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Acres in Berry Production 

< 1 acre, 

25.6%

> 20 acres, 

10.3%

1-3 acres, 

30.8%

4-6 acres, 

15%

7-10 acres, 

9%

11-20 acres, 

9%

Figure 1. Acres in berry production. 

Figure 2. Years of experience growing berries.

Figure 3. Production systems used by New York 

berry growers. Note: some growers indi-

cated they are using more than one type 

of production system - hence the 139% 

total for this pie chart. 

stated in their interview, “I only have two 

acres of berries, so I’m not sure how use-

ful my information will be for you.”  While 

this may be the case in some other produc-

tion areas in the U.S., this is not the case in 

New York. Th e results of our survey found 

that more than 73% of NY berry growers 

had six acres or less in berry production; 

56% of growers surveyed had three acres 

or less in berry production (Figure 1). 

Many of these farms grow multiple com-

modities including tree fruit, vegetables, 

fl owers, herbs, cash crops, etc. Th eir area 

in berry production is small due in part to 

the diversity of their farm operation. For 

other operations, small-scale berry pro-

duction provides supplemental income for 

those who have other non-farm regular or 

retirement income sources.

 Additionally a telling piece of infor-
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1.3%

Calendar Spray 
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 22.1%

Organic 

(certified or non), 
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Years of Berry Growing Experience

<5 years, 

17.7%
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15.3%

11-15 years, 
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16-20 years, 

19%

>20 years, 

29%

mation about the berry industry is the years of production experience current growers 

have. As illustrated in Figure 2, there is an even spread of experience ranging from 

less than fi ve years to more than 20 years, an indication of an industry that is healthy 

and growing. Th is diversity in experience is a wonderful opportunity for exchange of 

new ideas and tested methods. Moreover, the interest in berry production in NYS is 

growing rapidly. Another part of the NYFVI project focuses on providing introductory 

workshops for fi rst time berry growers interested in getting into the berry production 

business. Fourteen workshops, hosted by County CCE offi  ces across the state in 2007-

2008 had 500 people in attendance. Th e three-hour workshops discusses economics, 

marketing, labor, and production aspects of berry growing. Exit surveys of partici-

pants three months post workshop indicated many would-be growers were not aware 

of the complex nature of berry crop production. A good portion of those decided not

to pursue berry crop ventures. A smaller proportion of respondents indicated they are 

eagerly going forward with these new ventures; they felt better prepared to meet the 

challenges of berry crop production after attending the workshop.

 What types of production systems are NYS berry growers using (Figure 3)? Al-

though there is some variability, the majority of growers practice a no- or low-spray 

program (90.8%). Survey results indicate 33.5% of growers utilize either a ‘No Spray’ 

or a ‘Rigorous IPM Spray Program’, 39.8% are using a ‘Low Spray’ program and 17.5% 

of growers are growing berries organically (certifi ed or non-certifi ed). Th is desire to 

grow the crops with as few chemical inputs as possible was also clear in the interviews. 

Some growers expressed a concern about their own exposure, “I don’t want to have 

to expose myself to more chemicals than I need to.” Th is grower’s main concern was 

not marketing but their desire to limit personal exposure. Many growers expressed 

that a top concern of their customers, particularly U-pick customers, is the amount of 

chemicals that are used on their fruit. One grower commented “…it is often one of the 

fi rst questions that I get asked by customers…do you use chemicals?”  

Figure 4. Markets used by New York berry growers.

Figure 5. Advertising methods used by New York berry growers.

Fire Blight and Streptomycin: 

Th e Reality of Resistance

Nicole L. Russo and Herb Aldwinckle
Department of Plant Pathology New York State Agricultural Experiment Station, Cornell University, 
Geneva, NY 

“Streptomycin is the most eff ective 

antibiotic for control of fi re blight 

on apple and is likely to remain as 

such; therefore it is imperative to 

identify cases of antibiotic resistance 

early before bacterial populations 

become established. Since 2001, we 

have screened fi re blight samples 

for streptomycin resistance and 

have not found established resistant 

strains. However, the development of 

streptomycin-resistant fi re blight in New 

York is more a question of WHEN, not IF. 

It is the responsibility of the agricultural 

community to make a concerted eff ort to 

prevent resistance by the judicious use of 

streptomycin in order to safeguard the 

valuable eff ectiveness of streptomycin 

for future use. ”

T
he start of the New York apple season is just around the 

corner. With bloom rapidly approaching, now is the per-

fect time to start thinking about control of fi re blight. Fire 

blight, caused by 

the bacterium Er-

winia amylovora, 

can lead to sig-

nifi cant monetary 

losses in the form 

of reduced yield 

and tree death 

when initial dis-

ease outbreaks 

are not prevented. 

Fire blight is con-

ventionally con-

trolled by orchard 

sanitation and the 

application of the 

antibiotic strep-

tomycin during 

bloom. When ap-

plied effectively, 

streptomycin kills 

the fi re bight bac-

teria colonizing 

apple and pear 

blossoms ,  pre-

venting infection. Streptomycin has been used to control fi re blight 

for over 50 years with great success, but there is serious concern 

about the future of streptomycin use due to antibiotic resistance 

development by bacteria. 

Fire blight resistance to streptomycin
 Streptomycin-resistant strains of fi re blight are not a new phenom-

enon. Th ey were fi rst identifi ed in California pear orchards in the 

early 1970’s and have since been found in Washington, Oregon, 

Missouri, and most recently Michigan in the early 1990’s. In fact, 

streptomycin-resistant strains of fi re blight have developed in nearly 

every country where streptomycin is applied. Currently the north-

east growing region, including New York and Pennsylvania, remains 

the only major pome fruit-producing region in the United States 

that has not developed streptomycin-resistant fi re blight. Once 

resistance to streptomycin develops, and becomes established in 

an area, it is extremely stable in the environment. In California pear 

orchards, fi re blight bacteria, which are resistant to streptomycin 

could still be found ten years after application of the antibiotic had 

ceased. For this reason it is imperative to safeguard the New York 

growing region against the development of streptomycin-resistant 

fi re blight for as long as possible.

  Streptomycin acts by interfering with the ability of E. 

amylovora to synthesize certain vital proteins, killing the bacteria. 

Th ere are two ways resistance to streptomycin can develop. Th e 

most common type of resistance occurs through spontaneous 

mutation in the bacterial DNA, rendering the antibiotic harmless. 

Th ese mutations are natural variants that occur randomly within 

the bacterial population, regardless of streptomycin application. 

Although resistance arises spontaneously, it is the continued 

use of that antibiotic that will select for the resistant bacteria. 

Th e more numerous the resistant bacteria, the more likely they 

will become permanently established in the environment. Th e 

selection of resistant bacteria is described in Figure 1, where a red 

dot represents a randomly occurring resistant bacterial cell living 

on a newly opened apple blossom, along with several susceptible 

bacterial cells. When streptomycin is applied, the majority of 

susceptible bacterial cells are killed immediately.  No longer having 

to compete for resources the resistant bacterial cells are now free to 

multiply unchecked. Th e longer streptomycin is applied the more 

resistant bacteria will be selected in that particular orchard. 

  Th e second form of antibiotic resistance occurs when two dif-

ferent bacteria share genetic material, through a process known as 

bacterial conjugation or bacterial mating. Most bacteria contain 

small optional ‘packages’ of DNA known as plasmids, that are not 

necessary for the bacterium’s survival. Th ese plasmids contain 

genes that give the bacteria a competitive advantage, for example 

antibiotic resistance genes. When bacteria experience stressful 

environmental conditions, such as the application of an antibiotic, 

they undergo bacterial mating and exchange plasmids.  Plasmid 

exchange occurs when one bacterium creates a bridge connecting 

it to another bacterium. Plasmids can be passed through this bridge 

leading to the transfer of resistance genes. Plasmid exchange was 

found to be the cause of fi re blight resistance in Michigan, which is 

the only state with this form of resistance. Although rarely associ-

ated with fi re blight, plasmids containing streptomycin resistance 

genes are very common in the environment. At the Geneva Experi-

ment Station, Dr. Tom Burr found these plasmids responsible for 

streptomycin resistance in the Blister Spot bacterium, Pseudomonas 

syringae pv. papulans, in New York in the early 1990’s.
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  Th ere is very little scientifi c evidence as to why resistant 

strains of fi re blight have developed in some parts of the country 

but not in New York State. It is possible that the development of 

resistance is associated with a “cost to fi tness” to the bacteria. 

Th e term “cost to fi tness” refers to the idea that an organism 

will not gain resistance to an antibiotic or fungicide without los-

ing some other attribute. A bacterium might gain resistance to 

streptomycin but will be disadvantaged in some other way, for 

example slower growth. Investigation of E. amylovora resistant 

to streptomycin has not identifi ed a clear fi tness cost associated 

with resistance. However the reality that New York is not over-

run with streptomycin-resistant fi re blight, despite 50 years of 

annual streptomycin use, suggests there is some factor impeding 

resistance development that remains unknown.

  Th e consensus opinion on why resistance has not developed 

in New York is that orchards in the northeast historically used 

fewer antibiotic sprays during the growing season. Reduced ap-

plication of streptomycin would lessen the selection pressure on 

resistant strains. In California, where streptomycin-resistant fi re 

blight bacteria were fi rst identifi ed in 1971, streptomycin was 

applied 10 to 14 times a year, compared with current guidelines 

recommending one to three applications. In California, growers 

were also applying lower rates of streptomycin. Lower rates may 

have allowed bacteria to build a tolerance to streptomycin over 

the course of the growing season. In New York the most eff ective 

method to combat resistance development is to limit the number 

of unnecessary streptomycin sprays each season. 

Control strategies to delay resistance of fi re blight to 
streptomycin
To be eff ective, streptomycin must make direct contact with the 

fi re blight bacteria. Bloom is the only period in which the fi re 

blight bacteria are vulnerable to streptomycin. Aside from open 

blossoms E. amylovora is unable to survive on the plant surface, 

therefore application of streptomycin other than at bloom is a 

misuse of time and money. Th ere is some evidence that strepto-

mycin applied after a severe hailstorm can reduce levels of trauma 

blight, but this is only recommended if a moderate level of fi re 

blight is already present in the orchard. Th ere is no evidence 

that streptomycin is eff ective against the other phases of fi re 

blight, shoot blight or rootstock blight. Excessive application of 

streptomycin increases the odds of selecting for a resistant bacte-

rial population. Th is practice will also expose harmless orchard 

bacteria to unnecessary antibiotics increasing the likelihood of 

resistance gene transfer. 

  Alternative materials for control of fi re blight are continually 

being tested; however nothing has proven to be as eff ective or as 

durable as streptomycin. Several antibiotics have been formulated 

for use on fruit trees with promising results. Oxytetracycline has 

been approved for use on pears, and is available on a limited basis 

for apples in California and Michigan, for use in areas where strep-

tomycin-resistant fi re blight has been identifi ed. Oxytetracycline, 

however, is not as eff ective as streptomycin and only outperforms 

streptomycin in areas where streptomycin resistance occurs. In 

Israel, oxolinic acid is used to control fi re blight but resistant 

bacteria were identifi ed only one year after release. New antibiot-

ics, such as gentamicin (Agry-Gent) and kasugamycin (Kasumin, 

Arysta Lifescience Corp.) have been evaluated for the control of 

fi re blight. Unfortunately concern over the spread of antibiotic 

resistance to human pathogens has impeded the registration of 

new antibiotics for agricultural use. 

  Biological controls are a new class of products being tested for 

control of fi re blight. Th ese compounds are typically antagonistic 

bacteria that compete with fi re blight for nutrients, resulting in 

slower growth or death. An advantage to these products is that 

there is little chance for resistance development. Unfortunately, 

biological controls are not consistent in their ability to control fi re 

blight, and the additional cost is often too much for growers to 

aff ord. Another disadvantage lies in perfecting application timing 

for biological controls. Often these products need to be present 

before an infection event to be eff ective. Th erefore these products 

need to be applied early in bloom regardless of the certainty of an 

infection event. One way these products could prove useful is by 

acting as an alternative mode of action. When combating fungi-

cide resistance two products are alternated; the second chemical 

will kill any fungi resistant to the fi rst class of chemicals. Due to 

restrictions on antibiotic use, alternating two diff erent antibiotics 

is impossible.  Biologicals could, however, be used in combination 

with streptomycin to reduce the population of resistant bacteria 

before they become established. Presently further evidence is 

needed to support this strategy, but the potential is there. Recent 

evidence has shown that use of biologicals in combination with 

streptomycin will reduce blossom blight and as well as the number 

of streptomycin applications required at bloom. 

Figure 1. Fire blight bacteria colonizing a newly opened apple blossom. (A) A streptomycin-resistant bacterial cell (red dot) arises in a group of streptomycin-

susceptible bacteria (green dots). (B) The majority of susceptible bacteria are killed after application of streptomycin. (C) The remaining resistant 

bacteria fl ourish and become the dominant bacteria within the blossom.

18  NEW YORK STATE HORTICULTURAL SOCIETY NEW YORK FRUIT QUARTERLY .  VOLUME 17  .  NUMBER 1 .  SPRING 2009 11

Th e New Face of New York Berry 

Growers: Insights From the 2007 

NYS Berry Growers Survey

Rebecca Harbut, Cathy Heidenreich, Laura McDermott and Marvin Pritts

Department of Horticulture, College of Agriculture and Life Sciences, Cornell University
Ithaca, NY.

“DID YOU KNOW? 73% of NY berry growers 

are growing on six acres or less. Of those 

growers, 25% are growing on one acre 

or less. 79% of NY berry growers direct 

market their own fresh fruit through 

U-pick, farm stand and farmers’ market 

venues. NY Berry growers are satisfi ed 

with their lifestyles, optimistic about 

the future of their operations and the NY 

berry industry, and feel appreciated by 

their community.”

I
f you ask Californians what a berry farm looks like you will 

probably get descriptions of endless acres of plasticulture 

continuously being harvested and replanted. Floridians 

would probably direct you to Plant City where their strawberry 

industry is con-

centrated. But 

what sort of im-

age does a New 

Yorker conger up 

when they think 

of a berry farm?  

It depends on 

who you ask. If 

you ask shoppers 

at a NYC Green 

Market you will 

probably be told 

about the com-

mitted farmer 

that comes from 

the Hudson Valley to bring them fruit, perhaps a bit uncertain 

of what the farm actually looks like. Th e family in central NY 

visiting their local pick-your-own probably thinks of a family 

run operation, while the rural neighbor to the strawberry farm-

er thinks of the 50 acres that are rotated in and out of straw-

berries with small armies of pickers descending on the fi elds in 

June. While all of these images are somewhat diff erent they all 

include some sort of relationship with the farmer. Perhaps what 

best defi nes the New York berry farm is that it is an operation 

directly linked to the community it serves. 

NYS Berry Growers Survey
What sort of picture do we get if we ask a berry farmer to de-

scribe the typical NY berry farm? To answer that and other re-

lated questions, a survey was developed in fall 2007 as the fi rst 

part of a two-year NYFVI funded project to help promote berry 

production effi  ciency in NY. 

 Th e research study is aimed at 1) developing a clearer pic-

ture of New York berry growers, including what and how much 

they grow and to whom they are selling their produce, 2) im-

proving communication between berry growers and research-

ers in NYS and 3) identifying best management practices for 

improving berry production effi  ciency and sharing those with 

new and existing growers. 

 Th e fi rst part of the study involved a survey sent out to four 

hundred and fi ve growers across the state. Self-identifi ed berry 

farmers were members of the New York Berry Growers’ Asso-

ciation or local Cooperative Extension offi  ces, or those listed as 

berry producers with the Northeastern Organic Farmers Asso-

ciation of NY. Th ose with e-mail addresses were encouraged to 

complete the survey on line. Respondents without e-mail were 

contacted by regular mail and encouraged to fi ll out and mail 

back the 23-page survey. Th e survey took approximately 20-30 

minutes to complete. A fi nal survey question asked if growers 

would be willing to participate in a follow-up interview. As an 

incentive to encourage participation respondents were entered 

in a drawing to win either a complete set of NRAES Production 

guides for small fruit (strawberries, raspberries and blackber-

ries, highbush blueberries), or print copies of “2008 Pest Man-

agement Guidelines for Berry Crops” or “Greenhouse Raspber-

ries and Blackberries”.

 Th e second part of the study involved a short one-on-one 

interview with researcher Rebecca Harbut. Th e interview includ-

ed questions about the grower’s farming background and how 

they had acquired information about production practices over 

the course of their experience as a grower. Interviews were tape-

recorded in order to ensure accurate recording of responses. All 

responses were kept confi dential; and results do not allow identi-

fi cation of participants.

 Th e survey results will allow a better understanding of the 

NY berry industry and its needs including ways to improve com-

munication between growers and researchers. In addition, best 

management practices identifi ed in the survey were to be imple-

mented in small on-farm demonstration trials so that growers 

might observe fi rst hand those practices found to be most suc-

cessful. Mini-series of articles detailing the identifi ed best man-

agement practices are being prepared for New York Berry News

and will appear in the December 2008 (currants and gooseber-

ries), January (blueberries), February (raspberries and blackber-

ries) and March (strawberries) 2009 issues.

Characteristics of NY State Berry Growers
Eighty-nine growers responded from 37 counties across the state. 

Based on information gathered, most berry farmers considered a 

commercial berry farm to be fairly large (i.e. 15 acres or more), 

despite the fact that many of them had three acres or less. Many 

growers interviewed were concerned that their input would not 

be useful because they only have a small amount of acres in pro-

duction or they grow several other crops besides berries. 

 According to our study, one of the greatest misconceptions 

among growers is that a commercial berry farm has to be of a cer-

tain size to be considered a legitimate berry farm. As one grower 
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Fire blight resistance to streptomycin in NY State
Since 2001, Dr. Herb Aldwinckle’s lab at the New York State Ag-

ricultural Station in Geneva has screened fi re blight samples for 

streptomycin resistance. With the help of Debbie Breth (CCE Lake 

Ontario Fruit Program), Dr. Dave Rosenberger (Cornell University, 

Hudson Valley Lab), and Kevin Iungerman (CCE Northeast NY 

Fruit Extension Program), fi re blight samples from throughout NY 

have been screened for streptomycin resistance on a yearly basis. 

Yearly screening provides an early warning for the development 

of resistant strains. By identifying early outbreaks of streptomycin 

resistance eradication eff orts may be able to prevent the spread of 

the resistant bacteria. Although streptomycin resistance has not 

become established in New York there have been isolated cases of 

streptomycin-resistant fi re blight. In 2002, during a routine survey 

for streptomycin resistance, fi re blight samples from two neigh-

boring orchards in Wayne County, NY were found to be highly 

resistant to streptomycin. Th is constituted the fi rst authenticated 

report of streptomycin-resistant fi re blight in New York State. Th e 

growers in question contacted local extension personnel when 

fi re blight broke out in newly established plantings. Th e trees, 

which had yet to bloom, had extensive fi re blight cankers and 

were purchased from a nursery in southwest Michigan, which is 

known to have streptomycin-resistant fi re blight. Th ese factors led 

investigators to believe the trees might have been infected with 

antibiotic-resistant fi re blight prior to planting. Genetic evidence 

also supported the theory that resistant bacteria were imported 

from Michigan. Bacteria were found to have resistance plasmids 

similar to those found solely in Michigan. Fortunately this case 

was identifi ed early enabling the grower and extension agents to 

quickly take action to prevent the spread of the resistant bacteria. 

In 2003 both orchards were removed. Beyond the two initial plant-

ings, no streptomycin-resistant E. amylovora has been identifi ed 

in New York since 2003.

  Th is story is not meant to malign the nursery industry or to 

suggest it is dangerous to import nursery stock. Th e New York State 

apple industry relies heavily on imported nursery stock to establish 

new plantings and introduce new varieties, and is necessary to 

remain competitive in today’s market. Prohibiting the importation 

of plant material from states known to have streptomycin-resistant 

fi re blight is both impractical and unnecessary. Th e majority of 

apple nurseries are located in areas free of streptomycin-resistant 

fi re blight, and responsible nursery operations make a concerted 

eff ort to provide high quality disease free planting material. If 

not, each year there would undoubtedly be numerous instances 

of new diseases transported on infected plant material. It is im-

portant however for growers to be aware that plant material can 

act as a reservoir for antibiotic and fungicide resistant strains of 

pathogens, and to remain vigilant when establishing a new plant-

ing. Fortunately in this case immediate action by the growers and 

extension agents allowed for implementation of successful control 

and eradication measures. 

Conclusions
 Since the discovery of streptomycin-resistant E. amylovora in 

California in 1971 antibiotic usage in apple and pear regions has 

been reduced dramatically. Reduction in antibiotic sprays is largely 

possible due to the use of forecasting models such as MARYBLYT™ 

and CougarBlight™. Th ese programs analyze the likelihood of in-

fection using several factors including temperature, precipitation, 

and history of fi re blight at that particular location. Although these 

programs have reduced antibiotic sprays, apple and pear growers 

still depend on antibiotics to control fi re blight. Streptomycin is 

the most eff ective antibiotic for use on apple and is likely to remain 

as such; therefore it is imperative to identify cases of antibiotic 

resistance early before bacterial populations become established. 

Th e development of streptomycin resistant fi re blight in New 

York is more a question of WHEN, not IF. It is the responsibility 

of the agricultural community to make a concerted eff ort to pre-

vent resistance in order to safeguard the valuable eff ectiveness of 

streptomycin for future use.

Nicole Russo is a post doctoral research associate in the Dept. of Plant 
Pathology at Geneva who recently completed her PhD on fi re blight and 
the mechanisms of rootstock resistance to fi re blight. Herb Aldwinckle is a 
professor of plant pathology who specializes in fi re blight and its chemical 
and genetic control.
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