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W
hat was once solely a straw-
berry nursery with annual sales 
of less than 1 million plants has 

become a nationally recognized small 
fruit nursery, now shipping 2,000% more 
product than at its inception.
 Celebrating its 75th anniversary, 
Nourse Farms today off ers more than 75 
varieties of small fruit plants --- includ-
ing strawberry, raspberry, blackberry, 
blueberry, gooseberry and currant 
plants --- plus asparagus, horseradish 
and rhubarb.
 Established in 1932 in Andover, MA, 
by Roger Lewis, the Nourse family ac-
quired the business in 1968 and moved 
the base of operations to Whately, MA. 
The Nourse family continues to manage 
day-to-day operations at the farm.  Tim 
Nourse serves as President.  Mary Nourse 
is Director, and Nate Nourse is Sales 
Director.
 “We’re located here in the Connecti-
cut River Valley of Western Massachu-
setts where we are b lessed with Hadley 
fi ne sandy loam soil,” says farm presi-
dent Tim Nourse.  “Today our farming 
operations encompass some 400 acres 
in the towns of Whately, Hatfi eld, and 
Montague, Massachusetts.  Plus, we’ve 
developed some fi ne acreage in Pasco, 
Washington.”
 Commercial growers and home gar-
deners rely on Nourse Farms to provide 
them with healthy, vigorous plants, and 
for practical information on planting and 
culture.
 “Our mission of producing top 
quality plants,” says Nourse, “is further 
supported by our Tissue Culture Lab 
which we opened in 1982.  Besides propagation of strawberries 
and brambles, our lab specializes in virus and disease detection 
and elimination.”
 Nourse Farms has recently established the newest tech-
nologies in RNA and DNA extraction and PCR testing.  “This is 
state of the art technology,” says Nourse, “that allows us to off er 
certifi ed planting stock.”
 Everyone at Nourse Farms strives to bring customers 
the best plants on the market today.  They provide complete 
instructions for success and deliver plants on time.  Their cus-

NOURSE FARMS 

CELEBRATES 75th ANNIVERSARY
December 17, 2007; Whately, Massachusetts

tomer service team provides current and concise information 
and answers questions at every part of the season.  The 2008 
Nourse Farms catalog is now available; call (413) 665-2658 for 
a free copy.

For further information please contact Tim, Mary, or Nate 

Nourse at (413) 665-2658.  Tim Nourse can be emailed at 

tnourse@noursefarms.com.  Sales director Nate Nourse can 

be reached at nnourse@noursefarms.com.

I
t has been 15 years now since the fi rst 

issue of the New York Fruit Quarterly 

rolled off  the presses (January 1993). 

Th e goal of the Quarterly was to 

communicate research results, especially 

those funded by the New York industry, 

to growers.  Has it achieved this goal?  By 

many measures the answer is a resounding 

“yes.” 

 In extension, we are always asking 

how we can provide eff ective and effi  cient 

information transfer, and how we can 

improve this process using both ‘old’ 

and ‘new’ technologies.  If you had the 

opportunity to attend any of the New 

York Fruit and Vegetable Expo and/or 

many fruit schools held across the state 

in January and February, you would have 

seen full meeting rooms with growers 

and associated agribusiness personnel, 

representing a vibrant and exciting 

fruit industry that contributes to the 

economic vitality of the State.  However, 

these meetings are over quickly and 

messages easily forgotten.  Th is is where 

the Quarterly plays its vital role as a 

high quality resource that can be kept by 

growers for easy reading over time, either 

as a hard copy or accessible on the web.  

 Published articles include all aspects 

of horticultural management from variety 

selection to storage and processing. Special 

issues such as those on Honeycrisp 

Editorial                                

Getting Cornell’s Fruit Team Story Out to You, the Grower

FRONT COVER: National apple collection 

located at the Geneva Experiment Station. 

(Helene Bozzy, SEPPIA)

INSET: Fruit representing 21 of 1,6000 Malus 
sieversii trees growing in Geneva, New York. 

The trees, grown from germplasm collected 

in central Asia, contain a treasure trove  of 

genes for improving disease resistance of 

American domestic apples. (Peggy Greb)
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(Autumn, 2003), mineral nutrition 

(Spring, 2004), or stone fruit (Fall, 2005 

and Winter, 2005), provide information 

that in a previous era would have been 

prepared as a traditional extension 

bulletin.  Th e diff erence is that results 

are now available to the industry “on 

demand” and can be easily updated.  From 

a personal perspective, I fi nd it impressive 

to see copies of the Quarterly on desks 

when I have visited storage operations in 

Washington State and elsewhere.  Th is 

is just one of many levels of evidence of 

the importance placed on research and 

extension conducted by faculty, CCE 

Extension Educators and other specialists 

in the College of Agriculture and Life 

Sciences at Cornell University.

 While perusing any issue of the 

Quarterly, the commitment of faculty and 

specialists (both with and without formal 

extension responsibilities) to the fruit 

industry of New York is clearly evident.  

Initially the goal of the Quarterly was to 

disseminate grower-funded research and 

publication of articles in the Quarterly, and 

this is still a requirement for researchers 

who receive fi nancial support from 

the Apple Research and Development 

Program.  However, applicable research 

that is not funded by the Program is also 

published.  Articles on strawberries, pear, 

blueberry, raspberries, gooseberries, sweet 

cherries, plums, peaches and nectarines 

appear regularly, as well as stimulating 

articles by industry leaders.  Relatively 

few articles on grapes have appeared to 

date, but it is hoped that the Quarterly 

will soon expand to also become a premier 

repository of research and extension for 

New York’s viticulture industry.  Th e 

bottom line is that we should be proud to 

show any legislator, grower or agribusiness 

a copy of the Quarterly as an example 

of the high impact of taxpayer funded 

research in addition to direct grower 

research contributions.

 Finally, a thanks to the editors Terence 

Robinson and Steve Hoying, who play a 

vital role in organizing authors, twisting 

arms to ensure on time delivery, and 

reviewing articles to ensure that this 

premier magazine continues to provide 

information that is vital to the continued 

growth and success of the New York fruit 

industries.

 Chris Watkins, Associate Director

 Cornell Cooperative Extension

 cbw3@cornell.edu

17  Understanding Habitat Colonization by 

Tarnished Plant Bug as a Basis for Developing 

an Attraction-based Management System 

 for Berry Crops

 Gregory Loeb, Juliet Carroll, and Dong Ho Cha

23 Dynamic Controlled Atmosphere Storage – 

 A New Technology for the New York 
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Plant geneticist Gennaro Fazio (left) and horti-

culturist Phil Forsline observe fruit diversity from 

seedling trees of M. sieversii.  (USDA/ARS)

24 NEW YORK STATE HORTICULTURAL SOCIETY NEW YORK FRUIT QUARTERLY .  VOLUME 16  .  NUMBER 1 .  SPRING 2008 5

200

CO2 Production (fermentation)

Fermentation threshold

Anaerobic
Compenstion
Point

CO2 Production

O2 Consumption

Oxygen concentration (Pressure, kPa)

Effect of Oxygen Concentration on
O2 Consumption and CO2 Production 

0 1 2 3 4 5 6 7 8 9 10

150

100

50

0

Portion of National Apple Collection with varieties from natural forests of Central Asia. (Helene Bozzy, SEPPIA)

Requirements for DCA and Suitability for the 

New York Industry
 The software and hardware required for DCA is reliable, 

relatively inexpensive and easily installed within existing CA fa-

cilities. However, a feature of DCA that makes it less suitable for 

many New York storage operations may be that DCA is limited 

to those operations that have high quality storage rooms with 

sufficient air-tightness and gas control to maintain O
2
 regimes 

below 1%. Although there is a general rule that CO
2
 should be 

reduced whenever O
2
 is reduced, there have been no reports of 

an increase in CO
2
-induced disorders when using DCA commer-

cially or experimentally (R. Prange, personal communication). 

The physiological explanation may be that DCA is placing the 

O
2
 concentration at the Anaerobic Concentration Point, which 

means that the internal CO
2
 production is at its lowest (see Fig-

ure 3). The initial recommended CO
2
 concentration is 1%. With 

experience, this has been increased to higher values, e.g. 2.5% in 

different commercial and research locations, without induction 

of any CO
2
 disorders. The rate of fruit cooling and rate of low O

2
 

establishment for DCA is the same as for rapid CA. The benefits 

provided using the low O
2
 levels used in DCA can be achieved in 

both new and existing individual CA rooms of various sizes or a 

large number of CA rooms. It depends on the air-tightness of each 

room and the ability of the storage operator to control O
2
. DCA 

uses a computer to generate and display the fluorescence signals 

24/7 used by the storage operator to adjust the O
2
 concentration 

in each room, either manually or via computer 

 DCA also requires more training than operating a traditional 

CA in order to interpret the information provided in the chloro-

phyll fl uorescence measurement. While this may be perceived to 

be a negative thing by some storage operators, it is likely to result 

in earlier recognition of problems with the fruit or malfunctioning 

CA equipment. For example, drift of the Fα signal (up or down) 

over weeks or months can serve as a warning to the storage opera-

tor that the fruit have changed and that a visual check is warranted 

(R. Prange, personal communication). Unusual changes in the DCA 

signal, e.g. sudden spikes, without an associated drop in the level of 

O
2
 concentration have warned commercial operators of equipment 

failures that would ruin the fruit, eg frozen or leaky O
2
 sample lines, 

if it had not been detected by the DCA system.

 DCA requires the use of representative fruit, because a relatively 

small number of fruit—six fruit for each FIRM sensor—is used to 

monitor the condition of all the fruit in the CA storage. In commer-

cial storages, the DCA recommendation is at least one sensor for 

every 250 bins of fruit. Evidence to date from commercial storages 

and research results is that there are major diff erences in the mini-

mal acceptable low O
2
 level between cultivars and growing season.  

Th ere has been insuffi  cient work in New York to show whether the 

variability among orchard blocks typical of our growing region will 

permit safe adoption of DCA technology. However, it is somewhat 

reassuring that commercial DCA experience indicates that the low O
2
 

threshold within the same cultivar in the same DCA room is similar 

with the only diff erences being in the height of the fl uorescence spike 

amongst the sensors. 

Eff ects of DCA on Quality
Storage disorders. As was fi rst thought with 1-MCP, it has been 

suggested that DCA can control superfi cial scald, and therefore use of 

the post harvest antioxidant diphenylamine (DPA) could be avoided. 

In Italy, for example, research has shown that scald was completely 

controlled in ‘Granny Smith’ by DCA or 1-MCP treatment in contrast 

to scald development in ULO-stored fruit. Th is work was limited 

Figure 2.  The HarvestWatch™ fl uorescence system showing the fl uorescence 

interactive response monitor (FIRM) unit affi  xed in an upper sampling kennel 

(center), apples in the bottom kennel (right) and a central hub (left). Before 

storage, apples are placed in the bottom kennel over which the upper kennel 

housing the FIRM unit is securely fastened. In storage, the FIRM units are wired 

to the hub which controls the interaction of electronic signals from a central 

computer to each attached FIRM device. (Reproduced with permission of Dr. 

R.K. Prange).

Figure 3. Eff ect of oxygen concentration on O
2
 consumption and CO

2
 produc-

tion (from Prange, Bishop and DeLong, 2003).

however, because the maximum storage period tested was only six 

months, a short period of time for scald control. 

 Although scald was eliminated in ‘Cortland’ and ‘Delicious’ 

after nine months of DCA storage plus a seven-day shelf life in a 

Canadian study (DeLong et al., 2004a), subsequent research showed 

that DCA-stored fruit with no scald at removal can develop vary-

ing amounts of scald at shelf temperature (DeLong et al., 2007). 

We have not carried out research in New York, and therefore no 

research that directly compares DCA and 1-MCP treated apples 

is available. 

 In Nova Scotia, two studies show that scald control with either 

technology is limited. Scald development in ‘Cortland’ and ‘Deli-

cious’ apples was markedly reduced by DCA compared with stan-

dard controlled atmosphere (SCA) (Table 1). However, the benefi ts 

of DCA for Cortland apples were still not acceptable from a com-

mercial perspective, only after four months of storage. Control of 

Th e Apple Collection in Geneva, NY: 

A Resource for Th e Apple Industry 

Today and for Generations to Come
Gennaro Fazio1, Phil Forsline1, Herb Aldwinckle2, and Luis Pons3

1Plant Genetics Resources Unit, USDA-ARS, Geneva, NY 
2Dept. of Plant Patholgy, NYSAES, Cornell University, Geneva, NY
3USDA-ARS, Beltsville, MD 

“The national collection of apples at   

 Geneva, which was assembled and is  

 maintained by Agricultural Research  

 Service of the USDA, has thousands

 of varieties. But the varieties of Malus

 sieversii, the main progenitor of the  

 commercial apple collected from the wild  

 apple forests of Central Asia (Kazakhstan  

 in particular) have genetic resistance  

 to diseases that may help apple breeders  

 breed new varieties and rootstocks that  

 do a better job of defending themselves  

 against diseases. This genetic makeup  

 may revolutionize the nation’s—and  

 perhaps the world’s—apple industry.”

L
ocated at the New York State Agricultural Experiment Station 

at Geneva, NY is a little known great public resource —the 

largest apple collection in the world. Also little appreciated 

is how critical this 

collection is  for 

the future of the 

industry. More and 

more of the new 

apple  and apple 

rootstock varieties 

that we have today 

come from breeding 

p r o g r a m s  t h a t 

have utilized the 

genetic resources 

being maintained 

and characterized 

i n  t h e s e  a p p l e 

collections.

The National 

Apple Collection
 The National 

collection of apples 

was assembled and 

is maintained by the 

Plant Genetic Re-

sources Unit (PGRU) 

located on the cam-

pus of Cornell Uni-

versity’s New York 

State Agricultural Ex-

periment Station. Th e 

PGRU is part of a net-

work of germplasm 

repositories that be-

long to the National Plant Germplasm System (NPGS) of the United 

States Department of Agriculture (USDA) Agricultural Research Ser-

vice (ARS). Th e PGRU is tasked  with “Conservation and Utilization of 
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Figure 1. An example of the Fα fl uorescence signal detected in ‘Summer-

land McIntosh’ apples held at 20°C in air (open circle) and in a progressively 

diminished oxygen environment (dark circle). The spike in Fα begins as the 

chamber oxygen levels fall below 1% at 72 h and continues upward until the 

oxygen concentration is increased at 84 h (Prange et al., 2003; Reproduced 

with permission of Dr. R.K. Prange). 

“ The New York fruit industry is

 very familiar with the new storage 

technology based on SmartFreshTM. 

However, another fruit storage 

technology has become available 

within the last several years. The 

technology, known as Dynamic 

Controlled Atmosphere (DCA) 

storage, which is commercially 

available as HarvestWatchTM detects 

the responses of fruit to low O2 

in the storage atmosphere. Using 

DCA it is possible to maintain O2 at 

lower levels and better maintain 

product quality compared with 

‘safer’ atmospheres necessary for 

standard or ultra low O2 CA storage.”

Dynamic Controlled Atmosphere Storage – 

A New Technology for the New York 

Storage Industry?

Chris B. Watkins
Department of Horticulture
Cornell University, Ithaca, NY 

the Genetic Resources of Grapes, Apples, and Tart Cherries.”  In 

total, 6,883 diverse apple varieties are maintained at the PGRU. 

Th is includes 2510 apple clones (1,410 Malus x domestica; 329 

Malus hybrids; and 771 clones belonging to ~54 Malus species) 

all maintained in duplicate fi eld plantings at Geneva. Addition-

ally, 1,565 seed lots of wild Malus species including approximately 

950 seed lots of Malus sieversii, the main progenitor species of the 

cultivated apple (M. x domestica) from Central Asia are kept in 

cold storage at the PGRU with back ups at the USDA-ARS National 

Center for Genetic Resources Preservation (NCGRP) in Ft. Collins 

CO. About 2,808 seedlings representing 310 of these M. sieversii 

seed lots are being grown as trees for fi eld evaluation. Of the 6,883 

apple varieties, a core collection of 255 clones has been designed to 

represent the diversity of apple. Furthermore, approximately 2,275 

clones are backed up in cryogenic storage (liquid Nitrogen) at the 

NCGRP and 436 are also in cryogenic storage on-site at PGRU.

 Most of the varieties used as parents for breeding new varieties 

of apples in the U.S. come from what is known as the “North America 

gene pool.” It dates back to seedling orchards planted when settlers 

fi rst arrived here between the 17th and 19th centuries. Th is source is 

often referred to as the “Johnny Appleseed gene pool.” Th is alludes to 

John Chapman, who during America’s infancy spent nearly 50 years 

planting apple seeds throughout the wilderness of Pennsylvania, 

Ohio, Indiana, and Illinois. Many common varieties—including 

Red Delicious, Golden Delicious, Jonathan, and McIntosh—were 

discovered as chance seedlings from this pool. Apple breeders have 

made great strides already using them to produce new ones that are 

now in the world marketplace. But the fact is that this gene pool is 

very narrow compared to what can be found by tracing further back, 

through Western Europe, to Central Asia where it is thought apples 

originated. Indeed, the mother lode of apple genes is in Central Asia 

—Kazakhstan and Kyrgyzstan in particular—which is likely the center 

of origin or ancestral home of familiar domestic apples (Malus x 

domestica) such as Red Delicious, Golden Delicious, and McIntosh.

Widening a Narrow Base—Collection Expeditions to 

Central Asia, the Apple’s Ancestral Home
 Silk Road traders and their predecessors started the spread of 

apples from Central Asia to other parts of the world. But the seeds 

they carried likely represented a narrow genetic sampling. Th at’s 

probably why today’s American domestic apples have a fairly narrow 

genetic base that makes them susceptible to many diseases. 

 From 1989 to 1996, the USDA sponsored expeditions to Central 

Asia to collect seeds and tree samples (scions) from unique apples 

trees growing in natural forests. Seven expeditions were completed 

from 1989 to 1999.  Four of them were to Central Asia to collect the 

wild apple Malus sieversii, the main progenitor of the commercial 

apple, M. x domestica. 

 Th e Experiment Station’s Herb Aldwinckle was a participant 

on the fi rst trip to Central Asia in 1989. Philip Forsline, who is the 

curator of the national apple collection, was a member of seven of 

the trips, including four to central Asia to collect apple material, 

conserve it, and, after evaluation, distribute it to breeders and ge-

neticists worldwide. Other trips were to China (Sichuan), Russian, 

and Turkish sectors of the Caucasus region, and Germany. He recalls 

the expeditions as hard work. Herb joined Phil also on the trips to 

China and Turkey. Often, the only way of getting to remote mountain 

areas was by helicopter, long hikes, or half-day-long jeep rides down 

bumpy, dusty roads. What we collected made possible our re-creation 

of Kazakhstan, China and the Caucasus region here in Geneva. All 

that eff ort is now bearing fruit, literally and scientifi cally. We tapped 

millions of years of adaptations to improve today’s apple.

 Th e trips resulted in at least a doubling of the known genetic 

diversity of apples. In all, the scientists returned from Central Asia 

with 949 apple tree accessions. Most of the specimens were brought 

here as seed, but 50 were cataloged as “elite clones”—grafts of the 

original trees. Th e seeds gathered on the trips increased PGRU’s 

apple collection by 1,140 samples, to over 3,900. Th e visits to Ka-

zakhstan and Kyrgyzstan alone added 949 accessions of M. sieversii. 

A grafted tree produced in Geneva, New York, 

from a scion taken from a tree in a Kazakh apple 

forest. William Srmack, farm manager at Geneva, 

displays the quality fruit of this genotype that has 

potential use by breeders.  (USDA/ARS)

Phil Forsline and Herb Aldwinckle evaluating ap-

ple varieties from Kazakstan. (Helene Bozzy, SEPPIA)

Technician Greg Noden characterizes morpho-

logical traits of M. sieversii fruit and cuts the fruit 

in preparation for taking a digital image for the 

website www.ars-grin.gov/gen  (USDA/ARS)

T
he New York apple industry relies heavily on controlled 

atmosphere (CA) storage in addition to temperature and 

relative humidity control to maintain fruit quality during 

storage and to ensure 

visually appealing, fl a-

vorful, and healthy ap-

ples are available to the 

consumer. In addition, 

SmartFresh technol-

ogy, which is based on 

the ethylene inhibitor 

1-methylcyclopropene 

(1-MCP), is now used 

extensively by New 

York storage opera-

tors. Th e advantage of 

SmartFresh is that it 

helps maintain quality 

not only during stor-

age, but also during 

the entire marketing 

chain as it prevents 

softening at warmer 

temperatures. 

 Initially, CA stor-

age technology was 

restricted to standard or traditional CA storage in which O
2
 levels 

were maintained at about 2-3%. However, improvements in gas 

monitoring equipment and storage room structure have resulted in 

the development of several additional CA-based methods to improve 

quality maintenance. One of these methods is ultra low oxygen (ULO) 

CA storage, which maintains O
2
 levels near 1%. ULO has become 

routine for some industries, but it has not been successfully used in 

New York because of our varieties and climate. Fruit stored at low O
2
 

levels can accumulate alcoholic off -fl avors that result from anaerobic 

respiration.

Dynamic Controlled Atmosphere (DCA) Storage 
 Dynamic Controlled Atmosphere (DCA) uses technologies 

that allow sensing of fruit responses to low O
2
. Th erefore, instead 

of maintaining the “safe” 2-3% O
2
 levels which are higher than 

optimum to obtain maximum benefi ts, it is possible to lower the 

O
2
 levels over time in response to changes in fruit metabolism. By 

lowering the O
2
 levels in the storage atmosphere to the lowest pos-

sible before anaerobic respiration produces ethanol, ripening can be 

delayed more eff ectively than in standard or ULO CA storage. 

 Responses of fruit to low O
2
 can be detected by measuring 

ethanol production, fruit respiration, and chlorophyll fl uorescence.  

Th e most successful strategy to date is based on real-time sensing 

of fl uorescence changes using a Fluorescence interactive response 

monitor (FIRM; Satlantic inc., NS, Canada). Th is technology is pat-

ented and it has been marketed under the name HarvestWatchTM 

since 2002 (DeLong et al., 2004a). Th ere are about 120 apple storage 

facilities using HarvestWatch technology worldwide, and this num-

ber is increasing; most are in Northern Italy but units are operating 

in Germany, the Netherlands and Washington State (R. Prange, 

personal communication). 

 Chlorophyll fl uorescence can be used to measure stress in the 

apple fruit. As the O
2
 level in the storage environment decreases 

over time, a point is reached when the fl uorescence signal increases 

(Figure 1). Th e increase is a signal that the fruit is under low O
2
 stress. 

In response, the O
2
 level around the fruit can be raised. Relief from 

stress is refl ected in a decrease of the fl uorescence signal. 

 Depending on the storage operation, a number of HarvestWatch 

systems, each containing six fruit (Figure 2), are used to monitor 

responses of fruit to the storage environment. Th ese monitors 

are connected to a computer control system so that the storage 

operator can adjust O
2 
 levels in response to any fl uctuations in the 

fl uorescence signals. Th ese changes may occur not only because of 

deliberately applied low O
2
 stress, but also because of changes in 

fruit condition over time. Th erefore, HarvestWatch can be used to 

monitor changes either resulting from natural fruit senescence or 

those that may result from problems with equipment malfunction. 

In practice, a buff er of about 0.2% O
2
 is added to the level at which 

a fl uorescence response to detected in order to provide a safety 

margin.

 An important feature of DCA is that it is a chemical-free tech-

nology that meets the requirements for organic produce. Although 

1-MCP has a non-toxic mode of action, negligible residue, and is 

active at very low concentrations, it is not a naturally occurring 

post-harvest chemical.



Members of the American National  
family of companies
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tential of winter canola as a trap crop. Winter canola is planted in 

the fall, overwinters well in the upstate climate, and flowers early. 

As a crucifer, we expect canola to be a highly preferred host for 

TPB. In fact, canola growers consider TPB to be a major pest. 

 In summary, our results indicate that 1) colonization of 

specific host plants is not random but appears to coincide with 

flowering status, 2) this occurs at a small scale indicating a good 

ability to discriminate, and 3) either visual and/or olfactory cues 

may play a role in orientation behavior. Our results indicate, de-

spite being able to feed on an amazing number of plant species, 

TPB shows considerable selectivity, apparently searching for 

plants with flowers and young fruit. An improved knowledge of 

the colonization process and the cues used by TPB to find suitable 

hosts may lead to the development of new approaches to manag-

ing TPB in strawberries and our work has focused on the area of 

attraction-based trap crops. 
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Unfortunately many of these natural forests sites are threatened 

by over grazing, and insidious human practices (clearing areas for 

agriculture or construction, grafting forests trees to domesticated 

varieties). 

Remarkable Kazak Apples
 Among all this material, it is the Kazak samples that have be-

come the apple of Forsline’s eye, so to speak. It turns out that this 

gene pool is much more diverse than we had originally thought. 

Especially noteworthy are accessions collected there of M. sieversii, 

an important forerunner of the domestic apple. Although many of 

the Kazak apples lack the size and fl avor needed for commercial 

success, it’s the trees’ ability to resist diseases that sets them apart. 

Breeders will be able to cross them with palatable varieties to de-

velop high quality commercial varieties.

Success Against Plant Diseases
 Forsline and Herb Aldwinckle from Cornell University along 

with colleagues from PGRU, and other institutions have been char-

acterizing the trees’ germplasm for the last decade. Germplasm re-

fers to the genetic material that carries the inherited characteristics 

of an organism. Th e Kazak trees have shown signifi cant resistance 

to apple scab, the most important fungal disease of apples, whose 

outbreaks blemish fruit and defoliate trees. Twenty-seven percent of 

the Kazak accessions were resistant to it. Th is makes sense because 

the tree co-evolved with the disease through natural selection.

 In addition, samples from species collected at other expedition 

sites have provided promising news in the fi ght against fi re blight. 

Fire blight destroys apples, pears, and woody ornamentals in the 

Rosaceae family. Herb Aldwinckle reports that seedlings from 

diff erent populations of M. orientalis from the Russian Caucasus 

and Sichuan regions eff ectively resisted the disease, with Russian 

accessions scoring 50 to 93 percent resistance. Other research-

ers have found genes in these apples that allow them to adapt to 

mountainous, near-desert, and cold and dry regions. 

 In an early eff ort to utilize the natural disease resistance of the 

Kazak trees, Forsline led a project which involved scientists from 

Cornell and the University of Minnesota, as well as collaborators 

from New Zealand and South Africa, in which the popular Gala 

apple variety was crossbred with seven Kazak accessions. Th is 

produced seven populations of 200 seedlings each. In one of these 

populations, we achieved a 67 percent resistance rate against apple 

scab. Th is may be the source of a more durable, scab-resistant 

apple. Also, about 30 percent of samples inoculated with fi re blight 

resisted that disease. 

Rootstocks, Too 
 Th e fi re blight resistance of the Kazak M. sieversii and the Russian 

M. orientalis may convey resistance to fi re blight and less sensitiv-

Wild apples from Kazakstan that have “almost” commercial quality. (Helene 

Bozzy, SEPPIA)

Technician Todd Holleran waters young apple rootstock seedlings that have 

survived the “gauntlet” of disease screens. These disease-resistant seedlings 

are derived from a cross between resistant wild M. sieversii selections and 

elite apple rootstocks from the Geneva breeding program.  (USDA/ARS)



Herb Aldwinckle, plant pathologist from Cornell 

University, observes a susceptible seedling of M. 

sieversii inoculated with the bacterium (Erwinia 

amylovora) that causes fi re blight. (USDA/ARS)
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resistance to Phytophthora cactorum, which causes collar rot, and 

Rhizoctonia solani, an agent of apple replant disease. 

 Th e progeny of two of the Kazak trees have stood up particularly 

well to disease. We put them through what we call “Th e Gauntlet,” 

which is exposure in the greenhouse to a series of pathogens that 

include fi re blight and Phytophthora. It usually kills 70 to 80 percent 

of seedlings. However with this material we got 70 to 80 percent sur-

vival rates. Test of this material by Mark Mazzola of ARS’s Tree Fruit 

Research Laboratory in Wenatchee, Washington who specializes 

in soilborne diseases of apples, showed that it is signifi cantly more 

resistant to R. solani than the controls he was using. Th e reduction 

in root mass due to infection was 30 percent, compared to 70 percent 

for the controls. We are considering seeking the inheritance of this 

resistance by following it—and the genes causing it—in the progenies 

of these plants. Th is step will take us closer to cloning and isolating 

genes responsible for this resistance.

 Th ese seedlings have already become part of PGRU’s rootstock-

breeding program. With the aid of marker-assisted selection, the 

progeny from these crosses will become the resistant rootstocks of 

the future. Also, root tissue from the survivors of the Phytophthora 

inoculation has been used to create a cDNA library that will be 

sequenced as part of an ongoing National Science Foundation Ex-

pressed Sequence Tag project. Th e goal is to fi nd the genes that are 

expressed only in resistant individuals. 

The Future
 Th e work to further characterize the collection continues but 

increased eff orts to utilize the germplasm are underway. Th e goal now 

is to release germplasm lines from the collected materials within fi ve 

years. Th ese collections are now being off ered to breeders to develop 

diverse and useful hybrids for fruit, ornamental, and rootstock value. 

Today, it is becoming clear that this collection may have an impact on 

domestic apples production that will rival that of John Chapman’s. 

For while Chapman’s iconic work did much to spread apples across 

North America, recent fi ndings in the wild apple germplasm from 

Central Asia—Kazakhstan in particular—have genetic resistance to 

diseases that may help apple breeders breed new varieties that do a 

better job of defending themselves against diseases. And the genetic 

makeup of the trees may revolutionize the nation’s—and perhaps the 

world’s—apple industry.
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ity to latent viruses 

than small-fruited 

Malus species. Th is 

would be especially 

useful for breeding 

fi re blight-resistant 

rootstocks. Genn-

aro Fazio, director 

of PGRU’s apple 

rootstock breeding 

project, sees great 

potential—especial-

ly with crosses be-

tween Kazak apples 

and elite American 

material. Th is is the 

future of the apple 

industry in another 

fi ve to seven years. 

 The  natura l 

selection that oc-

curs in the Central 

Asian forests seems 

to have helped the 

Kazak trees develop 

resistance to soil 

pathogens that can 

other wise  s tunt 

young apple orchards and lead to poor growth and lost produc-

tion. Th is material is “a treasure trove” of new genetic variants for 

cress, common chickweed, mouse-eared cress, corn 

speedwell, and dandelion. Crucifers (e.g. mustards, 

penny-cress, shepherd’s purse) may be particularly 

important hosts for overwintered hosts and sites 

for early-season egg laying. 

 One of the surprising results of this study is that 

TPB appears to be able to track fl owering phenology 

even in small 2 by 2m plots, suggesting that TPB is 

attuned to host plant condition, and in particular, 

fl owering condition. How do they fi nd host plants 

at the correct phenology? Th ere are two possible 

hypotheses to explain these patterns. First, TPB 

adults, being mobile, explore the environment in a 

more or less random fashion, but once they encoun-

ter a suitable host plant, they stay longer and also 

lay eggs. Th e second is that they use cues to direct 

their search to suitable host plants. Our observation 

that signifi cantly more TPB were captured on white 

compared to red sticky cards implies that visual cues 

are used at a distance by adult TPB. Similarly, we 

captured more TPB on white sticky cards bathed 

with the odors of fl owering E. canadensis than on 

white sticky cards bathed by fi ltered air lacking host 

plant odors, although we caught very few TPB in 

these trials and therefore, defi nitive conclusions can 

not be drawn. Moreover, we have no information 

on the relative importance of visual and olfactory 

cues. In the future, we plan to examine these ques-

tions under more controlled laboratory and fi eld 

conditions.

 A long-term goal of our research on TPB 

colonization is to use the information to develop 

alternative approaches to management. As noted in 

the introduction, trap crops have been successfully 

used to help manage other species of plant bugs. Th e 

idea of a trap crop is to attract TPB preferentially to 

the trap crop instead of the agricultural crop. If the 

trap crop is highly preferred over the agricultural 

crop, it may greatly reduce colonization of the crop. 

Or the trap crop can be treated with an insecticide 

to reduce populations in the area. 

 Developing a trap crop for June-bearing 

strawberry to reduce TPB damage is challenging 

because strawberry fl owers very early in the season 

and it appears fairly attractive to TPB. On the other 

hand, one advantage of June-bearing strawberry is 

that the populations of overwintered TPB tend to 

be small and hence, may be easier to control. An 

ideal trap crop would fl ower before June-bearing 

strawberry, be highly attractive to overwintered 

TPB, not become a weed in the strawberry plant-

ing, and more generally, be easy to manage. Al-

though alfalfa seemed to show promise as a trap 

crop, limited fi eld trials with alfalfa have given poor 

results. Although several weeds were found in this 

study that might serve as trap crops for TPB, it is 

diffi  cult to develop weeds into trap crops because 

of seed availability and the risk of becoming weeds 

in adjacent strawberry fi elds. More to the point, 

preferred TPB weed hosts identifi ed in this study 

should be eliminated from strawberry fi elds with 

a history of TPB damage. We are initiating new 

experiments over the next few years to test the po-
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“Fire blight infections in newly 

planted apple orchards can originate 

from infections in the nursery or 

from blossom infections soon after 

planting. Inspections of new trees 

and applications of copper soon after 

planting and removal of all blossoms 

are essential practices to prevent 

signifi cant tree loses due to fi re blight.”

 Th e relative abundance of TPB adults and nymphs (calculated as 

in 2005) in the 2 by 2 m plots peaked during fl owering and this was 

more true for nymphs than adults (Figures 2B-F). Penny cress was the 

earliest fl owering species and this was refl ected in nymph populations 

(Figure 2B). Curly dock fl owered next and we observed an associ-

ated peak in adults and to some extent, nymphs. However, we also 

observed a second, larger peak, relative to background populations, a 

couple of weeks after fl owering. At this time curly dock sets and fi lls 

large seeds and perhaps this was attractive to adults. Populations in 
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Figure 2. Phenology of tarnished plant bug adults and nymphs in diff erent habitats during 2006 fi eld 

season based on 30 second vacuum samples. A) Weed fi elds, absolute numbers shown. B) Penny cress, 

standardized values. C) Curly dock, standardized values. D) Alfalfa, standardized values. E) Erigeron, 

standardized values. F) Bare ground, standardized values.

Table 3. Numbers of TPB adults and nymphs captured from fl owering versus non-fl owering habitats dur-

ing early spring (April 28 to May 18), spring (May 18 to June 14), early summer (June 14 to July 14), and 

mid-summer (July 17 to August 4) in 2006. TPB were collected weekly with 30-second vacuum samples 

(adults and nymphs) and on yellow sticky cards (adults). Means that were statistically diff erent at P < 0.05 

level are indicated in bold.

 Adults - vacuum Nymphs - vacuum Adults - sticky cards

Time of Year Flowers No Flowers Flowers No Flowers Flowers No Flowers

Early spring 0.1 0.7 1.5 0.1 0.1 0.6

Spring 0.8 0.3 1.6 0.4 0.1 0.02
Early summer 3.8 0.5 6.4 0.4 1.6 0.4

Mid-summer 8.3 0.1 9.6 0.1 2.9 0.7

curly dock declined to zero by the third week 

of July (Figure 2C). By cutting the alfalfa plot 

once in July we were able to extend fl owering 

later into the season in comparison to 2005 

where we did not cut the alfalfa (Figure 2D). 

TPB abundance in annual fl eabane showed 

two peaks for adults in late summer and a 

single broad peak for nymphs in mid-summer 

during fl owering (Figure 2E). Finally, we cap-

tured very few TPB in the bare ground plots 

throughout the season (Figure 2F). 

 Overall, the abundance of TPB was 

greater in habitats with fl owers than habitats 

without, especially for nymphs and for sum-

mer populations of both nymphs and adults 

(Table 3). In early spring, adult populations 

were low but abundance was actually higher in 

nonfl owering habitats compared to fl owering 

habitats. Th is may refl ect early habitat coloni-

zation patterns of overwintered adults prior 

to egg laying. Note that nymph abundance in 

early spring was greater in fl owering habitats 

than nonfl owering habitats, although the dif-

ference was not signifi cant. 

Assessment of Visual and 
Olfactory Cues
 Visual cues.  Capture of TPB on sticky 

cards in the fi eld depended on the color 

of the sticky card. White cards captured 

a total of 27 TPB while red cards only 

captured seven, a statistically signifi cant 

diff erence (P < 0.05). Th is result suggests 

TPB use visual cues, such as white fl ower 

color, to find plants that are flowering. 

However, more specifi c experiments need 

to be conducted to better assess the capa-

bilities of adult TPB to locate flowering 

plants based on visual cues independent 

of or in combination with olfactory cues.

 Olfactory cues.  We captured relatively 

few TPB on sticky cards during the three tri-

als to test the attractiveness of volatiles from 

fl owering E. canadensis. Hence, it is diffi  cult 

to draw any defi nitive conclusions. Of the to-

tal of 14 TPB captured, nine were captured on 

sticky cards being bathed with E. canadensis 

volatiles and fi ve were captured on control 

sticky cards being bathed with clear air (64% 

versus 36%, respectively). Clearly more work 

is required, but the pattern suggests that TPB 

responded to olfactory cues even in a weedy 

fi eld that contained hundreds of fl owering 

plants.

Implications and Future Directions
 Conclusions from monitoring TPB abundance in these diff erent 

habitats are consistent with general observations that TPB damage 

in crops such as strawberries and peaches is positively correlated 

with weedy conditions. For a grower, the clear message is that TPB 

becomes more problematic when broadleaved weeds occur in or 

around the strawberry planting. For June-bearing cultivars of straw-

berries, probably the most important weed hosts for TPB are early-

fl owering species such as shepherd’s purse, purple dead nettle, penny 

O
ver the past decade, many growers have experienced seri-

ous tree losses in new and young apple plantings due to fi re 

blight, losing as many as 25-50% of the trees. According to 

the 2006 New York 

Fruit Tree and Vine-

yard Survey, 43% of 

the apples planted in 

NY are at a density of 

350 or more trees per 

acre. More than 51% 

of the trees reported 

in NY are varieties 

that are susceptible to 

fi re blight. Although 

the numbers are not 

available from the 

survey, it is likely that 

most of the trees planted at 350+ trees per acre are on dwarfi ng root-

stocks, likely M.9 or M.26. Th ese rootstocks are very susceptible to 

fi re blight infection, which will kill the infected trees if the disease is 

not managed. Th e 2006 survey also shows that 57% of acres of trees 

planted in 2005-06 are in varieties susceptible to fi re blight. 

Select Resistant Rootstocks
 Growers can minimize the risk of tree loss by choosing a root-

stock that is not susceptible to fi re blight infection if a scion infection 

occurs. An alternative to M.9 and M.26, which are very susceptible to 

rootstock blight, is B.9 which is susceptible to direct inoculation in 

the stoolbed, but is resistant to infection through the scion. Th e CG 

rootstocks, G.16, G.30, G.65, G.41, G.202, and G.935 are resistant 

to fi re blight; G.11 is tolerant. So in a fi re blight-prone area with 

susceptible varieties, growers can prevent serious losses by using 

B.9 or the CG rootstocks. 

When Are Rootstocks Most Susceptible to 

Rootstock Blight?  
 Research done by Dr. Jay Norelli showed that the susceptibility 

of M.26 rootstocks to infection in the third leaf is signifi cantly higher 

(20%) than the susceptibility in the fi rst and second leaf (1-2%). Th is 

study was begun with inoculating shoots in mid-June. Dr. Nicole 

Russo (2006) showed that B.9 is also susceptible to infection de-

pendent on age of the tissue; fi rst year shoots were susceptible but 

the infection was walled off  when it reached the two-year old root 

tissue. Th is prevents scion infections from resulting in rootstock 

blight in B.9 plantings; consequently, there is no tree loss if blossom 

or shoot blight strikes are established unless on the main trunk of 

the susceptible cultivar. 

Plant Clean Nursery Stock
 After you have made your decisions concerning rootstock and 

variety and ordered your trees for the new planting, examine nursery 

Managing Fire blight in  

New Apple Plantings
Deborah I. Breth 
Cornell Cooperative Extension, Lake Ontario Fruit Program
Albion, NY

stock when it arrives. Most 

nurseries rogue infected and 

neighboring trees if infections 

occur and do not try to cut out 

infections in the nursery.  Th e 

risk in buying trees previously 

infected is the potential for the 

bacteria to be present in the tree 

without evidence of infection. 

When the conditions are right 

for the bacteria to multiply, the 

symptoms of infection become 

apparent. 

 Nursery outbreaks have 

been recorded as potential 

sources for establishment of 

fi re blight. (Russo, et al, 2008). 

In 2002, we found resistant 

isolates of Erwina amylovora in 

newly planted trees in Western 

New York while conducting our 

annual survey for streptomycin 

resistance of fi re blight infec-

tions in the state. Th ere were 

two related plantings where 

streptomycin-resistant bacteria were identifi ed. Resistance developed 

due to the plasmid transfer of the strA-strB gene cluster, previously 

characterized in populations of streptomycin-resistant E. amylovora

found in Michigan. Th e nursery stock of the two infected plantings 

was from Michigan. Th ere were several cankers on the new trees, 

indicating a problem in the nursery (Figure 1). When the growers 

were informed of the presence of streptomycin-resistant E. amylovora

in these plantings, they agreed it would be best to remove and burn 

the trees. All other survey results for NY through 2007 have shown 

all fi re blight bacteria were sensitive to streptomycin. 

 Tim Smith (2002) reported a situation in 1999 when infected, 

but asymptomatic budwood was used to bud nursery trees resulting 

in very high tree loss numbers in the orchard after planting. Th is 

experience has raised awareness of the importance of the quality 

of budwood collected for propagating nursery stock. Symptoms of 

nursery infections in new plantings are usually manifested by cankers 

on the trunks. If new plantings have blossoms the fi rst season, and 

only blossom blight is found, the source of bacteria for infections is 

likely from the local area.

 As a precaution, we recommend that growers apply copper 

after planting. Nursery stock is generally clean from fi re blight but 

there is no way of knowing if the bacteria are present upon arrival.  

One precaution which will reduce the risk of bringing streptomy-

cin-resistant bacteria into the region is to assume there may be 

some bacteria present on the nursery stock and apply a registered 

copper formulation at planting before budbreak. You can extend 

the protection by applying low-labeled rates of copper to prevent 

 

Figure 1. Canker from possible FB 

infection in nursery.
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shoot blight infections in new plantings when nearby orchards 

are infected. If the new planting is nearby a commercial or-

chard where you are still managing apple scab, these sprays will 

also help prevent establishment of scab in the new planting.

What About the Blossoms?  
 Th e biggest challenge growers face in managing fi re blight in 

a new planting is keeping up with blossom blight protection while 

they are busy assessing and applying thinning sprays in established 

orchards. Th e nursery stock available to growers usually have some 

fl ower buds that will open the year of planting but weeks after blos-

soming is completed in adjacent established orchards. Th is typically 

occurs when we get warm weather with high temperatures in the 

high 70’s and 80’s. Th is provides the “perfect storm” for fi re blight 

blossom infections in these new plantings if left unmanaged. 

 One way to prevent blossom blight infections in new orchards is 

to assign someone to walk the new planting when it comes into tight 

cluster or early pink and look for fl ower buds that have expanded but 

not yet opened; pinch out the fl owers without pinching the shoot 

that will grow out of this fl ower bud, the bourse shoot (Figure 2). Th e 

bourse shoot is a shoot that elongates from a bud in the axil of the 

top leaf on the fl owering/fruiting spur.  Th is must be done on a dry 

day, not a rainy or humid day!  Figure 2 shows where to pinch out 

the blossoms and leave the bourse shoot to grow. Many varieties like 

Gala will produce a second fl ush of blossoms on one-year-old wood 

that will need to be removed as well. 

 Th e alternative to removing fl ower buds is to apply streptomycin 

during high risk infection periods. Growers must identify “high” 

and “extreme” risk for blossom blight using prediction models like 

Maryblyt and Cougarblight. Th e critical components to monitor for 

applying antibiotics are the presence of blossoms and the average 

daily temperatures. Th ese criteria need to be monitored as long as 

there is bloom in the planting and realize that a streptomycin ap-

plication will only be good for three days and a second application 

will be necessary if warm weather continues and new blossoms 

continue to open. Rainfall is the most common, but not the only 

source of blossom wetting necessary for an infection; a heavy morn-

ing dew that may dry before being noticed or a spray applied in poor 

drying conditions have taken more than one grower by surprise 

(Figure 3). Th e Cougarblight risk model is now available at http://

nysaes.cornell.edu/pp/extension/tfabp/cougarblight.htm#newa 

Figure 2. Blossom cluster on newly planted tree showing where to remove 

fl owers but leaving the bourse shoot intact. (Megan Dewdney)
Figure 3. FB ooze in newly planted orchard.

 If we have an extended bloom period and several infection 

periods, the models may recommend more than three strepto-

mycin applications per season. Our experience from areas with 

streptomycin resistance implies that the risk of resistance develop-

ment is higher if streptomycin is applied more than three times 

per season, or if growers use lower than recommended rates. Usu-

ally in late spring our average temperatures are more conducive 

for blossom blight infections than in the normal bloom time. In 

the long run, spraying the trees and running models requires as 

much time removing blossoms with equal results if done properly. 

However, the timing of antibiotic application is much more critical 

to protect blossoms that are one to four days old; in varieties like 

Gala with extended bloom periods, it is more likely growers will 

miss a critical spray. Prevention of infection is the key!  

 Alternatives to streptomycin in new plantings include cop-

per and Serenade®. Copper is a biocide and kills the on contact. 

Most fixed copper formulations registered in NY include an ap-

plication rate for silver tip to green tip, but a much lower rate for 

half-inch green to first cover at five-seven day intervals or during 

bloom at 20% and 75 % bloom. Since copper formulations have 

various levels of metallic copper equivalent, it is critical to look at 

the label for the proper rate. Copper applied to apples and pears 

during bloom can result in fruit russeting. Phytotoxicity can be 

reduced with the addition of hydrated lime to the mix. Do not 

apply copper in a spray solution with a pH of less than 6.5 due to 

faster release of free ions of copper that kill the bacteria but also 

cause phytotoxicity. Phytotoxicity of copper can also be reduced 

when it is applied in good drying conditions (less than 20 minute 

drying time). Copper applied for blossom blight does not require 

the precise timing of application as that of streptomycin, but in 

replicated trials, copper does not perform quite as well as strep-

tomycin. 

 Serenade® is a biological control formulation of the bacte-

rium, Bacillus subtilis. These  bacteria release cell contents that 

interfere with the growth of competing bacteria such as Erwina 

amylovora. It has no systemic activity like streptomycin, and must 

be used as a  preventive spray with no post-infection activity. Ser-

enade® provides moderate control under high disease pressure, 

and should be used in an integrated program with streptomycin. 

This material is probably not the best choice for new plantings if 

high disease pressure exists. 

 

Table 2. Numbers of TPB adults and nymphs captured from fl owering and non fl owering habitats dur-

ing spring (12 May to 1 June), early summer (1 June to 8 July), mid-summer (8 July to 25 August), and 

late summer (25 August to 22 September) in 2005. TPB were collected weekly with 30-second vacuum 

samples (adults and nymphs) and on yellow sticky cards (adults). Means that were statistically diff erent 

at P < 0.05 are highlighted in bold.

 Adults - vacuum Nymphs - vacuum Adults - sticky cards

Time of Year Flowers No Flowers Flowers No Flowers Flowers No Flowers

Spring 0.1 0.2 10.1 0.9 1.2 0.4

Early summer 3.2 0.3 6.1 0.5 2.6 1.3
Mid-summer 8.2 1.4 10.8 2.7 5.6 2.7

Late summer 6.2 0.6 6.6 0.9 4.0 6.9

Chenopodium album (lambs quarters), 

Senecio vulgaris (common groundsel), 

Oxalis stricta (yellow wood sorrel), 

Polygonum aviculare (prostrate knot-

weed), Amaranthus powellii (green 

pigweed), and Medicago lupulina (black 

medic). 

4. Mid- to Late Summer (late July to early 

September) – fall-bearing raspberry and 

the weeds Erigeron canadensis (horse-

weed fl eabane), Daucus carota (Queen 

Anne’s lace), and several species of 

Solidago (goldenrod). 

 Tarnished plant bug populations.  In 

order to assess the relationship between plant 

phenology and TPB in single-species habitats 

it is useful to quantify the background sea-

sonal pattern of TPB population dynamics in 

weedy habitats that contain fl owering host 

plants. Since the background population 

size of TPB varied considerably through the 

season, in order to detect patterns of colo-

nization in the 2 by 2 m plots we computed 

relative TPB abundance corrected for the 

background population in weedy fi elds to 

obtain a standardized value. When no TPB 

were captured in a plot the standardized 

value was zero, when TPB captured in plots 

equaled the background population the stan-

dardized value was one, and it was greater 

than one when the number captured in plots 

was greater than the background population.

 2005 Growing Season. Activity of 

overwintered adults in the spring was noted 

as early as late April. Figure 1A shows the 

abundance of TPB adults and nymphs in 

weedy habitats (background population) 

in 2005 based on vacuum sampling. The 

pattern based on sticky cards is similar, 

although more variable (data not shown). 

Since vacuum sampling did not start until 

Figure 1. Phenology of tarnished plant bug adults and nymphs in diff erent habitats during 2005 fi eld 

season based on 30 second vacuum samples. A) Weed fi elds, absolute numbers shown. B) Curly dock, 

standardized values. C) Alfalfa, standardized values. D) Erigeron, standardized values.

show three distinct peaks indicating three generations during the 

season. 

 Th e pattern of colonization in 2 by 2 m single-species plots was 

quite distinct from the weedy plots (compare Figure 1A with Figures 

1B-D for curly dock, alfalfa and annual fl eabane, respectively). Th ere 

was a clear spike of adults early in the season on curly dock, which 

corresponded with fl owering. Th ere was a spike of adults early (June) 

and two spikes of nymphs mid–season (July and August) on alfalfa, 

the adult spike and the fi rst nymph spike corresponding with fl ower-

ing. Th e alfalfa was not cut in 2005 and began to set seed in July and 

August. Both adult and nymph captures spiked late season (September) 

on annual fl eabane and this occurred during and following fl owering. 

For the earlier-fl owering curly dock and alfalfa, TPB captures declined 

after fl owering as they increased in annual fl eabane. Although not an 

exact match, peaks in these small, single-species plots occurred during 

or shortly following the onset of fl owering. 

 Flowering appears to be an important determinant of TPB colo-

nization and egg-laying. To test this another way, we compared mean 

abundance of TPB adults and nymphs from all the sampled habitats 

as a function of whether fl owering was occurring in the habitat at 

four time periods during the season (spring – May 12 to June 1, 

early summer – June 1 to July 8, mid-summer – July 8 to August 25, 

and late summer – August 25 to September 22). With the exception 

of vacuum-sampled adults in spring, more TPB were collected in 

habitats that were fl owering compared to habitats that were not and 

many times these diff erences were statistically signifi cant, especially 

for nymph samples (Table 2). 

 2006 Growing Season. Abundance of TPB in the small and large 

mixed weed plots tended to be lower in 2006 than 2005 for reasons 

that are not fully understood (Figure 2A compared to Figure 1A). We 

collected very few adults, although peaks in nymph populations again 

suggested three generations. We had originally planned to sample plots 

to the end of September in 2006. However, populations crashed in all 

plots on Aug 12 perhaps due to insecticide drift from nearby research 

orchards (data not shown for this date). 

 Adult TPB was present very early in alfalfa (May), before fl ower-

ing, and we believe these were overwintered adults. Th ese early colo-

nizers did not appear to lay eggs, however, since we did not observe 

nymphs until June. Interestingly, we found a similar pattern for adults 

in fl eabane where overwintered adults were present in May but we did 

not observe nymphs until late June when the plants began to fl ower. 

Annual fl eabane is reported to be a good host for TPB in early spring 

in the leafy rosette stage, prior to fl owering.

1 June we likely missed the overwintered adults. However, nymphs 
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Figure 4  Blossom blight infection which resulted in shoot dieback in a newly 

planted orchard.

mer-bearing mixture of red-raspberry cultivars, an apple orchard 

(mixed varieties), and several small to large old-fi eld habitats. 

 We monitored plant fl owering status in both years by recording 

when plants began fl owering, continued fl owering, and were setting 

fruit in the 2 X 2 m single species plots and the mixed weeds plots. 

Weeds were identifi ed as to species with the exception of grasses, 

which are non-hosts for TPB. 

 We monitored TPB using yellow sticky cards attached to stakes 

in each 2 by 2 m plot and in two locations within each of the adjacent 

habitats and 30 vacuum samples. Monitoring in 2006 was cut short 

because populations of TPB adults and nymphs had crashed in most 

habitats and few to no insects were captured on 12 August.

Assessment of visual and olfactory cues 

 TPB are thought to be attracted from a distance to the visual 

display of fl owering plants. In particular, white and yellow fl owers 

are thought to be attractive. We tested for diff erential attraction to 

white and red (control) using 13 by 18 cm pieces of corrugated plastic, 

coated with stickum, that were placed in an old fi eld during July and 

early August of 2006. 

 To assess host volatiles, we conducted fi eld trials comparing 

the number of TPB adults captured on white sticky cards (13 by 18 

cm) that were bathed in a slow stream of charcoal-fi ltered air (1.5L/

min) that was either passed through an empty plastic Kapak bag or 

a bag surrounding a fl owering E. Canadensis (horseweed fl eabane), 

a highly preferred host plant for TPB. Sticky cards were attached to 

bamboo stakes at about 1m above the ground and checked for TPB 

after three days per trial.

Results
Colonization of alternative habitats

 Plant phenology. Plant surveys of the diff erent weed and plant 

habitats revealed the presence of a few to several plants fl owering 

at any given time during the growing season. Plant phenology and 

fl owering status of weedy habitats was similar in both 2005 and 2006 

(Table 1). In general, there were always some plant species fl owering 

throughout the season in weedy habitats, many of which have previ-

ously been reported as TPB host plants. Combining results from these 

plots with fl owering dates for weeds and cultivated plants observed 

in surrounding fi elds we found that fl owering plants grouped as fol-

lows:

1. Spring (April to early May) – Erysimum repandum, Capsella 

bursa-pastoris (shepherd’s purse), Lamium purpureum (purple 

dead nettle), Th laspi perfoliatum (penny cress), Stellaria media 

(common chickweed), Arabadopsis thaliana (mouse-eared 

cress), Veronica arvensis (corn speedwell), and Taraxacum of-

fi cinale (dandelion). 

2. Late Spring to Early Summer (mid-May to mid-June) – straw-

berry, apple, blueberry, alfalfa and the weeds Rumex crispus 

(curly dock), Trifolium repens (white clover), Anthemis arvensis 

(corn chamomile), Veronica peregrina (purslane speedwell), 

Cardaria draba (heart-podded hoary cress), Lepidium camp-

estris (fi eld pepper grass), and Polygonum persicaria (red-shank 

smart weed). 

3. Early to Mid-Summer (late June to mid-July) – summer-bearing 

raspberry and the weeds Erigeron annuus (common fl eabane), 

2x2m
Plant species Plot 13-Apr 5-May 10-May 17-May 24-May 7-Jun 14-Jun 10-Jul 27-Jul 9-Aug 5-Sep

Amaranthus powellii A P P P P

Anagallis arvensis A&B P P P P

Anthemis arvensis A&B P P P P

Capsella bursa-pastoris A&B P P P P P P P P

Chenopodium album A&B P P P P

Daucus carota B P P P

Erigeron acris A&B P P P

Erigeron annuus A&B P P P P P

Erigeron strigosus B P P P

Erysimum repandum A&B P P P P P P P P

Gallium aparine B P

Lamium amplexicaule A&B P P P

Lamium purpureum A&B P P P P P P

Lobelia inflata B P

Malva neglecta A P P P P P

Medicago lupulina A P P

Oxalis stricta A&B P P P P P P

Polygonum aviculare B P P P P P

Polygonum convolvulus A&B P P P

Polygonum persicaria B P P P P P

Portulaca oleracea B P P P

Stellaria media B P P

Taraxacum officinale A&B P P P P P P P P P

Trifolium repens A&B P P P P P P P

Veronica arvensis B P P P P

Veronica peregrina A P

Flowering Dates in 2006

Table 1. Bar chart showing observed fl owering periods for weeds in the two 2x2m plots. Shaded bars span the dates, indicated by check marks, when fl ower-

ing was observed.

 After infection the E. amylovora bacteria move into the vas-

cular system of the trees which protect the bacteria from applica-

tions of copper or streptomycin (Figure 4). Applying copper or 

streptomycin once the bacteria are in the vascular system will not 

prevent movement of the bacteria within the trees and new infec-

tions could continue to develop. Furthermore, applying strepto-

mycin over an infected orchard increases the risk of development 

of resistance to streptomycin in the bacterial population and is 

not recommended. Applying copper over a rampant infection in 

the orchard is preferred; however, it will only protect new shoot 

tips from infection, but will not stop the internal spread of the 

bacteria. If a new planting is near an older established orchard 

which is a reservoir of fire blight infections, low label rates of 

copper can reduce shoot infections in the new plantings. These 

applications are not recommended in bearing blocks of fresh fruit 

orchards due to the potential for fruit russet. 

To Cut Or Not To Cut?  
 And what if all of the above measures do not come together 

and you find fire blight in your new planting. Do you cut or not?  

Do you spray streptomycin?  Do you spray copper? Norelli et al. 

(2000), found that in young nursery stock inoculated with E. amy-

lovora, the bacteria were detected in the rootstock within three 

weeks after inoculation. Although the bacteria are not always 

going to result in disease symptoms in the rootstocks the first 

season, this is an important consideration since it usually takes 

7-10 days for symptoms to show after an infection has occurred. 

It also indicates that the bacteria are often beyond the brown 

visible infected area by the time growers notice them and prune 

them away. 

 If you have had conditions during bloom that may result in 

blossom blight infections, monitor the orchard for symptoms of 

infection about a week after the infection date. The Maryblyt 

model predicts the first signs of infection to be visible at 103 

degree days (base 55F) after the infection period. Such orchard 

monitoring could correspond to tree training activities. However, 

do not do “pinching” and “leader selection” while removing fire 

blight. If you only have a few infections and the symptoms are 

new, i.e. just wilting but not yet brown, it should be worth the 

time and effort to walk the new planting and cut at least 12 inches 

below the visible water-soaked symptoms in the bark. There is 

no magic number for how far below the symptoms to cut, since 

the movement of the bacteria within the tree depends on weather 

conditions, time of year of infection, tree vigor, water relations in 

the tree, and variety. 

 Pruning out fire blight in a new tree should be a combination 

of disease removal and horticultural pruning. In order to protect 

the main trunk of the tree, it is often advisable to remove the 

entire scaffold if infected using a “Dutch” cut. It will be neces-

sary to walk the orchards weekly, looking for new infections and 

removing them as early as possible. In highly susceptible varieties, 

the infections will continue to spread into new shoots, but with 

resistant varieties, the infections tend to stop at the two-year-old 

wood. There is no clear advantage to disinfecting shears between 

cuts as long as cuts are not made through infection symptoms. 

Prune out FB infections under dry, low humidity conditions.

 The plant growth retardant Apogee® is an excellent tool to 

manage fire blight in established orchards that have filled their 

space, but its use in new plantings will sacrifice desired shoot 

growth and must be applied long before there is an infection. 

Summary 
 Controlling fi re blight in new apple plantings requires vigilance. 

Th e following steps will help limit fi re blight problems in new plant-

ings:

• Inspect nursery stock for any cankers before planting. 

• Apply copper at budbreak in new planting.

• Monitor plantings for blossom clusters.

• Remove blossoms at pink or

• Monitor weather conditions and apply streptomycin as recom-

mended by blossom blight models when blossoms are open. 

• Monitor planting for signs of infection a week after infection 

conditions.

• Promptly cut out infections at least 12" below infection.  

Completing all of these steps will help prevent FB infections in new 

plantings. Th e risk of fi re blight in new plantings is low if the planting 

is isolated from established orchards and fi re blight inoculum. Nev-

ertheless, we recommend that growers be vigilant during bloom in all 

new plantings and either remove blossoms or spray streptomycin.
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ferent rootstocks budded with the same scion at two 

diff erent nursery locations in the US.

“Tree quality is usually defi ned by tree 

caliper but the number of feathers 

and the angle of the feathers are 

important criteria in evaluating 

tree quality. Over the last few years 

we have observed that many of the 

Geneva® rootstocks have fl atter 

branches and more feathers than 

similar commercial rootstocks. This 

would be a signifi cant advantage in 

high –density systems such as the 

Tall Spindle since less labor would be 

required to tie feathers or branches 

down after planting. In addition, this 

trait might also be useful when pairing 

rootstocks with upright growth-

habit scion varieties to decrease 

vigor and increase productivity.”

Where Does It All Come From?
 In this study we have identifi ed two new traits beyond dwarfi ng 

and precocity that are controlled by rootstocks: fl at branching and 

number of feathers. Th ese new traits come largely from the Malus 

robusta parent that was used in the Geneva breeding program. As 

many of you know, the Geneva breeding program has focused on 

disease resistance since its inception, and in particular on fi re blight 

resistance. As it turns out Malus robusta cv. “Robusta 5” was used 

as a major source for fi re blight resistance in the breeding program. 

Its tree architecture (growth habit) was described in a 1970 National 

Arboretum Bulletin as “tall and spreading” —thus, the spreading habit 

was in the genes of “Robusta 5”, and is probably responsible for the 

fl at branching of many of the Geneva rootstocks. 

 Th e productivity of some Geneva rootstocks has now been well 

established, and their fi eld resistance to fi re blight and replant dis-

ease has been proven in several experiments. Th is would have never 

been possible without the vision of people like Jim Cummins, Herb 

Aldwinckle and Randy Gardner who many years ago decided to go 

against the practice of crossing within the Malling rootstock gene 

pool and use the wild genetic resources available then to accomplish 

the goal of generating new productive and resistant rootstocks. We 

also have to thank the people that collected those genetic resources 

around the world; without them and the institutions that maintain 

the resources like the National Germplasm System of the USDA ARS, 

the U.S. apple industry would be in a worse position today without 

having solutions for the fi re blight epidemic that is rampant in apple 

orchards and responsible for millions of dollars in losses every year. 

Rootstocks in the future are going to play an increasingly important 

role as we continue to move into diff erent and more specialized 

production paradigms.

Conclusions
 Although tree quality is usually defi ned by tree caliper, the num-

ber of feathers and the angle of the feathers are important criteria in 

evaluating tree quality. We have shown that branch angle and number 

of branches varies with rootstock. Many of the Geneva rootstocks 

have fl atter branches and more feathers than similar commercial 

rootstocks. Th is would be a signifi cant advantage in high-density 

systems such as the Tall Spindle since less labor would be required 

to tie feathers or branches down after planting. In addition, this trait 

might also be useful when pairing rootstocks with upright growth-

habit scion varieties to decrease vigor and increase productivity.
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A
pple orchards have changed quite a bit in the past fi fty years. 

Th e trees have gotten smaller and more productive; the 

rows are narrower, and the orchard systems more effi  cient. 

Scientific advances 

in physiology and 

horticulture have 

been critical for this 

transformation but 

the main factor that 

made this transfor-

mation possible is 

the genetics behind 

dwarfing–without 

them our orchards 

would still look like 

quality affects the 

early productivity 

of the orchard. For 

commercial nurs-
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Figure 2.  Classes of tree types produced by rootstock eff ects (same scion and diff erent rootstocks) grouped 

by branch angles and number of feathers and a graphical representation in a Branch Angle Plot. In the 

plot the rootstocks producing trees with more feathers are represented with longer lines. The rootstocks 

in the lower half of the graph have fl atter branches and the ones in the upper half have more upright 

branches. The slopes of the lines represent how the branch angle changes according to the order (posi-

tion) of the branch on the tree.

erymen, tree caliper and the number of feathers are the two most 

important criteria in evaluating tree quality. Several studies have 

shown the early yield advantage of planting a large-caliper well-feath-

ered tree when establishing an orchard versus less expensive whips, 

sleeping eyes or bench grafts which are planted in place. At the mo-

ment it appears that the yield advantage of feathered trees results in 

a signifi cant economic advantage as long as tree density is not more 

than 1,300 trees/acre. Since the primary goal of an orchardist is to 

develop fruiting wood (spurs, fl owering buds) and the infrastruc-

ture to support it, the sooner he gets the infrastructure in place the 

sooner he can start producing fruiting wood and therefore fruit. 

walnut orchards. Th e genetic components 

found in M.9, M.8, M.27, M.26, and other 

dwarfing parents have been used by the 

breeding program in Geneva, NY to incor-

porate these components into a new set of 

productive, disease-resistant rootstocks be-

ing planted in the U.S. and overseas. Th ese 

rootstocks are now well known for their fi eld 

resistance to the rootstock phase of fi re blight 

and to replant disease.

Tree Quality
 We have been studying how other traits 

beyond dwarfi ng, precocity and disease re-

sistance may impact production and profi t-

ability of a rootstock. A recurring theme has 

been the quality of trees that the nursery is 

able to provide to the orchardist and how that 
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When growers plant feathered trees at high 

tree planting densities, they plant a signifi cant 

infrastructure that was formed in the nursery 

and have essentially an instant orchard with 

high potential yields in the second and third 

years. With whips or one-year bench-grafted 

trees, a large part of the infrastructure has to 

be developed in the orchard after planting 

and thus signifi cant production is delayed 

until years four and fi ve. With sleeping eye 

trees or plant-in-place bench grafts, all of 

the infrastructure must be developed after 

planting the tree in the orchard. 

Rootstock Eff ect on Tree Quality
 Although producing feathered trees is 

becoming more common for US nurseries, 

not all feathered trees are similar. Some 

have few branches and others have many, 

while in some cases the branches are too 

low and in others the branches are too high. 

Th e production of feathers is dependant on 

climate and on the cultural practices of the 

Figure 3. Branch angles and number of branches measured in Fall 2005 on a set of nursery trees budded 

with the same scion (Brookfi eld Gala) on several diff erent dwarfi ng rootstocks. Refer to Figure 2 for an 

interpretation of this graphic.

Figure 4. Branch angles measured in Fall 2005 on a set of nursery 

trees budded with the same scion on several diff erent semi-dwarfi ng 

rootstocks. Refer to Figure 2 for the interpretation of this graphic.

Figure 5. Nursery tree size measurements (height and diameter) of Brookfi eld Gala 

trees on several dwarfi ng rootstocks.

nurseryman. However, over the last few years we have observed 

that rootstock genetics has a signifi cant eff ect on the number of 

branches and the angle of branches of nursery trees. As we visited 

the numerous cooperating nurseries that were growing trees for 

rootstock trials destined to be planted at several locations in the 

U.S. and around the world we began noticing that there were some 

consistent diff erences in the number of branches, branch angles, 

tree size and height that could only be explained by the infl uence 

of the rootstock on the same scion. We set out to measure these 

and in the fall of 2005, with the help of Dr. Bruce Barritt and 

other scientists we measured several architecture characters (see 

Figure 1) on a set of Brookfi eld® Gala trees budded on diff erent 

rootstocks at Willow Drive Nursery destined for a replant trial 

in Washington State. Th ese results showed there was a defi nite 

pattern of branching that was strictly explained by the rootstock. 

A year later my son Nick and I took similar measurements on 

a diff erent set of Fuji trees budded on diff erent rootstocks at 

the Adams County Nursery fi eld in Delaware. Th e data from 

Delaware were correlated with what we saw the previous year 

at a diff erent site and scion. Th e rootstocks that were common 

to both sites behaved similarly at the two sites, which shows the 

stability of the rootstock trait in diff erent environments.

 When we analyzed the data we were able to describe the 

architecture of the tree infl uenced by rootstock in a graphical 

pattern that distinguishes the rootstock eff ects into several nurs-

ery tree types (Figure 2). We observed that rootstocks modifi ed 

the number of feathers that the trees had and the crotch angles 

of those feathers. Th e tree types generated by these rootstocks 

ranged from upright trees with few feathers to fl at branched trees 

with many feathers.

Flat Branching
 Wide crotch angles and fl at branches have been associated 

with higher productivity of the branch. In modern orchard sys-

tems fl at or pendant branch angles are induced by tying the young 

branch down or by attaching weights to the branch as it is extend-

ing. Th e eff ect of tying the branch down is to reduce the vigor of 

that branch and increase the fl owering then next year. Th is method 

to tame tree growth has been utilized in high-density systems in 
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Figure 6. Nursery tree size measurements (height and diameter) of Brookfi eld Gala 

trees on several semi-dwarfi ng rootstocks.

Figure 7. Branch angles measured in the Fall 2005 on a set of nursery trees budded 

with the same scion (Fuji) on several diff erent semi-dwarfi ng rootstocks. Refer to 

Figure 2 for the interpretation of this graphic.

Figure 8. Nursery tree size measurements (height and diameter) of Fuji trees on 

several dwarfi ng rootstocks.

Northern Italy as some of you may have witnessed during IFTA 

tours in that region. If new rootstocks induced fl atter branch 

angles it would be a signifi cant advantage in high-density systems 

such as the Tall Spindle since less labor would be required to tie 

feathers or branches down after planting. When we compared 

branch angles of some of the Geneva rootstocks to B.9 and M.9 

standards (Figures 3, 4 and 7) we noticed that the crotch angles 

were much wider (fl atter branches) in some Geneva rootstocks 

(G.935, G.11, G.30, CG.4210, CG.4213, CG.4214) than the 

Malling or Budagovsky standards. When we visit orchards 

worldwide, we can easily distinguish the trees on these fl at 

branching inducing rootstocks from trees on other rootstocks. 

Th is trait might also be useful when pairing rootstocks to spe-

cifi c upright growth habit scion varieties to decrease vigor and 

increase productivity.

Finished Tree Size
 Th e vegetative vigor in the nursery is generally inversely 

correlated with the dwarfi ng ability of that rootstock. Th erefore 

a dwarfi ng rootstock will in general produce a smaller tree than 

a semi- or non-dwarfi ng rootstock. Th ere are, however, several 

exceptions in rootstocks from the Geneva breeding program. 

For example, Figure 5 shows nursery trees on G.16 rootstock 

are much larger and have more feathers than rootstocks in the 

similar dwarfi ng class M.9, B.9 and G.41. Similarly CG.4213 

produces a larger tree than other rootstocks in the same size 

class (Figures 5 and 6). Among more vigorous rootstocks, G.30 

produces a larger tree than other Geneva stocks in its size class 

(Figure 8). G.16 is well known among nurserymen to produce 

a large caliper, high-quality fi nished tree and when planted in 

the orchard to become productive and switch resources to fruit 

growth maintaining dwarfi ng. So another characteristic of a 

good rootstock is the ability to fi ll its space quickly and then to 

slow its vegetative growth in favor of production. Th is ability is 

particularly important in high-density orchards and very valuable 

when exploited properly.

Number of Feathers
 Th e number of feathers on a tree is generally thought to be 

correlated with vigor (i.e. the larger the tree the greater the num-

ber of feathers). It is also possible to induce branching by stimu-

lating vegetative buds with exogenous hormone treatments such 

as Promalin® or Maxcel®. Th is technique is used by commercial 

nurseries to produce better quality trees and induce branching 

in specifi c zones along the leader. Interestingly, some Geneva 

rootstocks have the ability to induce a higher level of branching 

in the scion whether treated with hormones or not. Th is ability 

is not necessarily correlated with vigor, as a matter of fact, fully 

dwarfi ng rootstocks like G.935 and CG.4213 can produce more 

feathers than vigorous rootstocks such as CG.7037 or CG.8534 

(Figs. 5, 6 and 8). Other examples of this ability are CG.4214, 

G.16, and G.30. In contrast some vigorous stocks produce fewer 

feathers such as CG.5757, CG.6143, CG.7490 or MM.106. With 

G.935 we have been able to observe that this trait is carried into 

the orchard throughout the life of the tree stimulating the pro-

duction of renewal wood. Th is capability may partially explain 

the high productivity that researchers worldwide have witnessed 

from this rootstock. Th is ability to induce new branching is very 

important in high-density orchard production systems like the 

Super or Tall Spindle and the Vertical Axis where the goal is to 

maintain one major trunk and small new productive branches 

emanating from it.
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When growers plant feathered trees at high 

tree planting densities, they plant a signifi cant 

infrastructure that was formed in the nursery 

and have essentially an instant orchard with 

high potential yields in the second and third 

years. With whips or one-year bench-grafted 

trees, a large part of the infrastructure has to 

be developed in the orchard after planting 

and thus signifi cant production is delayed 

until years four and fi ve. With sleeping eye 

trees or plant-in-place bench grafts, all of 

the infrastructure must be developed after 

planting the tree in the orchard. 

Rootstock Eff ect on Tree Quality
 Although producing feathered trees is 

becoming more common for US nurseries, 

not all feathered trees are similar. Some 

have few branches and others have many, 

while in some cases the branches are too 

low and in others the branches are too high. 

Th e production of feathers is dependant on 

climate and on the cultural practices of the 

Figure 3. Branch angles and number of branches measured in Fall 2005 on a set of nursery trees budded 

with the same scion (Brookfi eld Gala) on several diff erent dwarfi ng rootstocks. Refer to Figure 2 for an 

interpretation of this graphic.

Figure 4. Branch angles measured in Fall 2005 on a set of nursery 

trees budded with the same scion on several diff erent semi-dwarfi ng 

rootstocks. Refer to Figure 2 for the interpretation of this graphic.

Figure 5. Nursery tree size measurements (height and diameter) of Brookfi eld Gala 

trees on several dwarfi ng rootstocks.

nurseryman. However, over the last few years we have observed 

that rootstock genetics has a signifi cant eff ect on the number of 

branches and the angle of branches of nursery trees. As we visited 

the numerous cooperating nurseries that were growing trees for 

rootstock trials destined to be planted at several locations in the 

U.S. and around the world we began noticing that there were some 

consistent diff erences in the number of branches, branch angles, 

tree size and height that could only be explained by the infl uence 

of the rootstock on the same scion. We set out to measure these 

and in the fall of 2005, with the help of Dr. Bruce Barritt and 

other scientists we measured several architecture characters (see 

Figure 1) on a set of Brookfi eld® Gala trees budded on diff erent 

rootstocks at Willow Drive Nursery destined for a replant trial 

in Washington State. Th ese results showed there was a defi nite 

pattern of branching that was strictly explained by the rootstock. 

A year later my son Nick and I took similar measurements on 

a diff erent set of Fuji trees budded on diff erent rootstocks at 

the Adams County Nursery fi eld in Delaware. Th e data from 

Delaware were correlated with what we saw the previous year 

at a diff erent site and scion. Th e rootstocks that were common 

to both sites behaved similarly at the two sites, which shows the 

stability of the rootstock trait in diff erent environments.

 When we analyzed the data we were able to describe the 

architecture of the tree infl uenced by rootstock in a graphical 

pattern that distinguishes the rootstock eff ects into several nurs-

ery tree types (Figure 2). We observed that rootstocks modifi ed 

the number of feathers that the trees had and the crotch angles 

of those feathers. Th e tree types generated by these rootstocks 

ranged from upright trees with few feathers to fl at branched trees 

with many feathers.

Flat Branching
 Wide crotch angles and fl at branches have been associated 

with higher productivity of the branch. In modern orchard sys-

tems fl at or pendant branch angles are induced by tying the young 

branch down or by attaching weights to the branch as it is extend-

ing. Th e eff ect of tying the branch down is to reduce the vigor of 

that branch and increase the fl owering then next year. Th is method 

to tame tree growth has been utilized in high-density systems in 
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Figure 6. Nursery tree size measurements (height and diameter) of Brookfi eld Gala 

trees on several semi-dwarfi ng rootstocks.

Figure 7. Branch angles measured in the Fall 2005 on a set of nursery trees budded 

with the same scion (Fuji) on several diff erent semi-dwarfi ng rootstocks. Refer to 

Figure 2 for the interpretation of this graphic.

Figure 8. Nursery tree size measurements (height and diameter) of Fuji trees on 

several dwarfi ng rootstocks.

Northern Italy as some of you may have witnessed during IFTA 

tours in that region. If new rootstocks induced fl atter branch 

angles it would be a signifi cant advantage in high-density systems 

such as the Tall Spindle since less labor would be required to tie 

feathers or branches down after planting. When we compared 

branch angles of some of the Geneva rootstocks to B.9 and M.9 

standards (Figures 3, 4 and 7) we noticed that the crotch angles 

were much wider (fl atter branches) in some Geneva rootstocks 

(G.935, G.11, G.30, CG.4210, CG.4213, CG.4214) than the 

Malling or Budagovsky standards. When we visit orchards 

worldwide, we can easily distinguish the trees on these fl at 

branching inducing rootstocks from trees on other rootstocks. 

Th is trait might also be useful when pairing rootstocks to spe-

cifi c upright growth habit scion varieties to decrease vigor and 

increase productivity.

Finished Tree Size
 Th e vegetative vigor in the nursery is generally inversely 

correlated with the dwarfi ng ability of that rootstock. Th erefore 

a dwarfi ng rootstock will in general produce a smaller tree than 

a semi- or non-dwarfi ng rootstock. Th ere are, however, several 

exceptions in rootstocks from the Geneva breeding program. 

For example, Figure 5 shows nursery trees on G.16 rootstock 

are much larger and have more feathers than rootstocks in the 

similar dwarfi ng class M.9, B.9 and G.41. Similarly CG.4213 

produces a larger tree than other rootstocks in the same size 

class (Figures 5 and 6). Among more vigorous rootstocks, G.30 

produces a larger tree than other Geneva stocks in its size class 

(Figure 8). G.16 is well known among nurserymen to produce 

a large caliper, high-quality fi nished tree and when planted in 

the orchard to become productive and switch resources to fruit 

growth maintaining dwarfi ng. So another characteristic of a 

good rootstock is the ability to fi ll its space quickly and then to 

slow its vegetative growth in favor of production. Th is ability is 

particularly important in high-density orchards and very valuable 

when exploited properly.

Number of Feathers
 Th e number of feathers on a tree is generally thought to be 

correlated with vigor (i.e. the larger the tree the greater the num-

ber of feathers). It is also possible to induce branching by stimu-

lating vegetative buds with exogenous hormone treatments such 

as Promalin® or Maxcel®. Th is technique is used by commercial 

nurseries to produce better quality trees and induce branching 

in specifi c zones along the leader. Interestingly, some Geneva 

rootstocks have the ability to induce a higher level of branching 

in the scion whether treated with hormones or not. Th is ability 

is not necessarily correlated with vigor, as a matter of fact, fully 

dwarfi ng rootstocks like G.935 and CG.4213 can produce more 

feathers than vigorous rootstocks such as CG.7037 or CG.8534 

(Figs. 5, 6 and 8). Other examples of this ability are CG.4214, 

G.16, and G.30. In contrast some vigorous stocks produce fewer 

feathers such as CG.5757, CG.6143, CG.7490 or MM.106. With 

G.935 we have been able to observe that this trait is carried into 

the orchard throughout the life of the tree stimulating the pro-

duction of renewal wood. Th is capability may partially explain 

the high productivity that researchers worldwide have witnessed 

from this rootstock. Th is ability to induce new branching is very 

important in high-density orchard production systems like the 

Super or Tall Spindle and the Vertical Axis where the goal is to 

maintain one major trunk and small new productive branches 

emanating from it.
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Figure 1. Data collected from two-year trees on dif-

ferent rootstocks budded with the same scion at two 

diff erent nursery locations in the US.

“Tree quality is usually defi ned by tree 

caliper but the number of feathers 

and the angle of the feathers are 

important criteria in evaluating 

tree quality. Over the last few years 

we have observed that many of the 

Geneva® rootstocks have fl atter 

branches and more feathers than 

similar commercial rootstocks. This 

would be a signifi cant advantage in 

high –density systems such as the 

Tall Spindle since less labor would be 

required to tie feathers or branches 

down after planting. In addition, this 

trait might also be useful when pairing 

rootstocks with upright growth-

habit scion varieties to decrease 

vigor and increase productivity.”

Where Does It All Come From?
 In this study we have identifi ed two new traits beyond dwarfi ng 

and precocity that are controlled by rootstocks: fl at branching and 

number of feathers. Th ese new traits come largely from the Malus 

robusta parent that was used in the Geneva breeding program. As 

many of you know, the Geneva breeding program has focused on 

disease resistance since its inception, and in particular on fi re blight 

resistance. As it turns out Malus robusta cv. “Robusta 5” was used 

as a major source for fi re blight resistance in the breeding program. 

Its tree architecture (growth habit) was described in a 1970 National 

Arboretum Bulletin as “tall and spreading” —thus, the spreading habit 

was in the genes of “Robusta 5”, and is probably responsible for the 

fl at branching of many of the Geneva rootstocks. 

 Th e productivity of some Geneva rootstocks has now been well 

established, and their fi eld resistance to fi re blight and replant dis-

ease has been proven in several experiments. Th is would have never 

been possible without the vision of people like Jim Cummins, Herb 

Aldwinckle and Randy Gardner who many years ago decided to go 

against the practice of crossing within the Malling rootstock gene 

pool and use the wild genetic resources available then to accomplish 

the goal of generating new productive and resistant rootstocks. We 

also have to thank the people that collected those genetic resources 

around the world; without them and the institutions that maintain 

the resources like the National Germplasm System of the USDA ARS, 

the U.S. apple industry would be in a worse position today without 

having solutions for the fi re blight epidemic that is rampant in apple 

orchards and responsible for millions of dollars in losses every year. 

Rootstocks in the future are going to play an increasingly important 

role as we continue to move into diff erent and more specialized 

production paradigms.

Conclusions
 Although tree quality is usually defi ned by tree caliper, the num-

ber of feathers and the angle of the feathers are important criteria in 

evaluating tree quality. We have shown that branch angle and number 

of branches varies with rootstock. Many of the Geneva rootstocks 

have fl atter branches and more feathers than similar commercial 

rootstocks. Th is would be a signifi cant advantage in high-density 

systems such as the Tall Spindle since less labor would be required 

to tie feathers or branches down after planting. In addition, this trait 

might also be useful when pairing rootstocks with upright growth-

habit scion varieties to decrease vigor and increase productivity.
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A
pple orchards have changed quite a bit in the past fi fty years. 

Th e trees have gotten smaller and more productive; the 

rows are narrower, and the orchard systems more effi  cient. 

Scientific advances 

in physiology and 

horticulture have 

been critical for this 

transformation but 

the main factor that 

made this transfor-

mation possible is 

the genetics behind 

dwarfing–without 

them our orchards 

would still look like 

quality affects the 

early productivity 

of the orchard. For 

commercial nurs-
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Figure 2.  Classes of tree types produced by rootstock eff ects (same scion and diff erent rootstocks) grouped 

by branch angles and number of feathers and a graphical representation in a Branch Angle Plot. In the 

plot the rootstocks producing trees with more feathers are represented with longer lines. The rootstocks 

in the lower half of the graph have fl atter branches and the ones in the upper half have more upright 

branches. The slopes of the lines represent how the branch angle changes according to the order (posi-

tion) of the branch on the tree.

erymen, tree caliper and the number of feathers are the two most 

important criteria in evaluating tree quality. Several studies have 

shown the early yield advantage of planting a large-caliper well-feath-

ered tree when establishing an orchard versus less expensive whips, 

sleeping eyes or bench grafts which are planted in place. At the mo-

ment it appears that the yield advantage of feathered trees results in 

a signifi cant economic advantage as long as tree density is not more 

than 1,300 trees/acre. Since the primary goal of an orchardist is to 

develop fruiting wood (spurs, fl owering buds) and the infrastruc-

ture to support it, the sooner he gets the infrastructure in place the 

sooner he can start producing fruiting wood and therefore fruit. 

walnut orchards. Th e genetic components 

found in M.9, M.8, M.27, M.26, and other 

dwarfing parents have been used by the 

breeding program in Geneva, NY to incor-

porate these components into a new set of 

productive, disease-resistant rootstocks be-

ing planted in the U.S. and overseas. Th ese 

rootstocks are now well known for their fi eld 

resistance to the rootstock phase of fi re blight 

and to replant disease.

Tree Quality
 We have been studying how other traits 

beyond dwarfi ng, precocity and disease re-

sistance may impact production and profi t-

ability of a rootstock. A recurring theme has 

been the quality of trees that the nursery is 

able to provide to the orchardist and how that 
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“Tarnished plant bug, a key pest of 

strawberries, also feeds on numerous 

species of weeds. We have been 

studying their host plant preference 

with the aim of developing a trap 

crop system for their control. Our 

results indicate, despite being able 

to feed on an amazing number of 

plant species, TPB shows considerable 

selectivity, apparently searching 

for plants with fl owers and young 

fruit. The clear message for growers 

is TPB problems are accentuated by 

fl owering broadleaved weeds in or 

around the strawberry planting.”

T
arnished plant bug (TPB) Lygus lineolaris is a key arthropod 

pest of strawberries and many other crop plants grown 

in North America, and this troublesome bug also feeds 

on numerous species 

of weeds. Both adult 

and immature TPB 

use their piercing and 

sucking mouthparts 

to feed on young, ac-

tively growing plant 

tissue, including de-

veloping strawberry 

fruit. In strawberries 

this feeding activ-

ity kills achenes and 

leads to misshapened 

or catfaced fruit that 

is not marketable as 

fresh. Given the high 

value of strawberry 

fruit, the threshold for 

damage from TPB is 

quite low and insecti-

cide control measures are often required. In addition to expense, the 

insecticides generally have broad-spectrum activity and as such, can 

disrupt natural control of arthropod pests such as spider mites. Th us, 

there is a need and interest in developing alternative approaches to 

their management including narrow-spectrum insecticides, biologi-

cal control, host-plant resistance, and cultural control. 

 TPB overwinters as adults. In the spring they search out suitable 

habitat for feeding, mating and initiation of the fi rst generation of 

nymphs. Th ey go on to produce a second and third generation in the 

Northeast. Our work has focused on understanding the important 

factors determining what types of habitat are suitable for coloniza-

tion and reproduction as a basis for developing an attraction-based 

trap crop system for managing TPB.  Th e trap crop approach is based 

on attracting TPB into a favored habitat (trap crop) and out of the 

strawberry planting. Th is approach has shown promise in managing 

other plant bug species, including the very similar western tarnished 

plant bug L. hesperus. A related approach would involve attracting 

TPB into traps laced with pesticides. 

 As a foundation for developing a trap crop or other type of at-

traction-based control system for TPB and strawberries, we need 

to determine the factors that make a habitat or host plant more or 

less attractive to TPB adults. TPB has a very large host range, having 

been reported feeding on over 300 species. Indeed, this is one reason 

TPB damage in crops is often associated with weedy fi elds or borders 

where ample alternative food sources are available. 

 Since TPB feeds on young, rapidly developing tissue, such as 

fl ower buds or young fruit, TPB can be considered a tissue special-

ist even though it feeds on many diff erent plant species during the 

season. Th e interesting questing is how do adult TPB fi nd host plants 

that have suitable tissue?  Is it a random process or are there traits 

associated with suitable host tissue? Previous research and anecdotal 

evidence suggests that plant bugs use both vision and host plant 

volatiles to locate food plants at the proper phenological stage. 

 We addressed two specifi c objectives to explore habitat and host 

plant preferences of TPB to establish a foundation for developing an 

attraction-based management system against this pest: 

1) Colonization of alternative habitats: monitor the colonization 

and population dynamics of TPB in replicated 2 by 2 m plots 

of diff erent weed or crop species as well as adjacent crop and 

non-crop habitats. 

2) Assessment of visual and olfactory cues:  assess the role of 

plant volatiles and visual cues in mediating TPB colonization 

of host plants.

Procedures
Colonization of alternative habitats 

 We monitored abundance of adult TPB and nymphs through 

the 2005 and 2006 fi eld seasons, starting in early spring, in habitats 

comprised of either weed species or crops. In the fall of 2004 we 

established two replicates of 2 by 2 m plots containing one of the 

following fi ve “habitats” known to harbor TPB and to fl ower at dif-

ferent times during the season: 1) Garlic mustard Alliaria petiolata 

(early spring fl owering winter annual/biannual), 2) curly dock Rumex 

crispus (early to mid-season fl owering perennial), 3) annual fl eabane 

Erigeron annuus (mid to late-season fl owering winter annual), 4) 

alfalfa Medicago  sativa  (early to mid-season fl owering perennial 

crop plant), and 5) mixture of old fi eld weeds (early to late fl ower-

ing annual and perennial species). Th e garlic mustard did not fl ower 

during 2005, and therefore was replaced in the 2006 trial with penny 

cress Th laspi perfoliatum, an early season fl owering annual. In 2006, 

in addition to the penny cress, we also added a new 2 by 2 m plot that 

was treated with glyphosate herbicide three times during the season 

to keep mostly weed-free (bare ground treatment) and sampled in a 

small planting of blueberries adjacent to the strawberry planting.

 Th e small plots were located within 0.5 km of a three-year-

old planting of perennial strawberry (mixture of Earliglow and 

Cavandish), a fall-bearing red-raspberry planting (Heritage), a sum-

Understanding Tarnished Plant Bug 

Colonization as a Basis for 

Developing an Attraction-based 

Management System for Berry Crops

Gregory Loeb1, Juliet Carroll2, and Dong Ho Cha1

1Dept. of Entomology, NYSAES, Cornell University, Geneva, NY
2New York State Integrated Pest Management Program, Cornell University, Geneva, NY
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Figure 4  Blossom blight infection which resulted in shoot dieback in a newly 

planted orchard.

mer-bearing mixture of red-raspberry cultivars, an apple orchard 

(mixed varieties), and several small to large old-fi eld habitats. 

 We monitored plant fl owering status in both years by recording 

when plants began fl owering, continued fl owering, and were setting 

fruit in the 2 X 2 m single species plots and the mixed weeds plots. 

Weeds were identifi ed as to species with the exception of grasses, 

which are non-hosts for TPB. 

 We monitored TPB using yellow sticky cards attached to stakes 

in each 2 by 2 m plot and in two locations within each of the adjacent 

habitats and 30 vacuum samples. Monitoring in 2006 was cut short 

because populations of TPB adults and nymphs had crashed in most 

habitats and few to no insects were captured on 12 August.

Assessment of visual and olfactory cues 

 TPB are thought to be attracted from a distance to the visual 

display of fl owering plants. In particular, white and yellow fl owers 

are thought to be attractive. We tested for diff erential attraction to 

white and red (control) using 13 by 18 cm pieces of corrugated plastic, 

coated with stickum, that were placed in an old fi eld during July and 

early August of 2006. 

 To assess host volatiles, we conducted fi eld trials comparing 

the number of TPB adults captured on white sticky cards (13 by 18 

cm) that were bathed in a slow stream of charcoal-fi ltered air (1.5L/

min) that was either passed through an empty plastic Kapak bag or 

a bag surrounding a fl owering E. Canadensis (horseweed fl eabane), 

a highly preferred host plant for TPB. Sticky cards were attached to 

bamboo stakes at about 1m above the ground and checked for TPB 

after three days per trial.

Results
Colonization of alternative habitats

 Plant phenology. Plant surveys of the diff erent weed and plant 

habitats revealed the presence of a few to several plants fl owering 

at any given time during the growing season. Plant phenology and 

fl owering status of weedy habitats was similar in both 2005 and 2006 

(Table 1). In general, there were always some plant species fl owering 

throughout the season in weedy habitats, many of which have previ-

ously been reported as TPB host plants. Combining results from these 

plots with fl owering dates for weeds and cultivated plants observed 

in surrounding fi elds we found that fl owering plants grouped as fol-

lows:

1. Spring (April to early May) – Erysimum repandum, Capsella 

bursa-pastoris (shepherd’s purse), Lamium purpureum (purple 

dead nettle), Th laspi perfoliatum (penny cress), Stellaria media 

(common chickweed), Arabadopsis thaliana (mouse-eared 

cress), Veronica arvensis (corn speedwell), and Taraxacum of-

fi cinale (dandelion). 

2. Late Spring to Early Summer (mid-May to mid-June) – straw-

berry, apple, blueberry, alfalfa and the weeds Rumex crispus 

(curly dock), Trifolium repens (white clover), Anthemis arvensis 

(corn chamomile), Veronica peregrina (purslane speedwell), 

Cardaria draba (heart-podded hoary cress), Lepidium camp-

estris (fi eld pepper grass), and Polygonum persicaria (red-shank 

smart weed). 

3. Early to Mid-Summer (late June to mid-July) – summer-bearing 

raspberry and the weeds Erigeron annuus (common fl eabane), 

2x2m
Plant species Plot 13-Apr 5-May 10-May 17-May 24-May 7-Jun 14-Jun 10-Jul 27-Jul 9-Aug 5-Sep

Amaranthus powellii A P P P P

Anagallis arvensis A&B P P P P

Anthemis arvensis A&B P P P P

Capsella bursa-pastoris A&B P P P P P P P P

Chenopodium album A&B P P P P

Daucus carota B P P P

Erigeron acris A&B P P P

Erigeron annuus A&B P P P P P

Erigeron strigosus B P P P

Erysimum repandum A&B P P P P P P P P

Gallium aparine B P

Lamium amplexicaule A&B P P P

Lamium purpureum A&B P P P P P P

Lobelia inflata B P

Malva neglecta A P P P P P

Medicago lupulina A P P

Oxalis stricta A&B P P P P P P

Polygonum aviculare B P P P P P

Polygonum convolvulus A&B P P P

Polygonum persicaria B P P P P P

Portulaca oleracea B P P P

Stellaria media B P P

Taraxacum officinale A&B P P P P P P P P P

Trifolium repens A&B P P P P P P P

Veronica arvensis B P P P P

Veronica peregrina A P

Flowering Dates in 2006

Table 1. Bar chart showing observed fl owering periods for weeds in the two 2x2m plots. Shaded bars span the dates, indicated by check marks, when fl ower-

ing was observed.

 After infection the E. amylovora bacteria move into the vas-

cular system of the trees which protect the bacteria from applica-

tions of copper or streptomycin (Figure 4). Applying copper or 

streptomycin once the bacteria are in the vascular system will not 

prevent movement of the bacteria within the trees and new infec-

tions could continue to develop. Furthermore, applying strepto-

mycin over an infected orchard increases the risk of development 

of resistance to streptomycin in the bacterial population and is 

not recommended. Applying copper over a rampant infection in 

the orchard is preferred; however, it will only protect new shoot 

tips from infection, but will not stop the internal spread of the 

bacteria. If a new planting is near an older established orchard 

which is a reservoir of fire blight infections, low label rates of 

copper can reduce shoot infections in the new plantings. These 

applications are not recommended in bearing blocks of fresh fruit 

orchards due to the potential for fruit russet. 

To Cut Or Not To Cut?  
 And what if all of the above measures do not come together 

and you find fire blight in your new planting. Do you cut or not?  

Do you spray streptomycin?  Do you spray copper? Norelli et al. 

(2000), found that in young nursery stock inoculated with E. amy-

lovora, the bacteria were detected in the rootstock within three 

weeks after inoculation. Although the bacteria are not always 

going to result in disease symptoms in the rootstocks the first 

season, this is an important consideration since it usually takes 

7-10 days for symptoms to show after an infection has occurred. 

It also indicates that the bacteria are often beyond the brown 

visible infected area by the time growers notice them and prune 

them away. 

 If you have had conditions during bloom that may result in 

blossom blight infections, monitor the orchard for symptoms of 

infection about a week after the infection date. The Maryblyt 

model predicts the first signs of infection to be visible at 103 

degree days (base 55F) after the infection period. Such orchard 

monitoring could correspond to tree training activities. However, 

do not do “pinching” and “leader selection” while removing fire 

blight. If you only have a few infections and the symptoms are 

new, i.e. just wilting but not yet brown, it should be worth the 

time and effort to walk the new planting and cut at least 12 inches 

below the visible water-soaked symptoms in the bark. There is 

no magic number for how far below the symptoms to cut, since 

the movement of the bacteria within the tree depends on weather 

conditions, time of year of infection, tree vigor, water relations in 

the tree, and variety. 

 Pruning out fire blight in a new tree should be a combination 

of disease removal and horticultural pruning. In order to protect 

the main trunk of the tree, it is often advisable to remove the 

entire scaffold if infected using a “Dutch” cut. It will be neces-

sary to walk the orchards weekly, looking for new infections and 

removing them as early as possible. In highly susceptible varieties, 

the infections will continue to spread into new shoots, but with 

resistant varieties, the infections tend to stop at the two-year-old 

wood. There is no clear advantage to disinfecting shears between 

cuts as long as cuts are not made through infection symptoms. 

Prune out FB infections under dry, low humidity conditions.

 The plant growth retardant Apogee® is an excellent tool to 

manage fire blight in established orchards that have filled their 

space, but its use in new plantings will sacrifice desired shoot 

growth and must be applied long before there is an infection. 

Summary 
 Controlling fi re blight in new apple plantings requires vigilance. 

Th e following steps will help limit fi re blight problems in new plant-

ings:

• Inspect nursery stock for any cankers before planting. 

• Apply copper at budbreak in new planting.

• Monitor plantings for blossom clusters.

• Remove blossoms at pink or

• Monitor weather conditions and apply streptomycin as recom-

mended by blossom blight models when blossoms are open. 

• Monitor planting for signs of infection a week after infection 

conditions.

• Promptly cut out infections at least 12" below infection.  

Completing all of these steps will help prevent FB infections in new 

plantings. Th e risk of fi re blight in new plantings is low if the planting 

is isolated from established orchards and fi re blight inoculum. Nev-

ertheless, we recommend that growers be vigilant during bloom in all 

new plantings and either remove blossoms or spray streptomycin.
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shoot blight infections in new plantings when nearby orchards 

are infected. If the new planting is nearby a commercial or-

chard where you are still managing apple scab, these sprays will 

also help prevent establishment of scab in the new planting.

What About the Blossoms?  
 Th e biggest challenge growers face in managing fi re blight in 

a new planting is keeping up with blossom blight protection while 

they are busy assessing and applying thinning sprays in established 

orchards. Th e nursery stock available to growers usually have some 

fl ower buds that will open the year of planting but weeks after blos-

soming is completed in adjacent established orchards. Th is typically 

occurs when we get warm weather with high temperatures in the 

high 70’s and 80’s. Th is provides the “perfect storm” for fi re blight 

blossom infections in these new plantings if left unmanaged. 

 One way to prevent blossom blight infections in new orchards is 

to assign someone to walk the new planting when it comes into tight 

cluster or early pink and look for fl ower buds that have expanded but 

not yet opened; pinch out the fl owers without pinching the shoot 

that will grow out of this fl ower bud, the bourse shoot (Figure 2). Th e 

bourse shoot is a shoot that elongates from a bud in the axil of the 

top leaf on the fl owering/fruiting spur.  Th is must be done on a dry 

day, not a rainy or humid day!  Figure 2 shows where to pinch out 

the blossoms and leave the bourse shoot to grow. Many varieties like 

Gala will produce a second fl ush of blossoms on one-year-old wood 

that will need to be removed as well. 

 Th e alternative to removing fl ower buds is to apply streptomycin 

during high risk infection periods. Growers must identify “high” 

and “extreme” risk for blossom blight using prediction models like 

Maryblyt and Cougarblight. Th e critical components to monitor for 

applying antibiotics are the presence of blossoms and the average 

daily temperatures. Th ese criteria need to be monitored as long as 

there is bloom in the planting and realize that a streptomycin ap-

plication will only be good for three days and a second application 

will be necessary if warm weather continues and new blossoms 

continue to open. Rainfall is the most common, but not the only 

source of blossom wetting necessary for an infection; a heavy morn-

ing dew that may dry before being noticed or a spray applied in poor 

drying conditions have taken more than one grower by surprise 

(Figure 3). Th e Cougarblight risk model is now available at http://

nysaes.cornell.edu/pp/extension/tfabp/cougarblight.htm#newa 

Figure 2. Blossom cluster on newly planted tree showing where to remove 

fl owers but leaving the bourse shoot intact. (Megan Dewdney)
Figure 3. FB ooze in newly planted orchard.

 If we have an extended bloom period and several infection 

periods, the models may recommend more than three strepto-

mycin applications per season. Our experience from areas with 

streptomycin resistance implies that the risk of resistance develop-

ment is higher if streptomycin is applied more than three times 

per season, or if growers use lower than recommended rates. Usu-

ally in late spring our average temperatures are more conducive 

for blossom blight infections than in the normal bloom time. In 

the long run, spraying the trees and running models requires as 

much time removing blossoms with equal results if done properly. 

However, the timing of antibiotic application is much more critical 

to protect blossoms that are one to four days old; in varieties like 

Gala with extended bloom periods, it is more likely growers will 

miss a critical spray. Prevention of infection is the key!  

 Alternatives to streptomycin in new plantings include cop-

per and Serenade®. Copper is a biocide and kills the on contact. 

Most fixed copper formulations registered in NY include an ap-

plication rate for silver tip to green tip, but a much lower rate for 

half-inch green to first cover at five-seven day intervals or during 

bloom at 20% and 75 % bloom. Since copper formulations have 

various levels of metallic copper equivalent, it is critical to look at 

the label for the proper rate. Copper applied to apples and pears 

during bloom can result in fruit russeting. Phytotoxicity can be 

reduced with the addition of hydrated lime to the mix. Do not 

apply copper in a spray solution with a pH of less than 6.5 due to 

faster release of free ions of copper that kill the bacteria but also 

cause phytotoxicity. Phytotoxicity of copper can also be reduced 

when it is applied in good drying conditions (less than 20 minute 

drying time). Copper applied for blossom blight does not require 

the precise timing of application as that of streptomycin, but in 

replicated trials, copper does not perform quite as well as strep-

tomycin. 

 Serenade® is a biological control formulation of the bacte-

rium, Bacillus subtilis. These  bacteria release cell contents that 

interfere with the growth of competing bacteria such as Erwina 

amylovora. It has no systemic activity like streptomycin, and must 

be used as a  preventive spray with no post-infection activity. Ser-

enade® provides moderate control under high disease pressure, 

and should be used in an integrated program with streptomycin. 

This material is probably not the best choice for new plantings if 

high disease pressure exists. 

 

Table 2. Numbers of TPB adults and nymphs captured from fl owering and non fl owering habitats dur-

ing spring (12 May to 1 June), early summer (1 June to 8 July), mid-summer (8 July to 25 August), and 

late summer (25 August to 22 September) in 2005. TPB were collected weekly with 30-second vacuum 

samples (adults and nymphs) and on yellow sticky cards (adults). Means that were statistically diff erent 

at P < 0.05 are highlighted in bold.

 Adults - vacuum Nymphs - vacuum Adults - sticky cards

Time of Year Flowers No Flowers Flowers No Flowers Flowers No Flowers

Spring 0.1 0.2 10.1 0.9 1.2 0.4

Early summer 3.2 0.3 6.1 0.5 2.6 1.3
Mid-summer 8.2 1.4 10.8 2.7 5.6 2.7

Late summer 6.2 0.6 6.6 0.9 4.0 6.9

Chenopodium album (lambs quarters), 

Senecio vulgaris (common groundsel), 

Oxalis stricta (yellow wood sorrel), 

Polygonum aviculare (prostrate knot-

weed), Amaranthus powellii (green 

pigweed), and Medicago lupulina (black 

medic). 

4. Mid- to Late Summer (late July to early 

September) – fall-bearing raspberry and 

the weeds Erigeron canadensis (horse-

weed fl eabane), Daucus carota (Queen 

Anne’s lace), and several species of 

Solidago (goldenrod). 

 Tarnished plant bug populations.  In 

order to assess the relationship between plant 

phenology and TPB in single-species habitats 

it is useful to quantify the background sea-

sonal pattern of TPB population dynamics in 

weedy habitats that contain fl owering host 

plants. Since the background population 

size of TPB varied considerably through the 

season, in order to detect patterns of colo-

nization in the 2 by 2 m plots we computed 

relative TPB abundance corrected for the 

background population in weedy fi elds to 

obtain a standardized value. When no TPB 

were captured in a plot the standardized 

value was zero, when TPB captured in plots 

equaled the background population the stan-

dardized value was one, and it was greater 

than one when the number captured in plots 

was greater than the background population.

 2005 Growing Season. Activity of 

overwintered adults in the spring was noted 

as early as late April. Figure 1A shows the 

abundance of TPB adults and nymphs in 

weedy habitats (background population) 

in 2005 based on vacuum sampling. The 

pattern based on sticky cards is similar, 

although more variable (data not shown). 

Since vacuum sampling did not start until 

Figure 1. Phenology of tarnished plant bug adults and nymphs in diff erent habitats during 2005 fi eld 

season based on 30 second vacuum samples. A) Weed fi elds, absolute numbers shown. B) Curly dock, 

standardized values. C) Alfalfa, standardized values. D) Erigeron, standardized values.

show three distinct peaks indicating three generations during the 

season. 

 Th e pattern of colonization in 2 by 2 m single-species plots was 

quite distinct from the weedy plots (compare Figure 1A with Figures 

1B-D for curly dock, alfalfa and annual fl eabane, respectively). Th ere 

was a clear spike of adults early in the season on curly dock, which 

corresponded with fl owering. Th ere was a spike of adults early (June) 

and two spikes of nymphs mid–season (July and August) on alfalfa, 

the adult spike and the fi rst nymph spike corresponding with fl ower-

ing. Th e alfalfa was not cut in 2005 and began to set seed in July and 

August. Both adult and nymph captures spiked late season (September) 

on annual fl eabane and this occurred during and following fl owering. 

For the earlier-fl owering curly dock and alfalfa, TPB captures declined 

after fl owering as they increased in annual fl eabane. Although not an 

exact match, peaks in these small, single-species plots occurred during 

or shortly following the onset of fl owering. 

 Flowering appears to be an important determinant of TPB colo-

nization and egg-laying. To test this another way, we compared mean 

abundance of TPB adults and nymphs from all the sampled habitats 

as a function of whether fl owering was occurring in the habitat at 

four time periods during the season (spring – May 12 to June 1, 

early summer – June 1 to July 8, mid-summer – July 8 to August 25, 

and late summer – August 25 to September 22). With the exception 

of vacuum-sampled adults in spring, more TPB were collected in 

habitats that were fl owering compared to habitats that were not and 

many times these diff erences were statistically signifi cant, especially 

for nymph samples (Table 2). 

 2006 Growing Season. Abundance of TPB in the small and large 

mixed weed plots tended to be lower in 2006 than 2005 for reasons 

that are not fully understood (Figure 2A compared to Figure 1A). We 

collected very few adults, although peaks in nymph populations again 

suggested three generations. We had originally planned to sample plots 

to the end of September in 2006. However, populations crashed in all 

plots on Aug 12 perhaps due to insecticide drift from nearby research 

orchards (data not shown for this date). 

 Adult TPB was present very early in alfalfa (May), before fl ower-

ing, and we believe these were overwintered adults. Th ese early colo-

nizers did not appear to lay eggs, however, since we did not observe 

nymphs until June. Interestingly, we found a similar pattern for adults 

in fl eabane where overwintered adults were present in May but we did 

not observe nymphs until late June when the plants began to fl ower. 

Annual fl eabane is reported to be a good host for TPB in early spring 

in the leafy rosette stage, prior to fl owering.

1 June we likely missed the overwintered adults. However, nymphs 
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“Fire blight infections in newly 

planted apple orchards can originate 

from infections in the nursery or 

from blossom infections soon after 

planting. Inspections of new trees 

and applications of copper soon after 

planting and removal of all blossoms 

are essential practices to prevent 

signifi cant tree loses due to fi re blight.”

 Th e relative abundance of TPB adults and nymphs (calculated as 

in 2005) in the 2 by 2 m plots peaked during fl owering and this was 

more true for nymphs than adults (Figures 2B-F). Penny cress was the 

earliest fl owering species and this was refl ected in nymph populations 

(Figure 2B). Curly dock fl owered next and we observed an associ-

ated peak in adults and to some extent, nymphs. However, we also 

observed a second, larger peak, relative to background populations, a 

couple of weeks after fl owering. At this time curly dock sets and fi lls 

large seeds and perhaps this was attractive to adults. Populations in 
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Figure 2. Phenology of tarnished plant bug adults and nymphs in diff erent habitats during 2006 fi eld 

season based on 30 second vacuum samples. A) Weed fi elds, absolute numbers shown. B) Penny cress, 

standardized values. C) Curly dock, standardized values. D) Alfalfa, standardized values. E) Erigeron, 

standardized values. F) Bare ground, standardized values.

Table 3. Numbers of TPB adults and nymphs captured from fl owering versus non-fl owering habitats dur-

ing early spring (April 28 to May 18), spring (May 18 to June 14), early summer (June 14 to July 14), and 

mid-summer (July 17 to August 4) in 2006. TPB were collected weekly with 30-second vacuum samples 

(adults and nymphs) and on yellow sticky cards (adults). Means that were statistically diff erent at P < 0.05 

level are indicated in bold.

 Adults - vacuum Nymphs - vacuum Adults - sticky cards

Time of Year Flowers No Flowers Flowers No Flowers Flowers No Flowers

Early spring 0.1 0.7 1.5 0.1 0.1 0.6

Spring 0.8 0.3 1.6 0.4 0.1 0.02
Early summer 3.8 0.5 6.4 0.4 1.6 0.4

Mid-summer 8.3 0.1 9.6 0.1 2.9 0.7

curly dock declined to zero by the third week 

of July (Figure 2C). By cutting the alfalfa plot 

once in July we were able to extend fl owering 

later into the season in comparison to 2005 

where we did not cut the alfalfa (Figure 2D). 

TPB abundance in annual fl eabane showed 

two peaks for adults in late summer and a 

single broad peak for nymphs in mid-summer 

during fl owering (Figure 2E). Finally, we cap-

tured very few TPB in the bare ground plots 

throughout the season (Figure 2F). 

 Overall, the abundance of TPB was 

greater in habitats with fl owers than habitats 

without, especially for nymphs and for sum-

mer populations of both nymphs and adults 

(Table 3). In early spring, adult populations 

were low but abundance was actually higher in 

nonfl owering habitats compared to fl owering 

habitats. Th is may refl ect early habitat coloni-

zation patterns of overwintered adults prior 

to egg laying. Note that nymph abundance in 

early spring was greater in fl owering habitats 

than nonfl owering habitats, although the dif-

ference was not signifi cant. 

Assessment of Visual and 
Olfactory Cues
 Visual cues.  Capture of TPB on sticky 

cards in the fi eld depended on the color 

of the sticky card. White cards captured 

a total of 27 TPB while red cards only 

captured seven, a statistically signifi cant 

diff erence (P < 0.05). Th is result suggests 

TPB use visual cues, such as white fl ower 

color, to find plants that are flowering. 

However, more specifi c experiments need 

to be conducted to better assess the capa-

bilities of adult TPB to locate flowering 

plants based on visual cues independent 

of or in combination with olfactory cues.

 Olfactory cues.  We captured relatively 

few TPB on sticky cards during the three tri-

als to test the attractiveness of volatiles from 

fl owering E. canadensis. Hence, it is diffi  cult 

to draw any defi nitive conclusions. Of the to-

tal of 14 TPB captured, nine were captured on 

sticky cards being bathed with E. canadensis 

volatiles and fi ve were captured on control 

sticky cards being bathed with clear air (64% 

versus 36%, respectively). Clearly more work 

is required, but the pattern suggests that TPB 

responded to olfactory cues even in a weedy 

fi eld that contained hundreds of fl owering 

plants.

Implications and Future Directions
 Conclusions from monitoring TPB abundance in these diff erent 

habitats are consistent with general observations that TPB damage 

in crops such as strawberries and peaches is positively correlated 

with weedy conditions. For a grower, the clear message is that TPB 

becomes more problematic when broadleaved weeds occur in or 

around the strawberry planting. For June-bearing cultivars of straw-

berries, probably the most important weed hosts for TPB are early-

fl owering species such as shepherd’s purse, purple dead nettle, penny 

O
ver the past decade, many growers have experienced seri-

ous tree losses in new and young apple plantings due to fi re 

blight, losing as many as 25-50% of the trees. According to 

the 2006 New York 

Fruit Tree and Vine-

yard Survey, 43% of 

the apples planted in 

NY are at a density of 

350 or more trees per 

acre. More than 51% 

of the trees reported 

in NY are varieties 

that are susceptible to 

fi re blight. Although 

the numbers are not 

available from the 

survey, it is likely that 

most of the trees planted at 350+ trees per acre are on dwarfi ng root-

stocks, likely M.9 or M.26. Th ese rootstocks are very susceptible to 

fi re blight infection, which will kill the infected trees if the disease is 

not managed. Th e 2006 survey also shows that 57% of acres of trees 

planted in 2005-06 are in varieties susceptible to fi re blight. 

Select Resistant Rootstocks
 Growers can minimize the risk of tree loss by choosing a root-

stock that is not susceptible to fi re blight infection if a scion infection 

occurs. An alternative to M.9 and M.26, which are very susceptible to 

rootstock blight, is B.9 which is susceptible to direct inoculation in 

the stoolbed, but is resistant to infection through the scion. Th e CG 

rootstocks, G.16, G.30, G.65, G.41, G.202, and G.935 are resistant 

to fi re blight; G.11 is tolerant. So in a fi re blight-prone area with 

susceptible varieties, growers can prevent serious losses by using 

B.9 or the CG rootstocks. 

When Are Rootstocks Most Susceptible to 

Rootstock Blight?  
 Research done by Dr. Jay Norelli showed that the susceptibility 

of M.26 rootstocks to infection in the third leaf is signifi cantly higher 

(20%) than the susceptibility in the fi rst and second leaf (1-2%). Th is 

study was begun with inoculating shoots in mid-June. Dr. Nicole 

Russo (2006) showed that B.9 is also susceptible to infection de-

pendent on age of the tissue; fi rst year shoots were susceptible but 

the infection was walled off  when it reached the two-year old root 

tissue. Th is prevents scion infections from resulting in rootstock 

blight in B.9 plantings; consequently, there is no tree loss if blossom 

or shoot blight strikes are established unless on the main trunk of 

the susceptible cultivar. 

Plant Clean Nursery Stock
 After you have made your decisions concerning rootstock and 

variety and ordered your trees for the new planting, examine nursery 

Managing Fire blight in  

New Apple Plantings
Deborah I. Breth 
Cornell Cooperative Extension, Lake Ontario Fruit Program
Albion, NY

stock when it arrives. Most 

nurseries rogue infected and 

neighboring trees if infections 

occur and do not try to cut out 

infections in the nursery.  Th e 

risk in buying trees previously 

infected is the potential for the 

bacteria to be present in the tree 

without evidence of infection. 

When the conditions are right 

for the bacteria to multiply, the 

symptoms of infection become 

apparent. 

 Nursery outbreaks have 

been recorded as potential 

sources for establishment of 

fi re blight. (Russo, et al, 2008). 

In 2002, we found resistant 

isolates of Erwina amylovora in 

newly planted trees in Western 

New York while conducting our 

annual survey for streptomycin 

resistance of fi re blight infec-

tions in the state. Th ere were 

two related plantings where 

streptomycin-resistant bacteria were identifi ed. Resistance developed 

due to the plasmid transfer of the strA-strB gene cluster, previously 

characterized in populations of streptomycin-resistant E. amylovora

found in Michigan. Th e nursery stock of the two infected plantings 

was from Michigan. Th ere were several cankers on the new trees, 

indicating a problem in the nursery (Figure 1). When the growers 

were informed of the presence of streptomycin-resistant E. amylovora

in these plantings, they agreed it would be best to remove and burn 

the trees. All other survey results for NY through 2007 have shown 

all fi re blight bacteria were sensitive to streptomycin. 

 Tim Smith (2002) reported a situation in 1999 when infected, 

but asymptomatic budwood was used to bud nursery trees resulting 

in very high tree loss numbers in the orchard after planting. Th is 

experience has raised awareness of the importance of the quality 

of budwood collected for propagating nursery stock. Symptoms of 

nursery infections in new plantings are usually manifested by cankers 

on the trunks. If new plantings have blossoms the fi rst season, and 

only blossom blight is found, the source of bacteria for infections is 

likely from the local area.

 As a precaution, we recommend that growers apply copper 

after planting. Nursery stock is generally clean from fi re blight but 

there is no way of knowing if the bacteria are present upon arrival.  

One precaution which will reduce the risk of bringing streptomy-

cin-resistant bacteria into the region is to assume there may be 

some bacteria present on the nursery stock and apply a registered 

copper formulation at planting before budbreak. You can extend 

the protection by applying low-labeled rates of copper to prevent 

 

Figure 1. Canker from possible FB 

infection in nursery.



Herb Aldwinckle, plant pathologist from Cornell 

University, observes a susceptible seedling of M. 

sieversii inoculated with the bacterium (Erwinia 

amylovora) that causes fi re blight. (USDA/ARS)
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resistance to Phytophthora cactorum, which causes collar rot, and 

Rhizoctonia solani, an agent of apple replant disease. 

 Th e progeny of two of the Kazak trees have stood up particularly 

well to disease. We put them through what we call “Th e Gauntlet,” 

which is exposure in the greenhouse to a series of pathogens that 

include fi re blight and Phytophthora. It usually kills 70 to 80 percent 

of seedlings. However with this material we got 70 to 80 percent sur-

vival rates. Test of this material by Mark Mazzola of ARS’s Tree Fruit 

Research Laboratory in Wenatchee, Washington who specializes 

in soilborne diseases of apples, showed that it is signifi cantly more 

resistant to R. solani than the controls he was using. Th e reduction 

in root mass due to infection was 30 percent, compared to 70 percent 

for the controls. We are considering seeking the inheritance of this 

resistance by following it—and the genes causing it—in the progenies 

of these plants. Th is step will take us closer to cloning and isolating 

genes responsible for this resistance.

 Th ese seedlings have already become part of PGRU’s rootstock-

breeding program. With the aid of marker-assisted selection, the 

progeny from these crosses will become the resistant rootstocks of 

the future. Also, root tissue from the survivors of the Phytophthora 

inoculation has been used to create a cDNA library that will be 

sequenced as part of an ongoing National Science Foundation Ex-

pressed Sequence Tag project. Th e goal is to fi nd the genes that are 

expressed only in resistant individuals. 

The Future
 Th e work to further characterize the collection continues but 

increased eff orts to utilize the germplasm are underway. Th e goal now 

is to release germplasm lines from the collected materials within fi ve 

years. Th ese collections are now being off ered to breeders to develop 

diverse and useful hybrids for fruit, ornamental, and rootstock value. 

Today, it is becoming clear that this collection may have an impact on 

domestic apples production that will rival that of John Chapman’s. 

For while Chapman’s iconic work did much to spread apples across 

North America, recent fi ndings in the wild apple germplasm from 

Central Asia—Kazakhstan in particular—have genetic resistance to 

diseases that may help apple breeders breed new varieties that do a 

better job of defending themselves against diseases. And the genetic 

makeup of the trees may revolutionize the nation’s—and perhaps the 

world’s—apple industry.
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ity to latent viruses 

than small-fruited 

Malus species. Th is 

would be especially 

useful for breeding 

fi re blight-resistant 

rootstocks. Genn-

aro Fazio, director 

of PGRU’s apple 

rootstock breeding 

project, sees great 

potential—especial-

ly with crosses be-

tween Kazak apples 

and elite American 

material. Th is is the 

future of the apple 

industry in another 

fi ve to seven years. 

 The  natura l 

selection that oc-

curs in the Central 

Asian forests seems 

to have helped the 

Kazak trees develop 

resistance to soil 

pathogens that can 

other wise  s tunt 

young apple orchards and lead to poor growth and lost produc-

tion. Th is material is “a treasure trove” of new genetic variants for 

cress, common chickweed, mouse-eared cress, corn 

speedwell, and dandelion. Crucifers (e.g. mustards, 

penny-cress, shepherd’s purse) may be particularly 

important hosts for overwintered hosts and sites 

for early-season egg laying. 

 One of the surprising results of this study is that 

TPB appears to be able to track fl owering phenology 

even in small 2 by 2m plots, suggesting that TPB is 

attuned to host plant condition, and in particular, 

fl owering condition. How do they fi nd host plants 

at the correct phenology? Th ere are two possible 

hypotheses to explain these patterns. First, TPB 

adults, being mobile, explore the environment in a 

more or less random fashion, but once they encoun-

ter a suitable host plant, they stay longer and also 

lay eggs. Th e second is that they use cues to direct 

their search to suitable host plants. Our observation 

that signifi cantly more TPB were captured on white 

compared to red sticky cards implies that visual cues 

are used at a distance by adult TPB. Similarly, we 

captured more TPB on white sticky cards bathed 

with the odors of fl owering E. canadensis than on 

white sticky cards bathed by fi ltered air lacking host 

plant odors, although we caught very few TPB in 

these trials and therefore, defi nitive conclusions can 

not be drawn. Moreover, we have no information 

on the relative importance of visual and olfactory 

cues. In the future, we plan to examine these ques-

tions under more controlled laboratory and fi eld 

conditions.

 A long-term goal of our research on TPB 

colonization is to use the information to develop 

alternative approaches to management. As noted in 

the introduction, trap crops have been successfully 

used to help manage other species of plant bugs. Th e 

idea of a trap crop is to attract TPB preferentially to 

the trap crop instead of the agricultural crop. If the 

trap crop is highly preferred over the agricultural 

crop, it may greatly reduce colonization of the crop. 

Or the trap crop can be treated with an insecticide 

to reduce populations in the area. 

 Developing a trap crop for June-bearing 

strawberry to reduce TPB damage is challenging 

because strawberry fl owers very early in the season 

and it appears fairly attractive to TPB. On the other 

hand, one advantage of June-bearing strawberry is 

that the populations of overwintered TPB tend to 

be small and hence, may be easier to control. An 

ideal trap crop would fl ower before June-bearing 

strawberry, be highly attractive to overwintered 

TPB, not become a weed in the strawberry plant-

ing, and more generally, be easy to manage. Al-

though alfalfa seemed to show promise as a trap 

crop, limited fi eld trials with alfalfa have given poor 

results. Although several weeds were found in this 

study that might serve as trap crops for TPB, it is 

diffi  cult to develop weeds into trap crops because 

of seed availability and the risk of becoming weeds 

in adjacent strawberry fi elds. More to the point, 

preferred TPB weed hosts identifi ed in this study 

should be eliminated from strawberry fi elds with 

a history of TPB damage. We are initiating new 

experiments over the next few years to test the po-
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tential of winter canola as a trap crop. Winter canola is planted in 

the fall, overwinters well in the upstate climate, and flowers early. 

As a crucifer, we expect canola to be a highly preferred host for 

TPB. In fact, canola growers consider TPB to be a major pest. 

 In summary, our results indicate that 1) colonization of 

specific host plants is not random but appears to coincide with 

flowering status, 2) this occurs at a small scale indicating a good 

ability to discriminate, and 3) either visual and/or olfactory cues 

may play a role in orientation behavior. Our results indicate, de-

spite being able to feed on an amazing number of plant species, 

TPB shows considerable selectivity, apparently searching for 

plants with flowers and young fruit. An improved knowledge of 

the colonization process and the cues used by TPB to find suitable 

hosts may lead to the development of new approaches to manag-

ing TPB in strawberries and our work has focused on the area of 

attraction-based trap crops. 
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Unfortunately many of these natural forests sites are threatened 

by over grazing, and insidious human practices (clearing areas for 

agriculture or construction, grafting forests trees to domesticated 

varieties). 

Remarkable Kazak Apples
 Among all this material, it is the Kazak samples that have be-

come the apple of Forsline’s eye, so to speak. It turns out that this 

gene pool is much more diverse than we had originally thought. 

Especially noteworthy are accessions collected there of M. sieversii, 

an important forerunner of the domestic apple. Although many of 

the Kazak apples lack the size and fl avor needed for commercial 

success, it’s the trees’ ability to resist diseases that sets them apart. 

Breeders will be able to cross them with palatable varieties to de-

velop high quality commercial varieties.

Success Against Plant Diseases
 Forsline and Herb Aldwinckle from Cornell University along 

with colleagues from PGRU, and other institutions have been char-

acterizing the trees’ germplasm for the last decade. Germplasm re-

fers to the genetic material that carries the inherited characteristics 

of an organism. Th e Kazak trees have shown signifi cant resistance 

to apple scab, the most important fungal disease of apples, whose 

outbreaks blemish fruit and defoliate trees. Twenty-seven percent of 

the Kazak accessions were resistant to it. Th is makes sense because 

the tree co-evolved with the disease through natural selection.

 In addition, samples from species collected at other expedition 

sites have provided promising news in the fi ght against fi re blight. 

Fire blight destroys apples, pears, and woody ornamentals in the 

Rosaceae family. Herb Aldwinckle reports that seedlings from 

diff erent populations of M. orientalis from the Russian Caucasus 

and Sichuan regions eff ectively resisted the disease, with Russian 

accessions scoring 50 to 93 percent resistance. Other research-

ers have found genes in these apples that allow them to adapt to 

mountainous, near-desert, and cold and dry regions. 

 In an early eff ort to utilize the natural disease resistance of the 

Kazak trees, Forsline led a project which involved scientists from 

Cornell and the University of Minnesota, as well as collaborators 

from New Zealand and South Africa, in which the popular Gala 

apple variety was crossbred with seven Kazak accessions. Th is 

produced seven populations of 200 seedlings each. In one of these 

populations, we achieved a 67 percent resistance rate against apple 

scab. Th is may be the source of a more durable, scab-resistant 

apple. Also, about 30 percent of samples inoculated with fi re blight 

resisted that disease. 

Rootstocks, Too 
 Th e fi re blight resistance of the Kazak M. sieversii and the Russian 

M. orientalis may convey resistance to fi re blight and less sensitiv-

Wild apples from Kazakstan that have “almost” commercial quality. (Helene 

Bozzy, SEPPIA)

Technician Todd Holleran waters young apple rootstock seedlings that have 

survived the “gauntlet” of disease screens. These disease-resistant seedlings 

are derived from a cross between resistant wild M. sieversii selections and 

elite apple rootstocks from the Geneva breeding program.  (USDA/ARS)
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Figure 1. An example of the Fα fl uorescence signal detected in ‘Summer-

land McIntosh’ apples held at 20°C in air (open circle) and in a progressively 

diminished oxygen environment (dark circle). The spike in Fα begins as the 

chamber oxygen levels fall below 1% at 72 h and continues upward until the 

oxygen concentration is increased at 84 h (Prange et al., 2003; Reproduced 

with permission of Dr. R.K. Prange). 

“ The New York fruit industry is

 very familiar with the new storage 

technology based on SmartFreshTM. 

However, another fruit storage 

technology has become available 

within the last several years. The 

technology, known as Dynamic 

Controlled Atmosphere (DCA) 

storage, which is commercially 

available as HarvestWatchTM detects 

the responses of fruit to low O2 

in the storage atmosphere. Using 

DCA it is possible to maintain O2 at 

lower levels and better maintain 

product quality compared with 

‘safer’ atmospheres necessary for 

standard or ultra low O2 CA storage.”

Dynamic Controlled Atmosphere Storage – 

A New Technology for the New York 

Storage Industry?

Chris B. Watkins
Department of Horticulture
Cornell University, Ithaca, NY 

the Genetic Resources of Grapes, Apples, and Tart Cherries.”  In 

total, 6,883 diverse apple varieties are maintained at the PGRU. 

Th is includes 2510 apple clones (1,410 Malus x domestica; 329 

Malus hybrids; and 771 clones belonging to ~54 Malus species) 

all maintained in duplicate fi eld plantings at Geneva. Addition-

ally, 1,565 seed lots of wild Malus species including approximately 

950 seed lots of Malus sieversii, the main progenitor species of the 

cultivated apple (M. x domestica) from Central Asia are kept in 

cold storage at the PGRU with back ups at the USDA-ARS National 

Center for Genetic Resources Preservation (NCGRP) in Ft. Collins 

CO. About 2,808 seedlings representing 310 of these M. sieversii 

seed lots are being grown as trees for fi eld evaluation. Of the 6,883 

apple varieties, a core collection of 255 clones has been designed to 

represent the diversity of apple. Furthermore, approximately 2,275 

clones are backed up in cryogenic storage (liquid Nitrogen) at the 

NCGRP and 436 are also in cryogenic storage on-site at PGRU.

 Most of the varieties used as parents for breeding new varieties 

of apples in the U.S. come from what is known as the “North America 

gene pool.” It dates back to seedling orchards planted when settlers 

fi rst arrived here between the 17th and 19th centuries. Th is source is 

often referred to as the “Johnny Appleseed gene pool.” Th is alludes to 

John Chapman, who during America’s infancy spent nearly 50 years 

planting apple seeds throughout the wilderness of Pennsylvania, 

Ohio, Indiana, and Illinois. Many common varieties—including 

Red Delicious, Golden Delicious, Jonathan, and McIntosh—were 

discovered as chance seedlings from this pool. Apple breeders have 

made great strides already using them to produce new ones that are 

now in the world marketplace. But the fact is that this gene pool is 

very narrow compared to what can be found by tracing further back, 

through Western Europe, to Central Asia where it is thought apples 

originated. Indeed, the mother lode of apple genes is in Central Asia 

—Kazakhstan and Kyrgyzstan in particular—which is likely the center 

of origin or ancestral home of familiar domestic apples (Malus x 

domestica) such as Red Delicious, Golden Delicious, and McIntosh.

Widening a Narrow Base—Collection Expeditions to 

Central Asia, the Apple’s Ancestral Home
 Silk Road traders and their predecessors started the spread of 

apples from Central Asia to other parts of the world. But the seeds 

they carried likely represented a narrow genetic sampling. Th at’s 

probably why today’s American domestic apples have a fairly narrow 

genetic base that makes them susceptible to many diseases. 

 From 1989 to 1996, the USDA sponsored expeditions to Central 

Asia to collect seeds and tree samples (scions) from unique apples 

trees growing in natural forests. Seven expeditions were completed 

from 1989 to 1999.  Four of them were to Central Asia to collect the 

wild apple Malus sieversii, the main progenitor of the commercial 

apple, M. x domestica. 

 Th e Experiment Station’s Herb Aldwinckle was a participant 

on the fi rst trip to Central Asia in 1989. Philip Forsline, who is the 

curator of the national apple collection, was a member of seven of 

the trips, including four to central Asia to collect apple material, 

conserve it, and, after evaluation, distribute it to breeders and ge-

neticists worldwide. Other trips were to China (Sichuan), Russian, 

and Turkish sectors of the Caucasus region, and Germany. He recalls 

the expeditions as hard work. Herb joined Phil also on the trips to 

China and Turkey. Often, the only way of getting to remote mountain 

areas was by helicopter, long hikes, or half-day-long jeep rides down 

bumpy, dusty roads. What we collected made possible our re-creation 

of Kazakhstan, China and the Caucasus region here in Geneva. All 

that eff ort is now bearing fruit, literally and scientifi cally. We tapped 

millions of years of adaptations to improve today’s apple.

 Th e trips resulted in at least a doubling of the known genetic 

diversity of apples. In all, the scientists returned from Central Asia 

with 949 apple tree accessions. Most of the specimens were brought 

here as seed, but 50 were cataloged as “elite clones”—grafts of the 

original trees. Th e seeds gathered on the trips increased PGRU’s 

apple collection by 1,140 samples, to over 3,900. Th e visits to Ka-

zakhstan and Kyrgyzstan alone added 949 accessions of M. sieversii. 

A grafted tree produced in Geneva, New York, 

from a scion taken from a tree in a Kazakh apple 

forest. William Srmack, farm manager at Geneva, 

displays the quality fruit of this genotype that has 

potential use by breeders.  (USDA/ARS)

Phil Forsline and Herb Aldwinckle evaluating ap-

ple varieties from Kazakstan. (Helene Bozzy, SEPPIA)

Technician Greg Noden characterizes morpho-

logical traits of M. sieversii fruit and cuts the fruit 

in preparation for taking a digital image for the 

website www.ars-grin.gov/gen  (USDA/ARS)

T
he New York apple industry relies heavily on controlled 

atmosphere (CA) storage in addition to temperature and 

relative humidity control to maintain fruit quality during 

storage and to ensure 

visually appealing, fl a-

vorful, and healthy ap-

ples are available to the 

consumer. In addition, 

SmartFresh technol-

ogy, which is based on 

the ethylene inhibitor 

1-methylcyclopropene 

(1-MCP), is now used 

extensively by New 

York storage opera-

tors. Th e advantage of 

SmartFresh is that it 

helps maintain quality 

not only during stor-

age, but also during 

the entire marketing 

chain as it prevents 

softening at warmer 

temperatures. 

 Initially, CA stor-

age technology was 

restricted to standard or traditional CA storage in which O
2
 levels 

were maintained at about 2-3%. However, improvements in gas 

monitoring equipment and storage room structure have resulted in 

the development of several additional CA-based methods to improve 

quality maintenance. One of these methods is ultra low oxygen (ULO) 

CA storage, which maintains O
2
 levels near 1%. ULO has become 

routine for some industries, but it has not been successfully used in 

New York because of our varieties and climate. Fruit stored at low O
2
 

levels can accumulate alcoholic off -fl avors that result from anaerobic 

respiration.

Dynamic Controlled Atmosphere (DCA) Storage 
 Dynamic Controlled Atmosphere (DCA) uses technologies 

that allow sensing of fruit responses to low O
2
. Th erefore, instead 

of maintaining the “safe” 2-3% O
2
 levels which are higher than 

optimum to obtain maximum benefi ts, it is possible to lower the 

O
2
 levels over time in response to changes in fruit metabolism. By 

lowering the O
2
 levels in the storage atmosphere to the lowest pos-

sible before anaerobic respiration produces ethanol, ripening can be 

delayed more eff ectively than in standard or ULO CA storage. 

 Responses of fruit to low O
2
 can be detected by measuring 

ethanol production, fruit respiration, and chlorophyll fl uorescence.  

Th e most successful strategy to date is based on real-time sensing 

of fl uorescence changes using a Fluorescence interactive response 

monitor (FIRM; Satlantic inc., NS, Canada). Th is technology is pat-

ented and it has been marketed under the name HarvestWatchTM 

since 2002 (DeLong et al., 2004a). Th ere are about 120 apple storage 

facilities using HarvestWatch technology worldwide, and this num-

ber is increasing; most are in Northern Italy but units are operating 

in Germany, the Netherlands and Washington State (R. Prange, 

personal communication). 

 Chlorophyll fl uorescence can be used to measure stress in the 

apple fruit. As the O
2
 level in the storage environment decreases 

over time, a point is reached when the fl uorescence signal increases 

(Figure 1). Th e increase is a signal that the fruit is under low O
2
 stress. 

In response, the O
2
 level around the fruit can be raised. Relief from 

stress is refl ected in a decrease of the fl uorescence signal. 

 Depending on the storage operation, a number of HarvestWatch 

systems, each containing six fruit (Figure 2), are used to monitor 

responses of fruit to the storage environment. Th ese monitors 

are connected to a computer control system so that the storage 

operator can adjust O
2 
 levels in response to any fl uctuations in the 

fl uorescence signals. Th ese changes may occur not only because of 

deliberately applied low O
2
 stress, but also because of changes in 

fruit condition over time. Th erefore, HarvestWatch can be used to 

monitor changes either resulting from natural fruit senescence or 

those that may result from problems with equipment malfunction. 

In practice, a buff er of about 0.2% O
2
 is added to the level at which 

a fl uorescence response to detected in order to provide a safety 

margin.

 An important feature of DCA is that it is a chemical-free tech-

nology that meets the requirements for organic produce. Although 

1-MCP has a non-toxic mode of action, negligible residue, and is 

active at very low concentrations, it is not a naturally occurring 

post-harvest chemical.



Plant geneticist Gennaro Fazio (left) and horti-

culturist Phil Forsline observe fruit diversity from 

seedling trees of M. sieversii.  (USDA/ARS)
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Portion of National Apple Collection with varieties from natural forests of Central Asia. (Helene Bozzy, SEPPIA)

Requirements for DCA and Suitability for the 

New York Industry
 The software and hardware required for DCA is reliable, 

relatively inexpensive and easily installed within existing CA fa-

cilities. However, a feature of DCA that makes it less suitable for 

many New York storage operations may be that DCA is limited 

to those operations that have high quality storage rooms with 

sufficient air-tightness and gas control to maintain O
2
 regimes 

below 1%. Although there is a general rule that CO
2
 should be 

reduced whenever O
2
 is reduced, there have been no reports of 

an increase in CO
2
-induced disorders when using DCA commer-

cially or experimentally (R. Prange, personal communication). 

The physiological explanation may be that DCA is placing the 

O
2
 concentration at the Anaerobic Concentration Point, which 

means that the internal CO
2
 production is at its lowest (see Fig-

ure 3). The initial recommended CO
2
 concentration is 1%. With 

experience, this has been increased to higher values, e.g. 2.5% in 

different commercial and research locations, without induction 

of any CO
2
 disorders. The rate of fruit cooling and rate of low O

2
 

establishment for DCA is the same as for rapid CA. The benefits 

provided using the low O
2
 levels used in DCA can be achieved in 

both new and existing individual CA rooms of various sizes or a 

large number of CA rooms. It depends on the air-tightness of each 

room and the ability of the storage operator to control O
2
. DCA 

uses a computer to generate and display the fluorescence signals 

24/7 used by the storage operator to adjust the O
2
 concentration 

in each room, either manually or via computer 

 DCA also requires more training than operating a traditional 

CA in order to interpret the information provided in the chloro-

phyll fl uorescence measurement. While this may be perceived to 

be a negative thing by some storage operators, it is likely to result 

in earlier recognition of problems with the fruit or malfunctioning 

CA equipment. For example, drift of the Fα signal (up or down) 

over weeks or months can serve as a warning to the storage opera-

tor that the fruit have changed and that a visual check is warranted 

(R. Prange, personal communication). Unusual changes in the DCA 

signal, e.g. sudden spikes, without an associated drop in the level of 

O
2
 concentration have warned commercial operators of equipment 

failures that would ruin the fruit, eg frozen or leaky O
2
 sample lines, 

if it had not been detected by the DCA system.

 DCA requires the use of representative fruit, because a relatively 

small number of fruit—six fruit for each FIRM sensor—is used to 

monitor the condition of all the fruit in the CA storage. In commer-

cial storages, the DCA recommendation is at least one sensor for 

every 250 bins of fruit. Evidence to date from commercial storages 

and research results is that there are major diff erences in the mini-

mal acceptable low O
2
 level between cultivars and growing season.  

Th ere has been insuffi  cient work in New York to show whether the 

variability among orchard blocks typical of our growing region will 

permit safe adoption of DCA technology. However, it is somewhat 

reassuring that commercial DCA experience indicates that the low O
2
 

threshold within the same cultivar in the same DCA room is similar 

with the only diff erences being in the height of the fl uorescence spike 

amongst the sensors. 

Eff ects of DCA on Quality
Storage disorders. As was fi rst thought with 1-MCP, it has been 

suggested that DCA can control superfi cial scald, and therefore use of 

the post harvest antioxidant diphenylamine (DPA) could be avoided. 

In Italy, for example, research has shown that scald was completely 

controlled in ‘Granny Smith’ by DCA or 1-MCP treatment in contrast 

to scald development in ULO-stored fruit. Th is work was limited 

Figure 2.  The HarvestWatch™ fl uorescence system showing the fl uorescence 

interactive response monitor (FIRM) unit affi  xed in an upper sampling kennel 

(center), apples in the bottom kennel (right) and a central hub (left). Before 

storage, apples are placed in the bottom kennel over which the upper kennel 

housing the FIRM unit is securely fastened. In storage, the FIRM units are wired 

to the hub which controls the interaction of electronic signals from a central 

computer to each attached FIRM device. (Reproduced with permission of Dr. 

R.K. Prange).

Figure 3. Eff ect of oxygen concentration on O
2
 consumption and CO

2
 produc-

tion (from Prange, Bishop and DeLong, 2003).

however, because the maximum storage period tested was only six 

months, a short period of time for scald control. 

 Although scald was eliminated in ‘Cortland’ and ‘Delicious’ 

after nine months of DCA storage plus a seven-day shelf life in a 

Canadian study (DeLong et al., 2004a), subsequent research showed 

that DCA-stored fruit with no scald at removal can develop vary-

ing amounts of scald at shelf temperature (DeLong et al., 2007). 

We have not carried out research in New York, and therefore no 

research that directly compares DCA and 1-MCP treated apples 

is available. 

 In Nova Scotia, two studies show that scald control with either 

technology is limited. Scald development in ‘Cortland’ and ‘Deli-

cious’ apples was markedly reduced by DCA compared with stan-

dard controlled atmosphere (SCA) (Table 1). However, the benefi ts 

of DCA for Cortland apples were still not acceptable from a com-

mercial perspective, only after four months of storage. Control of 

Th e Apple Collection in Geneva, NY: 

A Resource for Th e Apple Industry 

Today and for Generations to Come
Gennaro Fazio1, Phil Forsline1, Herb Aldwinckle2, and Luis Pons3

1Plant Genetics Resources Unit, USDA-ARS, Geneva, NY 
2Dept. of Plant Patholgy, NYSAES, Cornell University, Geneva, NY
3USDA-ARS, Beltsville, MD 

“The national collection of apples at   

 Geneva, which was assembled and is  

 maintained by Agricultural Research  

 Service of the USDA, has thousands

 of varieties. But the varieties of Malus

 sieversii, the main progenitor of the  

 commercial apple collected from the wild  

 apple forests of Central Asia (Kazakhstan  

 in particular) have genetic resistance  

 to diseases that may help apple breeders  

 breed new varieties and rootstocks that  

 do a better job of defending themselves  

 against diseases. This genetic makeup  

 may revolutionize the nation’s—and  

 perhaps the world’s—apple industry.”

L
ocated at the New York State Agricultural Experiment Station 

at Geneva, NY is a little known great public resource —the 

largest apple collection in the world. Also little appreciated 

is how critical this 

collection is  for 

the future of the 

industry. More and 

more of the new 

apple  and apple 

rootstock varieties 

that we have today 

come from breeding 

p r o g r a m s  t h a t 

have utilized the 

genetic resources 

being maintained 

and characterized 

i n  t h e s e  a p p l e 

collections.

The National 

Apple Collection
 The National 

collection of apples 

was assembled and 

is maintained by the 

Plant Genetic Re-

sources Unit (PGRU) 

located on the cam-

pus of Cornell Uni-

versity’s New York 

State Agricultural Ex-

periment Station. Th e 

PGRU is part of a net-

work of germplasm 

repositories that be-

long to the National Plant Germplasm System (NPGS) of the United 

States Department of Agriculture (USDA) Agricultural Research Ser-

vice (ARS). Th e PGRU is tasked  with “Conservation and Utilization of 
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Table 1. Superfi cial scald incidence in ‘Cortland’ 

and ‘Delicious’ apples stored in standard con-

trolled atmosphere (SCA) and dynamic controlled 

atmosphere (DCA) storage for 4 and 8 months plus 

a 7-day day shelf life (modifi ed from DeLong et al., 

2007).

Storage  ‘Cortland’  ‘Delicious’

time   Superfi cial scald (%)

(months) SCA DCA SCA DCA

4 68 18 10 5
8 90 43 23 10
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Table 2. Superfi cial scald incidence in ‘Redcort 

Cortland’ apples either untreated or treated with 

SmartFresh (0.9 ppm 1-MCP) and stored in stan-

dard controlled atmosphere storage for 3, 6  and 

9 months plus a 7 day shelf life (modifi ed from De-

Long et al., 2004b).

Storage time  Superfi cial scald (%)

(months) Untreated  SmartFresh

3 10  4
6 67  2
9 68  33

scald can also be lost in SmartFresh-treated 

apples. In another Canadian study, ‘Redcort 

Cortland’ apples were either untreated or 

treated with SmartFresh and stored in CA 

for up to nine months. Th e results show that 

very good control of scald was obtained for 

six months of storage, but by nine months, 

commercially unacceptable levels of scald 

were present (Table 2).

 Th e marketplace is extremely sensitive 

about scald and any signs of the disorder 

can result in rejection of loads. DCA is ap-

parently no more eff ective than SmartFresh 

in controlling scald in some varieties. While 

scald can be controlled by SmartFresh in 

varieties such as ‘Cortland’, we have found that this control can be 

variable. Loss of scald control is associated with release of fruit 

from inhibition of ethylene production. 

 Another interesting feature of DCA is that, unlike 1-MCP, it 

appears to not signifi cantly increase the risk of external CO
2
 injury. 

Increased risk of CO
2
 injury is a feature of 1-MCP treatment, es-

pecially with ‘Empire’ as reported in an earlier NY Fruit Quarterly 

article (Razafi mbelo et al., 2006). CO
2
 injury is also controlled by 

DPA when it is applied to inhibit scald development (Watkins 

and Nock, 2007). Because some of our New York ‘Empire’ blocks 

produce fruit that are highly sensitive to CO
2
 injury, a cautious 

approach may be warranted, with at least a proportion of fruit in 

the rooms being DPA-treated. Th e bottom line is that DCA cannot 

be recommended as a non-chemical scald control method in New 

York without further research. DPA treatment of fruit would still 

be essential to avoid risk of scald development in highly susceptible 

varieties such as ‘Cortland’. 

 Fruit fi rmness. Firmness is a critical factor in marketing of 

apples. Control of softening, not only during storage but through 

the entire marketing chain, has been a major reason for the rapid 

uptake of SmartFresh technology. Th e same two Canadian studies 

have been used to compare the eff ects of DCA and SmartFresh. It 

should be recognized that while one variety ‘Cortland’  is in common, 

there are limitations to direct comparisons of studies carried out in 

diff erent years. 

 Table 3 shows a comparison of standard CA and DCA on fi rm-

ness of ‘Cortland’ and ‘Delicious’ apples before and after a shelf life 

period. ‘Cortland’ apples remained much fi rmer in DCA than in SCA 

storage, especially at the longest storage period of eight months. 

However, the fruit softened markedly during the shelf life period of 
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seven days, and were 

fi rmer in the DCA-

stored fruit than in 

the SCA only af-

ter eight months. 

Benefits of DCA 

on firmness, both 

immediately after 

storage and after a 

seven-day shelf life 

were much greater 

for ‘Delicious’ ap-

ples.

 In the case of 

SmartFresh-treated 

‘Cortland’ apples, 

no data about the 

shel f  l i fe  per iod 

effects were pro-

vided (Table 4), but 

SmartFresh-treated 

apples were much 

fi rmer, even at nine 

months storage plus 

a seven-day shelf 

life, than shown for 

DCA-stored fruit in 

Table 3.

Table 4. Firmness (lb) of ‘Redcort Cortland’ apples 

either untreated or treated with SmartFresh (0.9 

ppm 1-MCP) and stored in standard controlled 

atmosphere storage for 3, 6  and 9 months plus a 

7 day shelf life (estimated from graphical data De-

Long et al., 2004b).

Storage time  Firmness (lb)

(months) Untreated  SmartFresh

0 17.3  17.3
3 12.6  15.5
6 10.1  15.5
9 9.7  15.7

Table 3. Firmness (lb) of ‘Cortland’ and ‘Delicious’ 

apples stored in standard controlled atmosphere 

(SCA) and dynamic controlled atmosphere (DCA) 

storage for 4 and 8 months plus 0 or 7 days of shelf 

life (modifi ed from DeLong et al., 2007).

Storage ‘Cortland’  ‘Delicious’

time   Firmness (lb)

(months) SCA DCA SCA DCA

4 + 0d 14.7 15.5 18.2 18.6
4 + 7d 11.4 11.6 17.3 18.5
8 + 0d 11.9 14.1 15.9 17.1
8 + 7d 10.2 11.8 15.4 17.0

 Th e take home message from these comparisons is that the 

variety eff ects on the benefi ts of DCA technology are probably the 

most important factor in its success compared with SmartFresh. 

Control of softening by SmartFresh was more persistent than 

DCA for ‘Cortland’, while post-storage softening of ‘Delicious’ 

was well controlled  by DCA storage. Other studies indicate that 

post-storage softening of DCA-stored fruit may be lower than for 

standard CA-stored fruit of ‘Granny Smith’ and other varieties. 

However, the paucity of published information about other variet-

ies and factors such as fruit maturity on the eff ectiveness of DCA 

needs to be addressed in order for the New York storage industry 

to make good decisions about the value of the technology.

Conclusions 
An advantage of DCA is that it is a non-chemical treatment that 

meets requirements for organic produce or when post-harvest 

chemical use is not permitted. However, DCA storage requires 

high quality CA rooms and electronic atmosphere control, and 

is less fl exible than 1-MCP, which can be applied in rooms, tents, 

and containers. DCA- and 1-MCP-based technologies slow soften-

ing, including during shelf life periods, resulting in better quality 

produce for the consumer. Both technologies inhibit development 

of superfi cial scald, but their eff ects on softening and scald are 

aff ected by variety. Limited scald control by either technology, 

at least for the limited number of varieties tested, suggests that 

neither provides a risk-free replacement for DPA for highly scald-

susceptible varieties.

 In summary, DCA technology is an important addition to 

the arsenal of the storage operator, but like SmartFresh, it has its 

strengths and weaknesses. More research on DCA for the New 

York industry is warranted.
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