or	local	fruit	stand	sales),	
and	2%	processed.	The	survey	results	did	not	indicate	that	any	production	was	for	shipping	to	distant	markets	or	
grocery	stores.	 In	 this	 survey,	production	area	 increased	56%	from	1980	 to	1990,	with	a	 further	projected	66%	
increase	in	production	area	from	1990	to	2000.	Again,	this	increase	was	envisioned	to	be	largely	marketed	locally.	
In	the	early	1990s,	blackberries	were	not	found	on	grocery	store	shelves	across	the	U.S	(some	were	present	on	the	
west coast), due mainly to the lack of postharvest handling capability of varieties released prior to that time, but also 
because blackberries had never made much headway into the competition for commercial grocery shelf space. 
 
	 Some	of	the	new	varieties	beginning	to	be	planted	in	the	early	1990s	were	found	to	have	fruit	firmness	adequate	
for	shipping.	Chester	Thornless	displayed	a	good	level	of	firmness	and	shelf	life,	and	in	the	world	picture	became	
a	major	shipping	berry	later	in	the	decade.	The	Arkansas-released	Navaho	was	found	to	have	excellent	shelf	life.	
Subsequent releases from Arkansas included ‘Arapaho’ and ‘Apache’, each of which had fruit capable of withstanding 
shipping. These varieties contributed to a major shift in the production outlook for shipping of blackberries from that 
of	a	local-marketed	crop	to	one	shipped	for	retail	marketing.
 
	 A	major	 development	 occurred	 during	 the	 1990s:	 the	 shipping	 of	 blackberries	 to	 the	U.S.	 from	Chile	 and	
Guatemala. Soon thereafter, the development of production technology in Central Mexico increased availability of 
eastern	US-developed	blackberries.	Mexican	production	is	centered	in	the	highlands	of	the	state	of	Michoacan	and	
Jalisco, and utilizes a number of techniques to force the Brazilian variety Tupy (an offspring of the Arkansas variety 
Comanche)	to	flower	and	fruit	in	an	area	of	no	chill.	The	fruit	is	harvested	from	mid	October	until	Mayor	early	June	
in this region, and currently provides fresh blackberries for U.S. grocery shelves during the winter months. Mexican 
production has supplanted Chilean blackberry shipping to the U.S. due to less expensive transportation costs of 
trucking fruit from Mexico compared to air freight required to move blackberries from Chile. Production area in 
Mexico	is	estimated	to	be	6000-8000	acres.	The	presence	of	berries	in	the	marketplace	in	the	winter	and	late	spring	
enhanced the consumer’s awareness of blackberries as a grocery item rather than a local item picked on a farm or 
from	wild	plants.	The	bottom	line	is	that	now	blackberries	are	a	year-around	produce	item!
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 American berry shippers (in the eastern and western US) also took note of the expanded potential of blackberries 
in the shipping market, spurred by the success of the Mexican berries shipped and marketed during the “off” season. 
These	marketers	felt	that	if	off-season	sales	could	be	this	successful,	why	not	have	expanded	marketing	during	the	
“normal” US berry production seasons? This has led to an expansion in acreage grown for shipping since the early 
to	mid	2000s,	particularly	in	southern	Georgia,	Arkansas,	Texas,	and	North	Carolina.	California	greatly	increased	
production in recent years also.
 
	 Local	production	for	pick-your-own,	farmers	markets,	or	on-farm	sales	has	also	increased	recently,	though	it	is	
difficult	to	determine	trends	in	this	area	due	to	few	production	statistics	being	available.		However,	the	expanding	
number of thornlessvariety options, enhanced fruit quality, and increased interest in berry consumption for human 
health	benefits	should	positively	impact	this	type	of	production.

Primocane-Fruiting in Blackberries
	 The	first	recorded	occurrence	of	a	primocane-fruiting	blackberry	that	I	am	aware	of	was	a	wild	plant	found	by	
L.G. Hillquist of Ashland, Va. There is no record of breeding with this plant until Dr. Jim Moore obtained it in the 
mid-1960s	while	accumulating	germplasm	for	the	University	of	Arkansas	breeding	program.	Although	primocane	
fruiting	was	not	pursued	for	many	years	in	Arkansas	breeding,	seedlings	evaluated	in	1997	resulted	in	Prime-Jim®and 
Prime-Jan®,	released	in	2004.	Primocane	fruiting	has	been	vigorously	pursued	in	Arkansas	breeding	since	the	late	
1990s,	and	great	headway	has	been	made	in	improving	fruit	quality,	incorporating	thornlessness,	and	shifting	the	
fruiting period to both earlier and later ripening.

Blackberry Varieties to Consider
 Chester Thornless.Although	I	would	like	to	recommend	an	Arkansas	variety	as	my	top	choice	for	Mid-Atlantic	
growers,	this	variety	has	provided	sustained	high	yields	and	good	hardiness.	The	main	disadvantage	of	the	USDA-
ARS-developed	Chester	Thornless	 is	 overall	 flavor	 and	quality.	 It	 ships	 exceptionally	well,	 but	 percent	 soluble	
solids	is	not	as	high	as	most	fresh-fruit	consumers	desire	and	a	tart	taste	is	normally	noted	unless	fully	ripe.	This	is	
a	semi-erect-caned	type.	There	are	other	varieties	of	this	cane	type	such	as	Hull	Thornless,	Black	Satin,	Thornfree,	
Dirksen Thornless, and Smoothstem, and all are likely adapted to the Mid Atlantic (they originated in southern 
Illinois	or	Maryland),	but	concerns	of	tart	flavor	are	often	expressed.	These	varieties	tend	to	be	later	than	Arkansas	
developments, fruiting in late June to early July in Arkansas.

 Triple Crown.	The	last	release	of	the	USDA-ARS	varieties,	Triple	Crown	is	renowned	for	exceptional	flavor.	
Some	consider	this	the	best-tasting	eastern	US	blackberry.	It	is	moderate	to	high	yielding,	appears	to	have	adequate	
hardiness	for	 the	Mid-Atlantic	(maybe	not	quite	as	hardy	as	Chester	Thornless?),	and	is	earlier	 in	ripening	than	
Chester	Thornless	(ripens	about	June	25-30	in	Arkansas).	The	biggest	drawback	to	Triple	Crown	is	berry	firmness,	
and it is not considered a shipping berry. For local markets with short holding times, and pick your own, it is a 
winner.

 Ouachita. If you consider one Arkansas variety, consider this one. It is successful coast to coast in the US, 
although	I	have	not	heard	confirmations	of	its	hardiness	potential	across	the	entireMid-Atlantic	region.	Ouachita	
produces	high	yields	of	high	quality	berries	(6-7g)	with	soluble	solids	of	10-11%.	It	has	erect	canes,	and	ripens	
about	June	10	in	Arkansas.	It	has	shown	broad	adaptation,	and	has	been	a	major	variety	in	expansion	of	the	domestic	
shipping blackberry industry.

 Navaho.	The	first	Arkansas	thornless,	Navaho	is	considered	by	some	to	be	the	best	shipping	blackberry	available.	
It	has	medium	berry	size	(5	g)	and	moderate	yield	capacity.	Sweetness	is	very	good,	usually	11-12%	soluble	solids.	
Its	hardiness	has	been	found	to	be	good	in	the	lower	Midwest,	and	in	some	areas	of	the	Mid-Atlantic.	It	is	susceptible	
to	orange	rust,	a	fungal	disease.	It	has	erect	canes,	and	ripens	about	June	20	in	Arkansas.
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 Apache.The	large-fruited	Apache	(10-11	g)	is	admired	by	some	growers,	and	it	has	high	vigor,	productive,	and	
healthy	plant	characteristics.	It	averages	11%	soluble	solids,	and	ripens	about	June	25	in	Arkansas.	Hardiness	is	not	
fully	known	for	the	Mid-Atlantic,	but	possibly	information	exists	on	this	in	trials	in	the	region.	The	major	negative	
attribute of Apache is that white drupes are often seen on some berries, particularly early in the season. This is a very 
serious defect for shipping, but local sales are usually not impacted as greatly. Concerns among grower reports vary 
from major to none on this trait.

 Natchez. The newest of the Arkansas thornless, Natchez ripens about June 5 in Arkansas. It has large, long 
berries,	and	is	eye	catching	on	the	vine	or	in	the	clamshell.	Hardiness	is	not	known	on	this	2007	release,	so	care	
should	be	taken	to	determine	if	it	is	adapted	to	the	Mid-Atlantic.	It	averages	about	9.5%	soluble	solids,	and	berries	
can be tart if crop load is excessive as it can be in some southern plantings.

 Prime-Ark® 45.	The	first	shipping-quality	primocane-fruiting	blackberry	released	in	2009,	it	is	hoped	that	Prime-
Ark®	45	will	provide	the	basis	for	developing	a	late	summer	to	fall-fruiting	blackberry	production	season	in	the	US.	
It	has	large	berries	(up	to	10	g)	with	good	soluble	solids	(10%	commonly)	that	stay	black	in	storage	along	with	good	
firmness	retention.	The	floricane	crop	ripens	June	5	in	Arkansas,	and	the	primocane	crop	in	mid-August.	However,	
the	primocane	crop	ripe	date	depends	on	location.	Along	the	Central	Coast	of	California,	first	ripe	is	usually	Sept.	
1,	and	in	Oregon’s	Willamette	Valley	mid-September.	This	variety	has	been	tested	at	Penn	State	Univ.	by	Kathy	
Demchak, and a limitation has been getting good yields before cold temperatures develop. High tunnels have helped, 
but trials are continuing to determine if adequate yields can be attained in the region. Only trials of the variety are 
suggested at this time.
 
 Prime-Jan®.	Released	as	one	of	 the	first	primocane-fruiting	blackberries	 in	2004,	 this	variety	was	originally	
intended for home garden use. However, limited trials have found it to have some commercial potential. Quality is 
acceptable,	with	moderate	storage	capability	and	soluble	solids	on	average	about	9%.		It	ripens	earlier	than	Prime-
Ark®	45	by	about	2	weeks,	so	has	a	potential	of	maturing	more	of	the	fall	crop	prior	to	frost.	However,	its	crop	has	
not	fully	ripened	(non-high	tunnel	grown)	in	upstate	New	York.	Again,	testing	the	variety	for	specific	locations	and	
management (high tunnel or not) is recommended prior to full commercial use is considered.

John R. Clark is a university professor of horticulture at the University of Arkansas. His 
research responsibilities are his primary appointment, where he directs the University’s 
Division of Agriculture fruit breeding program and manages the intellectual property rights 
of the program’s developments. Crops he works with include blackberries, table grapes, 
muscadine grapes, blueberries, and peaches/nectarines. His research activities are carried 
out in Arkansas, several US states, and various countries in the world. He also teaches in 
the areas of plant breeding and fruit production and advises graduate and undergraduate 
students.  A native of Mississippi, he has BS and MS degrees from Mississippi State Univ. 
and a PhD from the Univ. of Arkansas. 
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POTATOES
DRIP IRRIGATION OF POTATOES ON A LARGE SCALE

Nolan Masser
Red	Hill	Farms	Inc.	205	Mount	Pap	Rd	Pitman	PA	17964,	nmasser@hughes.net

 Our interest in drip irrigation began about ten years ago when Penn State began doing trials to test the viability 
of drip on potatoes.   Several factors including our cultural practices and the uneven terrain we farm kept us from 
seriously	considering	it.		By	2008	we	had	some	experience	with	a	bed	production	system	and	Toro	had	come	out	
with their pressure compensating tape.  We intended to do a fairly extensive test but were unable to.  Instead, we 
irrigated	one	acre	out	of	my	house	well.	Encouraged	by	those	results,	we	irrigated	thirty	acres	in	2009.		We	were	
again impressed, but a little hesitant to increase our acreage because we were unsure how the tape would perform 
on	a	very	hot,	dry	year.		We	finally	decided	to	more	than	double	our	acreage	anyway	and	were	again	impressed	by	
the results.
 
	 The	cultural	practices	usedinclude	a	destoned	bedon72	 inch	centers	with	 two	hills	of	potatoes	planted	30	
inches apart in the bed.  One row of tape is placed between the two rows.  The tape remains on the surface in the 
dip between rows at about two inches lower than the seed piece.  (The tape is not buried because at this point 
retrieval	of	buried	tape	with	the	harvester	would	be	difficult).		Fertility	is	very	similar	to	conventional	programs	
with	dry	 fertilizer	banded	at	planting	and	side	dressing	of30%	UAN	when	 the	plants	are	 six	 inches	 tall.	 	No	
fertigation or chemigation was used with the tape.  The tape was removed after vine kill but prior to harvest.  
Varieties planted included NorlandSuperior, Reba, Eva, Norwis, and Yukon Gold.

	 We	chose	Toro	Aqua	Traxx	pressure	compensating	tape	with	16	inch	emitter	spacing	and	a	flow	rate	of.25	
GPM	per	hundred	feet	for	an	application	rate	of	.04	inches	per	hour.		This	allowed	us	to	run	six	to	seven	hours	per	
day to apply one quarter of an inch of water.  Surprisingly this amount carried us through the hot weather at the 
end of June and beginning of July.  The soil around the tubers became dry yet the plants fed off the narrow band 
of water in the middle of the beds.

	 In	addition	to	the	systems	installed	in	2009,	we	took	a	low	budget	approach	to	expanding	our	acreage.		We	
purchased	two	sand	filters	that	could	handle	twenty	acres	a	piece	and	mounted	them	on	running	gears.		The	filters	
were	placed	in	the	middle	of	the	fields	to	be	irrigated	as	close	to	the	headers	as	possible.		Existing	pumps	were	
used	and	aluminum	pipe	was	used	to	feed	the	filters.		After	the	filters,	layflat	hose	was	used	to	feed	the	headers.		
The	individual	headers	were	managed	by	valves	and	a	controller	mounted	on	the	filter	cart.

The costs:
	 The	tape	itself	costs	almost	$200	per	acre	and	can	only	be	used	one	time.		Headers	and	fittings	are	another	$40	
and	can	be	reused.		Sand	filters	are	an	additional	cost,	but	comparatively	smaller	pumps	can	be	used	which	offsets	
much	of	the	filter	cost.

 We found that actual labor costs did not increase over our hard hose travelers.  While it took more labor to 
install and remove, in operation it required very little labor.

The results:
	 At	Red	Hill	Farms,	2010	was	as	hot	and	dry	as	2009	was	cool	and	wet.		The	systems	were	used	heavily	and	
would	have	been	used	more	if	water	supplies	had	not	become	an	issue.		Some	fields	received	up	to	eight	inches	
of water through the tape.

 All varieties showed marked response to the irrigation.  Yields averaged up to double that of non irrigated and 
size	profile	was	much	better.		Yields	and	quality	were	similar	compared	to	center	pivot	irrigation.		
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 A block of Rebas was not started until late June.  We were going to use hard hose travelers to irrigate them, but 
changed	plans	and	bought	more	tape	and	filters	after	seeing	the	long	term	weather	forecast.		The	plants	were	very	
small but just starting to bloom when the tape was installed.  The tape actually stopped the bloom and the plants 
went	back	to	vegetative	growth.		We	harvested	three	quarters	of	a	crop	from	those	fields	but	the	quality	was	good.		
It just proves again that any irrigation must be started before plants are stressed. 

Some	other	thoughts	from	our	experience;	
 We feel that heat stress is no greater with drip versus overhead irrigation.  The plants pick up water from a 
narrow	strip	and	transpire	to	naturally	cool	themselves.		In	our	experience,	the	entire	soil	profile	does	not	have	to	
be wet to keep the soil cool and prevent heat defects.

 Water accuracy is improved because there is no evaporation during application and run off is virtually 
eliminated.  The same amount of water is probably used, but it ends up in the plants, not in the air, roads and 
waterways.  You can reach into corners that are missed by other systems.

	 Energy	savings	are	dramatic.	We	found	that	our	hard	hose	travelers	use	10	Gallons	of	diesel	per	inch	acre	
compared	to	4	gallons	with	the	drip.		When	it	comes	to	the	amount	of	water	actually	making	it	to	the	plants	the	
savings are even more dramatic.

 Installation/removal is time consuming but manageable. This year’s hot weather had us installing tape well 
before the rows were shaded. The tape that was laid on top of the ground expanded and contractedcausing kinks.  
Stapling the ends of the lines solved that problem, but we may try to bury the tape one to two inches deep next 
year.  Removal was much easier with a Paul B Zimmerman wrapper.

 In season maintenance is needed, and this year rodent damage was more of a problem than before.  The drier it 
got,	the	more	repairs	were	needed.	(My	cousin	told	me	at	least	the	water	is	going	from	the	pond	to	the	field-that’s	
the right direction).  If this will be a problem when the weatheris not as extreme remains to be seen.

	 One	of	the	biggest	advantages	is	how	much	it	simplifies	logistics.		The	problem	of	trying	to	irrigate	around	
spray	schedules	and	harvesting	small	grains	or	hay	in	adjacent	fields	is	eliminated.		No	muddy	tracks	in	freshly	
irrigated	fields.		It	also	means	that	you	do	not	wait	to	begin	irrigation	until	other	work	is	done.

 Finally, do not skimp on the design or installation.  When a system is simple and reliable, it will be used 
regularly.  If there are problems or it is hard to operate the system will not be used to its highest potential.  Bill 
Wolfram from Toro provided his design expertise and helped with all our questions as we installed the system.  
He encouraged us to automate the control valves and that made a world of difference in the ease of operation.

 With only three years of experience, we feel there is plenty more to learn about using drip to produce potatoes.  
However,	we	are	confident	that	yields	and	quality	can	be	as	good	as	or	better	than	with	other	irrigation	methods.		
We have seen drip stretch our limited water supplies to produce more with less water and energy and will continue 
to	explore	its	benefits.

Nolan Masser is a seventh generation farmer and president of Red Hill Farms, Inc. He manages his family’s 
potato, cabbage and grain operation in Pitman Pa.  He and his wife Melinda have three sons, Jimmy, John and 
Nathan.
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PLANT THE POTATO CROP RIGHT

William H. Bohl
University	of	Idaho,	583	W.	Sexton	St.,	Blackfoot,	Idaho	83221-2063

 
 Seed quality, cultural practices and environment all play a role to produce a potato crop with acceptable yield 
and quality. However, failure to cut tubers into accurately sized seed pieces and plant the seed pieces properly gets 
the	crop	off	to	a	bad	start,	thus	negatively	affecting	the	final	yield	and	quality.
 
 Seed Tuber Size: Correctly sized seed tubers must be used to obtain proper seed piece size. Ideally, seed tubers 
should	be	3	 to	10	oz	with	 those	weighing	1.5	 to	3	oz	being	 sorted	out	 and	planted	as	 single-drop	 seed	pieces.	
Depending on variety, as seed tuber size increases, the number of buds (eyes) increases only slightly. Consequently, 
cutting	tubers	larger	than	10	oz	will	likely	result	in	more	seed	pieces	without	buds.
 
 Seed	Piece	Size	and	Profile:	For	most	varieties,	average	seed	piece	size	should	be	1.5	to	2.5	oz.	Although	larger	
seed pieces generally yield more, the incremental increase in yield diminishes as the size of seed pieces surpasses 
2.5	oz. Even	more	important	than	having	the	correct	average	seed	piece	size	is	having	the	correct	size	profile.	The	
cut	seed	should	have	a	minimum	of	70	percent	of	the	seed	pieces	in	the	desired	size	range.	That	is,	if	your	desired	
average	seed	piece	size	is,	say,	2.0	oz,	then	70	percent	of	the	seed	pieces	should	be	1.5	to	2.5	oz.	Continuing	with	
the	example	above	with	an	average	size	of	2.0	oz,	to	determine	size	profile,	individually	weigh	approximately	100	
seed pieces in a representative sample, and sort into three categories of 1) less than desired size (less than 1.5 oz), 
2)	desired	size	(1.5	to	2.0	oz),	and	3)	more	than	desired	size	(more	than	2.0	oz).	Count	the	number	of	seed	pieces	in	
each	size	category,	divide	by	the	total	number	of	seed	pieces,	and	multiply	by	100	to	calculate	percent.
 
 Seed Piece Spacing: Planters can be adjusted to place seed pieces within a range of spacings. These equipment 
settings should not be relied on to indicate what the actual seed piece spacing is. The only way to precisely determine 
the	final	seed	piece	spacing	is	to	uncover	the	seed	pieces	preferably	in	25	ft	of	each	planted	row	and	measure	the	
distance between seed pieces. Seed piece placement accuracy is important because it can affect yield as was shown 
in	a	study	at	the	University	of	Idaho	Aberdeen	R	&	E	Center	to	determine	the	effect	of	in-row	seed	piece	spacing	of	
Russet	Burbank.	Results	from	five	years	of	data	indicated	that	increasing	the	in-row	seed	piece	spacing	decreased	
both	total	and	U.S.	No.	1	yields	(Figure	1).	Results	also	indicated	that	the	6-	to	16-oz	size	tuber	yield	remained	fairly	
consistent	across	the	8-,	12-,	and	16-in	seed	piece	spacings,	and	fewer	6-	to	16-oz	tubers	were	produced	at	a	20-in	
seed piece spacing. Keep in mind that there is no “best” seed piece spacing. Consider the following points when 
determining	a	seed	piece	spacing	to	use:	1)	customize	seed	piece	spacing	to	meet	 the	size	specifications	for	 the	
intended	market,	2)	potatoes	grown	in	sandy	soil	usually	have	a	higher	number	of	tubers	per	plant,	so	the	seed	piece	
spacing	should	likely	be	wider,	and	3)	potatoes	grown	in	areas	with	a	long	growing	season	tend	to	produce	larger	and	

more malformed tubers, so the seed pieces should 
likely be planted at a closer spacing.
 
Figure 1.  Yield of Russet Burbank potatoes 
planted	at	four	in-row	seed	piece	spacings	in	rows	
spaced	36	inches. Numbers followed by the same 
letter	within	a	yield	category	are	not	significantly	
different	at	P£.05.

 Effect of Amount of Seed Planted per Acre: 
The amount of seed planted per acre is determined 
by	 average	 seed	 piece	 size	 and	 in-row	 spacing	
and distance between rows. Holding row width 
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constant,	there	is	a	seed	piece	size	and	in-row	spacing	combination	where	planting	smaller	seed	pieces	at	a	closer	
distance	within	a	row	will	equal	the	same	seeding	rate	as	planting	larger	seed	pieces	with	wider	in-row	spacing.	A	
study was conducted at the University of Idaho Aberdeen R & E Center to determine the effect of varying seed piece 
size	and	spacing.	Three	seed	piece	sizes,	1.5,	2.25	or	3.0	oz	were	planted	at	in-row	spacings	of	8,	12	or	16	in.	In	
36-in	rows,	1.5-oz	seed	pieces	planted	at	8	in,	2.25-oz	seed	pieces	planted	at	12	in	and	3.0-oz	seed	pieces	planted	at	
16	in	all	equaled	20.4	cwt/a.	Ranger	Russet,	Russet	Norkotah	and	Alturas	were	used	in	the	study,	and	all	varieties	
responded similarly. We found that: 

1) increasing the weight of seed planted per acre increased yield, but the yield per cwt seed planted decreased, 
2)	varying	seed	piece	size	and	spacing	at	the	20.4	cwt/a	rate	resulted	in	equal	total	and	U.S.	No.	1	yields,	
and	3)	planting	larger	seed	at	a	wider	in-row	spacing	at	the	same	seeding	rate	tended	to	decrease	the	yield	
of	4-	to	10-oz	tubers	and	increase	yield	of	tubers	larger	than	10	oz.	

 
 Missing Plants:	A	three-year	study	using	Russet	Burbank,	Russet	Norkotah,	Summit	Russet	and	GemStar	
Russet potatoes was conducted at the University of Idaho Aberdeen R & E Center to determine the effect of 
planter	skips	on	yield	when	planted	at	a	narrow	(8	in)	or	wide	(16	in)	in-row	seed	piece	spacing	in	rows	spaced	36	
in.	Some	of	the	plots	were	planted	with	no	planter	skips	(100	percent	stand)	while	others	were	planted	with	either	
15	percent	random	planter	skips	(85	percent	stand)	or	30	percent	skips	(70	percent	stand).	The	effect	of	planter	
skips	on	yield	was	variety	specific,	and	both	total	and	U.S.	No.	1	yields	were	decreased	only	when	planter	skips	
occurred	at	the	wider	in-row	spacing.	Fifteen	percent	plant	skips	did	not	significantly	decrease	total	yield	at	either	
seed piece spacing for any of the varieties in the study. This study indicates that having a few planter skips will 
likely	not	significantly	impact	yield.	However,	15	percent	planter	skips	at	the	16-inch	spacing	caused	a	significant	
U.S. No. 1 yield reduction in Russet Burbank but not for the other varieties.
 
Some points to keep in mind from this study:

•	 Planter skips will have a more pronounced effect on decreasing yield when the seed pieces are planted farther 
apart within the row.

•	 Planter	skips	will	cause	yield	reductions	especially	when	approaching	30	percent	(70	percent	stand).
•	 Effect	of	in-row	seed	piece	spacing	and/or	planter	skips	is	variety	specific.

 Planting Depth: It	seems	plausible	that	if	tubers	are	turning	green	in	the	field	because	they	are	protruding	
out of the top of the hill that planting deeper should resolve this problem. However, research at the University 
of	Idaho	Aberdeen	R	&	E	Center	has	shown	that	for	Russet	Burbank,	the	yield	of	field	green	tubers	cannot	be	
significantly	reduced	by	planting	seed	pieces	at	9	in	compared	with	6	in	when	measuring	planting	depth	from	the	
top	of	the	hill	to	the	top	of	the	seed	piece.	Additionally,	total	yield	was	significantly	reduced,	and	there	was	a	trend	
for	U.S.	No.	1	yield	to	be	lower	when	planting	at	9	in	compared	with	6	in.	Total	and	U.S.	No.	1	yields	of	Frontier	
Russet	were	significantly	reduced	by	planting	at	9	in	compared	to	6	in.	For	Shepody	there	was	no	difference	in	
total	and	U.S.	No.	1	yields	when	comparing	a	6-	vs.	a	9-in	planting	depth,	and	there	was	also	no	difference	in	
green	 tuber	yield.	This	study	 indicates	 that	planting	depth	 is	variety	specific.	Subsequent	hilling	studies	were	
conducted	with	Russet	Burbank	to	determine	if	a	hilling	operation	would	help	minimize	field	tuber	greening.	It	
was found that, within the ability of commercially available potato production equipment to move soil to the top 
of	a	hill,	field	tuber	greening	could	not	be	reduced	by	a	hilling	operation	when	performed	just	as	the	potato	plants	
were	beginning	to	emerge.	From	these	two	studies,	the	best	recommendation	for	minimizing	field	tuber	greening	
is	to	precisely	plant	seed	pieces	at	a	depth	of	6	in.

 Seed Piece Health:	After	a	potato	plant	has	emerged,	the	seed	piece	is	still	contributing	to	the	final	yield.	That	
is,	seed	pieces	do	more	than	just	get	a	plant	out	of	the	ground.	This	was	confirmed	in	a	study	at	the	University	of	
Idaho Aberdeen R & E Center using Russet Burbank. Results of this study showed that plants produced higher 
total	yield	when	the	seed	pieces	remained	attached	until	the	plants	emerged,	and	had	a	significantly	higher	U.S.	
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No. 1 yield if the seed pieces remained attached to the plants until reaching a height of approximately 8 inches. 
This study shows that having healthy seed that remains intact long after plants have emerged has the possibility 
of contributing to higher yields.

Dr. Bill Bohl is Extension Professor and Educator with University of Idaho located 
in	Blackfoot	and	has	been	with	 the	university	 for	20	years.	Bill	 is	originally	 from	
Montana and received his B.S. degree from Montana State University, an M.S. from 
South Dakota State University, and a Ph.D. from Iowa State University majoring in 
crop production and physiology. Bill’s area of specialization in potato production 
is planting and harvest management. He also conducts educational programming in 
home	horticulture.	He	has	published	over	550	articles	about	potatoes	in	newsletters,	
newspapers and trade magazines and has been an author on numerous Extension 
publications and has published in research journals. Bill is a member of the Potato 

Association	of	America.	He	is	an	avid	bicycle	rider,	and	routinely	works	out	to	keep	fit.	He	enjoys	writing,	
woodworking, and downhill skiing.
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POTATOES
BASICS OF STORAGE MANAGEMENT

Steven B. Johnson, Ph.D.
Crops	Specialist	and	Extension	Professor,	University	of	Maine	Cooperative	Extension,	57	Houlton	Road

Presque	Isle,	Maine	04769,	stevenj@maine.edu

 Potato storage management involves periods of curing, cooling, and holding. Some market uses require ad-
ditional periods of preconditioning and later, reconditioning for sugars giving rise to colors in processed products. 
Potatoes are stored successfully when the storage environment conditions are set to match the requirements of the 
crop and the purpose for which they are stored. This is the science of potato storage management. 
 
 Storage problems may arise owing to several factors: the crop condition, the harvest and handling conditions, 
the initial storage conditions, the holding conditions, and sometimes the external environmental conditions. Stor-
age management is not just following general guidelines and recommendations. Every storage manager will be 
faced with situations requiring special management techniques and corrective measures. This is the art of potato 
storage management.

 The physical condition of the potato tubers brought into storage has a direct bearing on the storability of 
the potato crop. Ideally, potatoes are harvested with good skin set, availability of cool air during the night 
time,	appropriate	 soil	moisture	 to	move	 the	harvester	without	clods,	and	pulp	 temperatures	at	or	below	60ºF.	
A continuous supply of air, at a slow rate, will help equilibrate the pile temperature reducing the chances of 
temperature	differential	 in	different	areas	of	 the	pile.	The	 relative	humidity	 should	be	maintained	at	90-95%.	
Once	the	storage	is	filled	to	capacity	the	temperature	of	the	pile	is	maintained	at	50-55ºF	for	two	weeks	to	cure	the	
potatoes.	This	would	include	the	time	for	bringing	the	pulp	temperature	to	50-55ºF.	Once	the	curing	is	complete	
the pile temperature is cooled to the holding conditions. The holding temperature is determined by the end use 
of the potatoes. One of the toughest situation potato storage managers face is when they realize that a potato pile 
in storage seriously in danger of deteriorating owing to diseases and disorders. From a management standpoint 
anticipating such problems is half the job towards correcting the problem. 

 Many times conditions are not ideal. Environmental or biological stresses may dictate adjustments in the 
initial	storage	settings.	Presence	of	troublesome	levels	of	some	diseases	dictate	continuous	airflow	while	other	
diseases	dictate	only	cooling	air.	Some	temperature	and	soil	conditions	may	require	continuous	fan	and	humidifier	
operation;	 some	 may	 require	 intermittent	 fan	 and	 humidifier	 operation,	 while	 other	 situations	 may	 require	
continuous	fan	but	no	humidifier	operation.	Correct	diagnosis	of	the	stress	aids	in	developing	a	strategy.

Steve Johnson is an Extension Professor and Extension Potato Specialist with the University of Maine where 
he	has	been	employed	for	the	past	17	years.		Steve	has	a	Ph.D.	from	the	University	of	Florida,	a	M.S.	degree	
from	 the	University	 of	Maine	 and	 a	B.S.	 degree	 from	 the	University	 of	Wisconsin-Madison,	 all	 in	 plant	
pathology. His responsibilities in Maine are potato diseases with potato late blight occupying a major portion 
of	his	time.	When	the	crop	is	not	in	the	field,	potato	storage	disorders	are	a	focus	of	his	efforts.



129

POTATOES
POTATO SEED TREATMENTS AND HANDLING OPTIONS FOR OPTIMUM RESULTS

Steven B. Johnson, Ph.D.
Crops	Specialist	and	Extension	Professor,	University	of	Maine	Cooperative	Extension,	57	Houlton	Road

Presque	Isle,	Maine	04769,	stevenj@maine.edu

 Selection of good seed is a critical decision faced by every potato grower. A good crop starts with good seed. 
The same amount of fertilizer, pesticide, and effort is put into a crop from poor seed as into a crop from good seed. 
Selection of seed that is both physiologically as well as physically healthy should be a goal of all seed purchasers. 
Disease-free	seed	is	essential	to	a	good	crop.	Physiologically	young	seed	that	has	been	handled	gently	and	stored	
carefully	is	also	important.	Proper	certification	and	inspection	of	seed	helps	ensure	 the	quality.	Consider	only	
certified	seed	from	a	reputable	grower	in	an	area	with	a	regulated	seed	inspection	program.	

 Inspect seed for disease symptoms. Some disease symptoms can be treated, but the presence of others should 
be	grounds	to	reject	the	seed.	If	more	than	20	small	or	10	large	Rhizoctonia sclerotia are visible on one side of 
the	seed	tuber,	consider	using	a	different	seed	source.	Seed	with	less	than	20	small	or	10	large	sclerotia	should	be	
treated before use. Seed lots with less than one half of one percent of tubers with Fusarium symptoms can be used 
if the diseased tubers are removed before cutting and seed treatments are used on the remainder of the lot. Tubers 
with	five	percent	or	more	of	the	surface	affected	with	silver	scurf	should	not	be	used	for	seed.	Seed	lots	with	more	
than	one	percent	of	the	tubers	showing	blackleg	symptoms	or	soft-rot	symptoms	should	not	be	used.	The	presence	
of pinkeye, early blight or late blight lesions on the tubers could act as inoculum for new crop infection. This seed 
should not be used. Know the source and history of a seed lot and try to avoid those that had heavy infection with 
Verticillium	spp.	Seed-borne	scab	can	contaminate	a	field	without	a	history	of	scab	and	should	be	used	only	in	
fields	with	a	history	of	scab.	High	levels	of	scab	on	the	seed	warrant	rejection	of	the	seed	lot.	Generally,	a	“five	
percent	rule”	applies	with	seed	lots.	A	seed	lot	with	five	percent	or	more	total	defects	is	too	high	to	use.	Seed	is	a	
large investment and each grower should strive to use the highest quality seed obtainable. 

 The physiological age of seed is an important consideration in potato seed selection and cutting. Factors affecting 
the	physiological	age	of	 tubers	 include	growing-season	stress,	storage	 temperature,	and	 time.	Warmer	storage	
temperatures will speed the aging process of the tubers. Since precutting seed also increases the physiological 
age of the seed, an understanding of the stages of aging is necessary. To determine the physiological age of seed 
potatoes, gather a sample, place it indoors and allow the seed to sprout. Observe the sprouts that come from the 
sample to determine the physiological age of the seed. There are distinct stages through which potato seed passes: 
dormant	seed,	young	seed,	middle-aged	seed	and	old	seed

 Potatoes should be warmed prior to cutting. If cool tubers are brought into warm, moist conditions, condensate 
can form on the tubers. This is to be avoided. Do not wash seed tubers. Do not try to salvage diseased potatoes or 
those that are breaking down. Grade out bent or very rough tubers for hand cutting. Size the seed tubers before 
cutting. Tubers under 1.5 oz should not be planted. Tubers weighing over 1.5 oz but less than three oz should be 
planted	whole.	Cut	three-	to	five-oz	seed	tubers	into	two	pieces.	Cut	five-	to	seven-oz	tubers	into	three	pieces.	Sort	
out	seed	over	10	oz	for	cutting	by	hand,	or	preferably,	for	sale	to	other	markets.	

 The size of a potato seed piece is a very important factor affecting early plant vigor. Larger seed pieces usu-
ally	emerge	faster	than	smaller	ones.	Cut	seed	tubers	into	blocky	pieces	ranging	from	1.5	oz	to	2	oz.	Seed	pieces	
should	average	slightly	larger	at	2	to	2.5	oz	for	Russet	Burbank	and	similar	varieties,	with	larger	spacing	between	
seed	pieces.	Seed	pieces	smaller	than	1.5	ounces	should	not	be	used.	Seed	pieces	larger	than	3	oz	may	have	some	
difficulty	feeding	through	a	planter.	The	narrower	the	seed	size	distribution,	the	better	the	planter	operates.	A	rule	
of	thumb	would	be	60	to	70	percent	between	1.5	and	3	oz.	No	more	than	10	percent	should	be	less	than	1	oz	or	
more	than	2.5	oz.	Discard	poorly	cut	seed	pieces,	such	as	slivers	or	slabs.	Remove	seed	pieces	ripped	or	torn	by	
dull knives. Each seed piece should have at least one eye. For varieties with poor eye distribution, such as Atlantic 
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and Shepody, consider cutting seed pieces closer to two ounces each. Undersized seed pieces can contribute sig-
nificantly	to	the	number	of	doubles	or	triples	planted.	Oversized	seed	pieces	can	cause	skips,	and	are	also	prone	
to falling out of the planting mechanism prematurely. 

 Higher total yields are generally associated with larger seed pieces, but a point is reached where increasing 
the seed piece size will not result in increased yield. Bruise problems are more severe with very large seed pieces. 
Excess bruising increases the risk of seed decay problems. There is a greater cut surface area per seed piece with 
large seed. More stored energy will be used for wound healing and less is left to support new plant growth. Emer-
gence will likely be slowed and plants will be less vigorous. The good rule is to keep the number of cut surfaces 
per tuber to a minimum.

 If you are to know how well your seed cutting operation is doing, you need to know the weight distribution of 
your	seed.	No	more	than	10	percent	should	be	less	than	one	ounce	or	more	than	2.5	ounces.	If	there	are	100	seed	
pieces	in	10	pounds,	the	average	size	is	1.6	ounces;	if	there	are	91	seed	pieces,	the	average	size	is	1.75	ounces;	if	
there	are	80	seed	pieces,	the	average	size	is	two	ounces.	If	you	would	rather	count	out	100	seed	pieces	and	weigh	
them,	9.4	pounds	would	have	an	average	size	of	1.5	ounces,	10.9	pounds	would	have	an	average	size	of	1.75	
ounces,	and	12.5	pounds	would	have	an	average	size	of	two	ounces.	

 Chemical seed treatment is often used as insurance against disease and is recommended if seed is to be planted 
in	very	wet,	very	dry,	or	very	cold	soils.	Seed-piece	 treatments	with	a	ground	 tree-bark	component	appear	 to	
aid	in	wound	healing	and	help	prevent	cut	pieces	from	sticking	together.	This	provides	for	better	flow	of	seed	at	
planting.	There	is	excess	material	remaining	when	one	pound	of	seed	treatment	material	is	used	per	100	pounds	
of	cut	seed,	and	coverage	may	be	inadequate	with	one	half	pound	of	material	per	100	pounds	of	cut	seed.	

Steve Johnson is an Extension Professor and Extension Potato Specialist with the University of Maine where 
he	has	been	employed	for	the	past	17	years.		Steve	has	a	Ph.D.	from	the	University	of	Florida,	a	M.S.	degree	
from	 the	University	 of	Maine	 and	 a	B.S.	 degree	 from	 the	University	 of	Wisconsin-Madison,	 all	 in	 plant	
pathology. His responsibilities in Maine are potato diseases with potato late blight occupying a major portion 
of	his	time.	When	the	crop	is	not	in	the	field,	potato	storage	disorders	are	a	focus	of	his	efforts.
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POTATOES
MINIMIZING POTATO BRUISE DAMAGE

William H. Bohl
University	of	Idaho,	583	W.	Sexton	St.,	Blackfoot,	Idaho	83221-2063

 
 
 Minimizing potato bruise damage requires understanding of the types of bruises, factors that play a role 
developing bruises, and which factors can be controlled. 

 Black Spot Bruise: This bruise results from an impact that does not break the tuber skin, but damages several 
layers of cells beneath the skin causing a chemical reaction. During this reaction, tyrosine (a substrate) mixes with 
a	copper-containing	protein,	polyphenol	oxidase	(an	enzyme),	commonly	called	PPO.	Dihydroxyphenyl-alanine	
(DOPA) is formed from this reaction, which is further oxidized (oxygen is added) producing several intermediate 
compounds. The end product of this reaction is melanin, which causes a black, gray or brown discoloration in a 
tuber	normally	referred	to	as	black	spot	bruise.	The	reaction	takes	24	to	48	hours	to	complete,	and	the	damage	
cannot be seen unless the tuber skin is removed.

 Shatter Bruise: The tuber skin and possibly several layers of cells underneath the skin are cracked or broken 
by an impact. Tuber cracks may become more visible upon drying. 

 Tuber Physical Properties Affecting Bruise: Large tubers have a larger potential to be damaged compared 
with smaller ones, and a small radius (pointed tuber end) is more likely to be damaged compared with a large 
radius (round tuber end). The smaller radial end of a tuber is more likely to be damaged because the force of the 
impact	is	confined	to	a	smaller	area.	Likewise,	larger	cells	have	a	greater	potential	to	be	damaged	from	an	impact	
than	smaller	cells.	Also,	after	tubers	have	been	in	storage	for	about	one	month,	they	can	withstand	30	to	80	percent	
more impact without bruising compared to the impact that causes bruising at harvest.

 Tuber Susceptibility to Black Spot Bruise: Black spot bruise is a chemical reaction, so not only does the 
force of the impact determine whether or not a tuber will be damaged, but the internal quality of the tuber 
also plays a role. Nitrogen and phosphorus play an indirect role in potential black spot bruising in that potato 
plants lacking these two nutrients will likely die earlier than adequately fertilized plants, thus, resulting in more 
mature tubers, and more mature tubers have a higher susceptibility to black spot bruising. Cultural practices or 
environmental conditions (for example, hot weather) that physiologically age tubers will result in tubers with a 
higher black spot bruise potential during harvest and handling. 
 Not all potato varieties are equally susceptible to black spot bruise. For example, Ranger Russet is very 
susceptible to black spot bruise while Russet Burbank is rated as susceptible. Susceptibility of a particular variety 
to black spot bruise is a combination of its physical and chemical properties. Physical properties include tuber and 
cell size. Chemical differences in black spot bruise susceptibility among varieties are largely due to the amount 
of tyrosine. Varieties with more tyrosine are more susceptible. Also,	tubers	with	high	specific	gravity,	under	the	
right	conditions,	have	a	higher	potential	 to	black	spot	bruise	than	those	with	lower	specific	gravity.	However,	
specific	gravity	variation	within	a	variety	has	a	greater	effect	on	black	spot	bruise	than	the	specific	gravity	among	
varieties.	That	is,	not	all	varieties	with	high	specific	gravity	are	more	susceptible	to	black	spot	bruise	than	those	
with	lower	specific	gravity.

 Growing Conditions Affecting Black Spot Bruise: Corsini	et	al.	(1999)	conducted	a	grower-field	survey	
and found that tubers harvested from vines that were rated in late August as more mature (less green) tended to 
black spot bruise more than tubers harvested from plants that were less mature (more green). For Russet Burbank, 
more	black	spot	bruising	occurred	on	 tubers	harvested	 from	fields	 that	had	70	percent	or	more	dead	vines	 in	
August,	and	for	Ranger	Russet	more	black	spot	bruising	resulted	from	fields	where	20	percent	or	more	of	the	
vines were dead. This indicates there are varietal differences. They	also	reported	that	tubers	with	higher	specific	
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gravity	generally	were	more	susceptible	to	black	spot	bruising.	Russet	Burbank	tubers	with	specific	gravity	above	
1.080	and	Ranger	Russet	tubers	with	specific	gravity	above	1.085	were	more	susceptible	to	black	spot	bruising	
than	tubers	with	lower	specific	gravity.	A	third	factor	in	the	survey	was	available	soil	moisture.	Fields	with	lower	
available	soil	moisture	(less	than	50%)	at	harvest	tended	to	have	more	black	spot	bruising.	When	Corsini	et	al.	
analyzed	the	1994	data	to	determine	how	much	the	above	factors	contributed	to	potential	black	spot	bruise,	they	
found	that	vine	maturity	accounted	for	21	percent	of	the	variability.	Specific	gravity	plus	vine	maturity	accounted	
for	35	percent	of	 the	black	spot	bruise	potential.	Altogether,	vine	maturity,	specific	gravity	and	field	moisture	
accounted	for	just	over	half	(53%)	of	the	measured	black	spot	bruise.

 Determining Vine Kill Date: Black spot bruise potential has been reported to increase as plants mature as 
discussed above, so killing plants with green vines should help to decrease black spot bruise. Consequently, it 
would seem logical to assume that killing mostly green plants would decrease yield. However, research at the 
Aberdeen R & E Center has shown that as soon as vines (stems) begin to naturally die, the tuber bulking rate 
rapidly decreases resulting in less of a negative impact on yield than might be expected. 
 
	 Using	an	example	from	this	study,	on	August	26,	2004,	Russet	Burbank	had	8	percent	dead	vines—visual	
rating	 of	 dead	 stems,	 not	 dead	 leaves.	After	 that	 date,	 the	 yield	 increased	 by	 only	 another	 13	 cwt/ac	 for	 the	
remainder	of	 the	season	ending	on	September	23.	In	contrast,	during	the	previous	 two-week	period,	 the	yield	
increased	by	46	cwt/ac.	A	similar	decline	in	bulking	rate	was	measured	for	Ranger	Russet.	From	August	26	to	
September	9,	the	crop	gained	45	cwt/ac,	but	from	September	9	to	23	only	19	cwt/ac	accumulated.	On	September	9	
there	were	an	estimated	97	percent	green	stems,	yet	the	bulking	rate	had	dramatically	decreased	from	the	previous	
two-week	period.	
 
	 The	point	 to	note	here	 is	 that	 the	end	of	 the	 linear	bulking	phase—the	 time	during	 rapid	 tuber	bulking—
appears to be closely associated with the onset of stem death, and having a large percentage of green stems does 
not mean the crop is still bulking at the same rate it was earlier in the season. This data strongly suggests that the 
presence of dead stems is a good indication that bulking rate is declining. However, stem death is probably not the 
only factor responsible for declining tuber bulking rates. Temperature and/or other environmental factors are also 
likely at least partially responsible for bulking rates declining.

 Harvest Management Considerations: Colder tuber pulp temperatures increase damage whether it is shatter 
or	black	spot	bruise.	Ideally,	tubers	should	be	harvested	when	pulp	temperatures	are	50	to	60°F	(Smittle	et	al.,	
1974).	An	upper	limit	of	60°F	is	used	because	it	could	be	challenging	to	remove	field	heat	in	storage,	resulting	in	
higher rot potential. A critical management practice to employ for minimizing bruising is to monitor tuber pulp 
temperature of every truckload during harvest. This may require harvesting at different times during the day to 
allow the tubers to warm up or cool down to the proper temperature.
 
 A second harvest management practice is to minimize tuber drop height. There is not a set maximum drop 
height because other factors such as tuber load on the conveyors, tuber temperature and tuber hydration all affect 
tuber damage. However, keeping drop heights on all harvesting and handling equipment to no more than six 
inches would be ideal.  

 Harvester Timing: The harvester is the most likely piece of equipment that will damage tubers. This is 
particularly true if the conveyors are running too fast. Tuber damage may be lessened by slowing the conveyor 
speed and keeping the conveyors loaded to capacity so tubers are dropping onto other tubers and not an empty 
conveyor. Tubers hitting other tubers are damaged less. The	rear-cross	conveyor	on	the	harvester	likely	causes	the	
most damage because tubers drop and change direction at the same time. 
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	 A	quick	and	easy	way	to	determine	if	the	rear-cross	conveyor	is	running	too	fast	is	to	operate	the	harvester	
normally	in	the	field	and	then	suddenly	stop—be	sure	to	warn	the	truck	driver	so	you	don’t	tear	the	boom	off	the	
harvester.	Then,	observe	how	the	tubers	are	loaded	on	the	conveyor.	A	properly	adjusted	rear-cross	conveyor	will	
have two or more layers of tubers on it. If you see a single layer of tubers, it is running too fast and needs to be 
slowed.	Be	cautioned,	though,	that	on	some	harvesters	if	the	rear-cross	is	slowed	too	much,	there	is	the	possibility	
of tubers being damaged by the secondary conveyor striking the tubers.
 
 Properly adjusted harvester conveyor speeds are based on harvesting ground speed. The primary conveyor 
should	operate	a	120	to	150	percent	of	ground	speed	in	heavy	soil	or	100	to	120	percent	in	sand.	The	secondary	
should	run	at	65	percent	of	ground	speed,	and	the	remaining	conveyors	should	operate	at	50	to	70	percent	(Hyde	et	
al.,	1990). More	discussion	about	harvester	timing	and	a	worksheet	to	use	for	timing	a	harvester	can	be	found	on-
line	 at:	 http://www.cals.uidaho.edu/potato/Research&Extension/Topic/Harvest/PotatoHarvestManagement-06.
pdf

Information Sources:

Brook,	R.C.	(ed.).	1996.	Potato	bruising:	How	and	why	emphasizing	black	spot	bruise.	National	Potato	Anti-
Bruise Committee of the Potato Assoc of America.

Corsini,	D.,	 J.	Stark,	and	M.	Thornton.	1999.	Factors	contributing	 to	 the	black	spot	bruise	potential	of	 Idaho	
potato	fields.	Amer	J	of	Potato	Res	76:	221-226.

Hyde,	G.M.,	R.E.	Thornton,	J.A.	Francis,	and	R.E.	Hermanson.	1990.	Potato	Harvester	Chain	Speed	Adjustment.	
Washington State University. EB1558.

Smittle,	D.A.,	R.E.	Thornton,	C.L.	Peterson,	and	B.B.	Dean.	1974.	Harvesting	potatoes	with	minimum	damage.	
Amer	Potato	J:	51:	152-164.

Dr. Bill Bohl is Extension Professor and Educator with University of Idaho located in Blackfoot and has been 
with	the	university	for	20	years.	Bill	is	originally	from	Montana	and	received	his	B.S.	degree	from	Montana	
State University, an M.S. from South Dakota State University, and a Ph.D. from Iowa State University majoring 
in crop production and physiology. Bill’s area of specialization in potato production is planting and harvest 
management.	He	also	conducts	educational	programming	in	home	horticulture.	He	has	published	over	550	
articles about potatoes in newsletters, newspapers and trade magazines and has been an author on numerous 
Extension publications and has published in research journals. Bill is a member of the Potato Association of 
America.	He	is	an	avid	bicycle	rider,	and	routinely	works	out	to	keep	fit.	He	enjoys	writing,	woodworking,	
and downhill skiing.
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CONTAINER GROWN VEGETABLES: NEW BUSINESS OPPORTUNITIES

Steve Bogash, Regional Horticulture Educator
Penn	State	Cooperative	Extension,	Smb13@psu.edu

	 In	2008,	2009	and	2010,	the	Penn	State	Southeast	Research	and	Extension	Center	(SEAREC)	near	Lancaster,	
PA and the Franklin County Horticulture Education Center in Chambersburg, PA hosted extensive trial plantings 
of fruiting vegetables in containers. This program was in response to rapidly increasing consumer interest in 
vegetable gardening coupled with many years of related interest in ornamental container planters. Seeds for the 
trial were purchased from many of the major seed companies. Any tomato, pepper, eggplant, cucumber, or squash 
that was described in company catalogs or on seed packages in garden stores as ideal for containers or compact 
was eligible and many were included in this program.

 Gardener interest in this program and container grown vegetables in general is evident based on attendance 
at educational programs devoted to this topic, demand for the Penn State Cooperative Extension fact sheet series 
“Container Grown Vegetables” and the response from greenhouse growers that have attended the many grower 
field	 days	 at	 PSU	SEAREC.	The	 concept	 is	 nothing	 new.	However,	what	 is	 the	 new	 is	 the	 rapidly	 growing	
gardener demand for plants and expertise. 

	 For	many	years,	gardeners	were	satisfied	with	a	limited	selection	of	container	appropriate	plants	that	included	
Bush Early Girl and Bush Steak tomato, but little else. With rapid growth in several consumer drivers that includes: 
1)	Large	increase	in	vegetable	gardeners.	2)	Much	more	focus	on	locally	grown	foods.	3)	General	increase	in	the	
demand	for	healthy	foods	(Foodies!).	And,	4)	Demographic	shifts	as	gardeners	get	older	and	more	urban.	Seed	
companies	have	responded	with	an	explosion	of	container-ready	varieties	of	slicing,	grape	and	cherry	tomatoes,	
every class of pepper from sweet bells to face melting hot habanero types, eggplants of many types, and cucurbits. 
While	the	cucurbits	are	not	as	container-friendly	as	the	eggplants,	tomatoes	and	peppers,	they	at	least	are	more	
compact and workable in a pot than most garden varieties.

 It should be old news now to anyone selling young herbaceous plants that vegetable gardening is on the rapid 
increase.	Based	on	the	2010	survey	of	1,300	new	vegetable	gardeners	primarily	from	the	Mid-Atlantic	States,	
these are a tough lot and are planning on staying with their new avocation. Even with the Late blight pandemic 
of	2009	and	temperature	extremes	of	2010,	they	intend	to	keep	on	gardening.	One	characteristic	of	this	group	is	
their	intent	to	garden	without	harmful	pesticides.	Over	98%	of	the	group	surveyed	intend	to	garden	organically.

	 Locally-grown	foods	is	the	trend	that	continues	to	breathe	life	into	all	produce	growing	in	the	Mid-Atlantic.	
And	nothing	is	more	local	than	picking	fruit	from	your	own	garden,	patio,	balcony	or	fire	escape.	They	will	still	
be customers at our markets for much of their produce, but they want to participate even it means only getting the 
occasional tomato and some basil from their balcony gardens.

	 With	2	cable	television	channels	(Food	Network	and	The	Cooking	Channel)	plus	more	food	on	the	Travel	
Channel along with the requisite guest chefs on many morning shows, food and talking about food is hot stuff. 
Foodies want to know what variety of tomato they are tasting, how it was grown, where it came from……This 
is	largely,	but	far	from	exclusively	an	urban	phenomena.	With	this	crowd,	flavor,	texture	and	the	story	behind	
the fruit really count. The ability to say that the salad being consumed came largely from their patio, is truly 
important.

 Our population is getting older. Every year a greater percentage of Americans are over 55. Tending to a large 
Victory Garden is not in the cards for everyone. Many villages where seniors now live do not allow for traditional 
gardens. In addition many city, condominium, and apartment dwellers want to grow their own as well. Container 
gardens bridge the gap that allows this large demographic to keep gardening.
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	 In	2010,	the	Penn	State	program	included	more	than	90	varieties	of	tomatoes,	peppers,	eggplants	and	cucurbits.	
Herbs and greens have not been included to date simply due to the funding formulae for the program. There are 
however, many herbs and greens that should be grown and marketed in the same fashion and directly along with 
fruiting vegetables.

 Generally, all of the plants in our program experienced some measure of success. Peppers, tomatoes and 
eggplants	best	fit	the	space	provided	by	the	pot,	so	work	best	in	confined	areas.	Cucumbers	perform	very	well,	but	
will produce vines that quickly exceed the size of the pot. Winter squash, summer squash, and zucchini rapidly 
outgrow their pots and take up large areas. 

 There are fresh opportunities to be found with container grown vegetables (and herbs) for enterprising 
greenhouse growers:

1) The	simplest	is	producing	starter	tomato,	pepper	and	eggplant	transplants	in	2.5-4”	pots.	With	such	a	large	
selection	available,	this	may	be	sufficient	for	many	wholesale	growers.

2)	 Lugging separate pots, potting media and plants in elevators, through apartments and related obstacle 
courses	opens	 the	opportunity	 to	produce	finished	plants	 in	12-20”	pots	 and	hanging	baskets	 (several	
varieties	of	tomatoes).	Your	providing	ready	to	go	containers	provides	a	value-added	opportunity.

3)	 Delivery	services:	for	seniors	and	others	unable	to	handle	heavy	pots,	you	may	find	that	providing	delivered,	
ready-to-go	plants,	opens	up	markets	that	were	completely	inaccessible	before.	Consider	offering	specific	
delivery days to senior communities, don’t be afraid to charge enough to cover your expense and include 
end of season removal services.

4)	 Gifts: How about fruiting tomatoes, peppers or eggplants as a gift. Based on our trials, there are several 
tomatoes and peppers that make excellent, edible gifts.

5) Cucurbits: I’m not sure that there’s much more here than potential seed sales and short turn around 
transplants as they get so big, so quickly.

6)	 Be	sure	 to	provide	growing	advice	along	with	 the	sale.	Even	experienced	gardeners	find	 that	growing	
fruiting	vegetables	in	a	pot	a	very	different	experience	from	in-ground	gardening.	We	developed	four	fact	
sheets	in	2009	supporting	container	gardening	and	plan	to	continue	keeping	those	current	as	long	as	this	
program lasts.

Steve is currently a Regional Horticulture Educator serving the Southeast Region of Pennsylvania out of the 
Franklin	County	office	in	Chambersburg.	He	covers	vegetables,	small	fruit,	cut	flowers,	pond	management,	
greenhouse	vegetables,	and	specialty	marketing	as	his	primary	areas	of	responsibility.	Cut	flowers,	tomatoes,	
garlic,	 shallots,	 cantaloupes	 and	 container-grown	 vegetables	 are	 regular	 items	 in	 the	 trial	 gardens	 under	
Steve’s management. 

Since	2000,	Steve	has	evaluated	more	than	300	varieties	of	tomatoes	for	flavor,	yield	and	marketability.	Other	
applied research programs include Biological control of tomato diseases, cantaloupe variety evaluations, 
container vegetable evaluations and bell pepper variety trials.
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PESTS OF VEGETABLE AND HERB TRANSPLANTS
Stanton Gill, University of Maryland Extension

These tables give a list of the insecticides, fungicides and herbicides that are labeled for use on greenhouse 
vegetables. Also included are the targeted pests, crops labeled for use, the pre harvest interval (PHI) and various 
important comments about the use of these chemicals. These products have been tested and formulated for 
greenhouse use.  Some products, however, while not prohibited from use in the greenhouse lack information on 
application and use in the greenhouse environment.

Selected Insecticides Labeled for Greenhouse Vegetables

Insecticide Target Pests Labeled Crops
PHI 

(days)
Comments

Abamectin	(Agri-Mek) Mites – TSSM, tomato 
russet mites

Tomato, cucurbits, 
pepper 7 Do	not	make	more	than	2	

sequential applications

Azadirachtin	1.2%	
Neem and neem oil
(Azatin XL, Azatrol EC, 
Trilogy)

Aphids, small worms,  
whitefly,	thrips,	fungus,	
gnats (when soil applied)

Most vegetables 0

Plant derived product, OMRI 
approved. Acts as an insect 
growth regulator.  Can be 
applied via drip irrigation

Bacillus thuringiensis, 
var aizawai (XenTari)

Lepidopteron pests, tomato
fruit worm, armyworm,
striped AW, beet AW

Most	vegetables-	
including tomato, 
cucumber, melons, etc.

0
Lepidopteran (Lept) larvae or 
Caterpillars only – best when 
applied to small larva.

Beauveria bassiana 
strain GHA (Mycotrol O 
and Botanigard)
strain ATCC (Naturalis)

Aphids, mites, thrips, small 
worms All Vegetables 0

Slow acting, fungus infects 
insects. Must make at 
least	3	applications	at	7-10	
day intervals. Do not use 
Botanigard ES on tomatoes

Bifenzate
(Floramite SC)

Two-spotted	spider	mite
European red mite

Tomato, and maybe 
other fruiting
vegetables 
Check with state agency 
for	24c	label

3

No	more	than	2	applications/	
crop/season. For tomatoes 
that are greater than 1 inch 
in diameter at maturity. Do 
not use adjuvants in solutions 
applied to tomatoes.

Bt israelensis (Gnatrol) Fungus gnats only Vegetables including 
tomatoes, cucumbers, etc. 0 Fungus gnat larval control 

only.

Bt var. kurstaki (Dipel, 
Crymax, Biobit)

Lepidopteran pests, tomato 
fruit worm, armyworm, 
cabbage, looper, etc. 

All	vegetables	-	
including tomatoes,
brassicas, cucurbits

0 Controls small caterpillars.
No fungus gnat control.

Buprofezin	(Talus	40	
SC)

Whitefly,	mealy	bugs,	leaf	
hoppers Tomatoes 1

Insect growth regulator.  
Works best if applied to small 
immature insects.  
Do	not	apply	more	than	2	
applications per season.
Allow 5 days between 
applications.

Chlorfenapyr
(Pylon)

Spider mites, tomato russet 
mites, thrips, Lepidopteran 
larva, TFW,  Beet AW, 
Hornworms, loopers,            
yellow striped AW

Tomato, tomatillo, 
ground cherry, peppers, 
egg plants

0

Do not use on tomato varieties 
with mature fruit less than 1 inch 
in	diameter.		Allow	5-7	days	
between applications.  No more 
than	3	applications	per	crop.
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Endosulfan (Thionex, 
Thiodan, Phaser)

Aphids, Lept larvae, leaf 
hoppers, thrips Tomatoes 2 Does best on aphids and 

small Lept larvae

Imidacloprid (Admire) Aphids,	whiteflies Tomato and cucumber 
only 0

Do not apply to plants 
growing hydroponically or 
in rock wool, perlite or other 
soil-less	mix.		Use	only	1	
application per season to 
mature plants.

Iron phosphate (Sluggo) Slugs Tomatoes NA OMRI approved.  Do not 
apply directly to plants.

Malathion 8 Flowable                         
or Malathion 8

Aphids, cucumber beetles, 
mites,	thrips,	whiteflies

Cucumber, egg plant 
head lettuce, endive 
leaf lettuce
peppers
tomatoes
onions, bulb and green

		3
		7
14
		3
  1
		3

Be sure to check label as 
PHI differs for certain crops 
depending on formulation 
type. 

Metaldehyde 2%,	0.13	
bait (Ortho slug killer and 
No escape slug and snail 
killer)

Slugs All “vegetables” NA

DO NOT apply directly to 
plants.  
Place beneath GH benches or 
tables.

Paraffinic Oil	(refined	
oil, Summer oils)

Mites, aphids, thrips, 
whitefly All vegetables 1

No	more	than	4	applications	
per season. Must contact the 
pest. Oils can cause foliar 
injury if very hot and humid.

Potassium Salts of Fatty 
Acids,
Insecticidal soaps, 
(M-Pede)

Aphids, mites, thrips, 
whiteflies,	
plant bugs

All vegetables 0

Works	well	on	whiteflies	and	
aphids if applied frequently.
However, do not apply more 
than	3	applications	over	a	2	
week period.

Pyrethrum + Piperonyl 
Butoxide (Pyrenone crop 
spray,  pyronyl crop spray

Aphids, army worms, 
loopers,	flea	beetles,	spider	
mites,	whiteflies

All vegetables, 
tomatoes, cucumbers, 
etc.

0

Piperonyl butoxide is used 
to increase effectiveness of 
Pyrethrin, but is not OMRI 
approved.

Pyriproxyfen (Distance) Whiteflies,	aphids,	fungus	
gnats,	shoreflies Tomatoes 14

No	more	than	2	applications	
per season. Use on tomatoes 
that are 1 inch in diameter (or 
greater) at maturity.

Spinosad (Conserve, 
SpinTor	2SC,	
Entrust	80W)

Thrips, Lepidopteran 
larvae, leafminers, 
pinworms

Tomatoes 2

Excellent product for thrips 
and worm control. 
Not for use on any GH 
transplant vegetable.

Sulfur,	microfin	Sulfur Tomato russet mites Tomatoes 0
Do not mix with oil or apply 
within	2	weeks	of	an	oil	spray	
application.

Stanton Gill, Regional Specialist (Professor Rank) with University of Maryland Cooperative Extension 
stationed at Central Maryland Research and Education Center. He is professor in the Landscape Technology 
Program	at	Montgomery	College	where	he	 teaches	3	 credit	 classes	 in	Pest	management,	 and	greenhouse	
management at night. He writes, publishes and speakes across the US and internationally.

GREENHOUSE



138

GREENHOUSE
SUPPLEMENTAL LIGHTING GUIDELINES FOR GREENHOUSE CROP 

PRODUCTION
Erik S. Runkle

Dept.	of	Horticulture,	Michigan	State	University,	East	Lansing,	MI48824

	 High-intensity	supplemental	lighting	can	increase	photosynthesis	and	plant	quality	of	floriculture	crops	during	
periods	of	dark	weather.		However,	until	recently,	the	definition	of	“dark”	weather	was	ambiguous	and	subjective.		
Research	at	several	U.S.	universities	has	generated	specific	information	on	how	ornamental	plants	respond	to	the	
daily	light	integral	(DLI).		With	this	information,	the	benefit	of	supplemental	lighting	can	be	ascertained	based	on	
the ambient DLI and the plant response to DLI.

 DLI refers to the number of light particles, or photons, received during one day in a particular location and area.  
Photons	that	have	a	wavelength	between	400	and	700	nanometers	(nm)	provide	the	energy	for	photosynthesis,	which	
is the process of converting water and carbon dioxide into sugars and oxygen.  These sugars are then used for plant 
growth.		The	DLI	specifically	refers	to	the	amount	of	light	received	in	one	day	in	one	square	meter	of	area,	which	
equals	10.8	square	feet.		Conceptually,	DLI	is	similar	to	a	rain	gauge,	where	photons	of	light	accumulate	to	a	value	
at the end of the day.  Thus, the DLI cannot be measured instantaneously; a light meter must be used at regular, 
frequent	intervals	throughout	the	day	(for	example,	once	every	10	minutes)	to	measure	how	much	light	is	received.		
From those values, the DLI can be mathematically determined.  Alternatively, a DLI meter, such as the Greenhouse 
Weather	Tracker	model	305	from	Spectrum	Technologies,	can	be	used	to	automatically	measure	the	DLI	each	day.

 DLI is measured in mol·m-2·d-1, which means the number of particles of light (in moles) per square meter (m-2) 
per day (d-1).		The	maximum	DLI	we	receive	outdoors	is	about	60	mol·m-2·d-1 on a cloudless day in the summer.  On 
a dark winter day in the northern part of the United States or Canada, the outdoor DLI could be less than 5 mol·m-

2·d-1.		Inside	a	greenhouse,	the	structure	and	glazing	materials	commonly	reduce	light	transmission	by	35	to	50%.	
Other obstructions, such as hanging baskets and heat pipes, further reduce the DLI.  Therefore, the average DLI 
inside	a	greenhouse	in	the	United	States	usually	ranges	from	5	to	30	mol·m-2·d-1.

	 What	DLI	is	needed	to	grow	high-quality	transplants	and	finish	plants?	The	answer	depends	on	the	crop,	but	
a	common	target	minimum	DLI	inside	a	greenhouse	is	10	to	12	mol·m-2·d-1.  In the northern half of the United 
States,	the	typical	greenhouse	DLI	is	below	12	mol·m-2·d-1	for	about	3	months	of	the	year.		Therefore,	the	benefit	
of supplemental lighting to increase the DLI is greatest during these three months.  In addition, growers are wise 
to maximize the amount of natural light that can reach their crops.  For example, shading should be removed, the 
glazing should be clean and overhead hanging baskets should be kept to a minimum. 

	 Except	for	shade	plants,	plant	quality	generally	increases	as	the	average	DLI	increases,	even	beyond	12	mol·m-

2·d-1.		More	specifically,	as	the	DLI	increases,	branching,	rooting,	stem	thickness	and	flower	number	often	increase	
and	sometimes	plant	height	decreases.		When	light	is	limiting,	some	crops	also	flower	earlier	when	grown	under	a	
higher DLI from supplemental lighting.

	 Supplemental	lighting	is	most	efficient	when	delivered	by	stationary	high-pressure	sodium	(HPS)	lamps	because	
they	are	the	most	efficient	at	converting	electricity	into	photosynthetic	light.		They	also	emit	a	lot	of	radiation	(heat)	
that	can	increase	media	and	plant	temperature,	which	is	an	added	benefit	for	growers	in	cold	climates.	For	example,	
in	a	lighting	study	we	performed	in	late	January	and	early	February	in	Michigan,	HPS	lamps	at	an	intensity	of	680	
footcandles	(90	μmol∙m-2∙s-1)	 increased	the	average	plug	media	temperature	by	4.3°	F	compared	to	the	media	of	
nonlighted	plugs.		The	most	common	fixture	consumes	400	watts,	but	600-	and	1,000-watt	fixtures	are	also	used	and	
are	slightly	more	electrically	efficient.		You	can	work	with	a	greenhouse	lighting	company	to	develop	a	lighting	plan	
(number	and	type	of	fixture,	mounting	height,	type	of	reflector,	etc.)	for	your	needs.
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	 HPS	lamps	with	a	rotating	reflector	are	used	to	deliver	photoperiodic	lighting	and	are	not	effective	at	increasing	
the	DLI.		Metal	halide	lamps	emit	more	of	a	blue-white	light	and	are	sometimes	used	by	commercial	greenhouse	
growers,	but	their	bulb	longevity	is	shorter	and	they	aren’t	quite	as	electrically	efficient	as	HPS	lamps.		Numerous	
companies	are	developing	light-emitting	diodes	(LEDs)	for	greenhouse	applications.		The	efficiency	and	intensity	
of LEDs continues to rapidly advance.  However, in the vast majority of situations, LEDs are currently not an 
economically	viable	option	 for	growers	of	floriculture	crops	given	 their	much	higher	purchase	cost,	 lower	 light	
intensity, or both.

 The amount that the DLI is increased with supplemental lighting depends on the intensity delivered at plant 
canopy level and the number of hours of operation per day.  The most common supplemental lighting installation 
for	greenhouses	used	to	produce	floriculture	crops	is	350	to	500	footcandles	(equivalent	to	46	to	66	μmol∙m-2∙s-1 
from HPS lamps).Higher light intensities are often used in the production of greenhouse vegetables.  The higher 
the intensity and the more hours that the lamps are used, the greater the increase in DLI (Table 1).  For example, 
operating	HPS	lamps	that	provide	500	footcandles	of	light	for	16	hours	per	day	increases	the	DLI	by	3.8	mol·m-2·d-1.  
This may seem like a low value, but this could double the DLI on a cloudy, short day during the winter.

Table	1.	The	effects	of	intensity	and	duration	of	supplemental	lighting	on	the	daily	light	integral	(mol·m-2·d-1).		
Conversions	 from	 footcandles	 to	 μmol∙m-2∙s-1	 (in	 parentheses)	 are	 for	 the	 high-pressure	 sodium	 lamp.
Duration 
(hours)

Footcandles	(μmol∙m-2∙s-1)
350	(46) 500	(66) 650	(86) 800	(105)

8 1.3 1.9 2.5 3.0
12 2.0 2.9 3.7 4.5
16 2.6 3.8 5.0 6.0
20 3.3 4.8 6.2 7.6

 Supplemental lighting has the greatest effect on photosynthesis when lamps are used during darkness or when the 
ambient	light	levels	are	low.		The	benefit	of	supplemental	lighting	is	low	when	natural	light	levels	are	moderate,	and	
benefits	are	essentially	nonexistent	during	sunny	conditions.		Therefore,	to	maximize	use	of	supplemental	lighting,	
operate lamps during a portion of the night, on cloudy days in the winter, and in the early morning and late afternoon
on	sunny	winter	days.		For	many	floriculture	crops,	the	value	of	supplemental	lighting	is	relatively	small	once	we	
naturally	 receive	at	 least	12	mol·m-2·d-1.  Therefore, supplemental lighting is typically not used on ornamentals 
grown in greenhouses in northern latitudes from April through September.

 Purchasing, installing, and operating a supplemental lighting system is expensive.  The following are some 
conditions in which supplemental lighting can be economically viable, and the more that are applicable, the better:

•	 The greenhouse is located in the northern half of the U.S.
•	 Crops are produced during the winter and early spring (October through March)
•	 Young plants (liners or plugs) are produced
•	 You can receive a higher price for a higher quality plant

Erik Runkle is Associate Professor and Floriculture Extension Specialist in the Department of Horticulture 
at MichiganStateUniversity.  Erik works closely with the greenhouse industry in Michigan and beyond to 
develop	and	implement	new,	research-based	information	to	improve	crop	profitability,	reduce	production	inputs,	
implement	new	cropping	strategies,	and	solve	production	problems.		Since	Erik	joined	the	faculty	in	2001,	he	
has	authored	over	45	scientific	papers	and	125	grower	articles	on	the	production	of	greenhouse	crops.		He	also	
authors a monthly column entitled “Technically Speaking” in Greenhouse Product News magazine.  For more 
information about Erik or his research and extension programs, please visit his faculty website at http://www.
hrt.msu.edu/erik-runkle.



140

GREENHOUSE
ENERGY-EFFICIENT STRATEGIES TO PROVIDE LONG DAYS

TO PHOTOPERIODIC CROPS
Erik S. Runkle

Dept.	of	Horticulture,	Michigan	State	University,	East	Lansing,	MI48824

 There	are	two	primary	ways	lighting	can	be	used	to	accelerate	greenhouse	production	of	floriculture	crops.		First,	
increasing	the	total	amount	of	light	provided	to	plants,	which	is	the	daily	light	integral	(DLI),	can	accelerate	flowering	
under low light conditions (such as during the winter and early spring).  The other lighting strategy used to accelerate 
crop	development	is	to	provide	low-intensity	(photoperiodic)	light	to	create	a	long	day.		When	the	natural	photoperiod	
is	short,	many	bedding	plants	and	herbaceous	perennials	flower	earlier	when	provided	with	artificial	long	days.

	 Many	long-day	plants	flower	faster	when	provided	with	a	night	length	of	less	than	10	hours	(when	the	day	is	
at	least	14	hours	long).		Therefore,	in	the	U.S.,	long-day	lighting	can	be	useful	from	September	through	mid-April.		
Photoperiodic lighting is effective either when it is delivered to extend the natural day, or when used during the 
middle	of	the	night	to	interrupt	the	dark	period.		Day-extension	lighting	begins	around	sunset	and	ends	once	the	total	
desired	photoperiod	is	achieved.		For	example,	if	sunrise	is	at	7	am	and	sunset	is	at	6	pm,	then	a	15-hour	photoperiod	
is	delivered	if	the	lamps	run	from	6	pm	until	10	pm.		Night-interruption	lighting	is	equally	effective	and	is	usually	
delivered	by	turning	lamps	on	during	the	middle	of	the	night,	for	example	from	10	pm	to	2	am.

	 There	is	a	long	list	of	crops	that	flower	earlier	when	provided	long	days,	and	some	crops	even	require	long	days	
to	flower.		Common	long-day	floriculture	crops	include	ageratum,	blue	lobelia,	blue	salvia,	campanula,	coreopsis,	
dianthus, gazania, hibiscus, leucanthemum, pansy, perennial garden phlox, petunia, rudbeckia, snapdragon, tuberous 
begonia and verbena, but many others also exist.  A more extensive list of photoperiodic crops can be found in the 
Greenhouse Lighting section of http://hrt.msu.edu/Energy/Notebook.htm.

	 In	most	species,	once	a	plant	is	induced	to	flower,	the	flowers	will	continue	to	develop	even	under	a	non-inductive	
photoperiod.		Therefore,	once	flower	buds	are	visible	(often	about	3-4	weeks	after	transplant	and	the	start	of	long	
days),	lamps	can	be	turned	off	and	long-day	plants	will	proceed	to	flower.		However,	some	crops	that	require	long	
days	(such	as	some	petunias)	are	more	floriferous	if	provided	with	long	days	until	shipping	or	mid-April,	whichever	
occurs	first.

	 Flowering	of	short-day	plants	is	delayed	if	exposed	to	artificial	long	days.		Therefore,	short-day	plants	such	as	
African	marigold,	chrysanthemum,	cosmos,	dahlia,	and	morning	glory	should	not	receive	long-day	lighting	if	possible.		
Plants can perceive light at a very low intensity (1 footcandle or even lower), so be aware of light pollution.  There is 
no	beneficial	or	detrimental	effect	when	long-day	lighting	is	provided	to	day-neutral	plants	(aquilegia,	delphinium,	
French marigold, geranium, impatiens, nepeta, pepper, thunbergia, tomato, vinca, wax begonia and others).

	 Virtually	all	lamp	types	(incandescent,	fluorescent,	high-pressure	sodium,	mercury	and	metal	halide)	are	effective	
on	most	crops	if	the	minimum	light	intensity	is	10	footcandles	(around	100	lux	or	2	μmol·m-2·s-1) at plant height.  
Thus,	photoperiodic	lighting	requires	only	low-intensity	lighting,	whereas	photosynthetic	lighting	to	increase	the	
DLI requires a much higher light intensity.

	 Traditionally,	long-day	lighting	is	delivered	for	a	continuous	duration,	meaning	that	once	lamps	are	on,	they	don’t	
turn off until the lighting period is over.  However, cyclic lighting, where light is delivered to plants intermittently 
during the lighting period, is effectivefor many crops.  There are three different ways to deliver cyclic lighting:

1. Use	incandescent	lamps	for	6-10	minutes	every	half	hour	during	the	desired	lighting	period;
2.	 Install	high-intensity	lamps	on	a	moving	boom	that	runs	back	and	forth	above	crops	for	at	least	four	hours	

during the night;
3.	 Install	high-intensity	(e.g.,	high-pressure	sodium)	lamps	that	have	a	rotating	reflector	(such	as	a	Beamflicker)	

above crops. 
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	 Cyclic	lighting	strategy	#1	has	been	used	for	decades,	and	it	can	be	especially	useful	if	a	grower	already	has	the	
lamps	in	place.		Unfortunately,	incandescent	lamps	are	very	inefficient	at	converting	electricity	into	light.		In	addition,	
they	can	cause	plants	to	stretch,	which	is	often	undesirable	when	producing	potted	or	garden	plants.		Strategy	#2	
is used by some large commercial growers, but there is very little science to the strategy, so guidelines for boom 
lighting	are	not	available.		In	Strategy	#3,we	estimated	that	one	600-W	Beamflicker	was	sufficient	to	light	at	least	
a	50’	x	30’	area,	and	that	additional	units	could	increase	the	per-fixture	area	by	roughly	50%	because	of	overlap	
lighting from nearby units.

	 Replacing	incandescent	lamps	with	compact	fluorescent	(CFL)	lamps	has	been	recommended	to	reduce	energy	
consumption.	 	 CFL	 lamps	 have	 decreased	 dramatically	 in	 cost,	 are	 typically	 75%	 more	 energy	 efficient	 than	
incandescent	lamps,	and	can	be	easily	retrofitted	into	existing	fixtures.		In	addition,	plants	grown	under	CFL	lamps	
can be shorter than those under incandescent lamps, which can reduce the need for plant growth retardants. However, 
the quality (spectrum) of light emitted by CFL lamps is quite different than that of incandescent lamps. To test their 
applicability,	we	quantified	 the	efficacy	of	night	 interruption	or	day-extension	 lighting	on	flowering	of	 long-day	
plants using CFL lamps alone or in combination with incandescents.

	 For	most	of	the	plants	studied,	flowering	was	similar	under	CFL	lamps	as	under	incandescent	lamps;	nearly	
all	plants	flowered	at	a	similar	time,	with	similar	flowering	characteristics.	 	In	contrast,	providing	day-extension	
lighting	with	CFL	lamps	delayed	flowering	of	petunias	by	3	to	4	weeks	compared	with	that	under	incandescent	
lamps.		Flowering	of	petunias	was	also	delayed	by	2	to	3	weeks	when	night	interruption	was	provided	by	CFL	lamps.		
Combining	CFL	lamps	with	incandescent	lamps	largely	overcame	this	delay	in	flowering.

	 Efficient	long-day	lighting	thus	depends	on	1)	efficacy	on	crops,	2)	cost	of	purchasing	and	installing	the	lighting,	
3)	operating	costs,	and	4)	effects	on	stem	extension.		Table	1	provides	estimates	on	some	of	the	costs	for	different	
long-day	lighting	systems	for	1,500	square	feet	of	greenhouse	space.
Table 1. Energy	consumption	estimates	for	photoperiodic	lighting	for	1500	ft2	(50	×	30	ft)	of	greenhouse	space	
with	 incandescent	 (INC),	compact	fluorescent	 (CFL),	or	alternating	INC+CFL	lampsor	a	fixed	or	 rotating	high-
pressure sodium	(HPS)	lamp.		Lamps	operated	continuously	(cont.)	or	25%	of	the	time	(cyclic)	for	4	hours	per	night.		
Information	adapted	from	Blanchard	and	Runkle	(In	preparation)	and	Fisher	and	Both	(2004).	W=Watts;	h=hours.

Erik Runkle is Associate Professor and Floriculture Extension Specialist in the Department of Horticulture at 
MichiganStateUniversity.  Erik works closely with the greenhouse industry in Michigan and beyond to develop 
and	 implement	 new,	 research-based	 information	 to	 improve	 crop	 profitability,	 reduce	 production	 inputs,	
implement	new	cropping	strategies,	and	solve	production	problems.		Since	Erik	joined	the	faculty	in	2001,	
he	has	authored	over	45	scientific	papers	and	125	grower	articles	on	the	production	of	greenhouse	crops.		He	
also authors a monthly column entitled “Technically Speaking” in Greenhouse Product News magazine.  For 
more information about Erik or his research and extension programs, please visit his faculty website at http://
www.hrt.msu.edu/erik-runkle.

Parameter 
Cont. 
INC 

Cont. 
INC + 
CFL 

Cont. 
CFL 

Cyclic 
INC 

Cont. 
rotate 
HPS 

Cont. 
fixed 
HPS 

Fixtures per section 40 40 40 40 1 4 
Electrical energy consumed per 
fixture (W) 100 62.5 25 100 673 293 

Electricity used per section 
(kWh) 4.0 2.5 1.0 4.0 0.673 1.172 

Time operated per week (h) 28 28 28 7 28 28 
Electricity used per week (kWh) 112 70 28 28 18.8 32.8 
Relative effect on promoting 
stem extension High Medium Low Medium Low Low 
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GREENHOUSE
THRIPS AND WHITEFLY CONTROL

Stanton Gill, Extension Specialist, University of Maryland Extension
CMREC, Sgill@umd.edu, www.IPMNET.umd

Insecticides for Thrips Control 
For	most	spray	applications,	thrips	populations	within	the	blooms	will	be	difficult	to	manage.			Blue	or	yellow	sticky	
cards	placed	at	1	card	per	500	sq	ft	of	growing	area	and	checked	on	a	weekly	basis	can	help	monitor	for	adults	thrips.

Lifecycle: Several	species	of	thrips	can	infest	greenhouse	floral	crops,	but	the	most	injurious	species	is	the	western	
flower	thrips	(WFT).	They	often	do	considerable	damage	before	they	are	discovered,	because	thrips	are	small,	mul-
tiply rapidly and feed in plant buds in which they can remain undetected. WFT also vector tospoviruses. Feeding 
marks from the rasping mouthparts of thrips appear as white streaks on the leaves. Infested new growth may curl 
under and leaves are often deformed. 
Adult	WFT	are	about	1/16-inch	long,	with	narrow	bodies	and	fringed	wings.	Females	are	reddish	brown	and	males	
are light tan to yellow. The immature stages are light yellow. Female thrips insert eggs (several hundred per female) 
into	plant	tissue.	The	tiny	yellowish	larvae	molt	twice	and	feed	on	plant	fluids	as	they	mature.	Larvae	drop	off	the	
plant into the soil and pass through two stages, after which adults emerge. The egg to adult lifecycle can be com-
pleted	in	7	to	13	days	depending	upon	greenhouse	temperature.	During	warmer	temperatures	development	is	more	
rapid than at cooler temperatures.

Monitoring: Early detection of a thrips infestation is critical for effective management because populations are 
lower and it is easier to obtain good coverage when plant canopies are small. Symptoms of their feeding are often 
not noticed until the damage has occurred. Eggplant, tomato and pepper are prone to thips infestations. Yellow sticky 
cards, key plants and indicator plants provide an easy way to detect the onset of an infestation. Yellow sticky cards 
should	be	placed	just	above	the	crop	canopy,	and	near	doors,	vents	and	over	thrips-sensitive	cultivars	to	monitor	the	
movement	of	thrips.	Recent	research	has	shown	the	light	to	medium-blue	sticky	cards	catch	more	thrips	than	yellow	
ones.	However,	it	is	more	practical	to	use	yellow	cards	for	general	pest	monitoring	to	attract	fungus	gnats,	whiteflies	
and winged aphids. The number of thrips per card should be recorded and graphed weekly to monitor population 
levels and movement in or out of the greenhouse, and thus aid in control decisions. See section on key plants and 
indicator plants for more monitoring information.

Biology
	 Control	of	western	flower	thrips	is	extremely	difficult	because	of	several	biological	characteristics	of	this	species.	
Research in California has uncovered much about the biology of this pest. Eggs of this species are inserted into leaf, 
stem, or petal tissue and are thus protected from insecticides. The egg stage lasts from two and a half to four days. 
The	eggs	hatch	into	larvae,	which	usually	remain	protected	in	flower	buds	or	terminal	foliage.	This	is	the	stage	that	
can acquire impatiens necrotic spot virus (INSV). The insect passes through two larval stages, both of which feed in 
these	protected	areas.	The	first	larval	stage	lasts	one	to	two	days,	the	second	larval	stage	lasts	two	to	four	days.	Toward	
the end of the second larval stage, the insect stops feeding and usually drops into the soil or leaf litter to pupate. The 
insect passes through two “pupal” stages (prepupal and pupal) during which no feeding and little movement occurs. 
The prepupal stage lasts one to two days, and the pupal stage lasts one to three days. While in the pupal stage in the 
soil,	the	insect	escapes	exposure	to	insecticides	directed	at	the	foliage.	The	adults,	which	can	survive	from	13	to	75	
days	and	lay	40	to	250	eggs	(depending	on	temperature	and	host	plant),	are	also	found	feeding	primarily	in	protected	
areas	of	the	plant	such	as	flowers	and	terminals.	The	pest’s	rapid	developmental	time	(egg	to	adult	in	10	to	15	days	
at	fluctuating	 temperatures	between	76°	and	86°	F)	and	 reproductive	 rate	 in	 these	protected	areas	can	allow	an	
undetected infestation quickly to become a major problem. At cool temperatures, immature development takes much 
longer	(at	54°	F,	egg	to	adult	development	takes	57	days)	and	an	infestation	may	escape	detection	because	most	of	
the	population	may	be	in	immature	stages	with	very	few	adults.	They	fly	readily	(although	they	are	not	strong	fliers)	
and	can	be	carried	on	wind	currents	or	on	clothing	to	greenhouses	near	an	infestation.	They	can	fly	from	a	sprayed	
to an unsprayed area or can move into or out of a greenhouse through doors or vents. Flight activity may be greatly 
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reduced	at	cool	temperatures	(ca.	55°	F	or	lower).	Effective	chemical	control	is	further	complicated	by	the	problem	
of insecticide resistance. Resistance to certain organophosphate, carbamate, and synthetic pyrethroid insecticides has 
been	documented	in	certain	western	flower	thrips	populations.
 
Damage
 Feeding by these tiny insects causes plant cells to collapse, which may eventually result in distorted leaves or 
flowers	if	the	damage	was	done	while	the	thrips	were	feeding	in	buds	and	terminals,	or	scarred,	silvery	patches	and	
flecking	if	the	damage	is	to	open	foliage	or	petals.	The	damaged	patches	on	expanded	leaves	and	petals	will	also	have	
tiny	greenish-black	fecal	specks	that	are	left	by	the	thrips.	They	also	damage	the	appearance	of	African	violets	by	
spreading	pollen	over	the	flowers	as	they	feed	on	and	break	open	the	pollen	sac.	The	thrips’	feeding	can	also	transmit	
one of the two incurable tospoviruses (impatiens necrotic spot virus and tomato spotted wilt virus) that cause severe 
damage to greenhouse plants, if the thrips are carrying the virus. Both the thrips and the viruses have a very wide 
host	range,	including	flowers,	vegetables,	and	many	weeds.	(see	INSV/TSWV	discussion	in	the	Disease	section	of	
this	guide)	One	viruliferous	western	flower	thrips	adult	can	infect	a	plant	after	feeding	on	it	for	only	30	minutes.	
Western	flower	thrips	acquire	the	virus	from	infected	plants	as	first-instar	larvae,	and	then	as	adults	can	transmit	the	
virus, retaining it for the remainder of their lives. Because the immature stages usually remain on one plant and do 
not	move	to	other	plants,	the	virus	is	spread	mostly	by	adults	as	they	fly	or	are	carried	by	wind	currents.

Insecticides	for	Whitefly	Control	
	 Most	growers	notice	the	adult	whitefly	since	they	fly	up	from	the	crop.	However,	the	most	damaging	stage	of	
the	whitefly	is	the	settled	nymph	stage	(called	sessile	stage)	that	is	found	on	the	underside	of	the	foliage.	When	
monitoring, the foliage should be manually lifted and the undersides of the foliage examined for presence of this 
settled	stage	of	the	whitefly.	The	sessile	stage	looked	similar	to	a	scale	insect.	

	 Adult	whitefly	can	be	monitored	using	yellow	sticky	cards	placed	just	above	the	canopy	of	the	greenhouse	crop.

	 Note	that	not	every	lifestage	of	the	whitefly	can	be	collectively	controlled	by	every	pesticide.		In	other	words,	
a	pesticide	product	may	only	control	one	whitefly	life	stage	but	not	another.		For	example,	the	systemic	acephate	
controls feeding stages (nymphs, adults) but not eggs or pupae.  See the ‘Comments’ column to determine if the 
product is limited to one or more lifestages (egg, nymph, pupa, or adult).

Lifecycle: The	silverleaf	whitefly	(Bemisia argentifolii)	and	greenhouse	whitefly	(Trialeurodes vaporariorum) may 
infest	vegetable	bedding	plants.	However,	greenhouse	whitefly	is	the	most	common	species.	Both	adult	and	imma-
ture	whiteflies	have	piercing	sucking	mouthparts,	are	able	to	remove	fluids	and	produce	honeydew	that	also	results	
in	sooty	mold	fungus.	Winged	adult	whiteflies	are	1/16-inch	in	length,	and	found	on	the	undersides	of	the	youngest,	
most	tender	leaves.	Females	may	lay	from	150	to	300	eggs,	which	hatch	into	first-instar	nymphs	in	about	a	week.	
The crawlers move for a short distance before settling down to feed. After three molts, a pupal stage is formed from 
which	adults	emerge	in	about	six	days.	Whiteflies	complete	their	egg	to	adult	cycle	in	21	to	36	days	depending	upon	
greenhouse temperatures.

Monitoring: To	monitor	whiteflies,	check	susceptible	plants	such	as	tomatoes	at	ten	locations	in	an	area	of	1,000	
square feet, examining plants on each side of the aisle. Look on the undersides of one or two leaves per plant, for 
nymphs,	pupa	and	adults.	Yellow	sticky	 traps	can	also	be	used	 to	detect	adult	whiteflies	once	populations	have	
reached	higher	densities.	Begin	treatments	as	soon	as	the	first	sign	of	infestation	is	noted.

Stanton Gill, Regional Specialist (Professor Rank) with University of Maryland Cooperative Extension stationed 
at Central Maryland Research and Education Center. He is professor in the Landscape Technology Program at 
Montgomery	College	where	he	teaches	3	credit	classes	in	Pest	management,	and	greenhouse	management	at	
night. He writes, publishes and speakes across the US and internationally.

GREENHOUSE
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GREENHOUSE
MY CRYSTAL BALL: ANTICIPATING THE MARKET IN 2011

Steve	Bogash,	Regional	Horticulture	Educator,	Penn	State	Cooperative	Extension,	Smb13@psu.edu

 The marketplace for bedding plants, potted plants, perennials and the whole garden scene in general are now 
and will continue for the foreseeable future to expand, but much more slowly than in the past. A number of forces 
are driving this continued growth. Firstly, and most important is the change demographically inour customer base. 
Simply put, there will be more retired or near retired people and “empty nesters” to buy plants and related products. 
Do not discount all the other plant buyers. This group just happens to be the fastest growing. Adding this developing 
demographic to better “pull through” marketing, increased information sources, and a constantly growing and 
changing plant inventory from which to choose, means more sales for those operations willing and able to adapt to the 
demands	of	a	rapidly	changing	marketplace.	The	watchword	for	2011	is	“value.”	With	the	economy	on	a	very	slow	
mend, consumers will demand value for their money.

	 Let’s	look	at	the	changes	in	demographics	over	the	next	few	years.	Today,	there	are	3	people	working	for	every	
retired	person	(over	62),	by	2040,	this	ratio	will	change	to	2/1.	These	now	liberated	parents	are	likely	to	be	seeking	to	
refeather	their	nests	for	comfort	and	hobby.	Also,	the	50	-	59	year	old	group	increased	by	140%	in	the	years	from	1995	
-	2005.	Many	of	this	group	are	leaving	urban	life	and	seeking	to	retire	to	rural	areas.	Two	years	ago,	this	group	was	
likely to bring a lot of disposable income with them to spend on high quality garden products. However, today many of 
these retirees have seen their nest eggs shrink or vanish. Some have been forced to return to the workforce. Marketers 
that can attend to this clientele with appropriate information and services will experience a loyal customer base that 
will provide a strong foundation for business growth. Getting to know this rapidly growing demographic group and 
their	expectations	is	essential	in	order	to	maximize	your	profit	potential.	Generally,	they	have	very	high	expectations	
and are willing to pay for those products and services that they consider important to a satisfactory lifestyle. They have 
lived	through	the	largest	expansion	in	consumer-based	products	in	history	and	have	now	seen	much	of	that	growth	
vanish. How will your operation clearly demonstrate that your products are ‘valuable yet affordable’?

Other Factors in the expanding market for plants:
Pull through marketing
Here’s	what	I	wrote	in	2008:
 “In ever increasing numbers, plant breeders, larger growers and manufacturers use well planned advertising 
campaigns to generate direct consumer demand for product. Examples of this include the “Wave” petunia and “Dragon 
Wing” begonia and the entire Proven Winners program. Consumers come into retailers looking not just for color, but for 
very	specific	branded	plants.	This	has	increased	their	confidence	in	growing	along	with	priming	them	to	spend	money	
as they walk in the door. Look for this trend to increase as our society continues down the path of everything branded.”

	 For	the	2011	season,	branding	is	just	as	important,	but	nearly	overwhelming	as	there	are	so	many	brands.	An	
increased	emphasis	on	locally	grown	opens	the	door	for	in-house	brands.	Gardening	consumers	want	a	connection	
with	their	food	and	plant	sources.	While	they	will	continue	to	shop	widely,	there	is	a	definite	desire	on	their	part	to	
continue dealing with a local supplier.

Increased information sources
 One of the factors long noted in surveys of plant buying consumers is their fear of killing a plant. With their 
increased access to the internet and its vast information sources and much better printed information on tags and in 
retail stores, this fear factor is likely to be diminishing. Anything you can do as a seller of plant products to increase 
consumers	success	helps	to	build	their	confidence	for	ever	more	advanced	projects.	Is	your	staff	ready	to	be	a	good	
source of growing information?

New cultivars
 “Keep your customers coming back and looking for more” is just good advice for any market sector. The constant 
introduction of new products with hopefully improved characteristics is one very important factor in the green 
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industries	long-term	growth.	Consumers	enjoy	giving	their	homes	a	new	face	lift,	landscapers	can	offer	ever	more	
advanced services and it gives the entire industry something to keep talking about in the media. All America Winners, 
Proven Winners and other similar programs work directly with pull through marketing to build sales.

Big Box Stores
	 Wal-Mart,	Lowes,	Home	Depot	and	the	other	national	“Big	Box”	stores	have	had	the	single	greatest	overall	change	
in	how	our	industry	works	in	the	past	10	years,	but	this	impact	may	have	leveled	out.	These	stores	ability	to	make	mass	
purchases and set prices for commonly available goods has changed the way our entire industry does business. So far, 
only truly large growers have been able to sell them green products. Therefore, new and smaller growers must focus 
on	doing	what	the	big	chains	cannot.	Specifically,	they	have	problems	with	maintaining	plant	quality	once	delivered,	
finding	and	retaining	trained	staff	to	assist	customers,	and,	carrying	any	other	than	top	sellers.	Independent	garden	
center, greenhouses and smaller grower can make money even when located in close proximity to a “big box.” In our 
survey	of	new	gardeners,	Big	Box	stores	were	#2	when	they	went	hunting	for	vegetable	plants.

Landscape Sales
	 Up	until	2008,	the	increasing	number	of	older	customers	was	driving	a	boom	in	landscape	services.	The	present	
recession, while beginning to wane, was devastating to many landscapers. Green growers can still create a business 
targeting sales to landscapers, but the days of rampant growth in this sector are gone. Those serving commercial 
clientele still need larger plants and often need mass quantities of those plants. One perennial grower near Baltimore 
has	a	list	of	about	60	perennials	that	they	have	available	at	all	times	specifically	to	service	this	market.	Don’t	discount	
landscapers as clientele, but look for other outlets as well.

Organically Grown Plants
	 Until	completing	the	recent	survey	of	1,300	Mid-Atlantic	gardeners,	I	would	never	have	guessed	that	so	many	
gardeners were so devoted to organically grown plants. While the subject at hand were vegetable plants and vegetable 
gardening,	it	seems	likely	that	many	of	this	same	group	grow	flowers	and	are	just	as	concerned	about	the	use	of	the	
pesticides	around	their	homes	under	any	conditions.	70.6%	of	respondents	in	that	survey	felt	that	growing	food	without	
pesticides	was	a	major	driver	in	their	decision	to	grow.	50.7%	were	completely	devoted	to	growing	organically	and	
another	38.6	%	were	willing	compromise,	but	only	carefully.	

When creating or growing your green business, consider these questions:
-	 What	do	customers	think	of	our	/	my	products?
-	 What	problems	do	my	products	have	and	how	can	they	be	fixed?
-	 Are	there	new	products	that	are	currently	needed?
-	 Are	my	distribution	channels	up	to	todays’	and	tomorrows	demands?
-	 Am	I	losing	business	to	competitors	(that	is	business	that	you	truly	want)	and	why?
-	 What	future	demands	do	I	see	coming	from	consumers	and	can	I	reasonably	meet	those	demands?
-	 Are	you	ready	to	handle	the	demand	for	organically-grown	plants	and	do	you	have	the	skills	to	assist	these	customers?
-	 Are	there	other	related	markets	that	I	should	be	moving	into?
In closing, are you and your business ready for today and tomorrows marketplace?

Steve is currently a Regional Horticulture Educator serving the Southeast Region of Pennsylvania out of the 
Franklin	County	 office	 in	Chambersburg.	He	 covers	 vegetables,	 small	 fruit,	 cut	 flowers,	 pond	management,	
greenhouse	vegetables,	and	specialty	marketing	as	his	primary	areas	of	 responsibility.	Cut	flowers,	 tomatoes,	
garlic,	shallots,	cantaloupes	and	container-grown	vegetables	are	regular	items	in	the	trial	gardens	under	Steve’s	
management. 

Since	2000,	Steve	has	evaluated	more	than	300	varieties	of	tomatoes	for	flavor,	yield	and	marketability.	Other	
applied research programs include Biological control of tomato diseases, cantaloupe variety evaluations, container 
vegetable evaluations and bell pepper variety trials.

GREENHOUSE
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VINE CROPS
FUNGICIDE RESISTANCE MANAGEMENT FOR CUCURBIT CROPS

Andy Wyenandt
Extension Specialist in Vegetable Pathology, Department of Plant Biology and Pathology, Rutgers University

 
	 In	 the	 mid-Atlantic	 and	 Northeast	 regions	 of	 the	 United	 States	 over	 140,000	 of	 fresh-market	 vegetable	
crops	 are	 grown	 annually	 with	 an	 estimated	 value	 over	 794	 million	 dollars.	 Cucurbit	 downy	 mildew	
(Pseudoperonosporacubensis) and powdery mildew (Podosphaeraxanthii) are two important diseases of cucurbit 
crops in both regions. In recent years, several new fungicide chemistries labeled for use in cucurbit production 
have	been	 registered	 in	 the	US.	Many	of	 these	 fungicides	have	a	specific	mode-of-action	 (MOA)	 that	 targets	
pathogen	development	at	a	single	site.	Fungicides	with	a	single-site	MOA	are	considered	at	high-risk	for	fungal	
resistance development and possess a much greater risk than fungicides with multiple MOAs (i.e. protectant 
fungicides).  

 To help vegetable growers understand the importance of managing fungicide resistance development, a 
fungicide	resistance	management	guide	for	vegetable	crops	grown	in	the	mid-Atlantic	region	has	been	available	in	
the	Mid-Atlantic	region	since	2007	(http://njveg.rutgers.edu/html/cp-FRAC.html).	Since	2007,	over	8,000	FRAC	
guides	have	been	distributed	representing	over	100,000	A	of	vegetable	production.	This	FRAC	guidehas	become	
an important IPM tool for many vegetable growers, crop consultants and extension agents in the region. The 
purpose of this fungicide resistance management guidehas been to; i) promote the importance of understanding 
of	FRAC	codes	in	managing	fungicide	resistance;	ii)	maximize	appropriate	use	of	specific	fungicides	that	have	a	
high-risk	for	resistance	development;	and	iii)	provide	an	integrated	pest	management	(IPM)	tool	that	encourages	
vegetable	growers	to	develop	season-long	control	programs	that	integrate	fungicide	resistance	management	in	the	
Mid-Atlantic	and	Northeast	regions	of	the	US.

	 More	recently,	a	fungicide	resistance	management	table	has	been	developed	for	cucurbit	growers	in	the	mid-
Atlantic and Northeast regions of the U.S. to i) promote the importance and understanding of FRAC (Fungicide 
Resistance Action Committee) codes to manage fungicide resistance while controllingcucurbit powdery and downy 
mildew;	ii)	optimize	appropriate	use	of	specific	fungicides	that	have	a	high-risk	for	resistance	development;	and	
iii)	provide	an	IPM	tool	to	allow	cucurbit	growers	to	develop	season-long	cucurbit	downy	and	powdery	mildew	
control programs with an emphasis towards fungicide resistance management. 

 The fungicide resistance management  table (see link to table below) consists of fungicides listed for control 
of cucurbit downy mildew or powdery mildew from commercial recommendations guides developed for the  
mid-Atlantic	 region	 (PA,	NJ,	DE,	MD,	VA),	New	York	 state,	 and	Northeast	 region	 (ME,	NH,	VT,	CT,	MA,	
RI). Included in the table are fungicides, active ingredients, FRAC and risk management codes, and fungicide 
resistance	management	guidelines	 for	control	of	cucurbit	downy	mildew	and	powdery	mildew.	Twenty-seven	
labeled	 fungicides	 that	 include	19	different	FRAC	codes	 are	 listed	 for	 these	diseases	with	 codes	 for	 risks	of	
resistance development (L = low risk, M = medium risk, and H = high risk) established by the FRAC committee. 
Fungicides,	 active	 ingredients,	 and	 FRAC	 codes	 are	 color-coordinated	 by	 FRAC	 code	 to	 help	 distinguish	
differences among FRAC groups (i.e., different MOAs). A superscript R next to the FRAC code indicates that 
resistance	to	that	particular	fungicide	has	been	detected	in	the	mid-Atlantic	and/or	Northeast	region.	To	denote	
whether resistance management is required according to the label, a Y for Yes or an N for No is listed for each 
particular	fungicide.	Current	anticipated	efficacy	for	each	fungicide	 is	denoted	by	 the	use	of	a	plus	system	in	
which	 one	 (+)	 designates	 poor	 efficacy,	 two	 (++)	 equals	 poor	 to	 good	 efficacy,	 three	 (+++)	 designates	 good	
efficacy,	four	(++++)	equals	very	good	efficacy,	and	five	(+++++)	designates	excellent	efficacy.	Most	importantly,	
if resistance has been detected for a particular fungicide, the designated (+) signs are red, emphasizing that a 
particular fungicide/pathogen combination has a very high risk for resistance development . If resistance has not 
been detected in a pathogen to a particular fungicide, the designated (+) signs are black. 
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 Fungicide resistance management guidelines for the control of cucurbit downy mildew and powdery mildew 
in	 the	mid-Atlantic	and	Northeast	 regionsare	 sponsored	by	 the	Northeastern	 IPM	Center	and	are	available	 to	
print free of charge from the  Northeastern IPM Center website at http://northeastipm.org/ipm_resource_detail.
cfm?id=6820. Free laminated copies of the table can be obtained by state and local agricultural agents for 
distribution	in	mid-Atlantic	and	Northeast	regions	by	contacting	Dr.	Andy	Wyenandt	at	wyenandt@aesop.rutgers.
edu.

	 Projectsfor	both	resistance	management	guides	have	been	funded	by	the	Northeast	IPM	Center’s	mini-grants	
program.

Andy is an extension Specialist in Vegetable Pathology for the New Jersey Agricultural Experiment Station 
and Rutgers University. Located at the Rutgers Agricultural Research and Extension Center (RAREC) near 
Bridgeton, New Jersey, Andy conducts applied research in vegetable pathology with a focus on fungicide 
resistance management in all vegetable crops. Andy’s research also focuses on the relationship between 
phytophthora-tolerance	and	skin	separation	or	‘silvering’	in	bell	pepper	fruit.	Andy	earned	his	Master’s	degree	
(1999)	and	Ph.D.	(2004)	from	The	Ohio	State	University	under	the	supervision	of	Dr.	Mac	Riedel.	(2008)
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VINE CROPS

WINTER SQUASH VARIETY TRIAL UPDATE
Elsa Sánchez, Associate Professor of Horticultural Systems Management, Mike Orzolek, Professor of Vegetable 

Crops, Tim Elkner, Senior Extension Educator, Horticulture, Tom Butzler, Extension Educator, Horticulture, 
Steve Bogash, Associate Extension Educator, Horticulture, Lee Stivers, Extension Educator, Horticulture, Eric 

Oesterling, Associate Extension Educator, Horticulture
The Pennsylvania State University Department of Horticulture and Cooperative Extension

	 In	2010	we	evaluated	several	acorn,	butternut,	spaghetti	squash,	kabocha	and	other	types	of	winter	squash	
cultivars in a conventional plasticulture system in western, central and south eastern Pennsylvania.  Additionally, 
butternut and acorn cultivars grown in an organic plasticulture system were trialed in central Pennsylvania.

 The cultivars trialed in the conventional system along with the company from which seed were acquired 
from are listed below. The standards ‘Vegetable Spaghetti’ in the spaghetti category, ‘Waltham Butternut’ in the 
butternut category and ‘Tay Belle’ in the acorn category were grown for comparisons.

Cultivar Seed Company Type of winter squash
Bush Delicata Stokes Seeds Other	-	Delicata
Butternut Supreme Rupp Seeds Inc Butternut
Bugle Rupp Seeds Inc Butternut
Betternut	401 Rupp Seeds Inc Butternut
Sun Spot Rupp Seeds Inc Other – orange/red Buttercup
Harlequin Rupp Seeds Inc Acorn
Table Star Rupp Seeds Inc Acorn
Space Station Rupp Seeds Inc Kabocha
Thunder Rupp Seeds Inc Kabocha
Sweet Lightning Rupp Seeds Inc Other	-	Delicata
Autumn Delight Seedway, LLC Acorn
Tay Belle Seedway, LLC Acorn
Celebration Seedway, LLC Acorn
Sweet Mama Seedway, LLC Kabocha
Atlas Seedway, LLC Butternut
Tivoli Seedway, LLC Spaghetti
Honey Bear Johnny’s Selected Seeds Acorn
Jet Johnny’s Selected Seeds Acorn
Tip Top (PMR) Johnny’s Selected Seeds Acorn
Red Kuri Johnny’s Selected Seeds Kabocha
Sunshine Johnny’s Selected Seeds Kabocha
Cha-Cha Johnny’s Selected Seeds Kabocha
Bonbon Johnny’s Selected Seeds Kabocha
JWS	6823	(PMR) Johnny’s Selected Seeds Butternut
Metro (PMR) Johnny’s Selected Seeds Butternut
Waltham Butternut Johnny’s Selected Seeds Butternut
Spaghetti Squash Johnny’s Selected Seeds Spaghetti
Piñata neseed.com Other	-	Delicata
Speckled Pup (PMT) neseed.com Other – mini Kabocha

 The cultivars trialed in the organic system along with the company from which seed were acquired from are 
listed below. The standards ‘Waltham Butternut’ in the butternut category and ‘Tay Belle’ in the acorn category 
were grown for comparisons.
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Cultivar Seed Company Type Organic or Non-
treated Seed

Waltham Butternut Seedway, LLC Butternut Organic
Celebration Seedway, LLC Acorn Non-treated
Autumn Delight Seedway, LLC Acorn Non-treated
Tay Belle Seedway, LLC Acorn Non-treated
Betternut	401 Rupp Seeds Inc Butternut Non-treated
Metro Johnny’s Selected Seeds Butternut Non-treated
JWS	6823 Johnny’s Selected Seeds Butternut Non-treated
Honey Bear Johnny’s Selected Seeds Acorn Non-treated
Tip Top Johnny’s Selected Seeds Acorn Non-treated
Jet Johnny’s Selected Seeds Acorn Non-treated
Table Queen High Mowing Seeds Acorn Organic
REBA High Mowing Seeds Acorn Organic

 At all locations cultivars were grown in a plasticulture system using raised beds, drip irrigation and black 
plastic.	 	Three	 foot	 in	 row	 spacing	 and	8	 foot	 center-to-center	 rows	were	 used.	 	At	 the	 central	Pennsylvania	
4-week-old	 transplants	were	planted	on	June	17,	2010	 in	 the	conventional	system	and	5-week-old	 transplants	
were	planted	on	May	28	and	29,	2010	in	the	organic	system.	Direct	seeding	was	used	in	the	western	and	south	
eastern sites.

 Fruit were harvested when all plants of an individual cultivar reached maturity.  Fruit was categorized as 
marketable or unmarketable, counted and weighed.  Yield data was analyzed using analysis of variance.  When P 
values were less than or equal to 0.05, means were separated using Duncan’s LSD test.  

Results
Organic Trial - Butternut Squash
	 ‘JWS	6823’	and	‘Betternut	401’	produced	a	 larger	number	of	fruit	 than	‘Waltham	Butternut’	and	‘Metro’.		
All cultivars produced similar yields in terms of weight of fruit.  Very few butternut squash were unmarketable.  
Differences in unmarketable yields between cultivars were not detected.

Acorn Squash
 ‘Celebration’ produced a larger number of fruit than ‘Tay Belle’.  ‘REBA’, ‘Table Queen’, ‘Honey Bear’ 
and ‘Jet’ did not produced fruit numbers different than ‘Tay Belle’.  Fruit numbers from ‘Tip Top’ and ‘Autumn 
Delight’ were smaller than ‘Tay Belle’.  In terms of weight, ‘Tay Belle’ yields were higher than all other cultivars.  
‘Tay Belle’ was followed by ‘Celebration’ and ‘Jet’ which produced higher yields than ‘Tip Top’.  ‘Autumn 
Delight’, ‘Table Queen’ and ‘REBA’ yields were not different from ‘Celebration’, ‘Jet’ or ‘Tip Top’.  ‘Honey 
Bear’ produced the lowest yields in terms of weight.  Very few acorn squash were unmarketable.  Differences in 
unmarketable yields between cultivars were not detected.

Conventional Trial 
	 Squash	were	directed	seeded	about	3	weeks	late	in	the	western	Pennsylvania	site.		The	site	experienced	a	crop	
failure	as	by	July	21,	2010	each	plot	averaged	only	2	plants.

 Interaction between location and cultivar were detected and therefore statistics for each site were analyzed 
separately. 

Spaghetti Squash – Central Pennsylvania, Rock Springs
 The performance of ‘Vegetable Spaghetti’ and ‘Tivoli’ were not different from each other in terms of marketable 
or unmarketable yields.

VINE CROPS



150

Spaghetti Squash – SE Pennsylvania, Landisville
 The performance of ‘Vegetable Spaghetti’ and ‘Tivoli’ were not different from each other in terms of marketable 
or unmarketable yields.

Butternut Squash – Central Pennsylvania, Rock Springs
	 The	largest	numbers	of	fruit	were	from	‘Bugle’	followed	by	‘Betternut	401’.	 	All	other	cultivars	produced	
numbers of fruit not different from ‘Waltham Butternut’.  ‘Atlas’ produced the largest fruit by weight.  Fruit 
weight from all other cultivars was not different from ‘Waltham Butternut’.  Very few butternut squash were 
unmarketable.  Differences in unmarketable yields between cultivars were not detected.

Butternut Squash – SE Pennsylvania, Landisville
	 The	number	of	fruit	produced	by	‘JWS	6823’,	‘Betternut	401’,	‘Metro’	and	‘Bugle’	was	not	different	than	
by ‘Waltham Butternut’.  ‘Butternut Supreme’ and ‘Atlas’ produced fewer fruit than ‘Waltham Butternut’.  Fruit 
from ‘Atlas’ was heavier than from ‘Waltham Butternut’.  The fruit weight from all other cultivars was not 
different than from ‘Waltham Butternut’.  ‘Atlas’ produced more culls in terms of number and weight than all 
other cultivars which were not different from each other. 

Acorn Squash – Central Pennsylvania, Rock Springs
 ‘Harlequin’ and ‘Celebration’ produced higher numbers of fruit than ‘Tay Belle’.  All other cultivars produced 
fruit numbers not different than ‘Tay Belle’.  In terms of fruit weight, ‘Autumn Delight’, ‘Harlequin’, ‘Table Star’ 
and ‘Jet’ were not different from ‘Tay Belle’.  The fruit weight of all other cultivars was lower than ‘Tay Belle’.  
‘Table Star’ produced more culls in terms of number and weight than all other cultivars which were not different 
from each other.

Acorn Squash – SE Pennsylvania, Landisville
 ‘Harlequin’, ‘Table Star’, ‘Celebration’ and ‘Honey Bear’ produced more marketable fruit than ‘Tay Belle’.  
The remaining cultivars produced fruit numbers not different than ‘Tay Belle’.  ‘Jet’ fruit weighed more than did 
fruit from ‘Tay Belle’.  ‘Autumn Delight’ fruit weight was not different than from ‘Tay Belle’.  Fruit weight from 
the remaining cultivars was less than from ‘Tay Belle’.  ‘Tay Belle’, ‘Harlequin’, ‘Honey Bear’ and ‘Tip Top’ 
produced the largest number of culls.  Culls from the remaining cultivars were fewer than from ‘Tay Belle’.  By 
weight, ‘Tay Belle’ produced the highest amount of culls of all cultivars.

Kabocha and Other Types of Winter Squash – Central Pennsylvania, Rock Springs
 ‘Sweet Lightening’ produced more fruit than all other cultivars followed by ‘Sunspot’ and then ‘Red Kuri’.  
‘Sunshine’, ‘Sweet Mama’, ‘Space Station’, ‘Bonbon’ and ‘Thunder’ produced fruit numbers which were not 
different	from	each	other	or	‘Red	Kuri’	or	‘Cha-Cha’.		‘Cha-Cha’	produced	the	fewest	number	of	fruit.		By	weight,	
‘Sweet Lightening’ and ‘Red Kuri’ fruit yield was heavier than from ‘Space Station’, ‘Thunder’, ‘Bonbon’ and 
‘Cha-cha’.	 	The	remaining	cultivars	produced	an	intermediate	amount	of	fruit	by	weight.	 	‘Bonbon’	produced	
the	highest	number	of	culls	followed	by	‘Cha-cha’.		‘Red	Kuri’	and	‘Sweet	Lightening’	produced	no	culls.		The	
remaining cultivars produced an intermediate amount of culls.  In terms of fruit weight, ‘Bonbon’ produced the 
most	culls	followed	by	‘Cha-cha’,	‘Thunder’,	‘Space	Station’	and	‘Sweet	Mama’	which	were	not	different	from	
each other.  ‘Sunshine’, ‘Sun Spot’, ‘Red Kuri’ and ‘Sweet Lightening’ produced the fewest culls by weight.

Kabocha Squash – SE Pennsylvania, Landisville
 ‘Bonbon’ produced the greatest number of marketable fruit followed by all other cultivars which were not 
different from each other.  ‘Sweet Mama’ produced the highest yield by weight followed by ‘Sunshine’ and 
‘Space	Station’	and	then	‘Bonbon’,	‘Thunder’	and	‘Cha-cha’.		‘Cha-cha’	produced	a	greater	amount	of	culls	than	
‘Thunder’, ‘Sweet Mama’ and ‘Sunshine’.  The remaining cultivars produced an intermediate number of culls.  
Differences in unmarketable yields in terms of fruit weight were not detected.
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Other Types of Winter Squash – SE Pennsylvania, Landisville
 ‘Sweet Lightening’ produced a greater number of marketable fruit than ‘Bush Delicata’ and ‘Sun Spot’, which 
were not different from each other, and ‘Red Kuri’, which produced the fewest marketable fruit.  ‘Piñata’ produced 
an intermediate number of fruit which was not different from ‘Sweet Lightening’, ‘Bush Delicata’ or ‘Sun Spot’.  
Fruit yield by weight was highest from ‘Red Kuri’ followed by ‘Sun Spot’.  ‘Piñata’, ‘Bush Delicata’ and ‘Sweet 
Lightening’ produced the lowest yields by weight, which were not different from each other.  Differences in 
unmarketable yields in terms of fruit number or weight were not detected.

Conclusions
	 In	the	2011	growing	season	we	hope	to	conduct	these	trials	again	to	verify	repeatability	of	these	results.		Until	
then	it	is	difficult	to	draw	conclusions.		However,	cultivar	performance	depended	on	location	and	growing	system	
and recommendations will differ based on location and system used.  

	 In	an	organic	system,	tentatively	it	appears	that	the	performance	of	‘JWS	6823’	and	‘Betternut	401’	butternut	
squash is not different that ‘Waltham Butternut’.  ‘Celebration’, ‘Jet’, ‘Table Queen’ and ‘REBA’ may be 
recommended acorn cultivars.

 In conventional systems in central Pennsylvania, all butternut squash cultivars evaluated seem to perform 
comparably to ‘Waltham Butternut’.  ‘Autumn Delight’, ‘Harlequin’, ‘Table Star’ and ‘Jet’ appear to be high 
yielding acorn squash cultivars.

	 In	 conventional	 systems	 in	 southeastern	Pennsylvania,	 ‘JWS	6823’,	 ‘Betternut	 401’,	 ‘Metro’	 and	 ‘Bugle’	
appear to have high promise for butternut squash.  For acorn squash ‘Jet’ and ‘Autumn Delight’ preformed 
comparably to ‘Tay Belle’.

 In the spaghetti squash category, ‘Tivoli’ preformed as well as ‘Vegetable Spaghetti’ at both locations.

	 It	is	difficult	to	make	tentative	recommendations	in	the	kabocha/other	squash	category	because	ornamental	
value	is	a	larger	consideration	in	selecting	these	types.		However,	‘Cha-Cha’	produced	a	large	amount	of	culls	in	
both locations.

Elsa Sánchez is an Associate Professor of Horticultural Systems Management in the Department of Horticulture 
at	Penn	State	University.	Her	responsibilities	are	60%	extension	and	40%	teaching.	Current	extension	projects	
focus on sustainable and organic production of vegetable crops. She earned a BS in Horticulture and a MS 
in Agricultural Biology at New Mexico State University and a PhD in Horticulture at Washington State 
University. Currently, she and her husband, Chris, live in Tyrone, PA with their daughter Laurel.
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VINE CROPS
EARLY SEASON VIRUS TRANSMISSION BY STRIPED CUCUMBER BEETLE 

IN CUCRBITS
Gerald E. Brust

	IPM	Vegetable	Specialist	University	of	Maryland	Extension	,	CMREC-UMF	2005	Largo	Rd	Upper	Marlboro,	
MD	20774,	jbrust@umd.edu 

 PROBLEM Over the last couple of years there have been reports of early season (mostly in June, but also 
in	May)	virus	outbreaks	in	pumpkin,	cucumber,	watermelon,	cantaloupe	and	squash	fields	throughout	the	mid-
Atlantic and the Northeastern United States. It was always assumed that it was “freak” early season aphids which 
were	carrying	viruses.	However,	the	severity	of	some	of	the	early	season	virus	infected	fields	indicated	that	it	
may	not	be	due	to	aphids.	In	addition,	some	of	the	early	infected	fields	used	reflective	mulch,	which	always	had	
reduced	the	level	of	virus	infection,	but	in	some	cases	now	did	not.	One	thing	that	all	fields	had	in	common	was	
large striped cucumber beetle populations. A knowledgeable crop consultant in Maryland felt it was the stripe 
cucumber beetles that were transmitting the viruses. I conducted a bioassay on beetles collected from early virus 
infected	fields	and	beetles	collected	from	non-virus	infected	fields	and	found	the	beetles	from	the	infected	fields	
(but	none	from	the	non-infected	fields)	were	transmitting	three	viruses,	Watermelon	mosaic	(WMV),	Cucumber	
mosaic (CMV) and Zucchini yellow mosaic (ZYMV). 

 HOW BEETLES VECTOR VIRUSES Beetle vectoring of plant viruses some believe is a simple mechanical 
process	involving	contaminated	mouth	parts.	Leaf-feeding	beetles	(like	cucumber	beetles)	do	not	have	salivary	
glands but regurgitate during feeding. The regurgitation allows for bathing of mouth parts with plant juices 
and viruses if infected plants are fed upon. However, many viruses are not transmitted by beetles, while some 
transmitted viruses are retained by beetles for extended periods of time, suggesting that various factors might be 
involved in successful transmission of a virus by a beetle. After beetles have fed on an infected plant the viruses 
appear quickly in their blood (hemolymph). Viruses also have been detected in the beetle’s saliva (regurgitant) 
and its fecal matter after it has fed on an infected plant. Beetles also can acquire viruses very quickly after feeding 
on	an	infected	plant.	Studies	show	that	a	beetle	may	become	viruliferous	after	a	single	bite,	although	efficiency	of	
acquisition	increases	with	more	extensive	feeding.	Beetles	can	transmit	a	virus	with	a	single	feeding-mouthful	on	
a	susceptible	plant,	but	as	expected	efficiency	of	transmission	increases	with	increased	feeding.	However,	beetles	
do not consistently transmit viruses once they obtain them. A beetle that has transmitted a virus to several plants 
over a few days may stop transmitting it for a couple of days before again infecting a plant. At other times a beetle 
will never transmit certain viruses even though the viruses are found in its hemolymph, mouth parts, saliva and 
feces.  

 Why do beetles transmit some viruses, but not others? The enzymes in beetle saliva (actually its regurgitant) 
have shown high levels of ribonuclease (RNase) activity. Inoculation of viruses in the presence of RNase mimicked 
the beetles’ ability to transmit some viruses, but not others. The RNase in beetle regurgitant acts by directly 
inactivating the virus. How then, do some viruses avoid this beetle enzyme and infect a plant? The theory is 
that	the	beetle-transmissible	viruses	can	move	from	the	point	of	the	feeding	site	(inoculation-site)	to	other	non-
wounded (no RNase present) cells in the plant and infect them, and the viruses that beetles cannot transmit do not 
have this ability. So it is the virus that determines whether or not it is transmitted and not the beetle.

 MANAGEMENT	In	2010,	growers	who	had	problems	the	last	2-3	years	with	early	season	virus	infections	
in	 their	fields	made	strident	efforts	 to	control	 the	beetles	early	 in	 the	season.	On	all	 farms	 that	conducted	 the	
increased beetle management the incidence of virus infection was almost eliminated. In a study at the Central 
Maryland Research and Education Center in Upper Marlboro where we had early season virus problems, where 
we	controlled	beetles	very	tightly	we	had	2-3%	virus	infected	plants,	where	we	did	not	control	beetles	we	had	
20-30%	virus	infected	plants.	If	a	grower	does	have,	or	has	had	early	season	virus	problems	they	should	capture	
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striped cucumber beetles as early as possible and have a bioassay performed to see if they are actually infective. 
Conducting a heavy spray program for beetles when the beetles are not the vectors will only increase a grower’s 
problems.

 An important source of some of these beetle viruses may be found in weeds. Viruses need to survive in a 
living host and they can overwinter in many perennial weeds and crop plants. The perennial weeds wild ground 
cherry, horse nettle, milkweed, ragweed, pokeweed, nightshade, and various mints overwinter some viruses in 
their roots, and in the spring the virus migrates to new growth, which beetles feed on and transmit to susceptible 
crop plants. CMV is an example of a virus that is stored over the winter like this and also is easily transferable 
through sap carried on the hands, clothes and tools of people harvesting fruit, weeding or turning vines. So it is 
important	to	identify	what	particular	virus	is	in	your	field	and	whether	cucumber	beetles	are	the	vectors.
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VINE CROPS
 WEED CONTROL IN CUCURBIT CROPS

Dr. Bradley A. Majek
Department of Plant Science, Rutgers Agricultural Research & Extension Center

121	Northville	Road,	Bridgeton,	NJ	08302

 
 Crops commonly grown in the cucurbit plant family include plants from three major branches of the family.  
The branch of each crop is called its genus.  Each major branch of the family has a separate Genus name.  Squash 
and pumpkins, including winter squash, summer squash, Halloween pumpkins, and pie pumpkins, are in the Genus 
called Cucurbita.  Cucumbers and melons, including muskmelons and honeydew melons are in the Genus called 
Cucumis.  Watermelons are in a genus called Citrullus.  Crops from the different branches of the cucurbit family often 
do not have the same tolerance for certain herbicides.  Crops from the same branch of the family usually have similar 
tolerance to herbicides.
 
	 The	herbicides	available	for	controlling	weeds	in	cucurbit	crops	are	Prefar	4EC	(bensulide),	Command	3ME	
(clomazone),	 Curbit	 3EC	 (ethalfluralin),	 Sandea	 75DF	 (halosulfuron),	 Poast	 1.5EC	 (sethoxydim),	 Select	 2EC/
SelectMax	(clethodim),	and	Gramoxone	 Inteon	2SC	(paraquat).	 	 	Recent	 information	 indicates	 that	Alanap	2SC	
(naptalam) may be dropped by the manufacturer.
 
 Many cucurbits are commonly grown on plastic mulch, and on soil without mulch.  When the crop is grown on 
plastic mulch, two areas need to be considered separately, under the mulch and between the strips of mulch.  When 
the crop is grown without mulch, the in row and between row areas can be treated similarly.  
 
	 Prefar	4EC	is	one	of	the	few	herbicides	labeled	for	use	in	all	cucurbit	crops.		Excellent	crop	safety	has	been	
observed,	and	Prefar	4EC	can	be	used	under	plastic	mulch.		The	herbicide	controls	annual	grasses	and	suppresses	
or controls a few broadleaf weeds, but use of Prefar alone may result in annual grass control and broadleaf weed 
problems.  The label permits applications to be made preplant incorporated or preemergence.  Local research has 
indicated that preemergence applications made immediately after seeding, and followed by one half to one inch of 
irrigation provide better weed control than mechanical preplant incorporation. 
 
	 Command	3ME	is	labeled	for	use	in	cucurbit	crops	except	pumpkins.		Cucumbers,	muskmelons,	watermelons,	
and summer squash are less tolerant to Command than winter squash and pumpkins.  Recommended rates range 
between	0.125	and	0.25	pounds	of	active	ingredient	per	acre,	or	five	to	eleven	fluid	ounces	of	Command	3ME	per	
acre.  Some early injury may be observed as a whitening of the edges of some of the leaves after emergence.  Due to 
the possibility of this injury early in the season, the rate recommended for weed control in these crops is lower than the 
rate	recommended	in	pumpkins	and	winter	squash.		The	use	of	Command	3ME	pretransplant	is	NOT	recommended	
in summer squash and zucchini.  Transplanted crops are excluded to prevent the symptoms from affecting the fruit of 
the rapidly maturing and early harvested transplanted crop.  Excellent control of annual grasses and many broadleaf 
weeds	can	be	obtained	with	Command	3ME,	but	pigweed	and	carpetweed	frequently	escape	and	can	cause	serious	
problems.  
 
	 Command	3ME	should	be	applied	preemergence.	 	 Incorporation	 increases	 the	risk	of	crop	 injury	by	placing	
the herbicide in the root zone of the germinating seed, and may reduce weed control by diluting the herbicide in 
the	soil	profile.		Preemergence	applications	cause	less	crop	injury,	and	provide	better	weed	control,	but	vapor	drift	
of	Command	3ME	may	affect	vegetation	in	adjacent	fields.		The	optimum	application	technique	is	a	preemergence	
application that is incorporated immediately after application about one quarter of an inch deep with rolling basket 
cultivators	or	a	rotary	hoe,	or	with	rainfall	or	irrigation.		Command	3ME	is	also	available	in	a	jug-mix	with	Curbit	
called Strategy.
 



155

VINE CROPS
	 Curbit	3EC	controls	annual	grasses	and	certain	broadleaf	weeds,	including	pigweed	and	carpetweed.		Applications	
must be preemergence.  Incorporation of Curbit below the depth of the seed can result in severe crop injury.  In 
addition,	cold	or	wet	soil	conditions	or	the	use	of	plastic	mulch	increase	the	risk	of	crop	injury.		Curbit	3EC	use	should	
be	avoided	early	in	the	planting	season,	and	Curbit	3EC	should	never	be	used	under	plastic	mulch.		Curbit	is	also	
available	in	a	jug-mix	with	Command	called	Strategy.

	Strategy	2.1SC	is	a	jug-mix	of	Curbit	3EC	and	Command	3ME	that	is	labeled	for	use	in	all	cucurbit	crops.		
It	is	used	preemergence	to	control	annual	grasses	and	many	annual	broadleaf	weeds.		Use	only	the	1.5	to	2	pint	
rate	 on	cucumbers,	muskmelons,	watermelons,	 and	 summer	 squash	 coarse-textured	 sandy	 soils	 low	 in	 organic	
matter.		The	3	pint	rate	should	only	be	used	on	medium	and	fine	textured	soils	and	sites	that	have	been	heavily	
manured.  Higher rates should only be used on winter squash and pumpkins.  Refer to the chart below to determine 
the amount of each herbicide at commonly used rates.

Curbit and Command Active Ingredients (ai) in Commonly Used Strategy Rates

Strategy
pints/A

Ethalfluralin
(Curbit)
lb ai/A

Clomazone
(Command)

lb ai/A
1.5 0.3 0.094
2 0.4 0.125
3 0.6 0.188
4 0.8 0.25
5 1.0 0.312
6 1.2 0.375

Strategy	2.1	SC	is	labeled	for	use	in	all	the	Mid-Atlantic	States.		Read	and	follow	all	the	recommendations	and	
warnings	for	ethalfluralin	(Curbit)	and	clomazone	(Command).

	 Sandea	75WDG	has	received	a	label	for	use	in	cucurbit	crops	to	control	broadleaf	weeds	and	yellow	nutsedge.		
Sandea may be applied preemergence, postemergence or post directed between rows of plastic mulch, depending 
the crop and the target weeds, to suppress or control many broadleaf weeds and yellow nutsedge.  More different 
species of annual broadleaf weeds are controlled when Sandea is applied preemergence than when applied 
postemergence.  Irrigate to activate the herbicide if rainfall is not imminent after application when Sandea is 
applied preemergence.  Weed control failures may occur if activating moisture is not provided.  Sandea will not 
control grasses, and may not control or only suppress common lambsquarter and certain other broadleaf weeds.  
Yellow nutsedge is very effectively controlled when Sandea is used postemergence.   Apply Sandea postemergence 
when	the	crop	has	2	to	3	true	leaves	and	the	broadleaf	weeds	are	less	than	2	inches	in	height	when	the	target	is	a	
population	of	susceptible	broadleaf	weeds.		Delay	the	application	until	the	crop	has	3	to	5	true	leaves	when	yellow	
nutsedge is the target to allow the perennial sedge more time to develop a leaf canopy to intercept the spray.
  
 In watermelons, Sandea should only be used preemergence.  Sandea injures watermelons when applied 
postemergence.

 Cucumbers, cantaloupes, honeydew, and Crenshaw melons can be treated with Sandea preemergence after 
seeding, under plastic mulch, between rows of plastic mulch before weeds emerge, or postemergence.  

 In summer squash and zucchini, Sandea should only be used as a directed shielded spray between rows of 
plastic mulch.  Crop injury, yield delay and yield reduction has been observed. 

 Pumpkins and winter squash should only be treated with Sandea postemergence or as a directed shielded 
spray between rows of plastic mulch to control certain broadleaf weeds and yellow nutsedge.  Do not spray 
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broadcast	over	the	top	of	plastic	mulch.		Significant	injury	has	been	observed	when	pumpkins	and	winter	squash	
were treated preemergence.
 Extensive testing at Rutgers and other universities has established that the margin of crop safety for Sandea is 
good when it is used to control weeds in cucumbers, cantaloupes, pumpkins, and winter squash.  Some temporary 
crop injury has been observed when postemergence treatments are applied to a rapidly growing crop and “soft” 
growing	conditions	prevail.		The	injury	appears	about	5	to	7	days	after	treatment,	and	is	seen	as	a	light	green	or	
yellow color in the new growth.  The color of the shoot tips recovers quickly and appears normal within a week 
with no affect on yield.  Applications after the crop has more than 5 true leaves and have begun to run are more 
likely to result in the temporary injury that appears as a yellowing of the shoot tip.

	 Poast	1.5EC,	Select	2EC,	and	SelectMax	0.97EC	are	 labeled	 for	use	 in	all	cucurbit	crops	 to	control	grasses	
postemergence.  These herbicides are very effective but should be applied before annual grasses have four true leaves 
to	prevent	competition	with	the	crop.		Although	the	labels	for	Poast	1.5EC	and	Select	2EC	call	for	the	addition	of	
oil concentrate, reduce the oil concentrate or switch to nonionic surfactant, or eliminate the additive when the crop 
is “soft” due to abundant soil moisture, warm temperatures, and an extended period of cloudy weather.  Under these 
extreme weather conditions, the risk of crop injury is increased, and small grassy weeds will be killed without any 
additive.  SelectMax’s label calls for the use of nonionic surfactant instead of oil concentrate, making SelectMax 
0.97EC	a	better	choice	during	“soft”	growing	conditions.
 
	 Gramoxone	Inteon	2SC	is	labeled	as	a	banded	directed	shielded	spray	for	use	between	rows	of	plastic	mulch	in	
the mid Atlantic states, including PA.  Add nonionic surfactant according to label directions.  Do not allow spray or 
drift to contact crop plants.  Use shields to prevent contact with the crop.  Spray with low pressure.  Do not exceed 
30	psi.		See	the	label	for	additional	information	and	warnings.

Dr.	 Bradley	 A.	 Majek	 received	 his	 B.S.	 degree	 in	 Agronomy	 from	 Cornell	 University	 in	 1974.	 	 He	
obtained	is	M.S.	Degree	from	Oregon	State	University	in	1976	for	work	on	the	control	of	broadleaf	dock	
in pastures.  Dr. Majek returned to Cornell University for his Ph.D. to work on the biology of quackgrass 
and	the	translocation	of	glyphosate.		From	February	1980	until	October	1981,	he	worked	at	the	University	
of Minnesota as an Extension Specialist in weed control specializing in soybeans, dry edible beans, and 
sunflowers.		In	October	1981,	he	moved	to	Rutgers	University	to	conduct	research	and	extension	programs	in	
tree	fruit	and	vegetable	crops.		Since	his	arrival,	field	crop	and	small	fruit	weed	control	has	been	added	to	his	
responsibilities.  Most recently, his program has expanded to include cranberry weed control responsibilities. 
 
As a member of the Northeastern Weed Science Society and the Weed Science Society of America since 
1977,	Dr.	Majek	has	worked	for	the	societies	in	a	variety	of	ways.		He	has	been	a	section	chairperson	at	the	
annual meetings of both the national and regional societies.  For the Northeastern Weed Science Society, Dr. 
Majek has served on the Collegiate Weed Science Contest Committee, and hosted the second annual contest 
at	Rutgers	University	in	1985.		Election	to	the	NEWSS	Executive	Committee	followed	in	1986	as	Secretary-
Treasurer	until	his	term	expired	in	1992.		In	1993,	Dr.	Majek	was	elected	to	the	NEWSS	Executive	Committee	
to	serve	an	additional	four-year	term	as	Vice	President	and	Site	Selection	Committee	Chair,	President	Elect	
and Program Committee Chair, President, and Past President.  For the WSSA, he has served on the Placement 
Committee, the “Outstanding Teacher Award” subcommittee, and as the chairperson of the “Outstanding 
Teacher Award” subcommittee.  Dr. Majek is a Past President of the WSSA.  He served his term as President 
of	the	Weed	Science	Society	of	America	from	February	2002		to	2003.
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LEAFY GREENS
CONSUMER PREFERENCES FOR SPECIALTY GREENS AND HERBS

Demand Assessments and Production Opportunities for East Coast Farmers
William J. Sciarappa, Ph.D.

Rutgers	University	–	NJAES,	4000	Kozloski	Rd.,	Freehold,	NJ			07728	

 On behalf of research teams at RutgersUniversity, University of Mass. and University of Florida Ramu 
Govindsamy, Kathleen Kelly, Frank Mangan, James E. Simon, Shouan Zhang, Venkata Puduri, Albert Ayeni, 
Peter Nitzsche, Rick VanVranken, Gene McAvoy and Brian Shilling.

 OVERVIEW The main purpose of this USDA sponsored grant is to assess the demand for greens and herbs 
and importance of locally grown produce; then translate the demand into local production possibilities towards 
the	benefit	of	small	and	mid-size	farms	of	 the	east-coast	region.	 	This	four	year	projectfocuses	on	marketing,	
production,	 profitability	 and	 dissemination	 of	 results	 to	 stakeholders.	 	 Marketing	 factors	 include	 estimating	
consumer demand for ethnic greens and herbs, willingness to pay a premium for fresh leafy greens and herbs,  
document	ethnic	consumers	preferences	for	local	produce	and	demographic	characteristics.		The	specific	ethnic	
market subjects of study are the Asian and Hispanic segments, selected for their strong recent population growth 
and	continued	growth	expectations.The	top	two	sub-groups	within	each	of	these	segments	were	chosen	for	the	
study;	Chinese	and	Asian	Indian	(Asian	sub-groups)	and	Puerto	Rican	and	Mexican	(Hispanic	sub-groups).

 The geographic consumer target is the East Coast and includes WashingtonD.C. and sixteen states bordering 
the	East	Coast.	During	the	first	year,	the	priority	was	to	collect	literature,	identify	ethnic	greens	and	herbs,	prepare	
a consumer survey and conduct focus group bulletin board interviews.  Literature was collected pertaining to food 
habits of all four ethnic consumers and their preference for particular greens and herbs.  Project team members 
identifiedethnic	greens/herbs	of	interest	with	help	of	respective	ethnic	consumers	and	a	crop	expert	panel	review.		
Over	100	crops	of	greens	and	herbs	were	identified	as	known	subjects	from	all	four	ethnicities	and	40	crops	were	
selected	for	the	focus	group	bulletin	board	and	telephone	survey.				A	follow-up	survey	then	included	the	top	10	
crops	for	each	ethnicity	to	document	consumer	demand.				The	surveyed	crop	list	was	pre-tested	before	conducting	
focus group bulletin board survey.  The focus group bulletin board survey was conducted for two days during 
March	2010.		Each	of	the	two-day	sessions,	included	eight	to	12	consumer	panelists	who	identified	themselves	
as belonging to one of four targeted ethnic groups: Asian Indian, Chinese, Mexican, or Puerto Rican.  Selected 
participants were screened to ensure that they were the primary grocery shopper in their household, lived within 
the East Coast region of the U.S., and were at least 18 years of age.  Focus groups were segmented based on 
ethnicity in order to examine issues related to the consumption and availability of ethnic greens and herbs of 
specific	interest	to	each	culture.		

 PRELIMINARY RESULTS The crops selection and the focus group survey results are the key factors that 
led	to	conduct	a	final	consumer	survey.		Focus	group	results	indicated	accessibility	to	ethnic	markets,	perceptions	
of	product	quality	and	 freshness,	 and	price	were	 revealed	as	key	 factors	 influencing	purchases	of	greens	and	
herbs within each ethnic group.  Panelists residing in more metropolitan areas were more likely to report having 
access to ethnic greens and herbs through at least one outlet. Others indicated that certain greens and herbs 
were	difficult	to	find	locally.		A	relatively	smaller	number	of	panelist	reported	traveling	distances	up	to	40	miles	
from their residence to purchase these products. Respondents able to compare conventional grocery stores with 
ethnic markets typically noted that greens and herbs sold through ethnic markets tended to be higher quality and 
fresher due to more frequent stock rotation.  Initial data suggest that greens and herbs available through ethnic 
markets may be priced lower than similar products sold through conventional supermarkets.  Findings from the 
online focus groups were used to construct a broader telephone survey of the four ethnic consumer populations 
in order to develop more robust data and information for informing producers and marketing professionals about 
market demand and consumer preferences for local ethnic greens and herbs.  This preliminary crop survey data 
is	summarized	in	the	Tables	on	the	following	page.	Such	information	will	direct	2011	field	production	trials,	to	
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assess	the	production	feasibility	of	selected	high-market-potential	greens	and	herbs	in	the	southern,	central	and	
northern regions of the East Coast.

Bill Sciarappa is an agricultural agent in Monmouth County, NJ concentrating in 
specialty fruits and vegetables and a member of the Rutgers Vegetable Working Group. 
He received his Ph.D. in Economic Entomology at RutgersUniversity where he currently 
serves as a faculty instructor in several courses.
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RANKING OF SPECIALTY ETHNIC GREENS & HERBS BY EAST COAST CONSUMERS 

Chinese Produce Item 
Purchase 

Frequency 
Total 

Expenditure 
Final 
Rank 

Shanghai bok choy 213 679.26 1
Chinese broccoli 170 497.08 2/3
Spinach 171 428.89 2/3
Sugar Pea tops/bean 96 384.15 4
Garland Chrysanthemum 67 222.78 5
Chives & Flowers 87 215.05 6
Yen choy 68 147.47 7
Malabar Spinach 47 142.09 8
Potherb Mustard 39 90.95 9
Lycium Leaf 13 70.25 10

Mexican Produce  
Purchase 
Frequency 

Total 
Expenditure 

Final 
Rank 

Purslane/Verdolaga  124 689.05 1/2
Roselle 130 577.59 1/2
Vine Vegetables 74 492.03 3/4/5/6
Lambsquarter 77 415.41 3/4/5/6
Chard 89 374.86 3/4/5/6
Epazote 110 294.15 3/4/5/6
Papalo 55 230.57 7/8
Lippia 62 225.34 7/8
Lemon Verbena 18 106.73 10

Asian Indian  
Produce Item 

Purchase 
Frequency 

Total 
Expenditure 

Final 
Rank 

Turmeric 153 799.9 1/2
Radish Greens 167 512.74 1/2
Indian Sorrel Spinach  141 576.61 3/4
Fenugreek 161 450.67 3/4
Amaranth (green)  44 152.57 5
Nightshade 42 150.8 6
Malabar Spinach 38 111.73 7
Purslane/Veradolga 27 95.99 8
Indian Sorrel 15 99.71 9
Amaranth (Purple) 23 61.04 10

Puerto Rican 
Produce Item 

Purchase 
Frequency 

Total 
Expenditure 

Final 
Rank 

Lettuce/Lechuga 254 759.98 1
Garlic Chives 181 684.17 2/3
Culantro 230 655.4 2/3
Spanish Oregano 125 351.44 4
Wild Garlic 59 187.11 5
Lambs Quarter 30 345.86 6
Lemon Balm 34 131.8 7
Purslane 21 82.44 8/9
Dandelion greens 23 75.99 8/9
Tarrgon 9 21.71 10
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GROWING AND HARVESTING LEAFY GREENS

Thomas Sheppard
																		Sheppard	Farms	Inc.	/	Eastern	Fresh	Growers	-	Cedarville,	New	Jersey

  

 Our family has been growing lettuce in one form or another for four generations in southern New Jersey 
starting	with	‘Boston”	around	1920.	Over	those	90	years	varieties,	cultural	practices,	harvest	methods	as	well	as	
sales techniques have changed. During our time today I hope to outline those changes and the reasons for them 
and	ultimately	tell	you	how	we	do	things	in	2011.
    
	 In	1920	our	grand	father	Gilbert	Sheppard	grew	Boston	lettuce	under	overhead	irrigation	using	transplants	
started	in	steam	heated	greenhouses	with	the	plants	in	sterilized	field	soil	as	the	medium.		Bare	rooted	plants	were	
transferred	by	hand	to	the	field.		By	the	30’s	“mushroom	manure”	was	added	to	the	soil	mix	and	mechanical	Trans	
planters were introduced.  When our father David returned from WWII and Rutgers he branched out into Iceberg 
and Romaine as well as the Boston.  Harvest was as it always had been done by local help simply cutting it laying 
it on the ground and putting it in the crates that were dragged along the ground.  When my generation returned 
to	the	farm	in	the	70’s	from	Cornell	we	started	using	a	soiless	mix	of	peat	moss	and	vermiculite	with	various	
nutrients	added.		In	the	field	we	changed	to	a	raised	bed	using	a	double	row	of	plants	on	45”	centers.		The	beds	
were made with a rototiller/ bedshaper that incorporated dry fertilizer into the bed as it was made.  All sidedessing 
was done with dry fertilizer as the crop developed. Harvest was done by professional crews that followed the 
season from Fla. to NJ to NY and back again producing a pack that was not only much more attractive but a 
savings	in	cost.		By	the	mid	80’s	we	had	changed	to	individual	cells	for	our	transplants	and	precision	seeding	for	
the	field	seeding.	Liquid	fertilizer	was	added	to	the	bedmaker	at	this	time	greatly	speeding	refill	times	as	well	as	
providing	more	uniform	coverage.	The	first	“harvest	aids”	were	home	made	models	followed	by	custom	made	
units from California. These units allowed us to harvest the lettuce in a way in which the crop and the container 
never	touched	the	ground	after	cutting	reducing	the	chance	for	our	native	sand	to	get	in	the	finished	product.		By	
2000	the	advent	of	new	much	faster	and	precise	transplanters	allowed	us	to	change	to	100%	transplanted	crops	
which with the addition of drip irrigation gives us much more uniform cuts as well as much more predictability 
in harvest dates.    
     
	 The	other	thing	that	has	changed	over	the	years	is	out	methods	of	selling	our	crop.	In	the	20’s	most	of	the	
harvest was transported by truck or rail to either Philadelphia or New York where it was sold by commission  
agents	on	a	daily	basis	a	few	at	a	time	to	small	retailers,	it	was	a	costly	and	inefficient	process.		In	the	30’s	local	
farmers formed a cooperative that provided a place where the various crops were consolidated and sold to buyers 
that came to Cedarville where they loaded their purchases and delivered them to chin stores or other wholesalers.   
At	its	peak	in	the	40’s	and	50’s	the	coop	hade	600	mostly	small	grower	members.	By	the	60’s	most	of	the	small	
family farmers had taken jobs off the farm and the coop discontinued the auction but maintain to this day a small 
cooler and packing facility.  There is however an ongoing coop in Vineland that still does a daily auction during the 
harvest	season;	they	have	163	members	doing	6.9	million	packages	worth	$	64.8	million	in	2010.		Sheppard	Farms	
however	starting	in	1984	has	done	all	its	marketing	thru	Eastern	Fresh	Growers,	a	sales	company	formed	by	a	few	
local growers to sell directly to chain stores wholesalers and food processors. Our lettuce sales have evolved over 
the	years	with	the	advent	of	bagged	salads	to	a	point	where	75%	of	volume	is	contracted	months	before	harvest	
and now includes escarole, endive, green leaf, Boston, romaine and iceberg lettuce.   To maintain this business we 
have	been	3d	party	audited	for	the	last	5	years	and	all	crops	must	be	tissue	sampled	and	sent	to	a	lab	where	they	are	
tested for ecoli and salmonella.  To extend our season we now work with growers from North Carolina as well as 
others	from	New	Jersey.		Sales	for	2010	were	over	1.1	million	packages	and	$12	million	in	sales.
     
 Today all crops are grown on raised beds with drip irrigation, sidedressing is done thru the drip.  All cultural 
practices	 are	 subject	 to	 audit	 criteria	 that	 include	 verification	 from	 input	 suppliers	 that	 their	 products	 have	
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been produced in a “food safe” environment. All harvest and packing crews must be trained annually in food 
safety methods and must where latex gloves, aprons and hairnets while handling any produce to defend against 
contamination.  All coolers and shipping trucks  must be sanitized before and during use , most importantly logs 
of all this must be kept to prove they are done on the proper schedules.
    
 Our grandfather would hardly recognize the way we do things today but I am sure he would understand the 
process under which the changes were made.
   

Thomas	Sheppard	 is	 the	 co-owner	of	Sheppard	Farms,	 Inc.,	 a	 1,500	 acre	 fresh	market	 vegetable	 farm	 in	
Cedarville,	NJ,	that	employs	260	persons	in	season.	He	is	also	president	of	Eastern	Fresh	Growers,	a	sales	
company for Sheppard Farms and other New Jersey and North Carolina growers which moves over a million 
packages per year. He is a partner is SF Systems, a land company. Besides business, Sheppard has served 
on the Lawrence Township School Board, the Lawrence Township Committee, the Lawrence Township 
Mayor, and the Lawrence Township Planning Committee. He is currently a Cumberland County Freeholder. 
A graduate of Cornell University in Business Management and Marketing, he and his wife Patricia have three 
children: Kathleen, Alex and Margaret.

HOW SCHOOL KIDS ARE LEARNING THAT LEAFY GREENS ARE FUN 
Ray L. Clark 

Leafy	Greens	Council,	33	Pheasant	Lane,	St.	Paul,	MN	55127	

		 During	the	past	20	years,	per	capita	consumption	of	romaine	and	red	and	green	lettuce	has	increased	from	3.8	
pounds	in	1990	to	11.2	pounds	in	2010,	according	to	current	USDA	reports.	During	the	same	period,	consumption	
of	spinach	has	grown	from	0.8	pounds	to	1.9	pounds.	In	short,	consumption	of	romaine	and	leaf	lettuce	has	tripled 
and spinach has nearly doubled.

  We believe that much of this growth can be attributed to development of packaging of fresh cut leafy greens 
that created a convenient, value added product for supermarket customers. Another factor has been the continued  
growth in popularity of salad bars. 

 Promoting increased consumption of leafy greens is the main purpose of the Leafy Greens Council, founded 
in	Chicago	in	1975.	The	Council’s	membership	now	numbers	more	than	100	growers,	shippers,	and	suppliers	 
dedicated to educating Americans about the nutritional value of leafy greens in their daily diet. 

 Based on its successful supermarket campaign featuring a cabbage cartoon character that apealed to children, 
the Council developed a partnership with the North Carolina Department of Agriculture to create more leafy 
greens	cartoon	characters	and	an	education	program	for	grade	school	children.	By	1995,	the	Council	launched	
its	web	page	(www.leafy-greens.org)	which	provided	a	free	26-page	lesson	plan	and	graphic	materials	for	grade	
school	teachers	to	help	them	explain	the	nutritional	values	of	leafy	greens	in	engaging	way.	The	dinosauer-like	
cartoon characters include the “Cabbagesaurus”, the “Spinachraptor”, the “Lettuceratops” as well as six other 
greens. Color baseball trading cards can be downloaded as well as line drawings for coloring. 

  Many schools are enhancing the “Cabbagesaurus” and “Crucifeous Crusaders” theme with specially designed 
posters for hallways, bulletin boards, and lunchroom displays. The Denver Public Schools conduct an exceptional 
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program by coordinating classroom teaching with foods served on the lunchroom menu. Cabbage was featured in 
January	in	classes	and	at	lunch.	Broccoli	and	cauliflower	is	scheduled	during	April.	Spinach	and	collards	will	be 
featured in May. 

		 The	Denver	program	was	started	three	years	ago	as	a	pilot	with	1,500	students,	and	was	doubled	the	next	year.	
The	current	program	will	serve	3,500	students.	In	addition,	salad	bars	will	highlight	leafy	greens	and	cruciferous	 
vegetables daily. 

 In another major expansion of the program, the Council is partnering this year with Sodexo, one of America’s 
leading	contract	providers	of	 integrated	 foodservice	programs	 serving	2,400	elementary	and	1,300	 secondary	
schools. Similar to the Denver Public Schools approach, Sodexo coordinates classroom instruction with food that 
is being served in the lunchroom. 

  For example, November was designated as “Spinach Month” and was promoted in school lunchrooms with 
colorful wall posters and stickers featuring the “Spinachraptor” cartoon character.. The program also reaches 
middle	and	high	schools	through	Sodexo’s	“A	to	Z	Salad	Bar”	operations.	In	addition,	the	progrm	provides	flyers	
with spinach recipes and serving information that is sent home to parents. 

 In summary, we must realize that most Americans now live in urban communities and don’t know about 
vegetables and their importance for good health. Through our school programs, we can introduce leafy greens as 
a fun experience in the classroom and as a familiar and welcome food to be enjoyed at lunch. 

  Introducing leafy greens to families through a school experience is a challenging task that requires perseverance 
and patience. The Leafy Greens Council invites you to become supporters of this program. Annual membership 
dues	are	modest,	ranging	from	$100	for	a	small	farm	operation	to	a	maximum	of	$600	for	farms	with	annual	sales	
exceeding	$10	million.	For	more	information,	please	call	the	Council	office	at	(651)	484-7270	or	write	to	Leafy	
Greens	Council,	33	Pheasant	Lane,	St.	Paul,	MN 55127.	

Ray Clark is Executive Director of the Leafy Greens Council and also is president of Clark Consultants, 
specializing in public relations marketing communications which he founded in Chicago. A graduate of 
Northwestern University’s Medill School of Journalism, he was a copy editor for the Chicago Tribune and 
later became public information director for the Chicago Chapter of Red Cross before entering the public 
relations	marketing	field.	A	native	of	Sioux	City,	lA,	he	and	his	wife,	Elly,	have	a	cat	as	well	as	three	grown	
children and eight grandchildren. 
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MARKETING LISIANTHUS AND OTHER INTERESTING FLOWERS
Dave Dowling

Farmhouse	Flowers	&	Plants,	4501	Gregg	Rd.,	Brookeville,	MD		20833-1039
farmhouseflowers@aol.com

 Sometimes	the	actual	growing	and	production	of	lisianthus	and	other	cut	flowers	can	be	the	easiest	part	of	a	
cut	flower	farming	business.		Marketing	can	be	just	as	important	as	producing	a	great	product.	Creative	marketing	
can make the difference between success and failure.  You have to sell your product to stay in business.  If you 
don’t sell what you grow, you won’t be growing for very long.  

	 Marketing	is	much	more	than	putting	flowers	in	a	bucket	and	offering	them	for	sale	the	next	person	walking	
by	your	farmers	market	stand,	driving	along	the	road	in	front	of	your	farm,	or	the	retail	or	wholesale	florist	you	
may	deliver	to.		You	should	be	thinking	of	ways	to	make	your	cut	flowers	stand	out	above	the	rest	to	attract	and	
keep customers.  Long term, repeat customers are the ones that will keep you in business.  Think of Starbucks, 
they survive because their core group of customers will buy a cup or two of coffee every day, without fail.  That’s 
what	you’ll	want	to	cultivate	–	faithful	repeat	customers	that	you	can	count	on	to	buy	your	flowers	on	a	regular	
basis.

 Marketing can include everything from traditional advertizing, on site signage, display methods, banners, and 
newer, innovative marketing ideas.  It has been said that “Marketing is everything, and everything is marketing.”  
Remember that you and your products constantly create an image to your customers, what type of image you 
portray is up to you. 

 One of the most important things for you to promote, is the quality of your product.  You should never 
have any reservations as the quality of anything you sell.  Everything should be the best you have to offer, 
without	 compromise.	 	A	high	quality	product	 can	command	a	higher	price	and	earns	 referrals	 from	satisfied	
repeat	customers.		If	you	sell	poor	quality	word	will	get	out	that	you	are	not	a	good	source	for	cut	flowers.			If	you	
occasionally	have	some	flowers	that	are	not	up	to	your	high	standards,	but	are	not	bad	enough	for	the	trash	pile,	
sell them at a discounted, lower price and let the customer know why the price is lower – shorter stems, lower 
bud	count	or	smaller	flowers	than	usual.		If	you’re	up	front	with	the	customer,	and	let	them	know	why	a	price	is	
lower than usual, they will be more likely to be a happy customer.

	 Your	display	method	can	increase	sales	if	done	properly.		Rule	#1	is	to	always	have	products	clearly	labeled	
with	the	price.		If	a	customer	can	see	the	price	of	each	flower	you	sell,	they	can	easily	make	the	decision	of	what	
to purchase.  Abundance sells.  Keep your buckets and tables as full looking as possible.  No one wants to buy the 
last bouquet that looks lost in a big bucket.  As products sell, consolidate and rearrange things to keep the display 
looking full and fresh.  Use clean buckets that do not have kitty litter or other labels on them.  

	 If	you	have	a	new	flower	that	customers	may	not	be	familiar	with,	give	them	a	sample	so	they	can	see	how	
long they last.  Many people don’t know what Lisianthus is, or are not aware of how long they can last.  If a retail 
florist	doesn’t	think	your	Lisianthus	is	worth	the	premium	price	you’re	asking,	give	them	some	samples	to	use	or	
take	home	with	them.		If	you	have	an	overabundance	of	flowers	that	you	won’t	be	able	to	sell,	be	generous	with	
them.  Give them an extra stem or two for free.  They will appreciate it and remember you for it.  New mothers, 
birthdays, and other special events in your customer’s lives are all good reasons to give out free or discounted 
flowers.	They	will	remember	your	kindness	and	repay	you	many	times	over	with	repeated	purchases.

 The attitude of you and your employees is just as important as any other marketing you may do.  We all have a 
restaurant, or store we don’t patronize because the clerk or server is not friendly, rude, or doesn’t offer the level of 
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service we expect.  Make sure you’re not the kind of place that people avoid.  Help your customer feel important 
and valued, and comfortable buying from you. Get to know your customers and make it a fun experience to 
purchase from you. 

 A newer form of marketing utilizes the services of various companies such as Groupon and Living Social that 
offer	Daily	Deals	from	local	businesses	at	a	50%	discount.		The	concept	is	simple	–	customers	buy	a	voucher	at	
50%	off:		$10.00	for	$20.00	worth	of	cut	flowers	is	an	example.		The	business	(you)	are	then	paid	about	65%	of	
the	$10.00,	or	$6.50	within	a	few	days	of	the	sales	date,	with	the	vouchers	redeemable	over	the	next	six	months	
to a year.  There is no out of pocket expense for this kind of promotion.  It may seem like a bad idea to get paid 
$6.50	for	$20.00	worth	of	cut	flowers,	but	it	can	increase	your	customer	base,	move	a	lot	of	excess	product,	and	
not all of the vouchers will be redeemed.

	 The	method	of	selling	cut	flowers	varies	widely	from	grower	to	grower,	and	may	even	be	different	for	the	
same grower, depending on the sales location, or type of customer.  Some may sell exclusively at farmers markets, 
selling	the	flowers	by	the	stem,	allowing	the	customer	to	pick	and	choose	right	out	of	the	buckets,	while	other	
will	sell	only	premade	mixed	bouquets	or	straight	bunches	of	just	one	type	of	flower.	Many	growers	have	found	
that when selling at farmers markets, or farm stands, the more choices a customer has, in both price and variety 
selection,	the	more	likely	a	customer	will	find	something	that	fits	their	budget	and	their	tastes,	and	go	home	with	
some	of	your	flowers.

 Credit and debit cards have become a common thing at both farmers markets and roadside stands.  The 
younger generation lives in a cashless world, where they shop and pay their bills on line, and rarely carry cash.  
They	will	use	a	debit	card	for	a	$2.00	cup	of	coffee.		As	a	business	owner,	you	need	to	make	the	decision	if	the	
added expense of accepting credit and debit cards is worth it. For me, without a doubt, it is.  Credit and debit cards 
are	not	usually	accepted	when	selling	direct	to	retail	or	wholesale	florists,	because	of	the	lower	price	they	pay	for	
your	flowers.

 Frequent buyer programs can be a great way to increase sales and bring customers back on a regular basis.  
Programs	such	as	“Buy	ten,	get	one	free”,	or	Market	Dollars	that	give	customers	10%	back	to	use	on	a	future	day	
are examples that have worked for growers

 Don’t be afraid to try something new, or something that you’ve seen other sellers do.  It may be just the right 
thing	to	increase	you	sales	and	profitability.

Dave	Dowling	has	been	growing	cut	flowers	for	15	years	and	was	named	Cut	Flower	Grower	
of	the	Year	in	2004	by	the	Maryland	Greenhouse	Growers	Association.		He	served	as	the	
Mid-Atlantic	Regional	Director	of	the	Association	of	Specialty	Cut	Flower	Growers	from	
2002	through	2004,	and	served	as	President	from	2006	thought	2009.		In	2009,	The	ASCFG	
named their scholarship program in recognition of his years of work with the organization.  
With	both	field	and	greenhouse	production,	he	sells	direct	to	florists	in	Maryland,	several	
Whole Foods locations, at two seasonal farmers markets, and two year round markets in 
Kensington, MD and Dupont Circle in Washington, DC.

CUT FLOWERS



164

CUT FLOWERS
INSECT CONTROL ON CUT FLOWERS

Stanton Gill, Extension Specialist, University of Maryland Extension
Sgill@umd.edu

www.IPMNET.umd.edu

Insecticides for Aphid Control 
	 Aphids	are	generally	small	(1–3	mm),	soft-bodied	insects.		Adults	may	or	may	not	have	wings.	More	than	20	
aphid species can infest a range of greenhouse crops. They each have a pair of unique structures (called cornicles) 
that resemble “tailpipes” near the end of their abdomen

	 Plants	need	to	be	examined	on	a	weekly	basis	for	presence	of	insects.	Whole	plant	examination	using	a	12	–	20	
X	magnifier	will	help	in	spotting	small	insects	and	mites.		Sticky	cards	can	be	placed	in	greenhouses	at	1	sticky	
card	for	every	500	sq	ft	of	growing	area.	Examine	and	replace	the	sticky	cards	every	week	after	examination.	

 Aphids on the upper canopy are easier to contact with foliar sprays. Systemic insecticides will be most effective 
against	those	feeding	on	new	growth.	Aphids	on	older	growth	--	lower	in	the	canopy	--	are	often	the	most	difficult	
to kill chemically and may be responsible for producing new aphids, that will reinfest the upper canopy. 

Resistance to various insecticides is common in aphids. Strains of some species are resistant to carbamate, 
organophosphate, and/or pyrethroid insecticides.

Lifecycle: Several species can occur on vegetable transplants, but the most common are green peach, melon and 
foxglove	aphids.	Aphids	are	small,	1/16-inch	in	length,	round,	soft-bodied	insects	that	vary	in	color	from	light	
green to pink or black. Aphids feed by inserting their piercing, sucking mouthparts into plant tissue and removing 
fluids.	In	greenhouses,	aphids	are	usually	females	that	produce	live	young	called	nymphs.	Each	female	can	pro-
duce	50	or	more	nymphs.	Nymphs	mature	to	adulthood	and	begin	reproducing	in	as	little	as	7	to	10	days.	Adults	
are usually wingless, but some will produce wings when populations reach outbreak levels. Large numbers of 
aphids	will	stunt	and	deform	plants.	In	addition,	aphids	produce	a	sticky	digestive	by-product	called	honeydew.	
Honeydew	can	cover	leaves	and	provide	a	food	source	for	a	superficial	black	fungus	known	as	sooty	mold.	Aphids	
are present on weeds and may enter the greenhouse through vents.

Monitoring: Examine the foliage, along stems and new growth to detect an early aphid infestation. Signs of aphid 
activity include shed white skins, shiny honeydew, curled new leaves, distorted growth and the presence of ants. 
Yellow sticky cards help detect the entrance of winged aphids into the greenhouse from outdoors. Yellow cards 
will not, however, allow you to monitor aphids within the crop, as most of the aphids will be wingless.

Insecticides for Caterpillar Control 
 These	pests	are	the	larvae	of	Lepidoptera	(moths	and	butterflies).	Spray	when	small	for	the	most	effective	
control by applying materials to younger (early instar) larvae, especially when using  Bacillus thuringiensis, 
azadirachtin, Beauveria bassiana, and Saccharopolyspora spinosa. 

Identification	Caterpillars	or	“worms”	are	the	immature	forms	(larvae)	of	butterflies	and	moths.	Some	of	these	
insects	 are	 exceptionally	 large,	 although	 others,	 when	 young,	 are	 barely	 discernible	 without	 magnification.	
Included within this diverse group are armyworms, cutworms, leaftiers, leafrollers, and loopers. These insects 
are damaging only as larvae; the adults either do not feed or feed only on nectar. The larvae, however, more 
than compensate for the adults’ innocuous behavior. They have strong jaws with which they can consume large 
amounts	of	 foliage,	 tender	 stems,	 or	 even	flowers.	When	 their	 feeding	does	not	 cause	 the	 total	 loss	 of	 small	
seedlings, they often leave ragged, totally unsalable plants. The preference of some species, such as the beet 
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armyworm, for tender meristematic tissue can produce continued “pinching” of a crop such as chrysanthemums 
and	ruin	their	value	as	a	cut-flower	crop.	

Biology Some of these pests (e.g., beet armyworms) cannot successfully overwinter in our New York climate. 
Greenhouse infestations occur only when infested stock is brought in. Other caterpillars do not usually persist in 
the	greenhouse,	but	adults	can	be	attracted	by	lights	and	fly	in	from	outdoors	to	lay	their	eggs.	This	commonly	
occurs	with	cabbage	loopers.	Because	there	is	exceptional	diversity	among	caterpillar	species,	it	is	difficult	to	
generalize about their life cycles. Some species lay eggs on the plants; others lay eggs on the soil. Some caterpillars 
prefer to hide in the soil during daylight and emerge to feed only at night; others remain on the plants at all times; 
and still others fold leaves around themselves for protection. Some species change to adults (pupate) in soil; 
others pupate on the plant. The list of differences is virtually endless. It is necessary to identify the pests properly 
before beginning a control program. Your Cooperative Extension educator can assist you in this regard and can 
advise you of the best control program to initiate. 

ManagementA careful and routine scouting program is important for optimal pest control. Plants should be 
inspected for signs of leaf feeding. Screens placed over air inlets can exclude adult moths. Some caterpillars can 
be controlled by a disease organism, Bacillus thuringiensis (Bt) var. kurstaki. This bacterium, which is harmless 
to mammals as well as to insects other than caterpillars, is sold commercially under several trade names. Bt is an 
excellent	first	choice	for	controlling	caterpillars	because	it	is	safe,	does	not	affect	beneficial	insects,	and	does	not	
have adverse effects on the environment. Bt should applied to young caterpillar stages to be effective. There are 
several effective chemical pesticides for caterpillars. 

Stanton Gill, Regional Specialist (Professor Rank) with University of Maryland Cooperative Extension 
stationed at Central Maryland Research and Education Center. He is professor in the Landscape Technology 
Program	at	Montgomery	College	where	he	 teaches	3	 credit	 classes	 in	Pest	management,	 and	greenhouse	
management at night. He writes, publishes and speakes across the US and internationally.

CUT FLOWERS
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LISIANTHUS AND MORE FROM AMERICAN TAKII
Mike Huggett

American	Takii	301	Natividad	Road,	Salinas	California	93906

	 If	you	are	dealing	with	bedding	plants	or	field	grown	cut	flowers,	new	varieties	are	the	life	blood	to	making	
your	business	more	competitive	and	profitable	in	an	ever	challenging	consumer	market.	For	the	past	175	years,	
Takii has been a leader in introducing eye catching Lisianthus lines such as, “Magic”, “Arena” and “Vulcan”. This 
year	Takii	introduces	4	new	colors	to	the	cut	Lisianthus	offering-	Arena	II	Apricot,	III	Arena	Apricot,	III	Arena	
Green and I Vulcan Green. 

	 But	there	is	more!	Takii	carries	an	extensive	line	of	cuts	to	help	diversify	and	expand	the	products	you	offer,	
such as:

Antirrhinum Chantilly
An open faced series of Snapdragon well suited for farmers markets. The Chantilly series includes colours such as, 
Deep Orange, Pink and Improved White.

Brassica F1 Lucir
Truly	a	landmark	in	breeding!	Lucir	is	the	first	“shinny”	leaf	kale	to	be	introduced	to	the	worldwide	market.	This	
new high gloss leaf enhances the overall color of the kale and 

Capsicum Rio series
The	first	non-	branching	pepper	that	is	used	as	a	cut	flower;	up	to	36”	tall,	Rio	pepper	has	a	great	vase	life,	strong	
stems and adds a great look to bouquets. 

Delphinium F1 Aurora Series
Excellent	cut	flower	and	garden	perennial,	Aurora	features	tight	flower	heads	and	sturdy	long	stems.	This	series	
is very uniform and features colors that include Blue, Deep Purple and white. 

Helianthus Sunrich Series
The	best	of	the	best	in	Helianthus,	Sunrich	Gold,	Lemon	and	Orange	are	second	to	none	for	cut	flower	production.	
Sunrich	beats	the	competition	hands	down	with	longer	vase	life,	great	field	performance	and	high	yields.	

Mike Huggett is Northeast Technical Sales Manager for American Takii. With a background 
in	growing	plugs	and	finished	material,	Mr.	Huggett	assists	in	the	production	and	marketing	
of	Takii	products,	to	both	the	broker	and	grower.	He	and	his	wife	Brenda	have	7	children	
and	reside	in	Litchfield	Michigan.	

CUT FLOWERS
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TRENDS IN CUT FLOWERS: GROWING YOUR MARKET

Steve Bogash, Regional Horticulture Educator, Penn State Cooperative Extension

	 The	single	greatest	impact	on	the	cut	flower	industry	has	been	the	economy.	U.S.	buyers	have	never	been	as	
enthusiastic	about	cut	flowers	as	Europeans,	and	this	 is	especially	so	when	compared	to	Germans.	The	recent	
downturn	in	the	economy	has	not	been	kind	to	those	marketing	cut	flowers	to	the	casual	purchaser.	Cut	flowers	are	
simply	not	seen	as	priority	purchases	when	money	is	tight.	Having	made	that	statement,	special	occasion	flower	
sales have remained strong, but today’s consumers are much less spend thrift than just a few years ago as they 
seek value in all purchases. Floral shops continue to take a beating as their owners get ever older and supermarkets 
continue to beat them out at convenience purchasing. The word from many farm markets and farmers markets 
is	that	cut	flower	bouquet	sales	are	flat	to	slightly	down	for	the	last	2	years.	Other	trends	that	impact	this	market	
include increasing consumer demand for some assurance that a product is grown without harmful pesticides and 
a desire for locally grown everything.

The U.S buyer:Due	largely	to	the	recent	challenging	economic	conditions,	casual	purchases	of	cut	flowers	have	
been	down.	Wedding,	Mother’s	Day,	Valentine’s	Day,	and	other	important	floral	events	have	stayed	strong	with	
the watchword once again being “value.” Secretaries / Staff Assistants’ day was much weaker than past years as 
were	other	lesser	holidays.	It	will	take	a	major	economic	resurgence	before	casual	sales	come	back	even	to	2008	
levels.

Supermarket Floral Sales:Supermarkets	continue	to	take	market	share	from	traditional	florists	and	will	continue	
to do so for some time. As grocery market share through traditional grocers continues to decline in the face of 
Wal-Mart	and	Target,	they	must	grow	other	specialty	areas.	Newer	stores	have	larger	floral	departments,	older	
stores increase the size of their departments and the locations within stores have moved from hidden in the back 
of	produce	to	prominent	locations	near	the	entrances	or	other	high	traffic	area.	With	the	push	for	locally	grown,	
there	may	be	some	opportunities	to	sell	flowers	to	some	stores.

Locally Grown and Your Market:Farm Market growers reported some resurgence as the local growing season 
was	winding	down.	Here	the	bright	spot	and	market	focus	is	on	‘locally	grown’	products.	Sunflowers,	Lisianthus,	
pre-made	bouquets	 and	 related	 cut	flowers	 remains	 strong.	My	personal	 take	on	 this	 is	 to	 keep	our	 products	
distinct and somewhat country in appearance.

Organically-Grown Flowers:While	organically-grown	foods	only	amount	to	6-8%	of	the	grocery	market,	other	
areas	such	as	flowers	grow	independently	of	groceries.	The	European	market	is	dominated	by	various	certification	
regimens. Flowers are a ‘feel good’ purchase. Helping your customers to feel good and smart about their purchase 
will bring them back for more.

Design:Like	 every	 decorative	 and	 design	 element,	 flower	 trends	 come	 and	 go	 and	 the	 newest,	 hottest	 looks	
change	frequently.	What’s	the	coolest	things	in	floral	design	one	year	may	be	considered	passe	the	next	and	there	
is no way to know what may start (or end) the current trend. 

 Ditch the pastels of yesteryear and look for bold color pairings you may never have thought possible. Mixes 
purple with orange, red with blue and pink with just about anything. Purple is an especially hot color this year in 
every	hue	from	lavender	to	aubergine.	And	it’s	not	just	flowers	in	arrangements	this	year.	Designers	are	introducing	
produce	into	the	mix	as	well.	Citrus-filled	vases	(lemons,	limes,	oranges)	are	topped	with	colorful	pomanders	and	
wood and fresh grass are also added for a surprising, contrasting touch.
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 Simplicity is the biggest trend right now. Flower buyers are choosing to skip over big, overpowering bouquets 
and arrangements and opting instead for cleaner lines and more tailored looks. Lean more toward organic, natural 
styles	than	contrived,	manufactured	looks	where	flowers	bear	no	resemblance	to	their	farm-fresh	counterparts.	
Less	is	more	in	flower	design	these	days	and	florists,	in	particular	are	setting	these	trends	as	they	see	demands	shift	
within their customer bases. 

	 A	massive	look	for	wedding	flowers	this	season	is	to	use	a	single	flower	en	masse.	This	creates	great	dramatic	
impact;	it	looks	very	opulent	and	also	allows	very	traditional	and	pretty	flowers	to	be	used	in	a	modern	setting.	
Even just a mass of foliage gives a lovely effect.

Your purchasers:The	 traditional	 image	of	men	buying	women	cut	flowers	 for	a	date	does	not	correlate	with	
consumer	sales	trends,	Cut	flower	sales	accounted	for	only	28	percent	of	florists’	business;	outdoor	bedding	and	
garden	plants	accounted	for	almost	half	(49	percent)	of	their	sales;	and	flowering	or	green	houseplants	accounted	
for	 almost	 a	 quarter	 (23	 percent)	 of	 sales.	Also,	women	 predominantly	 purchased	 flowers.	Women	made	 81	
percent	of	overall	floral	sales,	though	men	caught	up	some	in	cut	flower	sales	with	one	third	of	purchases.	What’s	
more,	individuals	purchased	flowers	for	themselves	a	majority	(64	percent)	of	the	time,	leaving	only	36	percent	
of purchases as gifts. 

Steve is currently the Regional Horticulture Educator serving the Capital Region. He covers vegetable, 
small	 fruit,	 cut	flower,	pond	management,	greenhouse	vegetables,	 and	marketing	as	his	primary	areas	of	
responsibility.	Cut	flowers,	garlic,	shallots,	strawberries,	and	other	specialty	crops	are	regular	items	in	the	
trial gardens under Steve’s management.
 
Steve is currently a Regional Horticulture Educator serving the Southeast Region of Pennsylvania out of the 
Franklin	County	office	in	Chambersburg.	He	covers	vegetables,	small	fruit,	cut	flowers,	pond	management,	
greenhouse	vegetables,	and	specialty	marketing	as	his	primary	areas	of	responsibility.	Cut	flowers,	tomatoes,	
garlic,	 shallots,	 cantaloupes	 and	 container-grown	 vegetables	 are	 regular	 items	 in	 the	 trial	 gardens	 under	
Steve’s management. 

Since	2000,	Steve	has	evaluated	more	than	300	varieties	of	tomatoes	for	flavor,	yield	and	marketability.	Other	
applied research programs include Biological control of tomato diseases, cantaloupe variety evaluations, 
container vegetable evaluations and bell pepper variety trials.

CUT FLOWERS
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PUMPKINS
THE SECRETS OF GROWING CHAMPION GIANT PUMPKINS

Jim Beauchemin
New Hampshire Giant Pumpkin Growers Association, Goffstown NH

 More and more commercial vegetable growers are including a few giant pumpkin plants within their acres 
of	field	pumpkins.	The	giant	pumpkin	has	become	a	sure	attraction	and	definite	draw	for	many	retail	farm	stands	
across	the	nation.	The	evolution	of	Giant	Pumpkin	weights	has	nearly	doubled	in	the	last	13	years.
Controlled breeding and managed data have been key elements and a major reason the Atlantic Giant weights 
are	getting	closer	to	the	2000	pound	barrier.	Current	World	Record	weights	are	increasing	by	5%	yearly	and	it	
is	estimated	that	2000	pounds	will	be	reached	by	the	year	2013.	The	current	2010	World	Record	weight	is	1810	
pounds. Organized Giant Pumpkin growing clubs have been formed and recognized across the Country. A very 
active Worldwide Giant Pumpkin Commonwealth has been formed and the many clubs meet on an annual basis 
to network. 
 
 Giant pumpkin seedlings are generally started indoors and transplanted to the patch in early May. Many 
growers protect the young seedlings with suitable homemade cold frames. Additional heat lamps or heat cables 
will sometimes be used for additional protection. An early start will sometimes result in additional days of fruit 
growth in late September. As the plant vines begin to run in mid June, selective pruning and vine burring becomes 
a choice method. Vine management will minimize disease and pest intrusion in the following months.

Compost applied	annually	will	be	vital	in	maintaining	your	30	pounds	per	day	weight	gains.

Controlled Watering	is	essential	on	a	daily	basis	because	Giant	pumpkins	are	90%	water.		Weather	patterns	will	
dictate the actual requirement per day. Mycorrhizal fungi are being implemented into the soils at alarming rates 
to create massive root colonization. These larger than normal root masses are attributing to the massive weight 
gains.

Azos	is	being	amended	into	soils	annually.	Azos	is	a	super	nitrogen	fixing	bacteria.	It	functions	best	when	soils	
are	moist,	above	65F	and	host	plants	are	present.	It	supplies	plants	with	nitrogen	acquired	from	the	atmosphere	
as	N2	and	converts	it	to	ammonia	in	exchange	for	carbohydrates	supplied	by	the	plants	or	Mycorrhizal	fungi.	
Applications	of	Azos	can	significantly	reduce	nitrogen	fertilizer	applications.

CalCarb is foliar fed and is a proprietary calcium carbonate (CaCo3)	which	infiltrates	plant	leaves		through	the	
stomata. Once inside the intercellular space, it is converted into CO2 and CaO. CO2 increases photosynthesis 
levels, while the calcium strengthens the cell walls. 

Humic Acid is amended into soils in early Spring. Humic Acid promotes microbial activity in soil. 

Fish and Seaweed are foliar fed to the entire plant on a weekly basis.

Vine Management is critical for directing valuable nutrients to your fast growing fruit. 

Pollination can be accomplished by mother nature however most competitive growers hand pollinate to assure a 
specific	genetic	cross.	

Positioning of your fast growing fruit is essential. The fruit may need to be shifted early in development to avoid 
future stem stress.  
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Protection of your fruit will become necessary. A white shade cloth will need to be draped over your fruit to avoid 
sunburn from the intense sunlight. Moth balls and a ground matt will help protect the lower side of your fruit from 
ground rodents. 
 
 These tips and many more will be shared with participants along with a few of the World’s most genetically 
sought after giant pumpkin seeds. 

Jim Beauchemin of Goffstown, NH, is the operator of Goffstown Green 
Thumb	Landscaping	and	Irrigation	Inc.,	a	business	he	has	owned	for	25	years.	
A native of New Hampshire, he and his wife Susan have four grown children. 
Jim	was	the	2005	NM	Champion	Giant	Pumpkin	Grower,	growing	a	giant	
pumpkin	 that	weighes	 in	 at	 1314.8	 lbs	 and	was	 ranked	 8th	 largest	 in	 the	
world.	He	was	also	the	2005	New	England	Champion	Giant	Squash	Grower,	
growing	a	squash	that	weighed	in	at	881.61	lbs.	and	ranked	7th	largest	in	the	
world.	In	1999	Jim	helped	form	the	NH	Giant	Pumplin	Growers	Association	
ans	served	as	editor	of	quarterly	newsletter	for	10	years.

PUMPKINS
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BLUEBERRIES

PLUM CURCULIO MANAGEMENT IN BLUEBERRIES:
NEW SOLUTIONS FOR AN OLD PROBLEM

Cesar	Rodriguez-Saona
Marucci Center for Blueberry/Cranberry Research& Extension, Rutgers University, NJ

 
 Plum curculio(Fig. 1) is a native pest ofseveral fruit crops in the 
Northeastern US, including blueberries.In recent years, numbers of 
plum curculio have increased in New Jersey blueberry farms.  Thus, this 
pest has now become a major concern among blueberry growers in this 
region.

 Our current monitoring methods rely on the use of beating trays 
to record adult activity and visual observations of oviposition scars 
on berries (Fig. 1).  There are no current thresholds based on these 
monitoring	 methods,	 and	 they	 are	 labor-intensive	 and	 inaccurate.	 A	
better method to monitor plum curculio populations that can predict 
more preciselythe time of insecticide applications is desperately needed.  

 Here, we tested an attractant lure to monitor plum curculio in 
blueberry farms.  This lure containsthe fruit volatile benzaldehyde and 
the plum curculio aggregation pheromone grandisoic acid.  In addition, 
we	evaluated	the	efficacy	of	new	reduced-risk	insecticides	against	adult	and	immature	plum	curculio.	

 Plum Curculio Monitoring:A	study	was	conducted	in	4	commercial	highbushblueberry	farms	in	Hammonton,	
New Jersey, to investigate the response of plum curculio adults to traps baited with benzaldehyde and grandisoic 
acid.		Four	1-acre	plots	were	selected	in	each	farm	(total	of	16	plots).		All	plotsfaced	the	forest,	and	had	a	history	
of	high	plum	curculio	infestation.		In	each	plot,	we	placed	baited	and	un-baited	pyramid	traps.		Pyramid	traps	were	
placed	at	0,	20,	and	40	m	from	the	field	edge.		Baited	and	un-baited	traps	were	placed	10	m	apart.		Traps	were	
placed	prior	to	bloom	(on	12	April)	and	monitored	twice	per	week	until	15	July.		In	addition,	five	bushes	near	each	
trap	weresampled	for	adult	plum	curculio	using	beating	sheet	trays	to	correlate	trap	captures	with	on-bush	counts.
Pyramid traps baited with grandisoic acid and benzaldehydecaptured higher numbers of adult plum curculio than 
un-baited	traps.	Both	baited	and	un-baited	traps	captured	plum	curculio	adults	before	and	during	bloom;	however,	
only	baited	traps	captured	adults	in	significant	numbers	after	bloom.	Beating	sheet	samples	showed	a	similarpattern	
of	 plum	 curculio	 adult	 abundanceon	 bushes;	 however,	 numbers	 of	 adults	 on	 bushes	were	 significantly	 lower	
compared	with	those	on	traps.	No	distance	effect	was	observed	in	adults	captured	between	traps	placed	at	field	
edges	versus	inside	the	fields.	

 Plum Curculio Control:This	 experiment	 tested	 the	 efficacy	 of	 a	 post-bloom	 application	 of	 the	
neonicotinoidacetamiprid	(Assail	30SG;	5.3	oz/ace),	the	oxadiazineindoxacarb	(Avaunt	30WG;	6	oz/acre),	and	
the	 organophosphate	 phosmet	 (Imidan	 70WP;	 1.33	 lb/acre;	 grower	 standard),	with	 and	without	 a	 pre-bloom	
application	of	 the	chitin	 inhibitor	novaluron	 (Rimon	8.3EC;	30	fl	oz/acre),	on	plum	curculio	adult	 and	 larval	
(curative)	mortality	 in	 highbush	 blueberries.	 	The	 experiment	was	 conducted	 in	 3	 commercial	 blueberry	 (cv.	
Bluecrop)	fields	in	Hammonton,	New	Jersey.		Each	field	was	divided	into	seven	~1	acre	plots,	and	all	plots	had	
one of their sides facing the woods.  Four of the plots were treated with Rimon before bloom and then treated 
after bloom with either Assail, Avaunt, or Imidan.  The other three plots were left untreated before bloom but 
received	a	post-bloom	application	of	Assail,	Avaunt,	or	Imidan.		Treatments	were	assigned	randomly	to	plots.		The	
pre-bloom	Rimon	treatment	was	applied	on	11-13	April,	and	the	post-bloom	treatments	were	applied	on	15-17	

Fig. 1.Plum curculio adult and 
oviposition scar
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May.		Treated	plots	were	separated	by	a	buffer	row.		Applications	were	made	with	a	Pak-Blast®	model	MBICO28	
Sprayer	 (Rear’s	Mfg	Co.,	Eugene,	Oregon)	on	a	John	Deere	5320N	Tractor.	 	For	pre-bloom	applications,	 the	
sprayer	was	calibrated	to	deliver	25	gal	of	vol	per	acre	at	150	psi	using	eight	nozzles	with	D5	orifices,	yielding	80	
ml	per	bush.		For	post	bloom	applications,	the	sprayer	was	calibrated	to	deliver	40	gal	of	vol	per	acre	at	300	psi	
using	eight	nozzles	with	D5	orifices,	yielding	~140	ml	per	bush.		
 
	 Adult	plum	curculio	counts	were	taken	on	12-14	May	(3	d	before	the	post-bloom	treatments),	and	on	19–21	
May	and	24–26	May	(4	and	9	d	after	the	post-bloom	application,	respectively).		Adults	were	sampled	using	a	
standard	white	cloth	beating	sheet	by	beating	1/5	of	45	different	bushes	in	each	plot.		Total	number	of	adults	was	
recorded	per	plot	and	then	divided	by	9	to	obtain	numbers	per	bush.		To	investigate	the	effects	of	Rimon,	Assail,	
Avaunt, and Imidan on larval emergence (curative control), berries with plum curculio oviposition scars were 
collected from each plot on each of the three sampling dates (N	=	1000	fruit	per	plot).		Fruit	samples	were	placed	
on	clean	moist	sand	in	160	ml	plastic	Dixie®	cups	(N	=	10	fruit	per	cup),	kept	in	the	laboratory	(~25	°C)	for	four	
weeks, and then checked for plum curculio larval emergence.

 Results showed that different classes of insecticides affected adult and larval survival of plum curculiodifferentially.  
The	chitin	inhibitor	Rimon	did	not	affect	adult	survival;	however,	pre-bloom	Rimon	applications	reduced	larval	
emergence.		Both	the	organophosphate	Imidan	(grower	standard)	and	the	oxadiazineAvauntsignificantly	reduced	
survival of adults.  The neonicotinoid Assail was weak against adults.  

NOTE: RIMON APPLIED PRE-BLOOM CAUSED PHYTOTOXICITY TO YOUNG FOLIAGE.  FUTURE 
STUDIES WILL BE CONDUCTED TO REDUCE THE RATE AND INCREASE THE VOLUME OF THE 
APPLICATION TO ELIMINATE THESE PHYTOTOXICITY EFFECTS.  NEITHER RIMON (ALL STATES) 
NOR AVAUNT (ALL STATES EXCEPT FOR NEW JERSEY) LIST PLUM CURCULIO AS A TARGET 
PEST IN THEIR LABEL.  WE ARE WORKING WITH THE CHEMICAL COMPANIES (CHEMTURA AND 
DUPONT, RESPECTIVELY) TO MAKE THE RESPECTIVE CHANGES TO THE LABEL. 
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WHAT WE HAVE LEARNED FOR MORE EFFICIENT BLUEBERRY SCOUTING
Dean Polk

Philip	E.	Marucci	Center	for	Blueberry	and	Cranberry	Research,	125a	Lake	Oswego	Rd.,	Chatsworth,	NJ		08019

 In previous meetings we have talked about general approaches to monitoring and scouting for blueberry pests. 
This summary addresses ways to economize on monitoring time and costs. The approach is largely to focus your 
efforts on the times when pests are most likely to occur, as well as the locations where they are most likely to 
occur. Most growers should not have to scout for every possible pest found in blueberries. Instead, stick to the key 
pests most likely to occur in your area. These may include cranberry weevil, cranberry fruitworm, plum curculio, 
several scale insects, blueberry maggot, sharpnosed leafhoppers, Japanese beetle, and aphids. Key diseases may 
include	 blueberry	 scorch,	mummy	berry,	 anthracnose,	 alternaria,	 and	 stem	blight.	Timing	 -	 Some	 pests	 need	
only be monitored during the early part of the season, and some need to be monitored only in the later part of 
the	season.	Location	-	Pests	such	as	leafhoppers,	weevils,	including	plum	curculio,	and	blueberry	maggot	should	
have	scouting	concentrated	on	field	edges.	Only	if	high	numbers	of	these	pests	are	found	at	edges	is	it	likely	that	
they	may	have	moved	into	interior	portions	of	the	field.	Cultivar	-	Variety	may	be	a	factor	for	disease	incidence.	
If a grower has a planting consisting of Duke, Bluecrop, and Elliott, Bluecrop is likely to have more severe issues 
with anthracnose before it is a problem on the other cultivars. Therefore scouting and resulting treatments should 
be concentrated on Bluecrop more than other cultivars.

 Timing –Part of the scouting form used by the Rutgers Blueberry IPM Program is extracted in Figure 1. 
Insects	are	listed	in	the	rough	order	of	appearance	during	the	growing	season.	Cranberry	weevil	(CBW)	is	the	first	
insect that appears. If CBW is not present in your area, then don’t spend a lot of time monitoring for it. Leafrollers 
are more likely of occur in upland locations, since they are also pests on other crops like tree fruit. Bloom is the 
most important time to monitor and control larvae. Cranberry Fruitworm may or may not be present in upland 
locations, but plum curculio (PC) will likely be present. PC is active from bloom through late June. Look for 
fresh	crescent	shaped	egg	scars.	Common	scale	insects	have	either	2	or	3	generations	per	year,	depending	on	the	
species. If last year’s fruit had raised “bumps” or scales, then monitor with sticky tape traps starting in mid June, 
and	treat	if	crawlers	are	present	on	the	tape.	Scout	again	for	2-3	weeks	in	early	August	if	there	were	crawlers	
caught in June.Japanese beetle is usually present from mid June through late July. Blueberry scorch should be 
monitored during bloom, and mummy berry monitored from about ½” green tissue stage and over the next several 
weeks until early June.Monitoring for anthracnose fruit infections should be concentrated from the time fruit 
begins to ripen and later, although most controls for anthracnose should be applied early in the season.

	 Location	–	Traps	for	blueberry	maggot	should	be	located	on	field	edges,	since	most	maggot	flies	come	into	
a	farm	from	outside	alternate	hosts.	If	farms	are	large	with	multiple	fields	then	some	traps	can	be	placed	on	the	
edges	of	interior	fields.	When	a	treatment	threshold	of	1	fly	per	trap	is	used,	most	interior	traps	will	remain	at	“0”	
unless populations have already established themselves in the interior of the farm.The same principal holds for 
sharpnosed leafhopper, cranberry weevil and plum curculio in that most of these insects will enter from outside 
alternate host overwintering sites. 
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Field Identification
Timing Insects 	 	 	 	 	 	 	 	

Pre	Bl-6/15 Cranberry	Weevil	-	#	/	Bush 	 	 	 	 	 	 	 	
Bloom	but	may	

be	F Leafroller	Larvae/100	BC-Tray/Search 	 	 	 	 	 	 	 	
Bloom	but	may	

be	F Leafroller	Larvae-%Shoot	Infestation 	 	 	 	 	 	 	 	
5/15 %	Leafroller	Injured	Fruit 	 	 	 	 	 	 	 	
Bloom Gypsy	Moth	/	100	BC 	 	 	 	 	 	 	 	
6/15 Cranberry	Fruitworm-%	Infested	Fruit 	 	 	 	 	 	 	 	
5/15 Aphids-%	Terminals	Infested/Col.	Size 	 	 	 	 	 	 	 	

Bloom Thrips	#/100BC 	 	 	 	 	 	 	 	
Bloom-7/1 Plum	Curculio	-		#/Bush 	 	 	 	 	 	 	 	
5/31 Plum	Curculio	-		%	Injured	Fruit 	 	 	 	 	 	 	 	
6/15 Scale	-	%	Fruit	Injury 	 	 	 	 	 	 	 	
6/15 Scarab	Beetles	-	Pres/Absence	(1/0) 	 	 	 	 	 	 	 	

Other	Insects 	 	 	 	 	 	 	 	
Diseases

Bloom-6/15 Mummy	Berry	-	Strikes/Bush 	 	 	 	 	 	 	 	
6 	%	Infested	Fruit 	 	 	 	 	 	 	 	
6 Anthracnose	-	%	Fruit	Infected 	 	 	 	 	 	 	 	
6 Alternaria	-	%	Fruit	Infected 	 	 	 	 	 	 	 	

% of Bushes Showing 	 	 	 	 	 	 	 	
F 			Phomopsis	Dieback	-	Twig	Blight 	 	 	 	 	 	 	 	

Bloom-6/15 			Botrytis	Dieback	-	Botrytis	Blight 	 	 	 	 	 	 	 	
6 			Botryosphaeria	-	Stem	Blight					 	 	 	 	 	 	 	 	

Bloom-6/15 			BB	Scorch	-	Pres/Absence	(1/0) 	 	 	 	 	 	 	 	
F 			Stunt 	 	 	 	 	 	 	 	
F 			Black	Shadow-	%	Wood	Overall 	 	 	 	 	 	 	 	
F 			General	Dieback 	 	 	 	 	 	 	 	
F 			Nutritional	Disorders 	 	 	 	 	 	 	 	

Insect Trap Captures
Avg.	
Last	
Wk.

Avg.	
This	
Wk.

Trap
	Location

Bloom-7/1 CBFW		Cranberry	Fruitworm 	 	 	 	
F RBLR		Redbanded	Leafroller 	 	 	 	
F OBLR		Obliquebanded	Leafroller 	 	 	 	 	 	
6 SNLH		Sharpnosed	Leafhopper 	 	 	 	 	 	 	
6 OB		Oriental	Beetle 	 	 	 	
6 BBM		Blueberry	Maggot	 	 	 	 	

Timing	key:	F=full	season;	A	single	date	=	monitor	from	bud	break	until	that	date;	Date	with	an	arrow	=	
from	that	date	until	picking;	A	phenology	timing	until	a	date	=	monitor	those	dates	inclusive.	

Figure 1.Example of the scouting form used by the Rutgers Blueberry IPM Program.  Note timing suggestions in the first 
column.

Dean Polk is the Statewide Fruit IPM Agent for Rutgers Cooperative Research & Extension.  He has conducted 
integrated	pest	management	programs	in	blueberries,	peaches	and	apples	since	1981.	Originally	from	New	
Jersey and New England. He worked as an agricultural consultant in Washington State before coming back to 
New	Jersey	in	1980.	He	is	married	with	2	children	and	lives	in	Wenonah,	New	Jersey.		(2008)

BLUEBERRIES
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HERBS
GROWING MEDICINAL HERBS

Claire and Rusty Orner
Quiet	Creek	Herb	Farm	&	School	of	Country	Living,	93	Quiet	Creek	Lane,	Brookville,	PA	15825

www.quietcreekherbfarm.org,	814-849-9662,	quietcreek@windstream.net

Growing Conditions
Herbs in this presentation thrive in Sandy soil mixed with loam 

Full sun (except Mint, it will grow any condition)
Zone	4	growing

Additional general maintenance
Mulch with thick newspaper annually. Leave soil bare at base to allow air circulation to roots.
Feed soil nutrients to young plants (worm compost at Quiet Creek) unless directed differently.

Food as Medicine
Quiet Creek believes in 

Whole
Nutrient-dense
Chemical Free
Healing foods.

Each	herb	has	its	own	unique	healing,	vital,	and	therapeutic	properties	to	go	along	with	its	distinctive	flavoring.	

Chocolate Mint, Mentha piperita , Hardy Herbaceous Perennial
Propagation: Division, root cuttings, and cuttings. Maintenance:	Cut	back	after	flowering	to	encourage	new	leaf	growth.
Harvest:	Pick	fresh	leaves	before	flowering,	or	after	cutting	back,	when	the	plant	has	started	to	grow	up	until	the	
first	frost.
Caution: Susceptible to the fungus Puccinia mentha, seen as small rusty spot on leaves, starting on the underside.  
To avoid spread, plant must be dug up or covered with straw and burnt to sterilize ground.
Uses: Leaves used in herbal water and teas to aid digestion. Combines with chocolate well.

Oregano, Origanum vulgare, Hardy Herbaceous Perennial
Propagation: From seed, softwood cuttings, and division.
Companion:	Attracts	bees	and	butterflies.
Maintenance:	Cut	back	after	flowering	to	encourage	new	growth,	which	will	provide	added	protection	in	winter.
Harvest:	Pick	leaves	before	flowering	to	use	fresh	or	to	dry.	After	summer,	cut	back,	and	use	the	fresh	leaves	
immediately; fresh leaves deteriorate in cold climates.
Uses:	For	maximum	flavor	use	dried	herb	in	cooking.	Popular	in	Mediterranean	and	Mexican	cuisine.	Contains	
highest	anti-oxidant	activity	of	any	tested	herbs.

Lemon Thyme, Thymus citriodorus, Hardy Evergreen Perennial
Propagation: Cuttings, layering, and division. 
Maintenance:	Prune	in	spring	to	encourage	young	shoots	for	strong	leaf	flavor.	Prune	again	after	flowering	to	
prevent plants from becoming woody.
Companion: Rich in nectar; will attract honeybees. 
Harvest:	Pick	as	needed	all	year	round.	For	making	oil,	vinegars,	or	drying,	pick	sprigs	just	before	flowering.
Uses: Aids in digestion and helps break down fatty foods. Infuse in tea or broth for sore throat remedy. Combines 
well	with	chicken	and	fish.		Infuse	leaves	in	oil	or	vinegar,	or	add	to	salad	for	zest.
African Blue Basil, Ocimum kilimandscharicum x basilicum, Tender Perennial



176

Propagation: Cuttings.
Maintenance: Pick growing tips to encourage bushy growth. Bring inside for winter with adequate sunlight. 
Make cuttings continuously throughout winter from mother plant.
Harvest:	Pick	leaves	and	flowering	tops	throughout	summer	to	use	fresh	or	dry.
Processing:	Freeze	chopped	basil	and	cover	with	water	in	ice	cube	trays.	Dry	75-105o F. 

Stevia, Stevia rebaudiana, Tender Perennial
Propagation: Cuttings.
Maintenance:	Pinch	tips	for	fuller	growth.	Follow	holiday	method	but	allow	at	least	12	hours	light	daily.	
Caution:	Keep	above	50ºF
Harvest:	Cut	just	before	flowering	for	maximum	sweetness.	Dry	75-105o F. 
Uses:	10x	sweeter	than	sugar,	but	is	non-glycemic	and	non-caloric.	Infuse	leaves	in	hot	liquids	(H20,	milk,	coffee)	
for	5	minutes.	Condense	H20	for	liquid	concentrate.	Add	leaves	to	sauces,	dressings,	and	desserts.	

Lemon Verbena, Aloysia triphylla, Tender Perennial 
Propagation: Cuttings.
Maintenance: In spring, trim back stems to a point where new growth is developing.  After harvesting leaves in 
late	summer,	prune	to	remove	dead	flower	heads.	Follow	Holiday	Method.
Harvest:	For	strongest	flavor	pick	leaves	when	plant	goes	into	flower.		For	a	lighter	lemon	flavor	harvest	fresh	
flowers.	Dry	75-105o F. 
Uses: Fresh leaves can be infused in chilled water for a refreshing drink or used in teas. Flavors oil, vinegars, fruit 
desserts, and cakes.  Has mild sedative properties; also, aids in digestion and asthma. 

Holiday Method
Labor Day

Dig up plant before 1st frost and pot.
Place indoors and water regularly. 

Thanksgiving
Move	to	cool	environment	(40-60ºF)	that	receives	4-5	hours	of	light	daily	(heated	garage,	basement,	
spare bedroom).
Prune one third of plant back.
Stop watering and allow plant to go dormant.

Christmas and Valentine’s Day
Water plant.

Easter
Begin watering again.
Gradually acclimate plant to room temperature and full sunlight.

Hopefully not the Fourth of July
Place	plant	outdoors	after	danger	of	first	frost.

Harvesting Herbs
Early	in	the	morning,	after	the	dew	dries,	but	before	the	heat	of	the	day.	10	a.m.	–	noon
Before	flowering	if	grown	for	foliage.

Leaf	production,	taste	and	quality	declines	after	flowering.
Just before full bloom for flowers.

Most	intense	oil	concentration	and	flavor.
For seed pods collect as color changes from green to brown to gray but before shattering (open). 
Roots in spring and fall.

        Energy is stored in root and not directed towards growing plant.

HERBS
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   Until frost if herb is an annual.
   Until one month before frost date if perennial.

Processing Herbs
	 Early	in	the	morning,	after	the	dew	dries,	but	before	the	heat	of	the	day.	10	a.m.	–	noon
	 Before	flowering	if	grown	for	foliage.
	 	 Leaf	production,	taste	and	quality	declines	after	flowering.
 Just before full bloom for flowers.
	 	 Most	intense	oil	concentration	and	flavor.
 For seed pods collect as color changes from green to brown to gray but before shattering (open). 
 Roots in spring and fall.
  Energy is stored in root and not directed towards growing plant.
 Until frost if herb is an annual.
 Until one month before frost date if perennial.
 Allows time for tender growth to harden off before winter

Simplest Drying Method on a small scale
 Bind stems at one end.
 Put in bag and crinkle open end loosely around stems.
 Allow to dry until crumbles.
 Bag blocks UV, collects seeds, and contains any extra herb.
	 Dry	at	75-105o F. 

Storing Herbs
When leaves are dry and crumble easily, separate from stems. 
To	preserve	full	flavor,	avoid	crushing	the	leaves	until	ready	for	use.
Package	in	rigid	containers	with	tight	fitting	lids.	
Store dried herbs in a cool, dry place away from sunlight, moisture, and heat.  

HERBS
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Since	1996	Claire	and	Rusty	Orner	have	been	stewards	of	the	non-profit	educational	
facility,	 Quiet	 Creek	 Herb	 Farm	&	 School	 of	 Country	 Living	 that	 is	 a	 30-acre	
organic farm located in Brookville, Pennsylvania.  Quiet Creek raises vegetables, 
fruits,	herbs,	edible	and	cut	flowers.		Much	of	the	produce	is	used	to	make	organic	
(non-certified)	 products	 such	 as	 herbal	 teas,	 soaps,	 dried	 produce,	 vinegars,	 etc.		
The farm uses only sustainable techniques when fertilizing the plants, controlling 
weeds,	and	managing	insects,	bacteria,	and	fungi.	Quiet	Creek’s	year-round	classes	
from toddlers to the elderly that cover sustainable topics such as integrated pest 

management, renewable energy, vermicomposting, creating raised beds, soil food web, herbal soap making, 
bread making and many more.  

Between	Rusty	and	Claire	they	have	over	40	years	of	teaching	experience	and	60	years	of	organic	farming	
experience.  Rusty has a BS in Agriculture from Pennsylvania State University and experience in dairy farming, 
growing herbs/vegetables and landscaping.  Claire has a BS in Geology from West Virginia University and two 
Master degrees in Middle School Education and Curriculum & Instruction from Appalachian State University 
and	 the	University	 of	Washington,	 respectively.	 	 She	 is	 certified	 in	 the	 states	 of	 Pennsylvania	 and	North	
Carolina	to	teach	K-12	students	general	curriculum,	biology	earth	science,	environmental	science,	physics,	
and chemistry and has teaching experience in both states.  

The Orner team combines their technical backgrounds with their love of teaching by offering an array of 
environmental educational and sustainable living programs funded by grant writing, tax deductible contributions 
and	educational	improvement	tax	credits.		They	have	successfully	administered	over	$400,000	in	grant	funds	
used	 to	 educate	 over	 100,000	 students.	 	 In	 2007	 they	 received	 the	H. Clark Gregory Award through the 
US Composting Council.  This is awarded to individuals who have displayed outstanding service to the 
composting	industry	through	various	grassroots	efforts;	including	backyard	composting,	vermi-composting,	
or public or end user education. A nominee must be active in one or more of these compost related efforts for 
a	minimum	of	5	years.		In	2009	Quiet	Creek	was	awarded	the	PA	DEP	Energy	Harvest	grant	and	installed	a	
2.5kW	wind	turbine	on	a	127’	Guyed	Tilt-up	tower	with	a	2.6	kW	Photo	Voltaic	array	accompanied	with	a	
weather station and computer monitoring system.

The Orners are highly respected in the collaborative partnerships they posses with local school districts, 
churches, businesses, and organizations.  Their community service extends to many areas:  teaching Sunday 
school to prekindergarten through adults; offering prison ministry;  raising local food for the Food Bank;  
serving on many organizations:  Pennsylvania Association of Sustainable Agriculture, Western PA Mushroom 
Club, Citizen Power, Drug and Tobacco Awareness Coalition, Solid Waste Authority, Penn State Cooperative 
Extension, and Public Library; mentoring over forty apprentices, sponsoring many fund raising events such 
as ACTIVATE Brookville, the United Fund, Community Centers, Health Fairs, and public, private and home 
school functions; and writing an informative, humorous, weekly, sustainable living newspaper/website article 
titled	Quiet	Creek	Corner	that	serves	30,000	plus	readers.		
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Since	1996	Claire	and	Rusty	Orner	have	been	stewards	of	the	non-profit educational facility, Quiet 
Creek	Herb	Farm	&	School	of	Country	Living	that	is	a	30-acre organic farm located in Brookville, 
Pennsylvania.  Quiet Creek raises vegetables, fruits, herbs, edible and cut flowers.  Much of the produce is used 
to make organic (non-certified) products such as herbal teas, soaps, dried produce, vinegars, etc.  The farm uses 
only sustainable techniques when fertilizing the plants, controlling weeds, and managing insects, bacteria, and 
fungi. Quiet Creek’s year-round classes from toddlers to the elderly that cover sustainable topics such as 
integrated pest management, renewable energy, vermicomposting, creating raised beds, soil food web, herbal 
soap making, bread making and many more.  

Between	Rusty	and	Claire	they	have	over	40	years	of	teaching	experience	and	60	years	of	organic	
farming experience.  Rusty has a BS in Agriculture from Pennsylvania State University and experience in dairy 
farming, growing herbs/vegetables and landscaping.  Claire has a BS in Geology from West Virginia University 
and two Master degrees in Middle School Education and Curriculum & Instruction from Appalachian State 
University and the University of Washington, respectively.  She is certified in the states of Pennsylvania and 
North Carolina to teach K-12	students	general	curriculum,	biology	earth	science,	environmental	science,	
physics, and chemistry and has teaching experience in both states.  

The Orner team combines their technical backgrounds with their love of teaching by offering an array of 
environmental educational and sustainable living programs funded by grant writing, tax deductible 
contributions and educational improvement	tax	credits.		They	have	successfully	administered	over	$400,000	in	
grant	funds	used	to	educate	over	100,000	students.		In	2007	they	received	the	H. Clark Gregory Award 

The Orners are highly respected in the collaborative partnerships they posses with local school districts, 
churches, businesses, and organizations.  Their community service extends to many areas:  teaching Sunday 
school to prekindergarten through adults; offering prison ministry;  raising local food for the Food Bank;  
serving on many organizations: Pennsylvania Association of Sustainable Agriculture, Western PA Mushroom 
Club, Citizen Power, Drug and Tobacco Awareness Coalition, Solid Waste Authority, Penn State Cooperative 
Extension, and Public Library; mentoring over forty apprentices, sponsoring many fund raising events such as 

through 
the US Composting Council.  This is awarded to individuals who have displayed outstanding service to the 
composting industry through various grassroots efforts; including backyard composting, vermi-composting, or 
public or end user education. A nominee must be active in one or more of these compost related efforts for a 
minimum of 5 years.  In	2009	Quiet	Creek	was awarded the PA DEP Energy Harvest grant and installed a 
2.5kW	wind	turbine	on	a	127’	Guyed	Tilt-up	tower	with	a	2.6	kW	Photo	Voltaic	array	accompanied	with	a	
weather station and computer monitoring system.



179

HERBS
MEDICINAL QUALITIES OF HERBS

Leslie M Alexander
Restoration	Herbs,	197	Abel	Heath	Lane,	Franklin	PA	16323			Leslie@RestorationHerbs.com

Medicinal qualities of herbs vary. That much is a certainty. 

 Another certainty is that when used correctly, medicinal herbs are safe and effective means of restoring and 
maintaining well being. While national statistics are kept to track large numbers of events, the number of adverse 
herbal	reactions	do	not	warrant	tracking	at	this	level.	However,	national	figures	tally	hundreds	of	thousands	of	
adverse pharmaceutical drug reactions each year.

 As a practicing Herbalist, the quality of my apothecary is of paramount importance, but how is this quality 
measured and assured? First and foremost, we start with healthy botanicals like those grown at Restoration Herbs 
without	the	use	of	chemicals.	We	ensure	that	these	have	been	identified	correctly;	harvested	in	accordance	with	
principles to ensure maximum potency; garbled to guarantee [macroscopic] purity and assessed organoleptically. 
Only then are herbs made into medicines and dried, tinctured or both. While commerce dictates that medicinal 
herbs can be encapsulated, bottled and sold, I would rather rely on herbs more recently harvested as studies have 
shown that potency can decline with age.

 The quality of a healing herb, i.e. a preparation made from any plant including trees, shrubs, algae and fungii 
of	which	the	whole	or	part;	leaves,	flowers,	seeds,	bark,	root,	have	medicinal	properties,	is	of	course	proportionate	
to the quality of the constituents used in the process. This necessitates knowing which part of a plant is used for 
medicinal purposes (cf. echinancea aerial vs.	root-based	preparations).	

Finally, depending upon the school of thought, and the herb in question, quality is assured through: 

(a) a reductionist approach and the preparation of a “standardized extract”, which is manufactured  
						to	ensure	uniformity	of	an	end-product	or,	
(b) a more holistic approach and reliance on the resulting extract in its entirety. 

	 While	the	latter	results	in	some	end-product	variability,	which	standardization	is	meant	to	overcome,	there	
is	the	recognition	that	first:	we	do	not	understand	how	plant	constituents	combine	to	balance	effects	either	
in	a	plant	or	in	the	fauna	that	ingest	the	flora	and	second:	our	ever	expanding	knowledge	of	the	safe	use	of	
botanical medicines draws on millennia of use which has, for the vast majority of plants, been amassed without 
standardization.	This	raises	the	question	as	to	who	precisely	benefits	from	the	standardization	process.

 Before introducing a few actions of medicinal herbs, which incorporates another aspect of quality, it is 
important to stress that rarely if ever does an herb have a single action.	Indeed,	no	herb	comes	to	mind	that	fits	this	
description.	This	quality	of	being	multi-faceted	gives	rise	to	greater	functionality	as	it	allows	for	a	greater	degree	
of	specificity	when	it	comes	to	formulating	or	blending	herbs	for	individuals.

 Without getting bogged down with exceptions to “the rule”, one way to better understand the qualities of 
medicinal herbs is to look towards families. As one example out of many, the Apiaceae, also known as the 
Umbelliferae, is a relatively large plant family and common to our growing zone. Indeed, anyone with an interest 
in	culinary	herbs	will	find	this	family	of	plants	amply	represented	in	their	kitchen.	Members	of	the	Apiaceae	
include: 

Anethum graveolens (dill), Carum carvi (caraway), Coriandrum sativum (coriander),
Cuminum cyminum (cumin), Foeniculum vulgare (fennel) and Pimpinella anisum (anise).
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 A distinctive morphological characteristic of this family is their compound umbels. The family also contains 
some of the most poisonous plants and here again is an opportunity to underline the importance of correct 
botanical	identification,	as	the	administration	of	wild	carrot	(Daucus carota) will have a very different medicinal 
effect than the administration of Conium maculatum,	or	poison	hemlock!

Aside from their morphology, the Apiaceae share other qualities which are important to me an Herbalist. 

 Firstly, they are aromatic and contain an array of volatile oils. Centuries ago, Aristotle described botanicals 
in terms of hot and cold, damp and dry; qualities that mirror medicinal actions inherent in Traditional Chinese 
Medicine. The warming aromatic nature of the seeds listed previously (and of many members of the Apiaceae) is 
beneficial	to	our	bodies	as	it	supports	a	relaxation	or	an	‘opening’	of	the	body.	Not	surprisingly,	many	members	of	
the Apiaceae are diaphoretic, i.e., cause the body to sweat. Using a diaphoretic herb is sometimes advantageous, 
especially if using an herb to break a fever. 

 Conversely, one needs to know when to warm the body, when to induce sweating and support the body’s innate 
immune response and when it may be dangerous to do so. While a fever aids the body in getting rid of toxins and 
can inhibit the reproduction of pathogens, the body may require support when it comes to breaking an unusually 
high fever in which case a more cooling herb, e.g. Mentha piperita, would be included in any formulation.

 The seeds of the herbs listed previously are also carminatives. Their volatile oils have a calming affect on the 
digestive system, relaxing stomach muscles, increasing peristalsis in the intestine and reducing the production 
of	gas	(flatulence).	Working	with	any	client,	an	Herbalist	can	tailor	various	formulations,	while	relying	on	
the Apiaceae, to ease bloating, borborygmos (audible rumbling), cramping and gas, for example. It is not a 
coincidence that when dining on Indian food, fennel seeds are often placed on the table after a meal. Unlike a plate 
of cheese and crackers, these seeds are used not only to cleanse the palette but also to ease any bloating which may 
arise after a meal. There are numerous ways to administer medicinal herbs and culinary traditions, like medicinal 
traditions, stand the test of time.

 I trust that this brief introduction into the qualities of medicinal herbs excites your imagination and gives some 
insight into medicinal properties of botanicals, how they can be used and how versatility is an asset to us all. While 
I have not addressed the properties and actions of the Apiaceae in entirety, an introduction to medicinal botanicals 
on a family by family basis is but one way of knowing medicinal herbs. Indeed, there are many.

 A quality of medicinal herbs that I consider to be extremely important in my clinical practice here in 
northwestern	Pennsylvania	is	that	whenever	it	is	most	beneficial	to	my	clients,	herbal	protocols	rely	on	botanicals	
that grow easily in our Zone. Not only is this important from a philosophical point of view when it comes to 
sustainability, and the size of our ecological footprint at Restoration Herbs, it is also potentially important to my 
clients. For many people with an interest in growing, planting an herbal medicine chest is very appealing. Indeed, 
the act of planting and tending an herb garden can be very healing. For some, planting medicinal herbs provides 
not	only	autonomy	but	also	[financial]	accessibility	to	medicinals.

 It is not my position that medicinal herbs should supplant the use pharmaceuticals. Rather, I am advocating 
that with the right degree of understanding and experience, the use of many pharmaceuticals can be avoided, thus 
reducing not only the number of people suffering from the side effects of pharmaceuticals (e.g., statins) but also 
the	resistance	that	results	from	their	over-	and	extended	use	(e.g.,	antibiotics).	Many	issues	which	often	lead	a	
person to consult a physician can be addressed with herbs and an experienced Herbalist, in an holistic manner, 
while	focusing	on	eradicating	the	underlying	cause(s)	of	ill-health.	Such	an	approach	empowers	individuals	and	
can only reduce health risks associated with the frequent and sustained use of pharmaceuticals. “Let food be thy 
medicine and medicine be thy food”. For centuries these words have been attributed to Hippocrates, the father 
of western (allopathic) medicine. They are indeed wise words as surely they warn against ingesting toxins and 
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underline	the	importance	of	feeding	ourselves	with	only	the	finest	fare,	some	of	which	may	be	herbal.	At	what	
point an herb becomes a medicine is still a question that needs to be answered. 

Leslie M Alexander is a Registered Herbalist with the American Herbalist’s Guild. 
She is the resident medical herbalist at Restoration Herbs in Franklin, PA. Leslie 
received a B.Sc. from Fairleigh Dickinson University (Environmental Sciences) and 
a Ph.D. from Heriot Watt University (Marine Biology). After working for several 
years in academia, while focusing her work on environmental factors affecting 
health, particularly children’s health, Leslie retrained as a Medical Herbalist. Born in 

northern NJ, Leslie has gardened for decades without the use of chemicals. She lived and worked for many 
years	in	England	and	Scotland	and	enjoyed	the	European	influence	these	years	allowed.	Presently,	she	is	
a	resident	of	Franklin	and	co-owner	of	Restoration Herbs. She divides her time between working with 
clients	to	restore	health	and	well-being,	the	herb	gardens	at	Restoration Herbs, preparing herbal medicines 
and community and herbal education, focusing on medicinal and culinary herbs. She enjoys the outdoors, 
laughter and Tai Chi.
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IS THIS PLANT A HOAX?
Arthur O. Tucker

Dept.	of	Agriculture	&	Natural	Resources,	Delaware	State	University,	Dover,	DE	19901-2277

	 In	1993,	in	a	rare	attempt	at	truth	in	the	nursery	profession,	Otto	Richter	asked	in	his	catalog	of	the	‘Citrosa’	
geranium:	“Is	this	plan	a	hoax?”		P.T.	Barnum	may	or	may	not	have	noted	the	birth	of	60	suckers	every	hour,	but,	
even in a recession, people are willing to pay good money for “French tarragon” seed and “true oregano” seed that 
produce	plants	that	smell	more	like	shoe	leather	than	a	culinary	item.		Worse	yet,	we	find	that	people	will	actually	
come	back	again	to	buy	more!		“Well,	then,	what	do	you	expect,”	as	one	English	gourmet	asked	me,	“with	a	public	
that does not know the difference between cassia and true cinnamon?”  Americans want to trust the integrity of 
their suppliers, so, as an educated and “enlightened” group, we should ensure that beginners are not mislead and 
these	mistakes	are	not	propagated,	literally	and	figuratively,	into	eternity.

‘Citrosa’ Geranium
 The ads claim that “Citrosa Mosquito Fighter is the result of a revolutionary new breakthrough from a Dutch 
horticulturist.  It was genetically created by crossing tissue cultures of an African geranium with the Grass of 
China in sterile laboratories.”  Unfortunately, the scientist cited in these ads, Mr. Van Leenen, is deceased, but his 
colleagues have assured us that he never accomplished this feat and, besides, the primitive technology available at 
this time would not have allowed this to happen anyway.  We tested ‘Citrosa’ geranium for both essential oils and 
mosquito repellency.  The oil falls within the variation of the typical rose geraniums (Pelargonium ‘Graveolens’) 
with	no	evidence	of	a	citronella	grass.		The	whole	plants	DID	NOT	provide	significant	protection	against	mosquito	
bites,	and	the	crushed	plants	only	provided	30-40%	the	repellency	of	DEET	(compared	with	crushed	lemon	thyme	
which	provided	62%	repellency	when	compared	to	DEET).		FYI,	catnip(Nepetacataria) can exceed DEET for 
mosquito	repellency!

“Peppermint Seed.” “Chocolate Peppermint,” “Curly Mint,” and “Dr. Anderson’s Mint”
 Peppermint (Mentha	×piperita)	is	an	interspecific	hybrid	with	a	ca.	0.0002%	seed	fertility.		However,	this	has	
not prevented seed companies from offering peppermint seeds, which we have tested and found to germinate to 
rank-odored	spearmint	(M. spicata),	as	do	the	so-called	“curly	mint”	seeds.	The	so-called	“chocolate	peppermints”	
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that	we	have	examined	 (more	 than	one	clone)	do	not	differ	 significantly	 from	‘Mitcham’	and	other	clones	of	
peppermint and have no pyrazines or other chemicals characteristic of chocolate.  “Dr. Anderson’s Mint,” 
supposedly a peppermint x spearmint cross, is pure spearmint.

“French Tarragon” Seed
 French tarragon (Artemisia dracunculus ‘Sativa’) was selected as a high estragole (methyl chavicol) clone 
sometime in the Middle Ages.  It is extremely sterile, and commercial seeds are impossible.   Seeds offered on the 
market	germinate	to	the	so-called	“Russian	tarragon,”	the	rank-odored	species	(A. dracunculus).

“Oregano” Seed
 The true Greek or Turkish oregano (Origanumvulgare subsp. hirtum)	 has	white	flowers	 and	green	bracts	
with	a	heavy	creosote-like	odor	appropriate	to	foods	of	the	Mediterranean.		Unfortunately,	most	oregano	seed	
germinates to wild marjoram (O. vulgare subsp. vulgare)	with	pink	flowers	and	bracts	and	almost	no	odor.

‘Munstead’ and ‘Hidcote’ Lavender Seed
	 These	lavenders	are	vegetatively-propagated	clones.		If	you	cannot	propagate	‘Peace’	rose	or	‘Red	Delicious’	
apples from seed, why would you expect to propagate these clones from seeds?

Kazanlik Damask Rose
 Despite vehement claims to the contrary, the offerings of the Kazanlik damask rose (Rosa damascena 
‘Trigintipetala’) in North America and Great Britain have been ‘Alika’ or ‘Prof. Émile Perrot.’

“French” Thyme & “Mother-of-Thyme”
 German winter or French summer thymes are Thymus vulgaris	‘Narrow-leaf	French.’		However,	this	cultivar	
name embodies a seed line with wide variability, sometimes with hybrids of other species.  The plants usually 
offered	as	“mother-of-thyme”	in	the	North	America	and	Great	Britain	are	not	T. serpyllum as often claimed but, 
rather,T. pulegioides or T. praecox subsp. britannicus.

‘MagillaPerilla’
 Despite the claims of Ball and others, this is s a coleus (Coleus/Solenostemon/Plectranthusscutellarioides), a 
tender perennial with connate (basally united) stamens, NOT Perillafrutescens, an annual with free stamens.

‘Snowcones’ Pennyroyals
 Despite the claims in the U.S. Plant Patents, these are perfectly normal wild variations of Menthacervina, not 
M. pulegium.		The	U.S.	Plant	Patent	Office	should	be	ashamed	of	itself	for	patenting	a	naturally	occurring	species!

Unvouchered Plant Research is as Memorable as Whistler’s Father!
 What plant was used for the pioneer studies on Echinacea?  Was it Echinacea purpurea or Partheniumintegrifolium?  
Does lavender oil cause prepubertalgynecomastia?  Hoaxes are rife in “science” as they are in the commercial 
nursery industry.

Dr.	Arthur	O.	Tucker	is	Research	Professor	and	Co-Director	of	the	Claude	E.	Phillips	Herbarium	
at Delaware State University (http://herbarium.desu.edu/).  His primary interests are plants of 
flavor,	 fragrance,	 and	medicine,	 especially	 essential	 oils,	 but	 he	has	 also	published	on	 the	
systematics of the genus Mentha	and	the	flora	of	the	DelMarVa	Peninsula.He	is	the	author	
and/or	co-author	of	numerous	scientific	and	popular	publications,	such	as	The Encyclopedia 
of Herbs (Timber	Press,	2009).	 	In	a	change	of	pursuits,	 	he	is	 	becoming	a	ferro-concrete	
sculptor in his senior years.
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HERBS
EAT YOUR WEEDIES

Leslie M Alexander
Restoration	Herbs,	197	Abel	Heath	Lane,	Franklin	PA	16323			Leslie@RestorationHerbs.com

 While it’s unlikely that many growers will have clients come to their place of business seeking a meal, or even 
a healthy snack, consider the delight of offering just that ~ and at no extra cost.

 Customers seeking to purchase herbs, both medicinal and culinary, are often unfamiliar with the multitude of 
locally	available	indigenousflora	…	those	very	botanicals	that	chemical	lawn	‘care’	companies	so	despise;	those	
weeds that grow at the forgotten sides of buildings, at the edges of disused lots and garden plots; in woodlands, 
pastures and yes, in our lawns. These weeds we often walk over without a glance are abundant and tenacious. It 
may	benefit	us	all	if	we	spend	more	time	getting	acquainted	with	these	allies.	

 Each year, come May through September, many people attend workshops at our herb gardens.Regardless of 
the topic, whether it’s making plant medicines or planning a garden, it is always a source of delight, to observe 
othersas they are encouraged to, “… try this ….” and “taste that …”. Looks of amazement span the faces of adults 
and young people when offered herbal cultivars they recognize and aromatic delights that please their senses. 
Their delight seems to expandexponentially as we move from cultivated beds into the woodlands and pasture. The 
fine	line	of	trust	which	began	in	the	gardens	is	sometimes	tested	when	again	encouraged	to	taste	an	herb,	only	to	
hear,“… but it’s a weed!”.In our culture, many culinary and medicinal herbs are considered to be “weeds”.

	 As	growers,	introducing	our	clients	to	an	array	of	botanicals	that	can	be	used	to	promote	heath	and	well-being	
benefits	 everyone.I	 am	 continually	 amazed	 at	 how	very	 generous	 plant	 people	 are	with	 their	 knowledge	 and	
expertise. For me, these brief exchanges, these pearls of wisdom that I have gleaned from other Herbalists and 
growers uphold an oral herbal tradition and open doors that encourage others to explore the world of weeds. It is 
one	step	towards	ensuring	that	this	knowledge	will	not	be	lost	as	local	flora	can	be	seen	in	a	new	light.	

 Sharing these free foods, these weedies,necessitates a few basic guidelines. First, when wildcrafting or 
harvesting	botanicals,	it’s	imperative	that	plantshave	been	identified	correctly.	Second,	that	said	plants	are	free	from	
chemicals ~ avoiding roadsides and lands where herbicides, pesticides and other chemicals are likely to have been 
applied.	Lastly,	we	cannot	overharvest.	In	Pennsylvania	during	the	1800s	and	early	1900s,	Panaxquinquefolius 
(American	ginseng)	was	found	abundantly	on	hillsides.	This	is	no	longer	the	case	due	to	over-harvesting.	Dare	we	
make the same mistake with other herbs?

 Living and working in Zone 5, in northwestern Pennsylvania, many of the common weeds listed in the 
following Table begin their appearance in early spring. Some, like mustard garlic or violets, last but a few weeks. 
Others, such as dandelion, plantain, speedwell and creeping Charlie last much of the growing season.

 Edible weeds are great in salads or leaf by leaf on their own. Many, including purslane (Portulaca spp.) 
for example, are tastier if picked when young. Like other edible weeds often used in salads, including cress, 
dandelion,	evening	primrose,	garlic	mustard,	lamb’s-quarters	and	wild	garlic,	leaves	become	tougher	with	age.

 It’s also worth noting that while we refer to botanicals, including weeds, by their common names, from both 
a medicinal and culinary point of view, these “nicknames” are open to confusion. Creeping Charlie, for example, 
may be known as gill-over-the-ground or just as likelytunhoof. Using botanical nomenclature, and referring to this 
weed as Glechomahederacea,	ensures	that	we	are	referring	to	the	same	flora.

 Additionally, the parts of the herb used to enliven a salad, or make a tea, or settle a stomach ache vary from 
herb to herb. The following chart can be used as a very general aide when considering exploring weeds with 
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clients and fellow growers. Only those weeds which can be used fresh and needn’t be dried before use have been 
included. Herbs which are considered “weeds”, but which are often dried before use, such as boneset (Eupatorium 
perfoliatum) have been omitted.

 Included are not only plant names but also general harvest times. As we know, the latter can vary from year to 
year	depending	upon	growing	conditions	~	and	of	course,	weather.	In	a	wide-ranging	way,	these	flora	contribute	
to	our	overall	health	by	virtue	of	their	vitamin	and	mineral	content.	Their	benefits	often	also	extend	to	specific	
body systems when medicinal doses are used. While not comprehensive, examples of the systems affected by 
each herb have also been included.

Table I. Weeds to be tasted: Examples of herbs, parts used, windows for harvesting and bodily systems affected.*
Herb Part  

used
Wildcrafting 

window System**Common name Latin name
Burdock Articumlappa Root Sept/Oct D,In, M/S
Chickweed Stallaria media Aerial parts Jan	-	Dec I, M/S, N
Cleavers Galiumaparine Aerial parts Apr	-	Jun I, C
Creeping Charlie Glechomahederacea Leaves	&	flowers Jan	-	Dec I, R
Dandelion Taraxicumofficinale roots Mar –Oct C, D, E
Dandelion Taraxicumofficinale Leaves Jan	-	Dec C, D, E
Elder Sambucusnigra berries Aug	-	Oct I, M/S
Hawthorn Crataegeus spp. Berries Aug	-	Oct C
Horseradish Armoaciarusticana Root Oct	-	Dec R, D, M
Meadowsweet Filipendulaulmaria aerial Jun	-	Sept D, N, M/S
Mustard garlic Alliariapetiolata Aerial parts Mar	-	Jul C, D, I, M/S, R
Plantain Plantago spp. Leaves /aerial Jan	-	Dec R, E
Purslane Portulaca spp. Aerial parts Jul	-	Sept D, I
Raspberry Rubusidaeus Leaves & fruit May	-	Sept D, Ex, I, Re
Self-heal Prunella vulgaris Aerial parts May-Jun D, I, In
Speedwell Veronica officinalis Aerial parts May-Jul C, D, I, R
Stinging nettle Urticaspp Leaf May	-	Sept C, I, In D, R
Sweet Violets Viola odorata flowers Mar-	Jun R, M/S, E
Yarrow Achilleamillifolium Leaves	&	flowers Jun	-	Sept C, I

* Information in this Table is for educational purposes only and is not intended as a guide to self medicate, treat, cure, prevent or diagnose 
any disease or condition (but of course!).

** C=circulatory; D=digestive; E=excretory; I=immune; In=Integumentary (skin); M/S=musculoskeletal; N=nervine; Re=reproductive; R= respiratory

	 With	the	globalization	of	food	production	and	the	ever-rising	cost	of	health-promoting,	vitamin	and	mineral	
rich,	all-natural,	locally	grown	foods,	people	are	skeptical	when	it	comes	to	harvesting	from	the	wild.	“Free	food?”	
“Unbelievable!”.“Never!”	As	growers,	I	believe	that	it	is	our	job	to	encourage	knowledge	of	our	environments	and	
provide an opportunity for people to eat a “free lunch”, expand their family salad at no dollar cost to themselves, 
while eating ‘real food’. Feeding people is a political statement. Showing people in our communities how to feed 
themselves is important. It’s true, some wrongly believe that it’s impossible to eat well for little money; others 
have never thought of food as medicine. As a grower, and of course an Herbalist, encouraging people to “eat their 
weedies” is a responsibility that continues to blossom season to season.

Leslie M Alexander is a Registered Herbalist with the American Herbalist’s Guild. 
She is the resident medical herbalist at Restoration Herbs in Franklin, PA. Leslie 
received a B.Sc.from Fairleigh Dickinson University (Environmental Sciences) and a 
Ph.D. from Heriot Watt University (Marine Biology). After working for several years 
in academia, while focusing her work on environmental factors affecting health, 
particularly children’s health, Leslie retrained as a Medical Herbalist. Born in northern 

NJ, Leslie has gardened for decades without the use of chemicals. She lived and worked for many years in 
England	and	Scotland	and	enjoyed	the	European	influence	these	years	allowed.	Presently,	she	is	a	resident	of	
Franklin	and	co-owner	of	Restoration Herbs. She divides her time between working with clients to restore 
health	and	well-being,	the	herb	gardens	at	Restoration Herbs, preparing herbal medicines and community and 
herbal education, focusing on medicinal and culinary herbs. She enjoys the outdoors, laughter and Tai Chi.
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