
 

PO BOX 136 | Wenatchee, WA 98807 | Phone:  (509) 665-9641 | Fax:  (509) 665-8541 
 

October 21, 2010 
 
 
Dr. Lisa M. Brines 
National List Coordinator 
USDA National Organic Program 
Standards Division 
(202) 720-8405 
lisa.brines@ams.usda.gov 
 
Re:  Petition to Remove Expiration Date from the Authorized Use of Tetracycline for the Control 

of Fire Blight in Apples and Pears 
 
Dear Dr. Brines: 
 
In accordance with the Federal Register Notice 72 FR 2167 (January 18, 2007), the Washington State 
Horticultural Association (WSHA), located in Wenatchee, Washington, is the petitioner requesting the 
removal of the expiration date from the authorized use of oxytetracycline for the control of fire blight in 
apples and pears.   
 
For the last 106 years WSHA has represented Washington state deciduous tree fruit growers and 
shippers concerning state legislative and regulatory issues and has focused on education of its members 
about emerging technologies affecting the tree fruit industry.  We have considerable concern for the 
proposed expiration of tetracycline. 
 
Although this petition has originated in the Pacific Northwest, the loss of tetracycline to control fire 
blight in apples and pears will have broad negative implications throughout the national organic tree 
fruit industry as indicated by those growers, grower groups and scientists who have voiced their concern 
and support for this petition during the busiest season (harvest) for this industry.  Fire blight is one of the 
most devastating diseases for the pome fruit industry.  In jeopardy nationally are 488.2 million pounds 
of organic apples (20,000 acres) and an additional 43.8 million pounds of organic pears (2,145 acres).i  
 
We urgently request that the National Organic Standards Board examine how the decision to expire 
tetracycline, without a viable alternative available, will adversely affect so many organic growers and 
acres of pome fruit and rescind its decision to expire tetracycline, currently the only product that can 
control fire blight consistently. 
 
We look forward to working with the NOSB as it reviews this petition and would gladly provide 
clarification of any concerns. 
 
Sincerely, 
 
 
 
Bruce Grim 
Executive Director 
Washington State Horticultural Association 
                                                 
i Organic Production Survey, 2007 Census of Agriculture, NASS, USDA 2008 



Petition to National Organic Standards Board (NOSB) for Removal 

of the Expiration Date for Tetracycline 

 

Petitioner:  Washington State Horticultural Association 

P.O. Box 136 

Wenatchee, WA  98807 

Phone: (509) 665-9641 ext. 813  

Contact: Bruce Grim, Executive Director 

Email: bruce@wahort.org 

 

Item A: This petition applies to tetracycline, an exempt synthetic substance currently 

authorized for control of fire blight on apples and pears under §205.601(i)(11) of 

the National List. 

Items B-1 through B-11: 

Information required for Items B-1 through B-11 has been previously submitted 

to the NOSB in the following petition: 

 NOP Tetracycline (Oxytetracycline Hydrochloride Complex) Petition, 

AgroSource, Inc., August 16, 2006.  See attachment. 

 

Item B-12. “Petition Justification Statement” 

In 75 FR 38696 (July 6, 2010) the NOP states: 

“… we note the NOSB’s recommendation to only allow the continued use 

of tetracycline for fire blight control until October 21, 2012.  Though some 

commenters have requested the removal of the expiration date from the 

use of tetracycline, the NOP recommends that such interested parties 

petition the NOSB using the petition process outlined in 72 FR 2167 

(January 18, 2007) to have the expiration date removed from the 

authorized use of the substance.” 

The petition herein submitted follows the recommendation by the NOP for interested parties and 

seeks removal of the expiration date from the authorized use tetracycline for control of fire blight 

in apples and pears. 

mailto:bruce@wahort.org
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Executive Summary 

Tetracycline, for control of fire blight in apples and pears, was added to the National List as an 

exempt synthetic substance under §205.601(i)(11) by final rule on December 21, 2000 (65 FR 

80613).  This action established October 21, 2007 as the sunset date for tetracycline subject to 

review as mandated by the Organic Foods Production Act (OFPA) of 1990 (7 U.S.C 6517(e)) 

which stipulates that each substance identified in §205.601 is subject to a sunset review process 

by the NOSB every five years.
1
  The first sunset review of tetracycline was completed by the 

NOSB Crops Committee on April 20, 2006 which recommended (by a vote of 7 in favor and 4 

opposed) to renew tetracycline to the National List.  Tetracycline was subsequently renewed by 

the NOSB to the National List by final rule on October 16, 2007 resetting its sunset date to 

October 21, 2012 (72 FR 58469). 

On July 6, 2010 – prior to a second sunset review of tetracycline – §205.601(i)(11) of the 

National List was amended by the NOSB which replaced the sunset date of October 21, 2012 for 

tetracycline with an expiration date of the same (75 FR 38693).  The replacement of the sunset 

date for tetracycline with an expiration date preempts a second sunset review and instead 

removes tetracycline from the National List effective October 21, 2012 without any further 

analysis of the consequences of this decision.  Thus, use of tetracycline for control of fire blight 

on organically grown apples and pears is no longer permitted in accordance with NOP rules after 

October 21, 2012. 

The removal of tetracycline as an exempted substance from the National List via expiration on 

October 21, 2012 will result in significant disruption to the organic apple and pear growing 

segment of the tree fruit industry and ultimately result in significantly fewer acres devoted to the 

growing of organic apples and/or pears in the United States.  Over the past decade, the 

availability of tetracycline to growers of organic apples and pears to control fire blight has been 

critically fundamental to the growth of that industry segment in the U.S., particularly in 

Washington State, Oregon and Idaho (the Pacific Northwest or “PNW”).  Tetracycline is the only 

substance with a proven and reliable record of fire blight control in regions where alternative 

control measures have lost effectiveness and/or where biological options to tetracycline have yet 

to attain a comparable level of disease control.  

                                                           
1
See at:http://farmlandinfo.org/documents/38361/Federal_Organic_Food_Production_Act.pdf 

http://farmlandinfo.org/documents/38361/Federal_Organic_Food_Production_Act.pdf
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Petitioner contends the expiration of tetracycline from the National List on October 21, 2012:  

1. will likely result in a significant net decrease in acreage devoted to the organic production 

of apples and pears in the major U.S. apple growing states, e.g., California, Michigan, 

New York and particularly in the PNW where the majority of organic apples and pears 

are grown;  

 

2. is unwarranted and unwise since biological alternatives to tetracycline currently available 

to growers of organic apples and pears are unreliable and/or ineffective under severe fire 

blight disease pressure and; 

 

3. lacks support from a broad segment of growers, packers and shippers of organic apples 

and pears; a wide range of state, regional and national commissions, boards, councils and 

leagues representing apple and pear growers; and a major segment of university and state 

extension researchers professionally involved with fire blight field studies and the 

exploration of alternatives to tetracycline for fire blight control. 

 

To avoid the adverse consequences likely to fall on organic apple and pear growers as a result of 

the loss of tetracycline from the National List via expiration, petitioner seeks removal of the 

expiration date and re-instatement of the sunset date of October 21, 2012 for tetracycline under 

§205.601(i)(11) of the National List. 
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Petition to Remove Expiration Date for Tetracycline and to Re-instate Sunset Date 

Petitioner submits three points to support removal of the expiration date for tetracycline and re-

instatement of its sunset date (October 21, 2012) under §205.601(i)(11). 

Point Number One: 

The loss of tetracycline for control of fire blight in organic apples and pears will result in a 

significant net reduction in the amount of organic apples and pears produced in major 

pome fruit producing states such as California, Michigan, New York, but particularly in 

the Pacific Northwest. 

Certified organic acres devoted to apples and pears in the U. S. have risen dramatically since the 

year 2000 principally in PNW.  In 2009 (latest year for which figures are available), 

approximately three-fourths of all organic apples and pears grown in the United States were 

grown in Washington State, where, in 2000 approximately 4,321 acres of apples were certified 

organic; by 2009 this figure had grown to 15,735 – an increase of 264%.  The trend for pears is 

similar: in 2000, there were approximately 575 certified organic acres in Washington State; by 

2009 there were 1,964 acres – an increase of 242%
2
.  While a number of factors contributed to 

these increased acreages, the approval in 2000 of tetracycline by the NOP to the National List as 

an exempted (naturally derived, semi-) synthetic substance gave organic apple and pear growers, 

particularly in the PNW and California the assurance that should an epidemic of fire blight occur, 

they would have an effective treatment to bring to bear in their efforts to combat this serious 

disease. 

Just how important the listing of tetracycline as an exempt substance on the National List has been to 

the growth of the organic apple and pear industry in Washington State was made clear in a survey of 

approximately 50 organic apple/pear growers conducted in early 2010 by Washington State 

University, Sustainable Agriculture Specialist David Granatstein3.  Over the past 5-10 years, organic 

growers have become increasingly aware of growing pressure to discontinue allowance of 

tetracycline and/or streptomycin to control fire blight in apples and pears.  At the same time growth 

of the organic pome fruit industry has created market forces spurring significant research into 

biological alternatives for fire blight control on apples and pears.  In this context, Granatstein asked a 

representative group of organic apple and pear growers the following:  

                                                           
2
 Data summarized from: Recent Trends in Organic Fruit Production, Washington State, 2009 by Elizabeth Kirby 

and David Granatstein, Washington State University Center for Sustaining Agriculture & Natural Resources, (WSU-

CSANR) and from personal communication from David Granatstein. 
3
Summarized from 2010 survey of organic apple and pear growers in Washington State: Organic Orchards: Needs 

and Priorities, conducted by David Granatstein (WSU-CSANR), Mark LaPierre, Wilbur-Ellis Co., and Nadine 

Lehrer, WSU-TFRC. 
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How would the loss of antibiotics, e.g., tetracycline, for fire blight control impact your operations? 

 13% stated the loss would reduce their organic pear acreage 

 35% stated it would reduce their acres of susceptible apple varieties, 

 28% stated they would exit organic apple and/or pear production altogether 

In other words, fully 76% of organic apple and pear growers surveyed indicated that without the 

ability to control fire blight using tetracycline4, they would either reduce or eliminate completely 

their organic apple and/or pear production. 

Granatstein also asked this same group of organic apple and pear growers: 

“In a severe fire blight year, would you be able to control the disease without antibiotics, e.g., 

tetracycline?” 

In response to this question, fully 82% of the organic apple and pear growers answered “No”.   

If more than four-fifths of organic apple and pear growers indicate a reduction or elimination of 

their production commitments in direct response to the loss of antibiotics, i.e., tetracycline, from 

their management tools, the clear message is that organic apple and pear growers fully realize 

that viable alternatives to tetracycline for the control of fire blight under severe disease pressure 

are simply not yet available to them. 

The results from Granatstein’s survey give strong indication that a loss of tetracycline to organic 

apple and pear growers will bring significant reductions in the amount of these fruit being 

produced organically.  Since over the past 10 years consumers have become more accustomed to 

– and are now actively seeking – organic apples and pears, Granatstein suggests that if American 

organic growers exit the market, the likely result will be that a comparable volume of organic 

apple and pear production is transferred overseas
5
 – presumably to locations where fire blight has 

not yet been identified.  Yet with fire blight now present in 43 countries
6
, organic apple and pear 

growers deprived of at least having the option to use tetracycline are forced to play “Russian 

Roulette” with their crop because eventually a fire blight epidemic will occur and the results will 

be devastating.  Entire orchards can be destroyed under sever fire blight epidemics (see 

photographs below).  In 1998 a severe fire blight epidemic in Washington State and Oregon 

                                                           
4
 Due to widespread streptomycin resistance in Oregon and Washington State, use of tetracycline is the predominant 

management tool used in the Pacific Northwest for the control of fire blight.   
5
Personal communication, David Granatstein, 2010. 

6
 Fire Blight, Erwinia amylovora, by Virginia Barlow, May 7

th
, 2009, Northern Woodlands, see at: 

http://northernwoodlands.org/articles/article/fire_blight_erwinia_amylovora/ 

http://northernwoodlands.org/articles/article/fire_blight_erwinia_amylovora/
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caused an estimated $68 million loss; in 2000 a fire blight epidemic in Michigan killed over a 

quarter million trees generating a $42 million loss to growers.  

 

Michigan apple orchard (var. Gala) killed by fire blight in 2000.  Photo courtesy Mark 

Longstroth, MSU Extension. 

 

Many European countries have banned or severely limited the use of antibiotics for the control of fire 

blight in pome fruit production.  Such efforts, however, have only increased pressure on growers in 

their annual battle against fire blight.  Serious outbreaks of fire blight occurred during the mid-1990s 

in Hungary, Romania and Spain.  In the Po Valley of northern Italy, fire blight epidemics since 1997 

have resulted in the destruction of over 500,000 pear trees in efforts to eradicate Erwinia amylovora, 

the pathogen responsible for fire blight (without success).
7
 

                                                           
7
Fire blight of apple and pear, on-line review article by Ken Johnson, Oregon State University.  See at: 

http://www.apsnet.org/edcenter/intropp/lessons/prokaryotes/Pages/FireBlight.aspx 

http://www.apsnet.org/edcenter/intropp/lessons/prokaryotes/Pages/FireBlight.aspx
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Portion of 200-acre apple orchard (var. Pink Lady) in Washington State devastated by 

fire blight in 2001.  Photo courtesy Timothy Smith, WSU Extension 

 

 

 
Washington pear orchard destroyed with fire blight (1988).  Photo courtesy  

(WSU Extension) Mike Willett, Northwest Horticultural Council 
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Other European countries’ apple and pear growing regions have also suffered outbreaks of fire blight 

in recent years.  McManus and Stockwell report that “…580,000 pear, apple and quince trees were 

destroyed in Romania from 1993 to 1997 and 340,000 pear and apple trees were destroyed in Croatia 

since 1995 in efforts to halt the spread of fire blight in those countries.”8  Germany, Austria and 

Switzerland have recognized the impracticality of these approaches and, along with recognition of 

the lack of effective products to control fire blight, have allowed the use of antibiotics when a severe 

outbreak of fire blight is present.  France and Greece have registered a quinolone-based antibiotic 

(Firestop) for fire blight control – recognizing that allowing growers of the decision to use antibiotics 

for the control fire blight is the best option currently available.   

In short, the European “model” provides clear evidence that production of organic apples and pears 

cannot be maintained indefinitely (let alone expanded) without the judicious use of antibiotics9.  

Evidence from current growers of organic apples and pears in the PNW combined with what has 

been observed when and where antibiotics have been eliminated for fire blight control in Europe 

indicates that the net result of a loss of tetracycline to the domestic organic apple and pear industry 

will most certainly be fewer certified organic acres, with corresponding less organic apples and pears 

being produced, especially in the PNW.  Such an outcome seems dramatically inconsistent with the 

goals and aspirations of the NOP to expand the production and consumption of organic apples and 

pears. 

Point One Summary: 

The growth of the organic apple and pear industry, especially in the PNW, has been driven over the 

past decade in no small measure by the fact that tetracycline has been defined as an exempt substance 

on the National List thus allowing the option for its use by organic apple and pear growers when 

faced with severe fire blight conditions.  Fire blight epidemics have utterly destroyed entire orchards 

causing millions of dollars in losses in various apple and pear growing regions, not only in the U.S. 

but in Europe as well.  Since the fire blight pathogen (Erwinia amylovora) is endemic to the U.S., a 

full-scale epidemic requires but suitable host plants, e.g., apple and pear trees, and environmental 

conditions favoring the pathogen’s growth – mean temperatures above 60F and a “wetting event” 

(light rain, dew, etc.).  In view of this reality, the loss of tetracycline from the National List will 

undoubtedly lead to a significant reduction in organic apple and pear acreage and the reversion of 

these organic orchards to conventionally-managed orchards simply because, in the face of potential 

                                                           
8
McManus, Patricia and Virginia Stockwell. 2000 Antibiotics for Plant Disease Control: Silver Bullets or Rusty 

Sabers?  APSnet Features, Online.  See at: 

http://www.apsnet.org/publications/apsnetfeatures/Pages/AntibioticsForPlants.aspx 
9
Widely available computer models allow apple and pear growers to incorporate current environmental conditions 

and past fire blight history in order to predict the likelihood and severity of fire blight for any given orchard.  Thus, 

critical real-time information is available to apple and pear growers to guide them in applying materials such as 

tetracycline only when needed.   

http://www.apsnet.org/publications/apsnetfeatures/Pages/AntibioticsForPlants.aspx
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severe fire blight pressure, consistently reliable alternatives to tetracycline for fire blight control are 

not yet available. 

Point Number Two 

Current biological alternatives for controlling fire blight in apples and pears do not 

provide an acceptable level of control under severe fire blight pressure to give growers of 

organic apples and pears enough confidence to maintain current levels of organic 

production without tetracycline. 

A number of agents, including (i) SAR (specific acquired resistance) inducing agents, 

Actigard
®
(acibenzolar-s-methyl), and Messenger

®
 (harpin protein), (ii) antagonistic microbial 

agents (based on a microbial displacement strategy), such as BlightBan
®

 A-506 (Pseudomonas 

fluorescens A506) and BlightBan
®
 C9-1 (Pantoea agglomerans), (iii) bio-control secondary 

metabolites such as Serenade
®
 (Bacillus subtilis strain QST 713) and (iv) phosphite materials, 

e.g., Phostrol
®
, K-Phite) have all been shown to provide inconsistent control when tested against 

fire blight. 

Copper (examples: Champ
®

 WG [copper hydroxide]), and Kocide
®
[copper hydroxide]) will also 

provide good control of fire blight, but is not a replacement for tetracycline and can only be used  

early in the growing season to suppress overwintering canker expression – meaning it cannot be 

safely used past the “green tip” stage.  If copper products are used during the bloom stage, they 

can result in phytotoxicity to the tree resulting in moderate to severe fruit russeting. 

Review of control recommendations (references attached) 

A review of the university literature and Cooperative Extension recommendations finds the 

following regarding the use of tetracycline.  In the situations were streptomycin resistance is a 

problem, the findings demonstrate how essential tetracycline is to apple and pear production and 

how compatible it is in an integrated pest control program.  It is also important to note here that 

the critical time for fire blight control with tetracycline is during bloom. 

Aldwinckle et al. (2001) of Department of Plant Pathology of Cornell University reported that 

the SAR product Messenger
®

 does not provide disease control while Serenade
®

 WP resulted in 

about 60% control.  Cuprofix
®
 (copper) provided excellent control but also resulted in heavy 

fruit russeting. 

The Oregon State University (OSU) Extension Service (J.W. Pscheidt, 2009) reviewed 

alternatives for fire blight control on pears and reported the following.  OSU found that 

tetracycline is an important tool in combating fire blight in Oregon due to the high incidence of 
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pathogen streptomycin resistance.  For BlightBan
®
 A506 (Pseudomonas fluorescence), OSU 

reported, “This product alone will not control fire blight and must be integrated into a regular 

antibiotic schedule.  BlightBan
®
 A506 reduces strikes by only by 40 to 50% but may be useful 

anytime antibiotics are applied within 48 hours of an infection period.”  Regarding Bloomtime 

Biological FD (Pantoea agglomerans, strain E325), OSU reports, “This product alone will not 

control fire blight and must be integrated into a regular antibiotic schedule.”  And for Serenade
®

 

MAX (Bacillus subtilis Strain QST 713), OSU reported, “It does not work if used like 

biologicals early in the bloom season.”   

Timothy Smith of Washington State University (WSU) in April, 2001 reported that biological 

control agents provide only partial reduction of fire blight infections of from 50 to 80% in field 

tests and that the more effective and agronomically viable degree of control occurred only when 

bactericides were used.  Smith’s work showed no evidence of tetracycline resistance while its 

field efficacy was rated at 85-95%.  Several SAR products were also tested and the control of 

these products varied from 0 to 20%.  Smith also noted that streptomycin sulfate is no longer 

effective in most of the PNW.  His findings demonstrate the need to maintain tetracycline as a 

viable option for organic orchard disease maintenance. 

Cooley et al. (2009) of the University of Massachusetts Extension service reported on fire blight 

on apples.  Cooley found that Serenade
® 

(Bacillus subtilis) performance was erratic in the field 

when it was the only material applied.  Cooley also noted that phosphite materials have shown 

some reduction of the disease when compared to treated controls but that this reduction was not 

on the same level as a an antibiotic such as tetracycline.   

Paul Steiner of the University of Maryland presented a report in 1998 on fire blight on apples.  

Steiner reported on copper materials and that these materials can be used up to “green tip” and 

pointed out that applications made after the half-inch green stage can produce unacceptable 

levels of fruit and foliar damage.  He reported that the bacterial antagonists Pseudomonas 

fluorescens, Pf-A506 (BlightBan
®
) and C9-1 showed good activity in protecting against fire 

blight.   However, he also stated that these antagonists did not provide the level of nor the 

dependability of disease control as found with an antibiotic such as tetracycline. 

Lindlow et al. (1996) tested the interaction of bactericides on Pseudomonas fluorescens strain 

A506 in the control of fire blight to pear in California in a long term study.  They found that 

combinational use of A506 and streptomycin sulfate or tetracycline acted additively in 

controlling the disease and reported that “while the incidence of fire blight infection was reduced 

by strain A506 by about 50% when applied alone, combination treatments including single 

applications of strain A506 and weekly applications of either streptomycin or tetracycline 
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reduced disease incidence by about 70% compared with that on untreated trees.”  These results 

clearly indicate that a viable treatment option for organic orchard growers would be early 

applications of A506 as a preventative followed by tetracycline at or near bloom time on 

orchards experiencing streptomycin resistance. 

Stockwell et al. (2008) evaluated the integrated control of fire blight by using microbial 

antagonists and tetracycline in Oregon on pears and apples.  The group evaluated A506 

(Pseudomonas fluorescens) and C9-1 (Pantoea agglomerans) along with tetracycline on Bartlett 

pears and Golden Delicious and Rome Beauty apples over a three year period using small test 

orchards.  These microbial antagonists were applied prior to a bloom application of tetracycline 

in order to allow the microbes the opportunity to out-compete with the fire blight pathogen, 

Erwinia amylovora.  This sequential application method improved the performance of 

tetracycline from 42 to 57% as compared to the control.  They concluded, “we evaluated 

Mycoshield
® 

[equivalent product: FireLine
™

, also known as FlameOut
™

 (oxytetracycline)], 

which is a moderately effective antibiotic for fire blight management, as the chemical component 

of the integrated control strategy.  The improved control with biocontrols over sprayed with 

Mycoshield
®
 is likely due to several factors.  Generally, we found that treatment of flowers with 

biological control agents and Mycoshield
®
 did not kill the fire blight pathogen, but this two-

pronged approach hampered the growth or establishment of the pathogen on flowers.  We 

speculate that the reduction in growth rate or establishment of the pathogen may allow flowers to 

progress through their natural development stages from highly susceptible to less susceptible to 

infection before the pathogen attains high population sizes.” 

Peracetic acid (PAA, also known as peroxyacetic acid, a mixture of acetic acid and hydrogen 

peroxide) has been suggested as an organic control treatment against fire blight in apples and 

pears.  PAA is commonly used in food processing facilities, hospitals, restaurants, etc. as a 

sanitizing agent (biocide) because it is a strong oxidizer capable of killing bacteria on inert (non-

biological) surfaces such as stainless steel and concrete.  Although PAA has been registered as 

an antimicrobial pesticide by the Environmental Protection Agency (EPA) since 1985, its 

registration is for indoor use only on hard, non-porous surfaces.
10

  Nevertheless, the reasoning by 

some seems to be that if PAA kills bacteria in a food processing facility, it should be able to kill 

the bacteria responsible for causing fire blight in an apple or pear orchard.  

In an email dated May 3
rd

, 2010, the Northwest Horticultural Council, a trade association 

representing tree fruit producers in Idaho, Oregon and Washington, asked Dr. Ken Johnson, 

                                                           
10

 Pesticides: Topical & Chemical Fact Sheets, Anthrax spore decontamination using hydrogen peroxide and 

peroxyacetic acid, Environmental Protection Agency, July 2007.  See at: 

http://www.epa.gov/pesticides/factsheets/chemicals/hydrogenperoxide_peroxyaceticacid_factsheet.htm 

http://www.epa.gov/pesticides/factsheets/chemicals/hydrogenperoxide_peroxyaceticacid_factsheet.htm
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Professor, Department of Botany and Plant Pathology at Oregon State University and Tim Smith, 

Washington State University extension agent to comment on the possibility of using PAA as a 

treatment for fire blight.  Johnson and Smith are two widely-respected tree fruit researchers and 

extension workers in the Pacific Northwest with a combined professional experience in fire 

blight field studies exceeding 40 years.  Their comments are reproduced below verbatim.       

Ken Johnson: “… there's a general interest in these products for plant disease control, but 

demonstrated efficacy by the scientific community is virtually nil.   The various oxidizing 

sanitizers do a good job on concrete surfaces (e.g., potato storage), equipment, and perhaps as a 

treatment for irrigation water, but their punch dissipates nearly instantly on an organic surface 

(no residual).   Epiphytic Erwinia amylovora associate intimately on surfaces of pear and apple 

flowers (more so than non-pathogens), and thus are not sufficiently exposed to fast acting 

oxidizers.   A peracetic acid application might hit a few cells of E.a., but it would be only be a 

relatively small proportion of what's there.   If conditions were right, these would be quickly 

replaced (a few hours).”  

Tim Smith: “I’m not aware that this product has been tested and shown to be effective for the 

control of fire blight.  In all my years of attending the ISHS World Workshop on Fire Blight 

(since 1986), I have no recollection of any reputable scientist claiming efficacy for this 

substance, though similar products may have been tested and found ineffective.  In general, those 

products that are otherwise good bacterial sanitizers (such as hydrogen peroxide, sodium 

hypochlorite and quaternary ammonias) are effective on inert substrates such as kitchen 

countertops, but are rapidly tied up by the organic matter on trees.” 

Although the EPA has registered PAA as a pesticide, it has done so for use only as a disinfectant 

and sanitizer on hard non-porous (non-biological) surfaces; PAA is not currently labeled for use 

on apples and/or pears for the control of fire blight.  Petitioner knows of no PAA registrant 

pursuing a label for use of this substance on apples and/or pears to control fire blight. 

Point Two Summary 

Literature, university extension service publications, and method development findings 

demonstrate the following:  (i) Tetracycline is the only consistently viable solution left for 

effective disease control where streptomycin resistance is present; in geographical areas that do 

not currently experience streptomycin resistance, a rotational use of these two important 

bactericides should be considered as a means to avoid resistance development; (ii) Registered 

copper products, if used just prior to or during the bloom stage, can result in significant losses 

from either blossom phytotoxicity or severe fruit russeting; (iii) Phosphite materials will not 
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effectively control fire blight; (iv) SAR materials, such as Actiguard and Messenger
®
, are also 

not effective in controlling fire blight; (v) Antagonist bacterial products using Erwinia herbicola, 

Pantoea agglomerans (C9-1), Pseudomonas fluorescens A506 (Blight Ban), and bio-control 

agents such as Bacillus subtilis (Serenade
®
) are not effective when used alone or in combination 

with one another and, at times, the control has been referred to as erratic.  This periodic lack of 

control may be due to the fact that in order to be successful, these microorganisms must be 

established on the plants’ surfaces and in the flowers in order to out compete (via population 

displacement) or control (via secondary metabolites) the pathogen (Erwinia amylovora); if the 

pathogen is not completely displaced or controlled by the antagonist bacteria, then the flowers 

will be infected; (vi) Tetracycline is known to provide excellent control of fire blight and there 

are cases in which that control can been improved by the use of microbial antagonists when the 

antagonists are used first as preventatives followed by tetracycline prior to and during flowering 

(vii) Research has shown (Stockwell et al, 2008) that a two-pronged approach of using microbial 

antagonists prior to using tetracycline will hinder either the growth rate and/or the establishment 

of Erwinia amylovora in the apple and pear flowers, thus reducing or eliminating fruit loss; (viii) 

The antagonist microorganisms, Pantoea agglomerans (C9-1) (Erwinia herbicola), 

Pseudomonas fluorescens, and Bacillus subtilis are capable of producing a number of antibiotics 

that are similar and/or dissimilar to tetracycline and (ix) use of peracetic acid (PAA) as an 

alternatives to tetracycline is not a viable option because, among other factors, biocidal mode of 

action cannot be successfully adapted to work in a biological environment such as an apple or 

pear orchard. 

Point Number Three 

Removal of the Sunset Date for tetracycline and its replacement with an expiration date 

does not have widespread support among those groups most directly affected by this action, 

namely –  

 growers, packers and shippers of both organic and conventional apples and/or 

pears, 

 various university and state extension scientists involved with fire blight field studies 

and the exploration of alternatives to tetracycline for fire blight control, and  

 a broad range of organizations dedicated to research, education, promotion and 

marketing of both organically and conventionally grown apples and pears.  

Petitioner canvassed representatives from among the apple and pear growing industry and asked 

the following question –  
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“How will the loss of tetracycline in 2012 affect your commitments to organic production 

of pome fruit?” 

Respondents to this question ranged from growers with relatively “small” organic acreages (1 - 

100 acres) to “medium” organic growers (101 – 250 acres) to “large” organic growers (>250 

acres).  Representative responses to the above question from each grower size category are 

reproduced below. 

“Small” organic apple/pear growers (1 – 100 acres) 

 Name: Gary Middleton 

Organization: Middleton Organic Orchards, Washington State 

Position in Organization: Owner/Grower 

Comments: “I am the owner and grower of a 100 acre orchard on which we grow organic apples, 

blueberries and cherries.  At issue is our 16 acre block of Gala apples.  Over the past 5-7 years fire blight 

has decimated approximately 5-6 acres throughout this block of apples which equates to over 4,000 trees 

and a financial annual loss of $75K - $90K.  Fortunately, we have had the opportunity to utilize Mycoshield 

[equivalent product: FireLine
™

, aka FlameOut
™

 (oxytetracycline)] or the losses certainly would have been 

much greater. Without products such as Mycoshield it is highly likely that our entire Gala block would need 

to be destroyed. Replanting is not an economical alternative even if the Geneva rootstock was available. 

Like other orchardists we are anxiously anticipating new organic products to suppress fire blight. However, 

I am not aware of any products at this time or the near future. We have utilized bacteria control such as 

Blight Ban and Bloom time with extremely nominal results. These are not viable options however we still 

utilize them to help suppress the disease. The cost per acre to apply Mycoshield is $147.56 per acre with a 

maximum of four applications per year. The cost of Blight Ban is $174.87 per acre with a maximum of six 

applications per year.  These do not include the cost of spraying. I cannot emphasize enough how we are 

concerned about the integrity of the organic products we provide to our consumers. We take pride and 

ownership in the fruit that we produce. This is a complex matter at best and there are no easy solutions but 

with confidence I can say that with stringent monitoring and limited use of antibiotics we can continue to 

move forward until a true organic solution becomes available.” 

 

 “Medium” organic apple/pear growers (101 – 250 acres) 

 Name: Luis Hernán Acuña 

Organization: CF Fresh (Fruit broker representing “many growers in Washington and California, selling a 

significant volume of organic apples and pears across the U.S. and abroad.”) 

Position in Organization: Co-President 

Comments: “Fire blight is a tremendous problem for apple and pear growers.  A grower could get wiped 

out by not having the proper material to control that disease.  Organic growers deserve a chance to count 

on this material or an alternative material that satisfies the requirements of the National Organic Program 

fully. The NOSB cannot leave us to perish because they think tetracycline is unnecessary.  The organic pear 

market will be destroyed by taking this product.” 
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Name: Nick Stephens 

Organization: Columbia IPM, Inc., Washington State 

Position in Organization: Production Consultant 

Comments: “The loss of oxytetracycline would cause irreparable harm to the organic apple and pear 

industry of Eastern Washington.  There is no effective substitute for oxytetracycline that will prevent an 

epidemic from killing untreated orchards during a severe infection period.  No grower can assume the 

degree of risk that this potential rule change would impose.” 

 

 Name: Chet Dufault 

Organization: Emmanuel Enterprises, Inc., Washington State 

Certified Organic Acres 
Apples 105 acres; Cherries 27 acre; Grapes 94 acres 

Position in Organization: Manager 

Comments: “Discontinuing the use of Tetracycline will have a very negative impact on organic apple 

production.  It will leave growers with no effective control against a wide spread fire blight infection.  It will 

force many growers to return to conventional production which in turn could have a negative impact on 

them financially.” 

 

 “Large” organic apple/pear growers (>250 acres) 

 Name: Cragg M. Gilbert 

Organization: Gilbert Orchards, Washington State 

Position in Organization: General Manager/Farmer 

Comments: “The loss of tetracycline would result in us pulling the following varieties from organic 

production: Cripps Pinks and Galas.” 

 

 Name: Harold V. Austin IV 

Organization: Zirkle Fruit Company, Washington State 

Position in Organization: Director of Orchard Administration, also Board Director, Washington State 

Department of Agriculture Organic Advisory Board 

Comments: “We grow, pack and sell our own fruit, represented as a large producer/handler in the organic 

program.  We currently farm both conventional and organic apples, cherries, pears, and blueberries in 

Washington State.  Oxytetracycline is an extremely important part of our fire blight control program for 

both apples and pears.  There are certain varieties that would most likely not be able to be continued to be 

farmed organically without oxytetracycline, such as Pink Lady, Honeycrisp, Gala, Fuji, some of our 

pollinizer trees, as well as our Bosc and Bartlett pears.  There are other products available for use, but none 

of these compounds come anywhere close to giving us the control aid that we get and rely on from 

oxytetracycline. These other products do not give us the control or the range of application timing.  The only 

effective “post bloom” product that we currently have is oxytetracycline, the others are extremely in-

effective in giving us adequate control of fire blight after bloom.  It is our firm belief that without 

oxytetracycline as one of the tools in our fire blight control program we will not be able to keep certain 

blocks of fruit in our current organic program.  We could easily be looking at removing over 500 acres 

(minimum) from the organic program.  We sincerely urge the NOSB to consider postponing the removal of 

oxytetracycline from the current proposed deadline, until an effective replacement product can be found.  

We have all worked too hard to build the organic programs to their current levels (both within our state and 

nationally) to allow such a huge setback to occur.” 
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Name: Jim Phipps 

Organization: Stemilt Growers, representing small, medium and large organic apple and pear growers, in 

Washington and California States 

Position in Organization: Food Safety Coordinator 

Comments:  “Some varieties in some areas would not be economically feasible to continue production.  If 

conditions were right for a terrible fire blight year and we did not have tetracycline, we could not control an 

outbreak. Most of the block would have to be destroyed to keep infection from reaching good trees. Of 

particular concern are: Pink Lady, Gala and Fuji apples and Bosc pears.” 

 

Petitioner also canvassed a wide segment of university researchers and state extension 

personnel/crop advisors having extensive experience in fire blight research and/or investigation 

into alternatives to tetracycline (or antibiotics in general) for the control of fire blight.  The 

question put forth to these individuals was –  

“Is the current level of organic pome fruit production and market share in your region 

sustainable if tetracycline (assuming strep resistance exists in your region) is lost as a 

tool to manage severe outbreaks of fire blight?” 

Responses to this question were submitted via email to petitioner and are reproduced below: 

 Name: Ken Johnson, Ph.D. 

Contact information: 541-737-5249, johnsonk@science.oregonstate.edu 

Affiliation: Oregon State University, Corvallis, Oregon 

Position: Professor 

Comments: “[R]emoving oxytetracycline  from the NOP approved materials list is likely have these two 

impacts: a) some growers may be faced with the tough choice of saving an orchard or losing certification, 

and b) the diversity of cultivars (and perhaps quantity of fruit) produced under the NOP standard would 

likely decline.  Our research at Oregon State U. has been actively addressing the question of non-antibiotic 

control of fire blight.  We have made some progress in improving control, and expect to make more.  

Nonetheless, with non-antibiotic materials, achieving the level of control that is obtained with 

oxytetracycline is a tough goal and likely impossible from a material cost point-of-view.  For most cultivars 

of pear and many newer cultivars of apple, if fire blight attains a moderate level of infection, it has the 

potential to destroy an entire orchard without intervention with antibiotic materials. As problems in crop 

protection go, there are very few pests that have this kind of destructive potential.” 

 

 Name: David Granatstein, M.S. 

Contact Information: 509-663-8181 ext. 222, granats@wsu.edu 

Affiliation: Washington State University, Center for Sustaining Agriculture and Natural Resources, (WSU-

CSANR), Wenatchee, WA 

Position: Sustainable Agriculture Specialist 

Comments: “While I am not a plant pathologist, I do work extensively with organic tree fruit producers in 

Washington State, the Northwest, and other parts of the world.  Currently Washington State provides the 

large majority of organic apples and pears to the U.S. market.  Our climate is relatively conducive to 

organic pome fruit production compared to more humid regions such as New York or Michigan.  However, 

we do have fire blight disease present in the region.  It is a disease that does not occur every year or on 

every orchard, and thus actual treated area with antibiotics such as tetracycline is not extensive.  However, 

once a tree becomes infected with fire blight, it can kill parts or all of the tree, and provide an inoculum 

mailto:johnsonk@science.oregonstate.edu
mailto:granats@wsu.edu
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source to further infect the orchard.  As growers have switched to newer apple varieties to appeal to 

consumers, some of the new varieties are significantly more susceptible to fire blight than older varieties 

such as Red Delicious.  And organic consumers appear to prefer the newer varieties over the older ones.   

Based on a survey I did in February 2010 at an organic tree fruit grower meeting, growers did indicate 

that the loss of tetracycline would be a serious impact.  While other controls are being developed and 

tested, growers generally do not consider any of them to be adequate in a severe fire blight infection year.  

Thus, in their survey responses, they indicated that they would likely reduce their organic acres of 

susceptible apples and pears, or perhaps exit organic production altogether, due to the increased risk of 

orchard loss to fire blight.  Since Washington State is the primary supplier of organic apples and pears, 

and since other regions of the U.S. have not proven nearly as suitable for organic pome fruit production, a 

reduction in organic apple and pear acreage in Washington due to the loss of tetracycline would likely 

result in either a contraction of supply or an increase in imports of organic apples and pears from other 

countries that do not have fire blight present.   

Growers are comfortable with the antibiotic exception for organic apples and pears being removed once 

alternatives have been well proven and are commercially available.  At this point, the alternatives are not 

well-proven to the level of efficacy that antibiotics provide, and the risk of significant or total loss of an 

orchard block to fire blight is large enough that loss of antibiotics will likely lead to contraction of 

production, based on the responses to my survey and conversations with growers.” 

 Name: David Rosenburger, Ph.D. 

Contact Information: 845-691-7151,dar22@cornell.edu 

Affiliation: Cornell Hudson Valley Laboratory, Department of Plant Pathology and Plant-Microbe 

Biology, Cornell University, Ithaca, New York 

Position: Professor of Plant Pathology and Plant-Microbe Biology, Superintendent, Cornell University 

Hudson Valley Lab 

Comments: “Maintaining registration for tetracycline on organically-produced pome fruits could be a 

determining factor in whether or not there will ever be a significant acreage of organic pome fruits in 

Northeastern United States because organic growers need effective tools to prevent fire blight from killing 

their trees.  Organic apple and pear producers in New York and New England struggle to control the 

fungal diseases that are prevalent on pome fruits in this area, but they would find it impossible to control 

fire blight without access to antibiotics. Farmers would be foolish to invest in organic pome fruit 

production if they knew in advance that organic standards would limit their access to the antibiotics that 

provide the only effective means for controlling fire blight.  Establishing a new orchard now costs more 

than $10,000 per acre, and only the perversely foolish person would consider putting that level of 

investment into an organic orchard if they knew in advance that organic standards might prevent them 

from controlling a disease that could kill most of their trees within two years. 
 

Yes, biorational products like Serenade are registered to control fire blight, but extensive research has 

shown that these products have almost no value when used alone and are only marginally effective when 

used in alternations with standard antibiotic treatments (see Plant Disease 93:386-394 [2009]). 
 

Currently, streptomycin is still working in New York and New England, so streptomycin will be the first 

choice of antibiotic when growers need to protect blossoms from the fire blight bacterium.  However, 

streptomycin-resistant strains of the fire blight bacterium could appear in New York at any time, and when 

that occurs, growers will need an alternative that can be accessed immediately.  Thus, while loss of 

tetracycline for organic pome fruit production would presumably have little short-term impact on organic 

fruit producers in this region, loss of this valuable tool could prove disastrous in the longer-term and could 

be a determining factor for growers considering investments in organic pome fruit production.” 

mailto:dar22@cornell.edu
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Name: Jim. E. Adaskaveg, Ph.D. 

Contact Information: 951-288-9312, jim.adaskaveg@ucr.edu 

Affiliation: Department of Plant Pathology, University of California, Riverside, California  

Position: Professor 

Comments:  “In California the apple and pear industry has widespread streptomycin resistance in the 

major production regions of the state. Our surveys conducted with the support of the apple and pear 

industries of California over the last several years have indicated that approximately 50% of isolates 

collected from commercial orchards are resistant to streptomycin. Currently, the entire organic and non-

organic pome fruit industry is heavily dependent on the use of tetracycline for managing fire blight. This is 

further demonstrated by the fact that the California Apple Commission has previously supported a Section 

18 emergency registration for tetracycline use on apples. If this tool is lost, extensive crop losses may occur 

under conducive environments and streptomycin resistance will increase. Furthermore, if tetracycline is 

not available for organic growers, this situation will jeopardize the existence of organic farming of apples 

and pears in California. Currently, there are no other organic treatments available that have the same 

level of efficacy as tetracycline. Thus I strongly support the continued “organic” status and registration of 

tetracycline as one of the main tools for managing fire blight in organic and non-organic pome fruit 

orchards in California.” 
 

 Name: Timothy J. Smith 

Contact Information: 509-667-6540, smithtj@cahnrs.wsu.edu  

Affiliation: Washington State University, Wenatchee, Washington  

Position: Area Extension Specialist, Tree Fruit 

Comments:  “While we are working to develop alternative organically acceptable materials for the control 

of fire blight, and there are some products that show great promise, there are no such alternative 

presently.  After all other steps to reduce the chance of infection are taken, products that directly protect 

the flowers from infection by the disease bacteria must be applied when disease forecasting models indicate 

high risk of infection.  There is nothing to do after the infection event but wait to see how much, if any, 

damage was done to the orchard.  Damage ranges from zero to complete loss of the orchard. If infection 

occurs, large portions of the tree or the entire tree must be removed.  No other tree fruit disease threatens 

the level of damage that fire blight can inflict on the orchard.  Oxytetracycline is a substance derived from 

nature through the process of fermentation.  It is far more natural than many other substances approved 

for organic production.  This product has remained effective for 35 years in Washington due to its unique 

mode of action against bacteria. Resistance to this substance is unlikely to occur in the Erwinia amylovora 

bacteria, and selection pressure is very slight on other bacteria in the environment.  As for humanexposure, 

limit seasonal spraying to the time of season that it is effective, primary bloom to 30 days after, and the 

residue on food will be infinitesimal.” 

 

 Name: Philip Schwallier 

Contact Information: 616-490-7917, schwalli@msu.edu 

Affiliation: Michigan State University Extension, Grand Rapids, Michigan  

Position: District Horticulture Agent  

Comments:  “Fire blight is a devastating disease of apples and pears.  Organic producers have few to no 

good alternatives.  Removal of registration would reduce or eliminate production for many growers.  I 

support the continued use of tetracycline for organic fruit production.” 
 

 Name: Dan Griffith 

Contact Information:  509-575-8382, dang@gslong.com 

Affiliation: G.S. Long Company, Union Gap, Washington 

Position:  Crop Advisor 

mailto:jim.adaskaveg@ucr.edu
mailto:smithtj@cahnrs.wsu.edu
mailto:schwalli@msu.edu
mailto:dang@gslong.com
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Comments: “I am a crop advisor with lots of organic acreage of pome fruits. Losing tetracycline would 

have a terrible effect on the growers of existing organic apples & pears. The damage would be 

devastating.” 

In addition to the above testimony from organic growers and researchers involved directly with 

fire blight, the following table lists organizations, commission, and boards representing apple 

and pear growers (both organic and conventional) across the U.S. that have received a copy of 

this petition.  On behalf of the thousands of apple and pears growers they represent, each 

organization has endorsed this petition for removal of the expiration date of tetracycline. 

Organization No. Growers* Represented 

California Apple Commission 70 

California Pear Advisory Board Approx. 180  

Columbia Gorge Fruit Growers 440 

Northwest Horticultural Council Approx. 3,700 

New York Apple Association, Inc. Approx. 700 

Pear Bureau Northwest/USA Pears Approx. 1,550 

Tilth Producers of Washington Approx. 400 

U.S. Apple Association Approx. 7,500 

Washington Apple Commission Approx. 2,200 

Washington State Horticultural Association Approx. 1,500 

Washington Growers Clearing House 2,200+ 

Washington Tree Fruit Research Commission † 

Washington Growers League 407 

Wenatchee Valley Traffic Association ‡ 

Yakima Valley Growers and Shippers Assoc. ‡ 
 

*Figure includes both organic and conventional growers of apples and pears. 

†The Washington Tree Fruit Research Commission (WTFRC), though not directly representing growers as other 

organizations listed here, is a public institution serving apple and pear growers through on-going research and 

education into a variety of areas related to tree fruit, including fire blight research and management. 

‡This organization serves both the Washington Apple Commission and the Pear Bureau Northwest with a combined 

membership of approximately 3,750 growers. 

Finally, both manufacturers and registrants of agricultural tetracycline (oxytetracycline) for 

control of fire blight in apples and pears fully support this petition to the NOSB (see table 

below). 

Manufacturer 
Tetracycline (Oxytetracycline) Product 

Trade Name 

AgroSource, Inc. FireLine
™

 17 WP, aka FlameOut
™

 

Nufarm Americas, Inc. USA Mycoshield
®
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Point Three Summary 

A representative group of grower/packer/shippers of organically grown apples and/or pears were 

asked to supply a written statement for inclusion in this petition regarding the impending 

removal of tetracycline from the National List via expiration.  In addition, written comment in 

this matter was also requested from a wide range of individuals within the scientific community 

involved with fire blight research.  Based on comments received by the petitioner in this matter, 

a broad segment of pome fruit growers see the expiration of tetracycline from the National List 

as having serious repercussions to their commitments to continue producing organically grown 

apples and/or pears.  They base their view on the inescapable reality that fire blight epidemics 

continue to occur each year and consistently reliable alternative biological control measures in 

the face of a full-scale fire blight epidemic are not yet available to them.  This point is further 

substantiated by the written testimony from a wide range of pomologists, field research scientists 

and state extension agents across the U.S. familiar with the current state of fire blight research 

and with the local conditions in which they conduct their research.  Testimony from those most 

involved in fire blight research does not indicate agreement with action taken by the NOSB to 

remove tetracycline from the National List.  In addition, various commissions, councils, research 

groups, boards and trade associations devoted to the research, production and promotion of 

apples and pears, collectively representing thousands of small, medium and large apple and pear 

growers – both organic and conventional, have endorsed this petition because they clearly 

recognize the adverse impact the loss of tetracycline will have on their grower members.  In 

short, the removal of tetracycline from the National List via expiration is not supported by a 

large segment of those directly involved with the production of organic apples and pears nor is it 

supported by broad range of researchers actively investigating biological alternatives to 

tetracycline neither is it supported by a wide range of commissions, boards and grower 

organizations representing thousands of apple and pear growers across the U.S. 

Petition Summary and Conclusions 

The United States Department of Agriculture (USDA), Agricultural Marketing Service, 7 CFR, 

Part 205 – National Organic Program, Subpart G – Administrative, contains the National List of 

Allowed and Prohibited Substances (the National List) for use in organic agriculture.  Within the 

National List §205.601 establishes that certain synthetic substances may be used in organic crop 

production provided the “…use does not contribute to contamination of crops, soil, or water.”  

The Organic Foods Production Act (OFPA) of 1990 mandates that each substance identified in 

§205.601 is subject to a sunset review process by the NOSB every five years.  The first sunset 

review for tetracycline was conducted by the NOSB – Crops Committee in 2006 prior to its 

sunset date of October 21, 2007.  On April 20, 2006 the NOSB-Crops Committee voted to 
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recommend renewal of tetracycline as an exempted substance on the National List. 

Subsequently, tetracycline for fire blight control was renewed to the National List on October 16, 

2007.  With a new sunset date of October 21, 2012, tetracycline would be removed from the 

National List pending a sunset review as per OFPA, a majority vote to recommend renewal by 

the Crops Committee as an exempted substance under §205.601, a vote by the NOSB to accept 

the recommendation and final rule adoption.  

On July 6, 2010 final rule action amended §205.601(i)(11) replacing the sunset date for 

tetracycline (October 21, 2012) with an expiration of the same date.  This action circumvents the 

OFPA-mandated sunset review process for tetracycline and removes it from the National List as 

fait accompli.  Consequently, use of tetracycline for control of fire blight on organically grown 

apples and pears is no longer permitted in accordance with NOP rules after October 21, 2012. 

Approval of tetracycline through the petition process to the NOP National List in 2000 gave 

apple and pear growers the confidence to expand acreages devoted to these crops while facing 

possible outbreaks of fire blight.  The result for the past decade has been a greater abundance of 

organic apples and pears for consumers and greater participation and acceptance on the part of 

apple and pear growers to the National Organic Program as well as many state organic programs.  

Should the expiration date for tetracycline be allowed to stand, the result will be a net reduction 

in the number of acres devoted to growing organic apples and pears simply because the risk of 

growing these fruit crops without the option of tetracycline to control a fire blight epidemic is too 

great for most growers to bear.  In the end, the loss of tetracycline will mean many – perhaps a 

majority – of organic apple and pear orchards will be converted back to conventionally managed 

orchards. 

By the rule change adopted on July 6, 2010 a process to remove tetracycline from the National 

List has been set in motion that fails to give adequate regard to the adverse consequences such 

action will have on organic apple and pear growers in the United States.  Petitioner requests an 

amendment to remove the expiration date and re-instatement of the sunset date of October 21, 

2012 for tetracycline under §205.601(i)(11) of the National List.  A re-instatement of tetracycline 

to the National List for approved substances will give growers of organic apples and pears 

throughout the United States confidence to continue their production commitments and future 

plans while development of biological alternatives for the control of fire blight continues to 

advance.  The rapid growth in organic apple and pear acreage, especially in the PNW, over the 

past ten years has justified significant research efforts to develop biological alternatives for the 

control of fire blight.  Should the expiration date for tetracycline be allowed to stand, dramatic 

reductions in organic apple and pear acreages will undoubtedly lead to a reduction in research 

priority levels for biological alternatives to tetracycline.  Therefore, maintaining tetracycline on 
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the National List is vital to not only existing growers of organic apples and pears in their annual 

battle with fire blight but for the continuation of multiple research efforts underway to develop 

viable biological alternatives to tetracycline for the control of fire blight in apples and pears. 
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Because of the large document size, attachments can be found in a separate pdf file. 

1. Reference Articles 

2. NOP Tetracycline (Oxytetracycline Hydrochloride Complex) Petition, AgroSource, Inc., 

August 16, 2006.  Redacted CBI version. 

3. AgroSource Fireline™ Label and MSDS  

4. NuFarm Mycoshield® Labels and MSDS 

5. Letter of Support- California Apple Commission 



Petition to National Organic Standards Board (NOSB) for Removal of the  

Expiration Date and Re-Instatement of the Sunset Date for the Tetracycline  

Page 1 of 1 

 

 
 

Attachments 

1. Reference Articles 

2. NOP Tetracycline (Oxytetracycline Hydrochloride Complex) Petition, AgroSource, Inc., 

August 16, 2006.  Redacted CBI version. 

3. AgroSource Fireline™ Labels and MSDS 

4. NuFarm Mycoshield® Labels and MSDS 

5. Letter of Support- California Apple Commission 

 


























































































































































































































































































dcarter
File Attachment
ASI Petition to NOSB for OTC-HCl CBI Redacted revised 10-10-07 (2).pdf




KEEP OUT OF REACH OF CHILDREN


CAUTION
Si usted no entiende la etiqueta, busque a alguien para que se la explique a usted en detalle. 


(If you do not understand the label, find someone to explain it to you in detail.)


Fungicide/Bactericide
Agricultural Oxytetracycline


• For control of Fire Blight on pear and apple and Bacterial Spot on peach and nectarine.


Active Ingredient: 
Oxytetracycline Hydrochloride* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   18.30%
Related Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     0.17%
Other Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   81.53%


100.00%
*Equivalent to 17% oxytetracycline


GROUP 41 FUNGICIDE


EPA Reg. No. 80990-1
EPA Est. No. 39578-TX-1
Product Number 1001


AgroSource, Inc.
P.O. Box 1341


Mountainside, New Jersey 07092-0341


NOTICE:  Read the entire Directions for Use and Conditions of Sale and Limitation of Warranty and Liability before buying or using this 
product. If the terms are not acceptable, return the product at once, unopened and undamaged, and the purchase price will be 
refunded. 


REV 80990-1
(120508 1087013-3363)


17 WP


This is a specimen label, intended for use only as a guide in providing general information regarding use of this product.


As labels are subject to revision, always carefully read and follow the label on the product container.







FIRST AID
Call a poison control center or doctor immediately for treatment advice.


If In Eyes: • Hold eye open and rinse slowly and gently with water for 15-20 min-
utes. Remove contact lenses, if present, after the first 5 minutes, then
continue rinsing eye.


If On Skin or • Take off contaminated clothing.
Clothing: • Rinse skin immediately with plenty of water for 15-20 minutes.


HOT LINE NUMBER


Have the product container or label with you when calling a poison control center or doc-
tor or going for treatment. You may also contact InfoTrac at 1-800-535-5053 for emergency
medical treatment information.


PRECAUTIONARY STATEMENTS
Hazards To Humans & Domestic Animals


CAUTION: Causes moderate eye irritation. Harmful if absorbed through skin. Avoid contact
with eyes or clothing. Do not breathe spray mist. Prolonged or frequently repeated exposure
may cause allergic reactions in some individuals. Wash thoroughly with soap and water after
handling and before eating, drinking, chewing gum or using tobacco. Remove and wash con-
taminated clothing before reuse. This material is not to be used for medical, veterinary or
human purposes.


Personal Protective Equipment (PPE):


Some materials that are chemical resistant to this product are listed below. If you want more
options, follow the instructions for Category A on an EPA chemical resistant category selec-
tion chart.


Applicators and other handlers must wear:
• long-sleeved shirt
• long pants
• chemical-resistant gloves made of any waterproof material
• shoes plus socks
• NIOSH approved respirator with any N, R, P or HE filter


Follow manufacturer’s instructions for cleaning/maintaining PPE. If no such instructions for
washables, use detergent and hot water. Keep and wash PPE separately from other laundry.


Engineering Control Statements:


When handlers use closed systems or enclosed cabs in a manner that meets the require-
ments listed in the Worker Protection Standard (WPS) for agricultural pesticides [40 CFR
170.240(d)(4-6)], the handler PPE requirements may be reduced or modified as specified in
the WPS.


User Safety Recommendations:


Users should:
• Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.
• Remove clothing immediately if pesticide gets inside. Then wash thoroughly and put on


clean clothing.


Environmental Hazards


Do not apply directly to water, to areas where surface water is present or to intertidal areas
below the mean high water mark. Do not contaminate water when cleaning equipment or
disposing of equipment washwater.


DIRECTIONS FOR USE


It is a violation of Federal law to use this product in a manner inconsistent with its labeling.


Do not apply this product in a way that will contact workers or other persons, either directly or
through drift. Only protected handlers may be in the area during application. For any require-
ments specific to your State or Tribe, consult the agency responsible for pesticide regulation.


AGRICULTURAL USE REQUIREMENTS


Use this product only in accordance with its labeling and with the Worker Protection
Standard, 40 CFR part 170.  This Standard contains requirements for the protection of
agricultural workers on farms, forests, nurseries and greenhouses, and handlers of agri-
cultural pesticides. It contains requirements for training, decontamination, notification
and emergency assistance. It also contains specific instructions and exceptions pertain-
ing to the statements on this label about personal protective equipment (PPE) and
restricted entry interval. The requirements in this box apply to uses that are covered by
the Worker Protection Standard.


Do not enter or allow worker entry into treated areas during the restricted-entry interval


(REI) of 12 hours.


For early entry to treated areas that is permitted under the Worker Protection Standard
and that involves contact with anything that has been treated, such as plants, soil or
water, wear:


• Coveralls over long-sleeved shirt and long pants
• Chemical-resistant gloves made of any waterproof material
• Shoes plus socks
• Protective eyewear


Do not apply this product through any type of irrigation system.


This product contains the antibiotic oxytetracycline. To reduce the development of drug-
resistant bacteria and maintain the effectiveness of this and other antibacterial products, this
product should be used only to treat or prevent infections that are proven or strongly sus-
pected to be caused by bacteria.


This material is not to be used for medical or veterinary purposes.


Resistance Management Statements: FIRELINE™ 17 WP Fungicide/Bactericide Agricultural
Oxytetracycline contains a Group 41 (fungicide/bactericide). Fungal isolates/bacterial strains
with acquired resistance to Group 41 may eventually dominate the fungal/bacterial popula-
tion if Group 41 fungicides/bactericides are used repeatedly in the same field or in succes-
sive years as the primary method of control for targeted species. This may result in partial
or total loss of control of those species by FIRELINE™ 17 WP Fungicide/Bactericide
Agricultural Oxytetracycline or other Group 41 products.


To delay fungicide/bactericide resistance consider:
• Avoiding the consecutive use of FIRELINE™ 17 WP Fungicide/Bactericide Agricultural


Oxytetracycline or other target site of action Group 41 fungicides/bactericides that have a
similar target site of action, on the same pathogens.


• Using tank-mixtures or premixes with fungicide/bactericides from different target site of
action Groups as long as the involved products are all registered for the same use and are
both effective at the tank mix or prepack rate on the pathogen(s) of concern. Do not use any
product that has a prohibition on tank mixing and follow the more restrictive use directions.


• Basing fungicide/bactericide use on a comprehensive IPM program.
• Monitoring treated fungal/bacterial populations for loss of field efficacy.
• Contacting your local extension specialist, certified crop advisors, and/or manufacturer for


fungicide/bactericide resistance management and/or IPM recommendations for specific
crops and resistant pathogens.


Treatment of Apples, Pears, Peaches & Nectarines:


MIXING: To avoid possible pesticide contamination, use only clean metal or plastic contain-
ers in preparing all solutions.


*ppm = parts per million


Additional information regarding use of FIRELINE™ 17 WP Fungicide/Bactericide Agricultural
Oxytetracycline may be obtained from your local Agricultural Extension Agent or State
Experimental Station.


Use of FIRELINE™ 17 WP Fungicide/Bactericide Agricultural Oxytetracycline may cause
phytotoxicity to the fruit and/or foliage of sensitive varieties of pears, apples, peaches and
nectarines.


STORAGE AND DISPOSAL
Do not contaminate water, food or feed by storage or disposal.
Pesticide Storage: Keep tightly closed and sealed. Product is moisture, temperature and
light sensitive. Product is hygroscopic so protect from moisture. Store in a cool (<77°F,
25°C), dry place away from heat and open flames with minimum exposure to the atmos-
phere. Avoid extremes in temperature.
Pesticide Disposal: Wastes resulting from the use of this product may be disposed of on
site or at an approved waste disposal facility.
Container Disposal: Nonrefillable Container. Do not reuse or refill this container.
Completely empty bag into application equipment, then offer bag for recycling if available
or dispose of in a sanitary landfill, by incineration, or if allowed by State and local author-
ities, by burning. If burned, stay out of smoke.


EMERGENCY TELEPHONE NUMBER: 
InfoTrac: 1-800-535-5053 


Crop Disease


Recommended 


Concentration 


or Rate


Use Directions


Apples Fire Blight
(Erwinia
amylovora)


200 ppm Begin applications at the start of bloom at a
dosage of 50 to 150 gallons of spray solution
per acre. The recommended method of appli-
cation is by airblast sprayer. Repeat spray
applications at 3 to 6 day intervals until the
end of bloom. One additional application is
permitted after the end of bloom. Do not
apply more than a total of 6 applications per
year. Do not apply more than 150 gallons of
spray solution per acre per application or
more than 1.5 Ib. of FIRELINE™ 17 WP


Fungicide/Bactericide Agricultural
Oxytetracycline per acre per application. Do
not apply within 60 days of harvest. Use of
FIRELINE™ 17 WP Fungicide/Bactericide
Agricultural Oxytetracycline may cause phyto-
toxicity to the fruit and/or foliage of sensitive
varieties of apples.


Pears Fire Blight
(Erwinia
amylovora)


200 ppm Begin spray application at 10% bloom at a
rate of 50-100 gals. of solution per acre.
Repeat applications at 4 to 6 day intervals.
This may involve up to 8-10 applications. Do
not apply within 60 days of harvest. Use of
FIRELINE™ 17 WP Fungicide/Bactericide
Agricultural Oxytetracycline may cause phy-
totoxicity to the fruit and/or foliage of sensi-
tive varieties of pears, especially Asian
varieties.


Peaches &
Nectarines


Bacterial
Spot
(Xanthomonas
pruni)


150 ppm Begin application with shuck split using a
rate of 3 gallons per tree (240 gals. spray
solution per acre based on 80 trees per
acre). Apply spray solution to point of
runoff. Gallons of spray per acre may be
increased for larger trees. Do not exceed
500 gals. of spray solution per acre. Use
pressure sprayer capable of delivering the
spray at least 250 lbs. pressure per square
inch through a hand-held single nozzle gun, or
150 lbs. pressure per square inch using a
wind-blast sprayer. For best results with air-
blast sprayer, do not exceed 3 miles per
hour ground speed or 100 miles per hour
spray velocity.


Note: The spray application schedules are
based on a definite biological growth period
for peaches, the shuck split. Shuck split
stage for peaches varies North to South by
state, in individual states and by varieties.
Applications are weekly after shuck split
stage. This may involve up to 8 or 9 applica-
tions. Do not apply within 3 weeks of
harvest.


MIXING INSTRUCTIONS


Concentration


Desired
Quantity FIRELINE™ 17 WP Fungicide/Bactericide 


Agricultural Oxytetracycline Per Volume of Water


ppm* 50 gals. 100 gals. 500 gals.


150 6.0 oz. 12.0 oz. 3 3⁄4 lbs.


200 8.0 oz. 16.0 oz. 5 lbs.







Conditions of Sale and Limitation of Warranty and Liability


The Directions for Use of this product must be followed carefully. It is impossible to elimi-
nate all risks inherently associated with the use of this product. Crop injury, ineffectiveness
or other unintended consequences may result because of such factors as manner of use or
application, weather or crop conditions, presence of other materials, resistant strains or other
influencing factors in the use of the product, which are beyond the control of AgroSource,
Inc. or Seller. All such risks shall be assumed by Buyer and User, and Buyer and User agree
to hold AgroSource, Inc. and Seller harmless for any claims relating to such factors.


AgroSource, Inc. warrants that this product conforms to the chemical description on the
label and is reasonably fit for the purposes stated in the Directions for Use, subject to the
inherent risks referred to above, when used in accordance with directions under normal use
conditions. This warranty does not extend to the use of the product contrary to label instruc-
tions, or under abnormal conditions or under conditions not reasonably foreseeable to or
beyond the control of Seller or AgroSource, Inc., and Buyer and User assume the risk of any
such use. TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, AGROSOURCE, INC.
MAKES NO OTHER WARRANTIES OF MERCHANTABILITY OR OF FITNESS FOR A PARTICU-
LAR PURPOSE NOR ANY OTHER EXPRESS OR IMPLIED WARRANTY.


To the extent consistent with applicable law, AgroSource, Inc. or Seller shall not be liable for
any incidental, consequential or special damages resulting from the use or handling of this
product. TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, THE EXCLUSIVE REMEDY
OF THE USER OR BUYER, AND THE EXCLUSIVE LIABILITY OF AGROSOURCE, INC. AND
SELLER FOR ANY AND ALL CLAIMS, LOSSES, INJURIES OR DAMAGES (INCLUDING
CLAIMS BASED ON BREACH OF WARRANTY, CONTRACT, NEGLIGENCE, TORT, STRICT LIA-
BILITY OR OTHERWISE) RESULTING FROM THE USE OR HANDLING OF THIS PRODUCT,
SHALL BE THE RETURN OF THE PURCHASE PRICE OF THE PRODUCT OR, AT THE ELECTION
OF AGROSOURCE, INC. OR SELLER, THE REPLACEMENT OF THE PRODUCT. AgroSource,
Inc. and Seller offer this product, and Buyer and User accept it, subject to the foregoing con-
ditions of sale and limitations of warranty and of liability, which may not be modified except
by written agreement signed by a duly authorized representative of AgroSource, Inc.


Fireline is a trademark of AgroSource, Inc.


Active ingredient made in China. Formulated and packaged in the USA by AgroSource, Inc.
©2008 AgroSource, Inc. All rights reserved.
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MATERIAL SAFETY DATA SHEET
SECTION 1 - PRODUCT AND COMPANY IDENTIFICATION


TRADE NAME: Fireline™ 17 WP fungicide/bactericide
PRODUCT NUMBER: 1001
EPA REGISTRATION NUMBER: 80990-1
ACTIVE INGREDIENT: Oxytetracycline Hydrochloride
CAS NUMBER: 2058-46-0
CHEMICAL NAME: 2-naphthacenecarboxamide, 4-(dimethylamino)-
1, 4, 4a, 5, 5a, 6, 11, 12a-octahydro-3, 6, 10, 12 dioxo-monohy-
drochloride, 12a pentahydroxy-6-methyl-1, 11-dioxo-monohy-
drochloride
ANSI COMMON NAME: Oxytetracycline
MOLECULAR FORMULA: C22H24N2O9HCl (oxytetracycline
hydrochloride)
CHEMICAL CLASSIFICATION: Antibiotic
USE: Control of bacterial diseases on agricultural crops.
MANUFACTURER:
AgroSource, Inc.
P.O. Box 1341
Mountainside, New Jersey 07092-0341
U.S.A.
General Information: (908) 931-9001


EMERGENCY TELEPHONE NUMBERS:
IN CASE OF EMERGENCY CALL INFO TRAC
(800) 535-5053 or (352) 323-3500


SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS


Unidentified inert ingredients are proprietary and/or non-hazardous.
** Permissible Exposure Limits (PEL) & Threshold Limit Value (TLV) are 8-hour time weighted average (TWA).


SECTION 3 - HAZARD IDENTIFICATION


EMERGENCY OVERVIEW


IMMEDIATE CONCERNS:
• Free flowing yellow to tan powder
• Thermal decomposition and burning may form toxic by-products
• For large exposures or fires, wear personal protective equip-


ment


POTENTIAL HEALTH EFFECTS: Effects from over exposure may result
from either swallowing, inhaling or coming into contact with skin or
eyes. Symptoms of oxytetracycline hydrochloride exposure include
gastrointestinal irritation, nausea and vomiting. Exposure may cause
allergic reaction and anaphylaxis to occur in sensitive individuals.
Eye contact may cause moderate eye irritation. As with other antibi-
otics, it has the potential to change the micro flora of the intestine
and allow overgrowth of non-susceptible organisms.


MEDICAL CONDITIONS AGGRAVATED: Excessive exposure to any
dust may aggravate pre-existing respiratory conditions. May cause
allergic reaction and anaphylaxis to occur in individuals with allergic
history or pre-existing dermatitis.
SECTION 4 - FIRST AID MEASURES


EYE CONTACT: If in eyes, hold eye open and rinse slowly and gently
with water for 15-20 minutes. Remove contact lenses, if present,
after the first 5 minutes, then continue rinsing eye.


SKIN CONTACT: If on skin or clothing, take off contaminated clothing.
Rinse skin immediately with plenty of water for 15-20 minutes.


INHALATION: If inhaled, remove to fresh air. If person is not breath-
ing, call 911 or an ambulance, then give artificial respiration, prefer-
ably mouth-to-mouth if possible. Call a poison control center or doc-
tor immediately for further treatment advice.


INGESTION: If swallowed, call a poison control center or doctor
immediately for treatment advice. Have the person sip a glass of
water if able to swallow. Do not induce vomiting unless told to do so
by a poison control center or doctor. Do not give anything by mouth
to an unconscious person.


NOTES TO PHYSICIAN: Treat symptomatically. There is no specific
antidote. Emesis may be indicated in recent substantial ingestion
unless the patient is or could rapidly become obtunded, comatose or
convulsing. Is most effective if initiated within 30 minutes. Plasma tetra-
cycline levels are not clinically useful. No specific lab work (CBC, elec-
trolyte, urinalysis) is needed unless otherwise indicated.  Anaphylaxis
may be managed with appropriate supportive measures including
securing an adequate airway, epinephrine and diphenhydramine.


SECTION 5 - FIREFIGHTING MEASURES


EXTINGUISHING MEDIA: In case of fire use water spray, dry chem-
ical, foam or CO2 extinguishing media.
FIRE FIGHTING PROCEDURES: Wear full protective clothing and
self-contained breathing apparatus. Evacuate non-essential per-
sonnel from the area to prevent exposure to fire, smoke, fumes or
products of combustion. Prevent use of contaminated buildings,
area and equipment until decontaminated.


Component %w/w CAS Number OSHA PEL** ACGIH TLV**


Oxytetracycline
(hydrochloride)


17 2058-46-0 Not Established Not Established


Quartz 14808-60-7 0.1 mg/cu m
Respirable Dust


0.1 mg/cu m
Respirable Dust


Inert Ingredient Not Available 3 mg/cu m
Respirable Dust


3 mg/cu m
Respirable Dust


Inert Ingredient Not Available 10 mg/cu m
Total Dust
5 mg/cu m


Respirable Dust


10 mg/cu m
Total Dust
5 mg/cu m


Respirable Dust


17 WP


This document has been prepared to meet the requirements of U.S. OSHA Hazard Communication Standard, 29, CFR 1910.1200. 
The information contained herein is for the concentrate as packaged unless otherwise indicated.
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FIRE AND EXPLOSION HAZARDS: None known. As with all dry pow-
ders, it is advisable to ground material equipment in contact with dry
material to dissipate the potential buildup of static electricity.
FLASH POINT: Not Applicable
AUTO IGNITION TEMPERATURE: Not Available
FLAMMABILITY: Not Available; Limits - Not Applicable
HAZARDOUS DECOMPOSITION PRODUCTS ASSOCIATED WITH FIRE:
May emit carbon monoxide, carbon dioxide, nitrogen oxides, hydro-
gen chloride gas.


SECTION 6 - ACCIDENTAL RELEASE


SPILL AND DISPOSAL PROCEDURES: Control the spill at its source
and prevent it from spreading, contaminating soil, or entering
sewage or drainage systems or bodies of water. Clean up spills
immediately and use suitable protective equipment (Section 8).
Keep unnecessary persons away. If emergency response personnel
are unavailable or unwarranted, clean up a solid spill by carefully
sweeping up the material (avoid creating dust) and using a proper
tool to place it into an appropriate disposal container. If liquid, cover
the spill with an absorbing material and follow the same procedure
used for a solid spill. Scrub the area with a hard water detergent.
Pick up liquid with absorbent material and follow the same proce-
dure used for a solid spill. Dispose of or treat all spill residues
according to applicable local, state and federal regulations (Section
13). Use suitable protective equipment (Section 8). Follow fire pre-
vention procedures (Section 5).


SECTION 7 - HANDLING AND STORAGE


ENGINEERING CONTROLS: Local exhaust ventilation sufficient to
control dust is recommended.
HANDLING PROCEDURES AND EQUIPMENT: Avoid generating dust.
Use respiratory protection in the absence of adequate ventilation con-
trols (Section 8). Wash skin thoroughly after shift exposure. Keep con-
tainers closed when not in use. Clean up spills promptly (Section 6).
HANDLING AND STORAGE: Store in a cool, dry place and protect
from moisture. Avoid contact with skin or eyes. Do not breathe dust
or spray. Do not ingest. Wash hands before eating, drinking, chew-
ing gum, using tobacco or using the toilet. Do not store food, bever-
ages or tobacco products in the storage area. Protect containers
from damage. Use entire contents of packages, do not store open
packages. Keep out of reach of children and domestic animals. For
agricultural crop uses only.


SECTION 8 - EXPOSURE CONTROLS, PERSONAL PROTECTION


NOTE: The following recommendations for exposure controls and
personal protection are for the manufacturing, formulating or pack-
aging this product. For commercial application and/or on-farm use,
consult the product label.
INHALATION: Use MSHA/NIOSH approved dust/mist respirator with
any R, P, or HE filter. Do not breathe dust or spray.
SKIN CONTACT: Wear chemical resistant (e. g. nitrile or butyl) gloves,
coveralls, socks and chemical resistant footwear. For overhead expo-
sure, wear chemical resistant headgear.
EYE CONTACT: Safety glasses required. Use chemical splash goggles
if potential exists for direct exposure to dust, splashes or sprays.
Facilities storing or utilizing this material should be equipped with an
eyewash facility and a safety shower.
INGESTION: Prevent eating, drinking, tobacco usage and cosmetic
application in areas where there is potential for exposure. Wash thor-
oughly with soap and water after handling.


SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES


APPEARANCE: Free flowing, yellow to tan powder
ODOR: Odorless to faint odor.


MOLECULAR WEIGHT: 496.9 (Oxytetracycline hydrochloride)
SOLUBILITY IN WATER: Oxytetracycline hydrochloride is soluble in
water.
PH: 2.5-4.0
VOLATILE COMPONENTS (% w/w): < 8% (water)
DENSITY (lb./cu ft): 42.7 loose, 63.7 compacted
BOILING POINT (degrees C/degrees F): Not applicable
FREEZING POINT (degrees C/degrees F): Not applicable
MELTING RANGE (degrees C/degrees F): Not available
VAPOR PRESSURE (mm Hg @ degrees C/degrees F): Not available


SECTION 10 - STABILITY AND REACTIVITY


STABILITY: Stable under normal storage and use conditions.
Hygroscopic; moisture can cause decomposition.
HAZARDOUS POLYMERIZATION: Should not occur.
HAZARDOUS DECOMPOSITION: None known.
INCOMPATIBILITIES: Decomposed by strong acids and alkalis.
STORAGE CONDITIONS: Hygroscopic, protect from moisture.
Sensitive to air, light, heat and bases so protect from exposure.
Keep containers sealed and avoid damage.


SECTION 11 - TOXICOLOGICAL INFORMATION


Oxytetracycline


MUTAGENIC POTENTIAL: None observed.
REPRODUCTIVE HAZARD POTENTIAL: Possible risk of congenital
malformation in the fetus.
CHRONIC/SUB-CHRONIC TOXICITY: Gastrointestinal irritation with
nausea, epigastric pain and burning, vomiting, abdominal pain, tran-
sitory yellowish-brown discoloration of the tongue, anorexia and
diarrhea have been reported following oral administration. Blood
disorders (delay in coagulation) have been reported. Possible hyper-
sensitization and super-infections due to overgrowth of organisms
not affected by the antibiotic agent. Three types of renal disease is
associated with over exposure: Acute Non-Oliguric Renal Failure
(individuals with pre-existing pancreatitis or fatty liver), Uremia (indi-
viduals with pre-existing impaired renal function), and Reversible
Nephrotoxicity (due to out-dated or degraded tetracyclines).
CARCINOGENIC POTENTIAL: Not classifiable based on its IARC,
ACGIH, OSHA, NTP or EPA.
INERT INGREDIENTS
Note: Crystalline silica (quartz and cristobalite); inhalation of high
dust levels can cause pneumoconiosis, silicosis or pulmonary fibro-
sis. Listed by IARC as a Group 2A carcinogen (lung) based on limit-
ed evidence in humans and sufficient data in animals. Listed by the
NTP as a substance reasonably anticipated to be a carcinogen.


SECTION 12 - ECOLOGICAL INFORMATION


ENVIRONMENTAL FATE: Oxytetracycline is unstable to light and
heat, it should not accumulate in the soil.
OTHER: This product is a pesticide. Avoid contact of spilled materi-
als and runoff with soil and surface waterways. 


Test Species Result


Oral LD50 Mouse 6,646 mg/kg, Practically Non-Toxic


Dermal LD50 Rabbit >2,000 mg/kg, Slightly Toxic


Eye Rabbit Moderately Toxic


Skin Rabbit Non-Irritating


Skin Guinea Pig Sensitizing
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SECTION 13 - DISPOSAL CONSIDERATION


DISPOSAL: Do not reuse product containers. Dispose of product
containers, waste containers and residues according to local, state
and federal health and environmental regulations.
Characteristic Waste: Not Applicable
Listed Waste: Not Applicable


SECTION 14 - TRANSPORT INFORMATION


U.S. DOT (Department of Transportation) CLASSIFICATION: Not reg-
ulated by DOT
REPORTABLE QUANTITY (RQ): None
SHIPPING FREIGHT DESCRIPTION: Insecticides or Fungicides,
Agricultural, N. O. S.
ICAO/IATA CLASSIFICATION: Not available.
IMDG CLASSIFICATION: Not available.


SECTION 15 - REGULATORY INFORMATION


TOXIC SUBSTANCES CONTROL ACT (TSCA) CLASSIFICATION:
Exempt. Oxytetracycline is a non-hazardous, non-restricted sub-
stance. It is listed in the TSCA inventory but is not regulated.
Subject to FIFRA.
RCRA HAZARDOUS WASTE CLASSIFICATION (40 CFR 261): Not
Applicable.
CERCLA/SARA 302 REPORTABLE QUANTITY (RQ): None
EPCRA SARA Title III Classification: 


Section 311/312:  Acute Health Hazard & Chronic Health Hazard. 
Section 313: Toxic Chemicals: Not Applicable.


SECTION 16 - OTHER INFORMATION


NFPA HAZARD RATINGS: Health 1, Flammability 0, Instability 0 (0-
Minimal, 1-Slight, 2-Moderate, 3-Serious, 4-Extreme)
HMIS HAZARD RATINGS: Health N/A, Flammability N/A, Reactivity
N/A (0-Minimal, 1-Slight, 2-Moderate, 3-Serious, 4-Severe)
IMPORTANT: While the descriptions, data and information con-
tained in the Material Safety Data Sheet are presented in good faith
and are believed to be accurate as of the date indicated,
AgroSource, Inc. makes no warranty with respect hereto and dis-
claims all liability from reliance thereon. The Material Safety Data
Sheet is provided for guidance only. Many factors may affect the
product during processing, application or use. Therefore, it is rec-
ommended that packagers, handlers and users test to determine
suitability under their specific conditions. 
Fireline is trademark of AgroSource, Inc.


© 2007 AgroSource, Inc.
Original Issued Date: 01/16/98; Revision Date: 11/15/04; Replaces:
08/16/04
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SUPPLEMENTAL LABELING 
 


READ AND FOLLOW THE ENTIRE LABEL BOOKLET FOR MYCOSHIELD  BEFORE 
PROCEEDING WITH THE USE DIRECTIONS CONTAINED IN THIS SUPPLEMENTAL LABELING. 


 
"Label" as used in this supplemental labeling refers to the label booklet for this product and this supplement. 


 
                                    
 
 
 
 
 


EPA Reg. No. 55146-97 
 


FOR CONTROL OF FIRE BLIGHT ON APPLES 
 


 
DIRECTIONS FOR USE 


It is a violation of Federal law to use this product in any manner inconsistent with its labeling. This label must be in the possession of the user at 
the time of application. All applicable directions and precautions in the label booklet for this product must be followed.  
 
 


AGRICULTURAL USE REQUIREMENTS 
Use this product only in accordance with its labeling and with the Worker Protection Standard, 40 CFR, Part 170. Refer to label booklet under 
“Agricultural Use Requirements” in the Directions for Use section for information about this standard. 
 
LABELED CROPS :Apples  
 
USE RATES: 
Ground Application:  Apply a 200 ppm solution per acre which is equivalent to   0.50lb. Mycoshield /50gals water. 
 
Aerial Application: 1.0lb.Mycoshield/10gals.water. 
 
USE DIRECTIONS: 
Ground Application: Apply using air-blasts prayer. Ensure good coverage of plant parts. A maximum of 5 applications 
may be made. Apply beginning with 10% bloom and continue at 3-  6 day intervals, or apply when blight favorable 
weather is expected during apple bloom. 
 
Aerial Application: Application by air is not a direct replacement for applications by ground. Begin spray application at 
10% bloom and continue at 3-  6 day intervals, or apply when blight favorable weather is expected during apple bloom. 
Spray coverage of blossoms is essential. 
 
RESTRICTIONS: 
DO NOT apply more than a total of 5 applications of oxytetracycline per acre per year using either ground or aerial 
methods of application.  
 
DO NOT apply within 60 days of harvest.  
 
DO NOT apply more than 1.0lb. of product per acre per application.  
 
DO NOT use treated crop or by products for feed. 
 
DO NOT allow livestock to graze on treated orchards. 
 
Read the "Limit of Warranty and Liability" in the label booklet for Mycoshield before using. These terms apply to 
this supplemental labeling and if these terms are not acceptable, return the product unopened at once. 


 


MYCOSHIELD 
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This information is for promotional purposes only. Space considerations may
require information to be omitted.  Always refer to the actual package for com-
plete label verbiage. This product may not yet be available or approved for sale
or use in your area.


MYCOSHIELD®


FOR THE CONTROL OF FIRE BLIGHT OF PEAR AND APPLE
BACTERIAL SPOT OF PEACH AND NECTARINE


ACTIVE INGREDIENT:
Oxytetracycline Calcium complex: 


(Equivalent to 17% oxytetracycline)  . . . . . . . . . . . . . . . 31.5%
OTHER INGREDIENTS: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68.5%
TOTAL: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0%


KEEP OUT OF REACH OF CHILDREN


WARNING / AVISO
Si usted no entiende la etiqueta, busque a alguien para que se la explique a usted en
detalle. (If you do not understand the label, find someone to explain it to you in detail.)


SEE INSIDE BOOKLET FOR FIRST AID AND ADDITIONAL
PRECAUTIONARY STATEMENTS


For Chemical Spill, Leak, Fire, Exposure Call CHEMTREC (800) 424-9300.
For Medical Emergencies Only, Call 877-325-1840.


EPA Reg. No. 55146-97 EPA Est. No. 67545-AZ-1


PRECAUTIONARY STATEMENTS
HAZARDS TO HUMANS AND DOMESTIC ANIMALS


WARNING / AVISO 
Causes substantial but temporary eye injury. Harmful if absorbed through
skin. Do not get in eyes, on skin, or on clothing. Prolonged or frequently
repeated skin contact may cause allergic reactions in some individuals. 


PERSONAL PROTECTIVE EQUIPMENT (PPE) 


Applicators and other handlers must wear:
• Long-sleeved shirt and long pants 


• Chemical-resistant gloves made of any waterproof material 


• Shoes plus socks 


• Protective eyewear. 


Discard clothing and other absorbent materials that have been drenched
or heavily contaminated with this product’s concentrate. Do not reuse
them. Follow manufacturer’s instructions for cleaning/maintaining PPE. If
no such instructions for washables, use detergent and hot water. Keep
and wash PPE separately from other laundry. 


Engineering Controls Statement


When handlers use closed systems or enclosed cabs in a manner that
meets the requirements listed in the Worker Protection Standard (WPS)
for agricultural pesticides [40 CFR 170.240(d) (4-6)], the handler PPE
requirements may be reduced or modified as specified in the WPS.  


ENVIRONMENTAL HAZARDS  
Do not apply directly to water, to areas where surface water is present, or
to intertidal areas below the high water mark. Do not contaminate water
when disposing of equipment washwater.


DIRECTIONS FOR USE 
It is a violation of Federal law to use this product in a manner inconsistent
with its labeling.


Do not apply this product in a way that will contact workers or other per-
sons, either directly or through drift. Only protected handlers may be in the
area during application. For any requirements specific to your State or
Tribe, consult the agency responsible for pesticide regulation.


This product contains the antibiotic oxytetracycline. To reduce the devel-
opment of drug-resistant bacteria and maintain the effectiveness of this
and other antibacterial products, this product should be used only to treat
or prevent infections that are proven or strongly suspected to be caused by
bacteria. 


FIRSTAID


IF IN EYES


• Hold eye open and rinse slowly and gently with water for
15 to 20 minutes.


• Remove contact lenses, if present, after the first 5
minutes, then continue rinsing eye.


• Call a poison control center or doctor for treatment advice.


IF ON SKIN OR
CLOTHING 


• Take off contaminated clothing.
• Rinse skin immediately with plenty of water for 15 to 20


minutes.
• Call a poison control center or doctor for treatment advice.


IF INHALED


• Move the person to fresh air.
• If person is not breathing, call 911 or an ambulance,


then give artificial respiration, preferably mouth-to-
mouth if possible.


• Call a poison control center or doctor for further
treatment advice.


IF
SWALLOWED


• Call a poison control center or doctor immediately for
treatment advice.


• Have person sip a glass of water if able to swallow.
• Do not induce vomiting unless told to do so by the poison


control center or doctor.
• Do not give anything by mouth to an unconscious person.


HOT LINE NUMBER
Have the product container or label with you when calling a poison control


center or doctor, or going for treatment. You may also contact 1-877-325-1840
for emergency medical treatment information.


AGRICULTURAL USE REQUIREMENTS
Use this product only in accordance with its labeling and with the Worker
Protection Standard, 40 CFR Part 170. This Standard contains require-
ments for the protection of agricultural workers on farms, forests, nurseries,
and greenhouses, and handlers of agricultural pesticides. It contains
requirements for training, decontamination, notification, and emergency
assistance. It also contains specific instructions and exceptions pertaining to
the statements on this label about personal protective equipment (PPE) and
restricted-entry internal. The requirements in this box only apply to uses that
are covered by the Worker Protection Standard. 


Do not enter or allow worker entry into treated areas during the
restricted-entry interval (REI) of 12 hours. 


PPE required for early entry to treated areas that is permitted under the
Worker Protection Standard and that involves contact with anything that has
been treated, such as plants, soil, or water, is:


• Coveralls
• Chemical-resistant gloves made of any waterproof material 
• Shoes plus socks
• Protective eyewear


USER SAFETY RECOMMENDATIONS  


Users Should: 


• Wash hands before eating, drinking, chewing gum, using tobacco, 
or using the toilet. 


• Remove clothing immediately if pesticide gets inside. Then wash 
thoroughly and put on clean clothing.
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WARRANTY DISCLAIMER
The directions for use of this product must be followed carefully. TO THE EXTENT
CONSISTENT WITH APPLICABLE LAW, (1) THE GOODS DELIVERED TO YOU
ARE FURNISHED “AS IS” BY MANUFACTURER OR SELLER AND (2) MANU-
FACTURER AND SELLER MAKE NO WARRANTIES, GUARANTEES, OR REP-
RESENTATIONS OF ANY KIND TO BUYER OR USER, EITHER EXPRESS OR
IMPLIED, OR BY USAGE OF TRADE, STATUTORY OR OTHERWISE, WITH
REGARD TO THE PRODUCT SOLD, INCLUDING, BUT NOT LIMITED TO MER-
CHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, USE, OR ELIGIBILITY
OF THE PRODUCT FOR ANY PARTICULAR TRADE USAGE. UNINTENDED CON-
SEQUENCES, INCLUDING BUT NOT LIMITED TO INEFFECTIVENESS, MAY
RESULT BECAUSE OF SUCH FACTORS AS THE PRESENCE OR ABSENCE OF
OTHER MATERIALS USED IN COMBINATION WITH THE GOODS, OR THE
MANNER OF USE OR APPLICATION, INCLUDING WEATHER, ALL OF WHICH ARE
BEYOND THE CONTROL OF MANUFACTURER OR SELLER AND ASSUMED BY
BUYER OR USER. THIS WRITING CONTAINS ALL OF THE REPRESENTATIONS
AND AGREEMENTS BETWEEN BUYER, MANUFACTURER AND SELLER, AND NO
PERSON OR AGENT OF MANUFACTURER OR SELLER HAS ANYAUTHORITY TO
MAKE ANY REPRESENTATION OR WARRANTY OR AGREEMENT RELATING IN
ANY WAY TO THESE GOODS.


LIMITATION OF LIABILITY
TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, IN NO EVENT SHALL
MANUFACTURER OR SELLER BE LIABLE FOR SPECIAL, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, OR FOR DAMAGES IN THEIR NATURE OF PENALTIES
RELATING TO THE GOODS SOLD, INCLUDING USE, APPLICATION, HANDLING,
AND DISPOSAL. TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, MAN-
UFACTURER OR SELLER SHALL NOT BE LIABLE TO BUYER OR USER BYWAY
OF INDEMNIFICATION TO BUYER OR TO CUSTOMERS OF BUYER, IF ANY, OR
FOR ANY DAMAGES OR SUMS OF MONEY, CLAIMS OR DEMANDS WHATSOEV-
ER, RESULTING FROM OR BY REASON OF, OR RISING OUT OF THE MISUSE,
OR FAILURE TO FOLLOW LABEL WARNINGS OR INSTRUCTIONS FOR USE, OF
THE GOODS SOLD BY MANUFACTURER OR SELLER TO BUYER. ALL SUCH
RISKS SHALL BE ASSUMED BY THE BUYER, USER, OR ITS CUSTOMERS. TO
THE EXTENT CONSISTENT WITH APPLICABLE LAW, BUYER'S OR USER'S
EXCLUSIVE REMEDY, AND MANUFACTURER'S OR SELLER'S TOTAL LIABILITY
SHALL BE FOR DAMAGES NOT EXCEEDING THE COST OF THE PRODUCT.
If you do not agree with or do not accept any of directions for use, the warranty
disclaimers, or limitations on liability, do not use the product, and return it unopened
to the Seller, and the purchase price will be refunded.


Mycoshield® is a registered trademark of Nufarm Americas, Inc.                 (RV103007)
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CHEMIGATION 
Do not apply this product through any type of irrigation system.


APPLICATION PROCEDURES 
The recommended method of application of Mycoshield® is by airblast sprayer
with enough water to provide full coverage. Thorough coverage is essential. 


MIXING PROCEDURES 
MIXING:


To avoid possible pesticide contamination use only clean metal or plastic
containers in preparing all solutions. 


*ppm = parts per million oxytetracycline base in prepared solution. 


CROP USE DIRECTIONS 
Use of predictive models for fire blight threshold treatment conditions is rec-
ommended and encouraged to minimize the number of applications of
Mycoshield®. Thorough spray coverage is essential. 


CONCENTRATION
DESIRED QUANTITY MYCOSHIELD® PER VOLUME OF WATER


ppm* 50 gals. 100 gals. 500 gals.


150 6 oz. 12 oz. 3-3/4 lbs.


200 8 oz. (1/2 lb.) 16 oz. (1 lb.) 5 lbs.


CROP
DISEASES 


CONTROLLED
USE RATE COMMENTS


Pears Fire Blight
(Erwinia amylovora)


200 ppm per acre in 50-
150 gals. solution per
acre which is equivalent
to:
• 0.50 lb. Mycoshield®/
50 gals. water 


or
• 1.0 lb. Mycoshield®/
100 gals. water


Begin applications at 10% bloom and repeat
on 4-6 day interval. Use of Mycoshield®


may cause phytotoxicity to the fruit and/or
foliage or sensitive varieties, especially
Asian varieties.
Do not apply more than 10 applications
per year. 
Do not apply more than 1.0 lb.
Mycoshield® per acre.
Do not apply within 60 days of harvest. 


Peaches
and
Nectarines


Bacterial Spot
(Xanthomonas
campestris pv.pruni)


• 0.75-1.5 lbs.per 50 to
200 gals.water per acre 


Apply on a weekly application schedule
beginning at petal fall (<5% shuck split)
through first cover. After first cover, interval
can be extended 7-10 days depending on
weather conditions. The higher rate is rec-
ommended early in the season and during
periods conducive for disease.
Use a pressure sprayer capable of delivering
the spray at least 250 lbs. pressure per
square inch through a hand-held single noz-
zle gun, or 150 lbs. pressure per square inch
using an airblast sprayer. For best results
with airblast sprayer, do not exceed 3 miles
per hour ground speed or 100 miles per
hour spray velocity.
Do not apply within 3 weeks of harvest. 
Do not apply more than 12 lbs. product
per acre per year.


Apples Fire Blight
(Erwina amylovora)


Ground Application:
Apply a 200 ppm
solution per acre
which is equivalent to:
• 0.50 lb. Mycoshield®/
50 gals. water


Aerial Application:


• 1.0 lb. Mycoshield®/
10 gals. water


Ground Application: Apply using air-blast
sprayer. Ensure good coverage of plant
parts. A maximum of 5 applications may be
made. Apply beginning with 10% bloom
and continue at 3-6 day intervals, or apply
when blight favorable weather is expected
during apple bloom.
Aerial Application: Application by air is not
a direct replacement for applications by
ground. Begin spray application at 10%
bloom and continue at 3-6 day intervals, or
apply when blight favorable weather is
expected during apple bloom. Spray cover-
age of blossoms is essential.
Restrictions:
DO NOT apply more than a total of 5 appli-
cations of oxytetracycline per acre per year
using either ground or aerial methods of
application.
DO NOT apply within 60 days of harvest.
DO NOT apply more that 1.0 lb. of product
per acre per application.
DO NOT use treated crop or by products for
feed.
DO NOT allow livestock to graze on treated
orchards.


STORAGE AND DISPOSAL
Do not contaminate water, food, or feed by storage or disposal. Open
dumping is prohibited.


PESTICIDE STORAGE: Store in original containers in a cool, dry place.
Keep container closed when not in use. Do not store near food or feed. In
case of spill on floor or paved surfaces, mop and remove to chemical waste
storage area until proper disposal can be made if product cannot be used
according to the label. 


PESTICIDE DISPOSAL: Pesticide wastes are acutely hazardous.
Improper disposal of excess pesticide, spray mixture, or rinsate is a viola-
tion of Federal law. If these wastes cannot be disposed of by use accord-
ing to label instructions, contact your State Pesticide or Environmental
Control Agency, or the Hazardous Waste Representative of the nearest
EPA Regional Office for guidance. 


CONTAINER DISPOSAL: 
Plastic Containers: Triple rinse (or equivalent); then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill or alterna-
tives allowed by State and local authorities.


Paper Bags: Completely empty bags into application equipment. Then dis-
pose of empty bag in a sanitary landfill or alternatives allowed by state and
local authorities. 


Fiber Drums with Liners: Completely empty liner by shaking and tapping
sides and bottom to loosen clinging particles. Empty residue into application
equipment. Then dispose of liner in a sanitary landfill or alternatives allowed
by State and local authorities. If drum is contaminated and cannot be
reused, dispose of in the same manner. 


MANUFACTURED FOR
NUFARM AMERICAS INC.


BURR RIDGE, IL 60527


150 Harvester Drive • Suite 200
Burr Ridge, IL 60527


Phone: 630.455.2000 • Fax: 630.455.2001
Toll-free 1.800.345.3330


www.nufarm.com/US
SPL.030708.MYCOSHIELD


© 2008 Nufarm Americas Inc.
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1.  CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 


 
Product Name: Mycoshield® 
Synonyms: Oxytetracycline Calcium Complex; 2-Naphthacenecarboxamide, 4-


(dimethylamino)-1,4,4A,5,5A,6,11,12A-octahydro-3,5,6,10,12,12A-hexahydroxy-
6-methyl-1,11-dioxo, [4S-(4.alpha, 4A.alpha, 5.alpha, 5A.alpha, 6.beta, 
12A.alpha.)] -, calcium complex 


EPA Reg. No.: 55146-97 
 


Company Name: Nufarm Americas Inc. AGT Division 
150 Harvester Drive, Suite 200 
Burr Ridge, IL 60527 
     


Date of Issue: March 28, 2007 Supersedes: March 29, 2004 
Sections Revised: New or updated information all sections 
 


2.  HAZARDS IDENTIFICATION 
 
Emergency Overview: 
Appearance and Odor:  Light to dark brown fine powder. 
Warning Statements: Keep out of reach of children. WARNING. Causes substantial but temporary eye 
injury. Harmful if absorbed through skin. Do not get in eyes, on skin, or on clothing. Prolonged or 
frequently repeated skin contact may cause allergic reactions in some individuals. 
 
Potential Health Effects:  
Likely Routes of Exposure:  Inhalation, eye and skin contact.  
Eye Contact: Causes substantial but temporary eye injury. 
Skin Contact:  Slightly toxic and non-irritating based on toxicity studies. Prolonged or frequently repeated 
skin contact may cause allergic reactions in some individuals. 
Ingestion: Slightly toxic based on toxicity studies. 
Inhalation: Low inhalation toxicity. 
Medical Conditions Aggravated by Exposure: Individuals with allergic (including antibiotics) history or 
pre-existing dermatitis should use extra care in handling this product. 
 
See Section 11: TOXICOLOGICAL INFORMATION for more information. 
 
Potential Environmental Effects:  
Oxytetracycline Calcium is practically non-toxic to fish, invertebrates, birds and bees.  
 
See Section 12:  ECOLOGICAL INFORMATION for more information. 
 


3.  COMPOSITION / INFORMATION ON INGREDIENTS 
 
COMPONENT CAS NO. % BY WEIGHT 
Oxytetracycline Calcium Complex 7179-50-2 31.5 
Other Ingredients Including:  68.5 


Diluent (contains)   
Crystalline silica as quartz 14808-60-7  
Kaolin Clay 1332-58-7  
Mica 12001-26-2  


For Chemical Emergency, Spill, Leak, Fire, Exposure, or Accident,
Call CHEMTREC Day or Night:  1-800-424-9300.


 For Medical Emergencies Only, Call 1-877-325-1840.
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4.  FIRST AID MEASURES 
 
If in Eyes: Hold eye open and rinse slowly and gently with water for 15 to 20 minutes. Remove contact 
lenses, if present, after the first 5 minutes, then continue rinsing eye. Call a poison control center or 
doctor for treatment advice. 
If Swallowed: Call a poison control center or doctor immediately for treatment advice. Have person sip a 
glass of water if able to swallow. Do not induce vomiting unless told to do so by the poison control center 
or doctor. Do not give anything by mouth to an unconscious person. 
If on Skin: Take off contaminated clothing. Rinse skin immediately with plenty of water for 15 to 20 
minutes. Call a poison control center or doctor for treatment advice.  
If Inhaled: Move person to fresh air. If person is not breathing, call 911 or an ambulance, then give 
artificial respiration, preferably by mouth-to-mouth, if possible. Call a poison control center or doctor for 
further treatment advice. 
Note to Physician: If ingested, check for anaphylactic reaction. Treat symptomatically. 
    


5.  FIRE FIGHTING MEASURES 
           


Flash Point:  Not applicable  
Autoignition Temperature: Not determined Flammability Limits:  Not determined 
 
Extinguishing Media:  Dry chemical, foam or carbon dioxide. 
Special Fire Fighting Procedures: Firefighters should wear NIOSH/MSHA approved self-contained 
breathing apparatus and full fire-fighting turn out gear. Dike area to prevent runoff and contamination of 
water sources. Dispose of fire control water later. 
Unusual Fire and Explosion Hazards: If water is used to fight fire, contain runoff, using dikes to prevent 
contamination of water supplies. Dispose of fire control water later.  
Hazardous Decomposition Materials (Under Fire Conditions): Irritating and possibly toxic gases may 
be generated by thermal decomposition or combustion. 
 
National Fire Protection Association (NFPA) Hazard Rating: 
Rating for this product:  Health:  2        Flammability:  1        Reactivity:  0 
Hazards Scale:  0 = Minimal     1 = Slight     2 = Moderate     3 = Serious     4 = Severe 
 


6.  ACCIDENTAL RELEASE MEASURES 
      
Personal Precautions: Wear appropriate protective gear for the situation. See Personal Protection 
information in Section 8. 
Environmental Precautions: Prevent material from entering public sewer systems or any waterways.  
Do not flush to drain. Large spills to soil or similar surfaces may necessitate removal of topsoil. The 
affected area should be removed and placed in an appropriate container for disposal.  
Methods for Containment: Dike spill using absorbent or impervious materials such as earth, sand or 
clay. Collect and contain contaminated absorbent and dike material for disposal. 
Methods for Cleanup and Disposal: If dry, sweep or scoop up material and place into container for 
disposal. If wet, pump any free liquid into an appropriate closed container. Collect washings for disposal. 
Decontaminate tools and equipment following cleanup. See Section 13: DISPOSAL CONSIDERATIONS 
for more information. 
Other Information:  Large spills may be reportable to the National Response Center (800-424-8802) and 
to state and/or local agencies. 
 


7.  HANDLING AND STORAGE 
 
Handling: 
Do not get in eyes, on skin, or on clothing. Prolonged or frequently repeated skin contact may cause 
allergic reactions in some individuals. Users should wash hands before eating, drinking, chewing gum, 
using tobacco or using the toilet. Remove clothing immediately if pesticide gets inside. Then wash 
thoroughly and put on clean clothing. Remove Personal Protective Equipment (PPE) immediately after 
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handling this product. Wash the outside of gloves before removing. As soon as possible, wash thoroughly 
and change into clean clothing. 
 
Storage: 
Keep tightly closed. Storage should be at a cool temperature when possible, with minimum exposure to 
the atmosphere. Do not contaminate water, food, or feed by storage or disposal. 
 


8.  EXPOSURE CONTROLS / PERSONAL PROTECTION 
 
Engineering Controls:   
Where engineering controls are indicated by specific use conditions or a potential for excessive 
exposure, use local exhaust ventilation at the point of generation. 
 
Personal Protective Equipment: 
Eye/Face Protection: To avoid contact with eyes, wear face shield, goggles or safety glasses with front, 
brow and temple protection. An emergency eyewash or water supply should be readily accessible to the 
work area. 
Skin Protection: To avoid contact with skin, wear long pants, long-sleeved shirt, socks, shoes and 
chemical-resistant gloves made of waterproof material. An emergency shower or water supply should be 
readily accessible to the work area. 
Respiratory Protection: Not normally required. If vapors or mists exceed acceptable levels, wear 
NIOSH approved air-purifying respirator with cartridges/canisters approved for use against pesticides. 
General Hygiene Considerations: Personal hygiene is an important work practice exposure control 
measure and the following general measures should be taken when working with or handling this 
material: 1) do not store, use and/or consume foods, beverages, tobacco products, or cosmetics in areas 
where this material is stored; 2) wash hands and face carefully before eating, drinking, using tobacco, 
applying cosmetics or using the toilet. 
 
Exposure Guidelines: 
  
 OSHA ACGIH  


Component TWA STEL TWA STEL Unit 
Oxytetracycline Calcium NE NE NE NE  
Crystalline silica as quartz 10 (R) NE 0.025 (R) NE mg/m3 
Kaolin Clay 15 (T) 


5 (R) 
NE 2.0 (R) NE mg/m3 


Mica 20 mppcf 
(<1% 


crystalline 
silica) 


NE 3.0 (R) NE mg/m3 


 
T = Total Dust NE = Not Established 
R = Respirable Fraction 
 


9.  PHYSICAL AND CHEMICAL PROPERTIES 
 
Appearance and Odor:  Light to dark brown fine powder. 
Boiling Point: Not applicable Solubility in Water: Slightly soluble 
Density: 0.68 g/ml Specific Gravity: Not applicable 
Evaporation Rate: Not applicable Vapor Density: Not applicable 
Freezing Point: Not applicable Vapor Pressure: Not applicable 
pH: 3.5 – 5.0 Viscosity: Not applicable 
 
Note: Physical data are typical values, but may vary from sample to sample. A typical value should not be 
construed as a guaranteed analysis or as a specification.  
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10.  STABILITY AND REACTIVITY 
 
Chemical Stability: This material is stable under normal handling and storage conditions. 
Conditions to Avoid: Excessive heat and light. 
Incompatible Materials: Strong acids and bases. 
Hazardous Decomposition Products: Under fire conditions Irritating and possibly toxic gases may be 
generated by thermal decomposition or combustion. 
Hazardous Reactions: Hazardous polymerization will not occur. 
 


11.  TOXICOLOGICAL INFORMATION 
 
Toxicological Data: 
Data from laboratory studies on this product are summarized below: 


Oral: Rat LD50: >5,000 mg/kg 
Dermal:  Rabbit LD50: >2,000 mg/kg 
Eye Irritation: Rabbit: Severely irritating 
Skin Irritation: Rabbit: Non-Irritating 
Skin Sensitization: Guinea Pigs:  Mild sensitizer 


 
Other Acute Effects: Oxytetracycline may cause severe allergic reactions (anaphylactic) in sensitive 
individuals. 
Subchronic (Target Organ) Effects: For oxytetracycline, gastrointestinal irritation with nausea, 
epigastric pain and burning, vomiting, abdominal pain, transitory yellowish-brown discoloration of the 
tongue, anorexia and diarrhea have been reported following oral administration. Blood disorders (delay in 
coagulation) have also been reported. Possible hypersensitzation and superinfections due to overgrowth 
of organisms not affected by the antiobitic agent. Three types of renal disease are associated with 
overexposure: Acute Non-Oliguric Renal Failure (individuals with pre-existing pancreatitis or fatty liver); 
Uremia (individuals with pre-existing impaired renal function) and Reversible Nephrotoxicity (due to out-
dated or degraded tetracyclines). Inhalation of excessive amounts of kaolin dust may produce coughing, 
sneezing and nasal irritation. Chronic exposure to mica may cause persistent cough, possible difficulty in 
breathing. 
Carcinogenicity / Chronic Health Effects: Prolonged overexposure to oxytetracycline may cause 
effects to skin and digestive tract. Oxytetracycline did not cause cancer in laboratory animals. Long-term 
over-exposure to kaolin dust may affect the lungs. The diluent as a whole is not listed as a carcinogen. 
However, it does contain crystalline silica (e.g. quartz), a naturally occurring component. Inhalation of 
crystalline silica may cause pulmonary fibrosis (silicosis). Crystalline silica has been classified by IARC as 
carcinogenic to humans (Group 1), by the U.S. National Toxicology Program as a known human 
carcinogen and by ACGIH as a suspected human carcinogen (A2).  
Reproductive Toxicity:  None observed. 
Developmental Toxicity:  Adverse effects were reported in mother (severe hepatic damage) and fetus 
(retardation of skeletal developmental, discoloration of teeth and enamel hypoplasia). 
Genotoxicity:  None observed. 
 
Assessment Carcinogenicity:   
This product contains substances that are considered to be probable or suspected human carcinogens 
as follows: 
 
 Regulatory Agency Listing As Carcinogen 


Component ACGIH IARC NTP OSHA 
Crystalline Silica, Quartz A2 1 Known No 
 
See Section 2:  HAZARDS IDENTIFICATION for more information. 
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12.  ECOLOGICAL INFORMATION 
 
Ecotoxicity: 
Data on Oxytetracycline: 
96-hour LC50 Bluegill: > 100 ppm Bobwhite Quail Acute Oral LC50: >2,000 mg/kg 
96-hour LC50 Rainbow Trout: >116 ppm Bobwhite Quail 8-day Dietary LC50: >5,620 ppm 
48-hour LC50 Daphnia: >102 ppm Mallard Duck 8-day Dietary LC50: >5,620 ppm 
48-hour Honey Bee LD50: 100 μg/bee 


  
13.   DISPOSAL CONSIDERATIONS 


 
Waste Disposal Method: 
Wastes resulting from the use of this product may be disposed of on site or at an approved waste 
disposal facility. 
 
Container Handling and Disposal: 
Completely empty liner by shaking and tapping sides and bottom to loosen clinging particles. Empty 
residue into application equipment. Then dispose of liner in a sanitary landfill or by incineration if allowed 
by State and local authorities. If burned, stay out of smoke. Dispose of drum in the same manner. 
 


14.   TRANSPORTATION INFORMATION 
 
Follow the precautions indicated in Section 7:  HANDLING AND STORAGE of this MSDS. 
 
DOT 


Non Regulated – See 49 CFR 173.132(b)(3) 
 
IMDG 


Non Regulated – See IMDG 2.6.2.1.3 
 


IATA 
Non Regulated – See IATA 3.6.1.5.3     
 


15.  REGULATORY INFORMATION 
 
U.S. Federal Regulations: 
 
TSCA Inventory: This product is exempted from TSCA because it is solely for FIFRA regulated use. 
 
SARA Hazard Notification/Reporting: 
Hazard Categories Under Criteria of SARA Title III Rules (40 CFR Part 370):  Immediate, Delayed 


 
Section 313 Toxic Chemical(s):  None 
 
Reportable Quantity (RQ) under U.S. CERCLA:  None 
 
RCRA Waste Code:  None 
 
State Information: 
Other state regulations may apply.  Check individual state requirements. 
 
California Proposition 65: WARNING. This product contains chemicals known to the State of California 
to cause cancer or birth defects or other reproductive harm. 
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16.  OTHER INFORMATION 
  
This Material Safety Data Sheet (MSDS) serves different purposes than and DOES NOT REPLACE OR 
MODIFY THE EPA-ACCEPTED PRODUCT LABELING (attached to and accompanying the product 
container). This MSDS provides important health, safety and environmental information for employers, 
employees, emergency responders and others handling large quantities of the product in activities 
generally other than product use, while the labeling provides that information specifically for product use 
in the ordinary course. 
 
Use, storage and disposal of pesticide products are regulated by the EPA under the authority of the 
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) through the product labeling, and all 
necessary and appropriate precautionary, use, storage, and disposal information is set forth on that 
labeling. It is a violation of Federal law to use a pesticide product in any manner not prescribed on the 
EPA-accepted label. 
 
Although the information and recommendations set forth herein (hereinafter “Information”) are presented 
in good faith and believed to be correct as of the date hereof, Nufarm Americas Inc. makes no 
representations as to the completeness or accuracy thereof. Information is supplied upon the condition 
that the persons receiving same will make their own determination as to its suitability for their purposes 
prior to use.  In no event will Nufarm Americas Inc. be responsible for damages of any nature whatsoever 
resulting from the use of or reliance upon Information.  NO REPRESENTATIONS OR WARRANTIES, 
EITHER EXPRESS OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE 
OR OF ANY OTHER NATURE ARE MADE HEREUNDER WITH RESPECT TO INFORMATION OR THE 
PRODUCT TO WHICH INFORMATION REFERS. 
 
Mycoshield is a registered trademark of Nufarm Americas Inc. 
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APPLE (Malus × domestica 'Idared') H.S. Aldwinckle, H. L. Gustafson, G. Heidenreich,
Fire blight; Erwinia amylovora R. Penev, and N. LoGiudice


Department of Plant Pathology - Cornell University
Geneva, NY 14456


Field evaluation of materials for control of fire blight infection of apple blossoms, 2001.


The efficacy of a biocontrol agent (Serenade), two SAR inducers (Messenger, Oxycom), a copper compound (Cuprofix)
and a quinoline compound (S-0208, oxolinic acid) was evaluated on Idared apple trees in a research orchard at Geneva, NY.
Treatments were replicated five times with up to 200 blossom clusters per single tree replication in a randomized complete
block design. The products were applied to runoff to entire trees, at timing(s) depending on their mode of action, with a
single nozzle handgun sprayer at 10.3 kg cm-2 (150 psi). About 200 blossom clusters/tree (or all blossoms on trees with light
flowering) were inoculated at full bloom (8 May) with E. amylovora strain Ea. 273 at 1×107 CFU ml-1 using a Solo backpack
sprayer. Numbers of blighted and healthy blossom clusters were recorded 4 wk after inoculation. The proportion of blighted
blossom clusters was determined and used as the measure of disease. The proportion of the surface of 20 fruits that became
russeted was determined 6 wk after the last blossom spray.


Weather during and after bloom was conducive for fire blight development, and untreated inoculated trees had 60.8%
blossom clusters blighted (BCB). Agrimycin (streptomycin) applied 1 day before and 1 day after inoculation resulted in
27.0% BCB (56% control), but applied only 1 day before inoculation, it resulted in 49.6% BCB (18% control). The best
treatments were S-0208 and Cuprofix, each applied 1 day before and 1 day after inoculation, resulting in 22.2% BCB (62%
control) and 22.3% BCB (62% control), respectively. Serenade, applied 1 day before and 1 day after inoculation, gave
moderate (28%) control (43.8% BCB). Other Serenade treatments with one to three applications before inoculation, but no
application after inoculation, did not give significant control. No Messenger treatment either alone, or in combination with a
pre-inoculation Agrimycin or Serenade application, gave significant control. Oxycom did not give significant control.
Cuprofix treatment resulted in 23.6% of fruit surface area russeted, which would greatly reduce value of the crop for the fresh
market. S-0208 treatment resulted in 3.01% of fruit surface area russeted, which was significantly greater than in the
untreated check. Whether this level of russeting would be important commercially requires further study.


Material(s)*
Rate


(g/50L) Timing of application(s)
% blighted


blossom clusters**
% fruit surface


russeted**
None (inoculated) ..... - .................................................. 60.8 abcd 0.25 c
Agrimycin 17W ........ 14.7 1 day pre-inoc ......................... 49.6 de 0.10 c
Agrimycin 17W ........ 14.7 1 day pre-inoc


1 day post-inoc ....................... 27.0 f 0.21 c
Messenger EC ........... 33.7 7 days pre-inoc (pink) ............ 62.9 abc 0.29 c
Messenger EC ........... 33.7 10 days (pre-pink)


5 days pre-inoc (pink+2 days).. 71.3 a 0.35 c
Messenger EC


Serenade WP ...........
33.7


113.5
7 days pre-inoc
1 day pre-inoc ......................... 57.8 bcd 0.13 c


Messenger EC
Agrimycin 17W ......


33.7
14.7


7 days pre-inoc
1 day pre-inoc ......................... 63.1 abc 0.50 c


Serenade WP ............. 113.5 10 days pre-inoc (pre-pink)
7 days pre-inoc (pink) ............ 56.2 cde 0.08 c


Serenade WP ............. 113.5 10 days pre-inoc (pre-pink)
7 days pre-inoc (pink)
1 day pre-inoc ......................... 68.8 ab 0.17 c


Serenade WP ............. 113.5 7 days pre-inoc (pink) ............ 68.1 ab 0.09 c
Serenade WP ............. 113.5 1 day pre-inoc ......................... 62.5 abc 0.37 c
Serenade WP ............. 113.5 1 day pre-inoc


1 day post-inoc ....................... 43.8 e 0.57 c
Cuprofix .................... 262.8 1 day pre-inoc


1 day post-inoc ....................... 22.3 f 23.63 a
S-0208 20 WP ........... 24.2 1 day pre-inoc


1 day post-inoc ....................... 22.2 f 3.01 b
Oxycom ..................... 131.5 7 days pre-inoc (pink)


4 days post-inoc ...................... 60.5 abcd 0.40 c
* All treatments included 15 ml Regulaid surfactant/50L, except Messenger (100 ml Reguard/50L) and Serenade (none).
** Means within a column followed by the same letter did not differ significantly (P <0.05) as determined by Waller-


Duncan K-ratio t test.
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An Annual Fire Blight Management
Program for Apples
Daniel R. Cooley, Wesley R. Autio, & Jon M. Clements
Department of Plant, Soil, & Insect Sciences


Winfred P. Cowgill, Jr.1
New Jersey Agricultural Experiment Station


Robin Spitko
New England Fruit Consultants, Inc.


Fire blight hit the 2007 growing season very hard.
During bloom in southern New England, seven
consecutive days rated as having high potential for fire
blight were recorded from May 10 to 16. After a week of
cool weather, a second period of high blight risk began in
late May. By the end of May and into early June, reports
of fire blight in apples were observed in New Jersey,
Hudson Valley New York and throughout New England.


Fire blight frustrates growers and management
consultants more than most apple diseases. Blight
appears suddenly and moves quickly, and can cause
significant damage in a matter of days. Orchards that
have never had fire blight may suddenly be hit by an
outbreak for no apparent reason. There are no foolproof
ways to stop an epidemic in an orchard once it starts, and
the chances that the disease may start up again the next
year, and the next, are relatively high. Fire blight is both
destructive and difficult to stop.


At the same time, there has been a shift away from
varieties such as McIntosh, Cortland and Delicious that
are more tolerant of fire blight, to varieties like Fuji,
Honeycrisp, Gingergold, and Gala that are much more
sensitive. Trees are also planted at higher densities,


requiring dwarfing rootstocks such as M-26 and M-9 that
are very blight susceptible. High-density trees are small
trees, where blight can quickly move from branches to the
main trunk, killing the tree. In short, an outbreak of fire
blight is potentially much more destructive today than it
was to the typical Northeastern orchards just 20 years
ago. Fire blight risk is enhanced when growing a
susceptible cultivar on top of a susceptible rootstock.


Our observation is that over the past 20 years, fire
blight incidence in the Northeast has increased. Once in an
orchard, fire blight not only damages trees but also creates
much more work over the following years. As with many
apple diseases, an ounce of prevention is worth several
pounds of cure. The problem is, unlike apple scab or the
summer diseases, blight does not hit every year. It may
strike only one or two times every decade and it is easy to
forget about it in the year that counts, until it is too late.


But managing fire blight is not impossible, and a well-
designed and executed management program can greatly
reduce fire blight risk. To control fire blight, it is critical that
growers use multiple tactics in a year-round integrated
program.


There is an unfortunate tendency for people who have


1Area Fruit Agent, New Jersey Agricultural Experiment Station, Rutgers Cooperative Extension of Hunterdon County,
PO Box 2900, 6 Gauntt Pl., Flemington, NJ 08822-2900 cowgill@NJAES.rutgers.edu







not experienced fire blight to assume that their orchard is
immune. But to keep an orchard free of serious fire blight
outbreaks, it is critical that growers recognize that the
potential for the disease is there every year, and use an
appropriate management strategy.


An Understanding of the Microbe


While insects and weeds present plenty of problems
in an orchard, at least you can see them. Fire blight and
other orchard diseases, however, are caused by
microscopic organisms. So, we do not discover that these
pathogens are in the orchard until they are well
established, usually causing disease. By then, getting the
epidemic under control is far more difficult than it would
have been earlier.


Interestingly, Erwinia amylovora, the fire blight
pathogen, is usually present at some level in all apple
orchards, on the surface of most apple trees and on other
plants. There just are not many of them. As with mites,
low numbers of E. amylovora do not cause a problem.


But when mites flare, or
bacterial populations
explode, they do cause
damage. The key to
managing fire blight is
knowing where the
bacteria are most likely
to be at different times
and what can be done to
reduce their numbers.


Fire blight bacteria
overwinter around the
edges of cankers, some
of which may be very
small and difficult to
see. With warm
weather, they move out
and colonize the
surfaces of bark and
buds. The bacteria are
blown around from
plant to plant, or
occasionally carried by
insects. At around
bloom the number of
bacteria will increase
rapidly if temperatures
exceed 65ºF., and the
warmer it is, the more
rapid the increase.
Bloom provides the


Early stage of shoot blight and leaf vein infection by fireblight, June 14, 2007


most important natural entry point for the bacteria, and
moisture that is sufficient to wash them to the base of
flowers, where they can enter nectaries, will lead to
infections. Pollinating insects will also carry bacteria from
flower to flower at this time. Once inside the plant, if there
are enough bacteria, they will start to produce a toxin that
kills apple tissue, releasing the contents of cells, which the
bacteria use as food. The bacteria travel inside the plant,
and are often a few feet ahead of any visible symptoms.
Most infections start at the flowers, though physical
damage, called trauma, may also allow bacteria to enter
and establish. Wind whipping and hail associated with
summer storms are the most common cause of trauma.  A
few infections may directly start in shoots well after
bloom, and it is not clear whether bacteria gain entry to the
apple via insect feeding or some other mechanism. Most
shoot blight is associated with earlier blossom blight.


As growth slows, and the apple responds to infection,
the bacterial progress is stopped. In some trees, damage
may be minimal, while in others the tree may be severely
damaged or killed. The bacteria collect in areas where







visible damage has stopped. The margin between dead
and healthy areas may be an obvious canker, discolored
and sunken, or it may be along a shoot or branch. The
bacteria will stay in this tissue until trees come out of
dormancy and temperatures rise the next spring.


Management Strategy and Tactics


The overall strategy in fire blight management is to
keep the population of fire bight bacteria in an orchard
low. Tactics for doing that vary, depending on where the
bacteria are and the risk of new infections.


Winter


Step 1 - Winter pruning. Dormant pruning of
infected wood is critical to fire blight management. Even


in “clean” orchards, it is important to look for possible
cankers and remove them. This pruning gets fire blight
primary inoculum out of the orchard, so that it will not be
there to launch an epidemic in the spring. Applying copper
or other chemicals will not kill bacteria in cankers. The
wood that contains the bacteria has to be removed.


Early-Season Through Petal Fall


Step 2 – Early season copper. Regardless of
whether fire blight was a problem, growers should apply
copper in early spring at silver tip to green tip. Copper is
applied because it is toxic to the fire blight bacteria,
Erwinia amylovora. It is applied this early because it can
also be toxic to new apple leaves and fruit. Copper should
not be applied later than half-inch green, as it can russet
fruit. To be effective, copper residues need to cover tree


Fruitlet infection, most likely a result of blossom 'blight' infection, June 22, 2007







bark, and redistribute over the weeks from application.
The purpose of the copper is not to kill bacteria in the
overwintering cankers, but rather to reduce build-up of
bacteria on apple buds and bark, particularly in the days
just before and during bloom.


Up to bloom, the bacteria are continually growing and
spreading back and forth between trees in the orchard.
For copper to be effective, all trees in the orchard should
be sprayed. It is not enough to spray only the sensitive
trees, or the small trees. While the bacteria may not
damage McIntosh as readily as Honeycrisp, they can and
will live on McIntosh and then spread to Honeycrisp when
flowers open. The Mac may not develop blight, but the
more sensitive Honeycrisp probably will. Spraying copper
on the whole orchard eliminates sites where bacteria may
build up, and so that tolerant varieties do not server as
inoculum reservoirs that infect sensitive varieties.


Step 3 – Monitor for fire blight risk at bloom.
Protecting trees at bloom when environmental conditions
warrant is critical. The overwhelming majority of fire
blight epidemics start at bloom. The shock waves from
these primary infections will continue through the summer
and beyond, so it is essential that growers make a focused
effort to stop blossom blight.


Fire blight forecasts give growers a recommendation
as to whether or not to spray streptomycin, and if so, when
to do it. They may save a spray, or they may save a block,
depending on the year. They are a way of “watching” the
bacteria without actually seeing them.


Forecasts are based on the fact that the fire blight
bacteria grow very rapidly when temperatures are warm,
and not so quickly when it is cool. When temperatures are
optimal for the bacteria just before and during bloom,
populations can explode. It is this rapid growth that makes
fire blight epidemics “appear out of nowhere.” Fire blight
bacteria also need rain or heavy dew, something that will
wash bacteria into the base of the blossom. During bloom,
rain and 80º temperatures is fire blight weather. On the
other hand, with rain and temperatures under 60º, there is
very little risk of fire blight.


If risk is high at bloom, orchards should be treated with
streptomycin. If risk is low, then they should not be
treated. This not only saves the expense and effort
involved in a spray, it preserves the effectiveness of
streptomycin. The only time streptomycin should be used
is when there is a predicted risk of fire blight during bloom.
(There is one exception to this, and that is when there is
a damaging “trauma” event such as a hail, or wind-driven
rain that causes damage to the foliage, then streptomycin
can be applied within 12 to 18 hours to reduce the risk of
fire blight infection.) Streptomycin is not effective against
cankers or shoot blight, and should not be used in


protective sprays targeting either problem. Streptomycin
has little ability to penetrate closed flowers – bloom must
be open for the best effect.


There are several options that may be used to forecast
fire blight risk. Growers may keep their own weather
stations, and enter data into a computer program such as
MaryBlyt, or use the data with Cougarblight charts.
MaryBlyt requires that information be entered daily from
green tip, while Cougarblight requires data only for the
four days prior to the prediction. Some electronic weather
stations provide one or both of these forecasting tools built
into their software. (Spectrum Technologies,
www.specmeters.com.) Alternatively, forecasts can be
obtained through contract services that provide weather
data and pest management information over the web or by
e-mail (SkyBit, Inc., www.skybit.com.) Independent crop
consultants or university outreach may also give either on-
line or individual forecasts of fire blight risk. Growers may
either do it themselves, or arrange to get the forecasts
done for them. Regardless of how it is done, it is critical
that growers know what the fire blight risk is during bloom
and take action appropriately.


Step 4 – Spray streptomycin at bloom if needed.
Streptomycin is the most effective fire blight chemical
available. It needs to be used wisely, as fire blight bacteria
can and have become resistant to it in some parts of the
U.S. While there are other antibiotics, only
oxytetracycline has been used under emergency
registration in some states (Michigan), but it is not as
effective as streptomycin. It is unlikely that other
antibiotics will be registered for use against fire blight in
the U.S.


When streptomycin is applied to open flowers, those
flowers generally will be well protected through petal fall.
New-formed fruit do not have an opening to allow
bacteria to enter, and are much more resistant to infection.
It is critical that streptomycin applications cover flowers
well, so avoid poor spray conditions (wind, etc.) and
alternate row applications. Adding the nonionic spreader-
activator Regulaid will improve coverage and uptake of
streptomycin.


Streptomycin generally works best if applied alone,
though it can be mixed with other pesticides. For
maximum uptake, apply streptomycin when drying is
slow.


Nectaries at the bases of flowers are where bacteria
enter apple trees, so it is critical that streptomycin reach
flower interiors. If the streptomycin is not applied to an
open flower, the residue inside that flower is greatly
reduced or non-existent. It may be necessary to reapply
streptomycin within two or three days of an initial
application, not because the antibiotic loses efficacy, but







because significant numbers of new flowers open.
One alternative, if multiple bloom sprays are needed,


is Serenade. Serenade is a biocontrol that has worked well
if used in rotation with streptomycin. Serenade’s
performance is erratic when it is the only material applied.
Use streptomycin first, but if there are continued infection
periods, Serenade may be applied as the second spray. It
should be applied 24 hours after a forecast infection.


Step 5 – Deal with late blossoms. Another often
overlooked problem with bloom sprays is that bloom is not
synchronized across all trees, and it does not stop all at
once. In any given variety, bloom may stretch over a week
or two. As long as forecast models indicate a high risk of
blight, and flowers are opening, streptomycin will need to
be reapplied to them for protection.


Late blooming varieties, young trees, or varieties that
have a few blossoms well after 99.9% petal fall present a
particular problem. As long as there are high numbers of


and infection of these first-leaf trees can either easily kill
the tree outright or significant portion(s) of the young tree.
De-flowering first-leaf trees and/or spraying them with
copper when the buds break is highly recommended.


Step 6 - Control Potato Leafhoppers-
Transmission of fire blight from one inoculum source to a
new site or tree has long been associated with various
insect populations. While the exact role of which insect
species are responsible for the bulk of fire blight
transmission is still being investigated, new research has
shed some light on the problem.


The influence of insects can be divided into two parts:
1) Those that may physiologically vector the disease by
carrying the bacteria from site to site, and 2) Those that
may cause injury sites through normal feeding, thus
creating small wounds that may allow bacteria to enter.
Various species of sucking insects are usually associated
with the first group.


Classic 'shepherds' crook shoot blight, June 26, 2007; these infected shoots were
on cider varieties that typically bloom later, therefore they have an increased risk
of fireblight infection


bacteria and open flowers,
blight can get started.


‘Late’ bloom was a
significant source of
infection in 2007.
Remember that many of
our newer cultivars have a
significant amount of
bloom occurring on one-
year-old wood. This bloom
is undesirable both
because it produces small
fruit (we try to thin it off)
and it also blooms 7-10
days later than regular
bloom.


For non-bearing trees,
getting rid of the blossoms
by pinching them off will
remove the opportunity for
infection. Remove buds
before blight risk is high.
This is particularly
important in new plantings
where: trees are typically
behind in bud growth stage
compared to the rest of the
orchard; bloom may be
present into late May or
early June depending on
planting date, when
weather conditions that
promote fire blight
epidemic are more likely;







The two main groups of sucking insects
present at this time of year are the aphids and
leafhoppers. The green apple/spirea aphid
complex is no longer thought to be a key
problem in fire blight transmission. The
leafhopper story is a little more complex.
There are 3 species present in most orchards
at this time of year: 1) white apple leafhopper,
2) rose leafhopper, and 3) potato leafhopper.
Of the 3 species, potato leafhopper has been
most often implicated in the transmission of
fire blight. Potato leafhoppers are yellowish to
pale green, and nymphs move sideways when
disturbed. They overwinter in southern states
and near the Gulf coast, move into our area in
early June, and are present until the end of the
season. Physical feeding injury will appear
along leaf margins as a dried “burned” look,
and may often be confused with nutrient
deficiencies. If fire blight is present, no PLH
should be tolerated. They should be controlled
with an insecticide.


Step 7 – An Apogee decision. The
growth regulator Apogee has the ability to
control shoot blight. Under normal conditions,
Apogee does not control blossom blight.
Unfortunately Apogee has to be applied well
before shoot blight symptoms are visible.
Typically, 6 to 12 oz/ 100 gal are applied at late
bloom or early petal fall, with a follow up
application 3 to 4 weeks later. It takes 10 days
for the first application to take effect against
fire blight. This means the decision to use
Apogee has to be an evaluation of risk at early
petal fall.


There is no precise way to measure this
risk, but a reasonable estimate can be made.
The evaluation should be based on 1) the
severity and number of bloom infection
periods, 2) whether fire blight was active in the
orchard during previous years, 3) the
susceptibility of the cultivars and rootstocks in


slow desired development. It may also reduce fruit size
and return bloom. Unfortunately, the timing and high rates
that are most effective against fire blight also have the
most effect on tree growth and bearing.


It is not clear whether later applications of Apogee,
particularly after symptoms appear, can significantly slow
an active shoot blight epidemic. Results of tests to date
suggest that disease control from Apogee applied after
symptoms show will be minor. At present, late treatments
with Apogee would be either hopeful or experimental. The


the orchard, and 4) the age of those trees. Obviously, the
more infection periods, and the more severe they are, the
greater fire blight risk. If an orchard had fire blight the
previous year, risk is high in the present year. Sensitive
varieties and rootstocks are at high risk. New trees are
certainly at risk, but the greatest risk of significant fire
blight damage appears to be to trees in their fourth to sixth
leaf.


Apogee as a fire blight tool presents a dilemma. It
stops new growth, and applications to young trees will


Fire blight susceptibility ratings for apple rootstocks, 
listed in order of size reduction of the rootstock*. 
 
 
Rootstock 
 


 
Fire blight rating 


 
Seedling  


 
Tolerant  


Novole  Resistant  
Polish 18 (P.18) Moderately resistant  
Antonovka 313 (Ant.313)  Moderately susceptible  
M.4  Tolerant  
MM.111  Tolerant  
MM.106  Moderately susceptible  
M.7a, M.7 EMLA  Tolerant  
CG. 6210  Resistant  
Supporter 4 (S.4) Highly susceptible  
Geneva 30 (G.30)  Highly resistant  
Geneva 935 (G.935)  Highly resistant  
Geneva 202 (G.202)  Highly resistant  
M.26, M.26 EMLA Highly susceptible  
Geneva 11 (G.11)  Moderately resistant  
Ottawa 3 (O.3)  Susceptible 
Geneva 16 (G.16)  Very resistant  
M.9 strains  Very susceptible  
Geneva 41 (G.41)  Highly resistant 
Bud. 9 (B.9)  Susceptible  
Polish 2 (P.2)  Susceptible  
Mark  Susceptible  
Bud. 146 (B.146)  Susceptible 
Bud. 491 (B.491)  Susceptible  
Polish 16 (P.16) Susceptible 
Geneva 65 (G.65)  Very resistant 
M.27, M.27 EMLA  Susceptible 
Polish 22 (P.22)  Moderately susceptible 


 
 
*A chart detailing the characteristics and fire blight 
susceptibility of apple rootstocks is available at 
http://www.nc140.org/publications.html 







best results against shoot blight will be from bloom or petal
fall treatments.


Step 8 - Rootstock sucker control. Many
dwarfing rootstocks are highly susceptible to fire blight.
Therefore, controlling root suckers is essential as root
suckers may provide an entry point for fire blight bacteria.
They should be removed. Ripping or pruning suckers can
leave an open wound, and that may be an entry point in
itself. So chemical treatment of suckers with NAA, sold
as Monterey Sucker Stopper Concentrate, (Tree Hold
Sprout Inhibitor) should be done in blocks where there are
highly susceptible rootstocks.


In blocks with active blight, it may be more important
to prune (not rip) suckers as soon as possible rather than
waiting for NAA or other chemical treatment to kill them.
When it comes to pruning, the highest priority is for root
suckers on M.9 and M.26 rootstocks.


Summer Through Winter


After petal fall, fire blight bacteria have a much
harder time infecting trees. Flowers are the most
important entry point for the fire blight bacteria. Shoot
blight is generally related to blossom blight, an extension
of bloom infections. Dealing with shoot blight is stressful,
because there are not any highly effective treatments, and
new strikes may keep appearing all summer, even with
treatment.


Step 9 - To cut or not to cut? When a surprised and
anxious grower first sees the hooked and wilting tips of
blighted shoots, the next question is almost always “Should
I cut it out?”


There are a few opinions on this question. Growers
who have tried to cut out active shoot blight often feel it
is impossible or ineffective or both. However, cutting out
active lesions and immediately getting the pruned wood
out of the orchard effectively slows the spread of fire
blight.


Dave Rosenberger of Cornell suggests a type of fire
blight triage when it comes to making a pruning decision
once blight has struck, going from highest to lowest
priority:


• Young orchards 3-8 years old with just a few
strikes.


• Young orchards 3-8 years old with severe strikes.
• Older orchards with a few strikes.
• Walk away group- orchards with so many strikes


that most of the tree would need to be removed,
severe pruning can stimulate new growth that can
become infected.


When pruning fire blight, the best method to use is the
“ugly stub” approach developed by Paul Steiner. To be
most effective, strikes should be pruned out as soon as
symptoms appear, and daily checks made to remove
diseased shoots. Make cuts into wood that is at least two
years old. Two-year-old wood is more resistant to fire
blight, and is much better than younger wood at stopping
infection movement in the tree. Fire blight bacteria travel
well ahead of visible infection, up to several feet. Cutting
back to a 4 to 6 inch naked stub in 2-year-old or older wood
gives the tree a good chance of using its own resistance
to isolate disease in the stub.


Inevitably the fire blight bacteria will form a canker an
inch or two in from a cut surface. Sterilizing tools will not
stop this, so it is not worth the effort. As a result, if a flush
cut is made back to the branch collar, the resulting bacteria
colonization and canker will form an inch or two into the
next limb or in the trunk. By leaving a stub, the canker
forms in it, and the stub can be cut off with the canker
during the next winter. The stub can be spray painted with
a bright color right after pruning, so that they are easy to
find and remove during winter pruning.


Step 10 - Do not expect much from summer
sprays. Most fruit growers are used to answering disease
outbreaks with their sprayers. Unfortunately, this is not a
very effective response to active shoot blight. Any of the
suggestions given here come under the heading of
experimental. They have not been widely tested, and may
not have any effect, other than costing extra money and
time. And remember, streptomycin sprays at this time are
counterproductive and largely a waste of time and will
hasten resistance


In “Step 6” above, we suggested that Apogee might
have some value if applied one to three weeks after petal
fall. This is based on the knowledge that Apogee works,
at least in part, by stimulating the apple tree to produce an
antimicrobial chemical. If this chemical is stimulated
through mid- to late summer, then Apogee applications
make sense. But we do not know that it is, and there are
no studies that show significant shoot blight control using
Apogee on active fire blight.


Similarly, while Serenade can be part of a multi-spray
blossom blight program, whether it may be useful against
shoot blight is still being tested.


Copper is another option. It works because it is toxic
to bacteria, and it must contact bacteria to kill them. If the
bacteria are already established and moving inside apple
trees, those bacteria are not going to be bothered by
copper. But any bacteria on the bark and other surfaces
of the tree can be killed. In theory, this should reduce fire
blight inoculum in the orchard. In tomatoes, a bacterial







canker can be treated using a mix of copper and
mancozeb. The mixture is more effective than copper
alone, and there is limited evidence that this may be true
for fire blight on apples. Again, this is experimental. While
it almost certainly will not stop an epidemic, it may slow the
spread. Of course, the down side of a copper applied at
this time of year is that it will russet fruit. And mancozeb
has a 77 day preharvest interval. If the copper/mancozeb
option is tried, do not expect to market high quality fruit
from the trees.


Since the introduction of Aliette, there have been
suggestions, even recommendations, that phosphorus
compounds known as phosphites and phosphonates (e.g.
ProPhyte, AgriFos, Phostrol) can control fire blight. While
some controlled tests indicate some reduction from
treated controls when these materials are sprayed before
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and at bloom, disease reduction does not approach that of
streptomycin at bloom. In addition, there is virtually no
evidence that these compounds have a positive impact on
shoot blight. Phostrol is labeled for fireblight control and is
being evaluated in NJ by several growers.


Use an integrated approach. Keeping fire blight
out of an orchard, or at least down to acceptable levels,
takes year-round effort and involves several tools.
Perhaps with fire blight more than other apple diseases,
there is no silver bullet. Preserving the best single tool
there is, streptomycin, requires that other practices for fire
blight be used as well. But used together on an annual
basis, an integrated program greatly reduce the chances
that fire blight will become a serious epidemic in an
orchard.
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Combining the high specificity of bacterial biosensors and the resolution power of fluorescence-activated cell
sorting (FACS) provided qualitative detection of oxytetracycline production by Streptomyces rimosus in soil
microcosms. A plasmid containing a transcriptional fusion between the tetR-regulated Ptet promoter from Tn10
and a FACS-optimized gfp gene was constructed. When harbored by Escherichia coli, this plasmid produces
large amounts of green fluorescent protein (GFP) in the presence of tetracycline. This tetracycline biosensor
was used to detect the production of oxytetracycline by S. rimosus introduced into sterile soil. The tetracycline-
induced GFP-producing biosensors were detected by FACS analysis, enabling the detection of oxytetracycline
encounters by single biosensor cells. This approach can be used to study interactions between antibiotic
producers and their target organisms in soil.


The use of bacterial biosensors, i.e., bacteria giving an easily
measurable response upon exposure to a specific compound or
environmental condition, is a promising new approach in en-
vironmental biology. Their use has, however, until now been
limited to measurements in more homogeneous samples such
as bulk water (14, 17, 18) and soil extracts (10). Soil is a
complex matrix of microhabitats conferring highly variable
growth conditions for the microbiota (15). The ability to gain
an understanding of soil microbial ecology and microbial pro-
cesses has been severely hampered by the inability to charac-
terize these microhabitats at a scale or resolution relevant to
microbial cells. Due to their high specificity, sensitivity, and
appropriate scale, whole-cell biosensors offer an approach that
could deal with these issues of spatial resolution.


A major advantage of using biosensor bacteria to detect or
quantify specific compounds in natural samples is that only the
fraction available to the bacteria, the bioavailable fraction, is
detected. Hence, the measurements made are relevant to the
effects of compounds on the microbial community.


An interesting application of bacterial biosensors is the de-
tection of bioavailable antibiotics in different environments
(7). Detection of antibiotics resulting from anthropogenic or
natural production is crucial for our understanding of the evo-
lution of antibiotic resistance.


Whether antibiotics are produced in soil by indigenous soil
organisms has been a scientific dispute for several decades (5,
19). Most antibiotics are excreted as secondary metabolites
when the producers are grown in rich media. It is not evident
that conditions in natural soil would allow the type of growth
required for producing and excreting the antibiotic. The
growth of potential antibiotic producers such as streptomyce-


tes in soil is thought to be localized in discrete areas, rather
than evenly distributed throughout the soil (19). Therefore, the
production and presence of antibiotics are likely to be limited
to a few microhabitats where conditions are favorable. This
makes the detection of indigenous antibiotic production by
conventional methods difficult.


Streptomyces rimosus is a known industrial producer of
oxytetracycline and was originally isolated from soil (4). In-
deed, most known microbial producers of the different tetra-
cyclines are bacteria native to soil. Actinomycetes are usually
present in large numbers in soil, and they constitute about 10%
of the culturable microbial population, exceeding 1 million
CFU/g of soil (5). Furthermore, large numbers of tetracycline
resistance determinants are often found in soil samples (2, 13,
16). This has led to speculations that the tetracycline resistance
genes are present in soil because tetracyclines are produced
there. However, the production of tetracyclines in soil has
previously never been shown by direct detection, due to the
lack of detection methods with the necessary specificity and
resolution power.


Most studies, aiming to examine antibiotic production in
soil, have employed extraction of the antibiotic from soil prior
to analysis (19). However, this method does not take the spatial
distribution as well as the bioavailability of the compounds into
account. If antibiotics are produced only in small amounts in a
few local microhabitas, this amount will be highly diluted dur-
ing extraction. This dilution could completely mask the pres-
ence of the compound, resulting in false-negative results.


We present here the construction of a biosensor bacterium
which is induced to express green fluorescent protein (GFP)
upon exposure to tetracycline. These experiments used soil
microcosms where the oxytetracycline producer S. rimosus was
inoculated with the biosensor. The aim of this research is to
use biosensors that are distributed in the soil at high density to
detect highly localized production of oxytetracycline. To detect
the potentially small subpopulation of biosensor cells express-
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ing GFP, the bacteria were extracted from the soil and ana-
lyzed using flow cytometry. Flow cytometry enables the de-
tection of low numbers of fluorescing cells against a high
background of nonfluorescent cells. To confirm the flow cy-
tometry results, induced biosensor bacteria were isolated using
fluorescence-activated cell sorting (FACS) and examined by
epifluorescence microscopy. In this study, we combine the high
specificity of bacterial biosensors and the resolution power of
FACS analysis. We demonstrate this method’s potential for
addressing environmental problems that were hitherto difficult
or impossible to analyze.


MATERIALS AND METHODS


Strains and plasmids. The bacterial strains and plasmids used in this study are
shown in Table 1.


Media and culture conditions. Both Escherichia coli strains used were grown
in a modified Luria-Bertani broth (11) containing only 4 g of NaCl per liter
(LB4). LB4 with 15 g of agar per liter was used for plate counts. S. rimosus was
continuously maintained on Trypticase Soy broth (TSB) (DSMZ medium 545)
plates. S. rimosus spores were pregerminated in pregermination buffer (8). An-
tibiotics used were ampicillin and tetracycline, added to culture media to final
concentrations of 100 and 10 mg/ml, respectively. Oxytetracycline at various
concentrations was added to media when induction of Ptet was examined. All
recombinant DNA manipulations were carried out by standard methods (11),
except where otherwise stated. All enzymes used were purchased from Boehr-
inger, Mannheim, Germany, and used according to the manufacturer’s guide-
lines. Antibiotics were purchased from Sigma.


Cloning of tetracycline biosensors. Plasmids pTGFP1 and pTGFP2, which
both contain transcriptional fusions between the tetracycline promoter Ptet and a
FACS-optimized gfp gene from pJBA27 (9), were constructed using PCR. The
tetracycline repressor tetR (a negative regulator of Ptet [1]) and Ptet were ampli-
fied from pUTtetgfp (7) using three different primers. Primer set 1 (used to
construct pTGFP1) consisted of the primers 59-AAAAGAATTCGCTGCTTTT
AAGACCCAC-39 and 59-CTATGCATGCCACTTTTCTCTATCACTG-39, giv-
ing a 732-bp fragment containing tetR and Ptet, as well as an EcoRI site upstream
and an SphI site downstream of this regulatory region. Following digestion with
EcoRI and SphI, the PCR product was directionally ligated to EcoRI- and
SphI-digested pJBA27 using T4 DNA ligase. The ligation mix was then trans-


formed into competent DH5a cells (11), and transformants were screened for
tetracycline-inducible GFP production in an epifluorescence microscope (model
Axioskop 2; Carl Zeiss, Sydney, Australia). We thereby replaced the already
existing promoter region in pJBA27 (PA1-04/03) with the tetR-regulated promoter
Ptet. In this plasmid, the ATG codon that would normally (in Tn10) be the start
codon in the tetA gene (encoding a tetracycline resistance efflux pump) was now
the start codon of the FACS-optimized gfp gene.


Primer set 2 (used to construct pTGFP2) consisted of the same forward primer
as in primer set 1 and 59-CCTTTACGCATGCTGAGTCTCCAG-39. Amplifica-
tion from pUTtetgfp with these primers gave a 928-bp fragment that included not
only tetR and Ptet but also the highly efficient atpE transcriptional initiation region
from plasmid pUTtetgfp. This PCR fragment was also digested with EcoRI and
SphI, ligated into pJBA27, transformed into DH5a, and screened for tetracy-
cline-inducible GFP production. Plasmid pTGFP2 is shown in Fig. 1. After
verification by electrophoresis, the plasmids were transformed into E. coli strain
MC4100. The recombinant strains were then examined for their GFP levels in
response to oxytetracycline. Aliquots of 50 ml from exponentially growing cul-
tures of E. coli MC4100 harboring either pTGFP1 or pTGFP2 were inoculated
into test tubes containing 5 ml of LB4 with different concentrations of oxytetra-
cycline. Three parallel samples were incubated for each concentration. Cultures
were incubated at 30°C with shaking for 16 h. After incubation, 0.5 ml of culture
from each concentration was centrifuged (6,000 3 g, 2 min), washed once and
resuspended in 3 ml of 0.9% NaCl, and transferred to cuvettes. Fluorescence
(from GFP) was measured in a Perkin-Elmer LS50 luminescence spectrometer
(Perkin-Elmer, Beaconsfield, Buckinghamshire, England). The excitation wave-
length used was 488 nm, and the emission wavelength was 511 nm, both with a
slit width of 2.5 nm. Optical densities of cultures were measured at 600 nm
(OD600) in an Ultrospec 2000 Spectrophotometer (Pharmacia Biotech, Cam-
bridge, United Kingdom). Relative fluorescence units per OD600 was then plot-
ted against the oxytetracycline concentration (Fig. 2). The performance of E. coli
strains containing pUTtetgfp, pTGFP1, and pTGFP2 was tested for applicability
in flow cytometry after induction of the strains with 50 ng of oxytetracycline per
ml (see below).


Microcosm experiment. Samples of 2.8 g of dried soil from Sturt National
Park, far northwestern New South Wales, Australia (a gift from Andrew J.
Holmes, Macquarie University, Sydney, Australia), including two barley leaves
(1.5 by 0.5 cm), were distributed into 15-ml polypropylene conical Falcon tubes
(Becton Dickinson, North Ryde, New South Wales, Australia). This soil was
chosen due to its high content of 16S ribosomal DNA sequences related to
actinomycetes (data not shown). The barley leaves were intended for microscopic
examination following the incubation. The microcosms were then sterilized by
exposing the tubes to a dose of 8,000 Gy from a gamma source (Macquarie
University cobalt-60 gamma source). From an overnight culture of biosensor E.
coli MC4100/pTGFP2, 0.5 ml was reinoculated into 50 ml of LB4 medium. Cells
were grown until OD600 reached 0.8. Thereafter, the biosensor cells were washed
twice in phosphate-buffered saline (PBS) and resuspended in 20 ml of PBS. An
aliquot (350 ml) of this suspension was then added to each tube (1.7 3 107 CFU
as tested on LB4 plates containing ampicillin). Spores of S. rimosus were har-
vested from 6-day-old TSB plates, by adding 10 ml of sterile double-distilled H2O
and scraping the spore layer of the colonies with a sterile inoculation loop. The
spore suspension was collected and filtered twice through a syringe filled with
sterile, nonabsorbent cotton wool (8). After filtration, the spores were centri-
fuged and resuspended in 10 ml of sterile double-distilled H2O. Following incu-
bation of the spores at 50°C for 10 min, an equal volume of 23 pregermination
buffer (8) was added and the spores were incubated at 37°C with shaking for 3 h.
The spores were then washed twice in PBS and resuspended in 10 ml of PBS (to
a final concentration of 3.2 3 105 CFU/550 ml as tested on TSB plates containing
tetracycline). Nine soil microcosms were inoculated with 550 ml of undiluted


FIG. 1. Composition of pTGFP2. A928-bp EcoRI-SphI fragment encompassing tetR, Ptet, and the E. coli atpE translation initiation region (in
black), all obtained by PCR, was inserted into pJBA27. The bla gene encodes b-lactamase conferring resistance to ampicillin. ori colE1, origin of
replication originating from pUC18-NotI; lacZ9, partially deleted lacZ gene; gfpmut3, FACS-optimized gfp gene encoding GFP. The two T’s are
transcriptional terminator sequences from pJBA27. Ptet is the tet promoter and tetR encodes the tet repressor protein, both originating from Tn10.


TABLE 1. Strains and plasmids used in this study


Bacterial strain
or plasmid


Relevant
characteristic(s)


Source or
reference


Strains
E. coli DH5a Auxotroph; thi-1 argF 6
E. coli MC4100 Prototroph 12
S. rimosus Oxytetracycline producer Liz Wellington (a gift)


Plasmids
pJBA27 Apr PA1-0403-gfpmut3 9
pUT-tetgfp Kmr Apr Ptet-atpE-gfp 7
pTGFP1 Apr Ptet-gfpmut3 This study
pTGFP2 Apr Ptet-atpE-gfpmut3 This study
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spore suspension (series A, 8.6 3 104 spores/g of wet soil), nine soil microcosms
were inoculated with 550 ml of a 1022 dilution of spores (series B, 8.6 3 102


spores/g of wet soil), nine soil microcosms were inoculated with 550 ml of a 104


dilution of spores (series C, 8.6 spores/g of wet soil), and nine control micro-
cosms were supplemented with 550 ml of PBS (series D, no spores). Thus, all the
microcosms contained 900 ml of liquid. In order to verify that the S. rimosus spore
inoculum did not contain any oxytetracycline, exponentially growing cells of E.
coli MC4100/pTGFP2 were inoculated with a dilution series of sonicated (5 min
in a 250/450 Sonifier [Branson Ultrasonics Corp., Danbury, Conn.]) and sterile-
filtered S. rimosus inoculum and shaken at 37°C for 16 h. A tube containing E.
coli MC4100/pTGFP2 plus PBS and a tube containing MC4100/pTGFP2 plus 50
ng of oxytetracycline per ml were included. The cultures were washed twice in


PBS, and fluorescence was determined using an LS 50B luminescence spectrom-
eter (Perkin-Elmer). A scan of light emission from 495 to 525 nm was recorded
when samples were excited at 488 nm. The FACS-optimized GFP has an emis-
sion peak at 511 nm.


Microcosms were incubated at room temperature, and triplicate samples were
taken at given times. At each sampling, 10 ml of PBS was added to each
microcosm sampled, the tubes were vortexed for 1 min, and the soil slurry was
allowed to settle for 1 h to avoid background fluorescence from soil particles.
Subsamples (2 ml) of the supernatant were filtered through a 38-mm-pore-size
stainless steel mesh (using Swinnex filter holders [Millipore]; 13-mm diameter).
A dilution series was made in PBS for plate counts of both S. rimosus (on TSB
containing tetracycline) and E. coli MT4100/pTGFP2 (on LB4 containing ampi-
cillin). The undiluted filtrate was analyzed using a Becton Dickinson FACScali-
bur flow cytometer (Becton Dickinson, North Ryde, New South Wales, Austra-
lia) to detect and enumerate biosensor bacteria which had been exposed to
oxytetracycline (see below).


Flow cytometry. Flow cytometry analyses were performed using a FACScalibur
flow cytometer equipped with an argon ion laser (488 nm) capable of GFP
excitation. Voltages were set at 380 V for side scatter (SSC), 600 V for detector
FL1, and 650 V for detectors FL2 and FL3 (fluorescence detectors). Sheath fluid
consisted of undiluted Osmosol (Lab Aids Pty Ltd., Narrabeen, New South
Wales, Australia). Fluorebrite beads (6 mm; Polysciences, Warrington, Pa.) were
run to check instrument performance before analysis of samples. This setup was
used to test pure cultures.


For analysis of soil samples, the instrument was set up for environmental
analysis (AusFlow protocol) by swapping FL1 and FL2 detectors. Compensation
was set at FL2 2 %FL1 5 99.9% and FL2 2 %FL3 5 99.9% to reduce natural
autofluorescence found in environmental samples. Samples were analysed in
triplicate for every condition, and the instrument was decontaminated by running
10% (wt/vol) sodium hypochlorite solution followed by distilled water between
each sample. Positive control samples consisted of soil slurries (extracted as
described above) with biosensor bacterium E. coli MC4100/ pTGFP2, which had
been induced with 50 ng of oxytetracycline per ml prior to mixing with the soil.
These samples were analyzed first, and the threshold was set, using the green
fluorescence detector (FL2), to just above the majority of the background of
fluorescent particles (Fig. 3).


A polygonal gate (R1) was defined around the population of positive control
bacteria on a bivariate dot plot of log SSC versus log forward scatter (Fig. 3). A
second dot plot of log SSC versus log green fluorescence was then analyzed by
gating on R1, and an ellipse region (R2) was defined around the bacteria
expressing GFP. Negative samples without fluorescent cells were analyzed to
determine the level of background fluorescence occurring within R2.


Sample filtrates from microcosms (100 ml) were added to 100 ml of PBS in 5-ml
Falcon tubes (BD Biosciences, San Jose, Calif.) and were vortexed prior to FACS


FIG. 2. GFP in cultures of MC4100 harboring pTGFP1 or pTGFP2.
Strains were grown overnight in LB4 containing increasing concentra-
tions of oxytetracycline. Diamonds represent MC4100/pTGFP1, and
squares represent MC4100/pTGFP2. Vertical bars show the standard
deviations (n 5 3).


FIG. 3. Flow cytometric analysis of E. coli MC4100/pTGFP2 cells (induced with 50 ng of oxytetracycline per ml) within soil. Region 1 defines
where bacteria lie according to size (left). The second dot plot (right) is gated on bacteria (region 1 [R1]). Region 2 (R2) defines the population
of GFP-expressing bacteria.
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analysis. Samples were analyzed on medium flow rate for 3 min (equivalent to 40
ml of filtrate sample). All events satisfying threshold requirements were collected
and saved into data files. All data analyses were carried out using Cellquest
software (BD Biosciences). The software WinMDI obtained from Joseph Trotter
(Salk Institute for Biological Studies, La Jolla, Calif.) was used for graphic
presentation of data. Verification of the GFP-expressing population (Fig. 3) (R2)
was carried out using FACS of GFP-induced cultures. A FACScalibur flow
cytometer modified for environmental analysis was used to select target cells,
allowing the confirmation of these by epifluorescence microscopy (Axioskop 2;
Carl Zeiss. Confirmation of GFP-expressing bacteria was carried out using 340
and 3100 (oil immersion) objectives. Excitation of GFP was through a 100-W
mercury vapor arc lamp with a filter block that excited GFP between 450 and 490
nm, allowing visualization at 520 nm.


Statistics. Cell numbers found on different days were compared by the use of
Student’s t test. Probabilities of less than 0.05 were considered significant.


RESULTS AND DISCUSSION


Biosensor construction. Detection of tetracycline in soil by
FACS analysis was in this study achieved by the construction of
a bacterial biosensor which contained the GFP gene under the
regulation of the tetracycline-responsive promoter Ptet.


An existing tetracycline-induced GFP-producing biosensor
construct (7) did not produce sufficient fluorescence for detec-
tion in a FACS sorter (data not shown). The GFP produced
from this construct has an optimal excitation wavelength of 395
nm compared to the FACS, which excites using a 488-nm laser
beam. It was especially inadequate when soil samples were
analyzed, since the Sturt National Park soil used in this exper-
iment contained many weakly fluorescent particles giving for-
ward scatter and SSC signals in the same region as the E. coli
MC4100 cells (data not shown).


Two new biosensor cassettes were therefore cloned using a
FACS-optimized gfp gene (gfpmut3) fused to the tet repressor
gene tetR and the tet promoter Ptet. GFP produced from this
gene has a 21-fold increase in fluorescence intensity when
excited at 488 nm compared with the wild-type GFP (3). This
makes it more suitable for FACS analysis. Two versions of this
biosensor construct were made. Plasmid pTGFP1 contains
tetR-Ptet, the “natural” translation initiation region from the
tetA gene, fused to the FACS-optimized gfp gene. Plasmid


pTGFP2 (Fig. 1) contained, in addition to the components of
pTGFP1, the highly efficient translation initiation region of the
E. coli atpE gene.


The fluorescence produced from pTGFP1 was much lower
than the fluorescence from pTGFP2 (Fig. 2). This was true
both for basal-level GFP expression (at 0 mg of oxytetracycline
per ml) and at higher concentrations. E. coli MC4100 contain-
ing either plasmid showed an increase of fluorescence in re-
sponse to increased oxytetracycline concentrations. Both cul-
tures induced with 50 ng of oxytetracycline per ml were then
tested in the FACS sorter. At this oxytetracycline concentra-
tion, clear induction was seen in E. coli MC4100/pTGFP2 (Fig.
2). The two induced cultures were added to the soil which was
to be used in the microcosm experiments, extracted with PBS,
filtered, and run through the FACS sorter. Only the induced
culture of E. coli MC4100/pTGFP2 was readily distinguishable
from the other particles in the soil. The result is shown in Fig.
3.


Microcosms. Four sets of sterile soil microcosms containing
high numbers of cells of the tetracycline biosensor bacterium
E. coli MC4100/pTGFP2 were set up. To each set, a decreasing
number of S. rimosus spores were added. Following incubation,
microcosms were sacrificed and the content of induced biosen-
sor bacteria was determined by FACS analysis.


No fluorescent bacteria (in the R2 region [Fig. 3]) were
detected above the background level on day 0 (Fig. 4). On day
2, however, there was a fluorescent population in the series A
samples (highest spore inoculum) of 1.24 3 104 R2 counts per
ml of extract corresponding to 28% of the total biosensor
population calculated from the plate counts. The number of
fluorescent bacteria in the series A samples remained at ap-
proximately the same high level on day 5 (9.64 3 103 R2
counts/ml of extract). Due to the overall growth of the biosen-
sor in these samples on day 5, the fluorescent population had
dropped to constitute only 2.4% of the total number of bio-
sensors. Figure 5 shows the distribution of fluorescence counts
in a typical series A sample from day 0 and day 2. Only counts
in the R2 region are summarized in Fig. 4. The increase in the


FIG. 4. Enumeration of induced biosensor bacteria (E. coli MC4100/pTGFP2). Soil microcosms were extracted with 10 ml of PBS, sedimented
for 1 h, and filtered through a 38-mm-pore-Size mesh. Soil extracts were then analyzed on a FACScalibur flow cytometer, and only bacteria lying
in the R2 region (shown and defined in Fig. 3) are counted as positive. Values and standard deviations in the negative area are not shown. Series
A, B, C, and D were initially inoculated with 8.6 3 104, 8.6 3 102, 8.6, and 0 spores per g of wet soil, respectively.
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numbers of fluorescent biosensors is most likely caused by
oxytetracycline production in the soil microcosms. Cell sorting,
followed by microscopy, confirmed that the particles counted
by FACS indeed were induced biosensor cells.


In series B samples (samples with a 102-diluted S. rimosus
inoculum) from day 2 and day 5, the number of induced bio-
sensors appeared to be higher than in both the series C and the
series D samples. The difference was, however, not statistically
significant due to large fluctuations within replicates in series
B, day 5 (see error bars in Fig. 4). In any case, it suggests that
tetracycline production is occurring in this series as well. FACS
signals in samples from series C and series D remained at the
same background level throughout the whole period.


No detectable concentrations of GFP were found in the
controls when a sonicated spore inoculum was examined as
described above, indicating that no oxytetracycline was added
to the microcosms together with the S. rimosus spore inoculum
(data not shown).


Background fluorescence stemming from soil particles aver-
aged 192 R2 counts/ml of extract (data not shown). This back-
ground level was subtracted from the counts of each micro-
cosm harvested. Only readings above this background level are
shown in Fig. 4.


Selected barley leaves were inspected in the epifluorescence
microscope in order to produce photographic evidence of the
interaction between Streptomyces hyphae and associated bio-
sensor cells. However, the concentrations of the organisms
were apparently too low, as no fluorescing cells were found.


Cell growth and inhibition in the microcosms. Bacterial
numbers showed that neither growth nor decline of the bio-
sensor bacteria was taking place during incubation in sterile
soil (Fig. 6). On day 5, however, the numbers of biosensors had
increased significantly (10-fold) in the samples with the highest
S. rimosus spore inoculum. This could be due to excretion of
metabolites from S. rimosus as it grows and degrades the soil
polymer components such as chitin and hemicellulose or the
death of S. rimosus hyphae and subsequent release of nutrients


into the soil matrix. The production of oxytetracycline in the
experiment indicated that S. rimosus was metabolically active
in the soil microcosms. On day 5, the R2 numbers remained
high (see above), but the percentage of biosensors which were
induced had dropped from 28 to 2.4%. This is not an unex-
pected development. If the induced biosensors were exposed
to tetracycline in concentrations that slow down their growth,
it would give a growth advantage to the bacteria that are
situated in areas without tetracycline. An overall growth in
biosensor numbers would therefore favor the uninduced bac-
teria, hence the lower percentage. The induced biosensor cells
used for defining the R2 region were grown in the presence of


FIG. 5. Flow cytometric analysis at day 0 (left) and day 2 (right) of soil extract from microcosms inoculated with a high density of S. rimosus
spores (series A).


FIG. 6. Enumeration of biosensor bacteria (E. coli MC4100/
pTGFP2) on LB4 containing ampicillin. Open diamonds, micro-
cosms containing undiluted S. rimosus spore inoculum (A series);
open squares, 1003-diluted spore inoculum (B series); open triangles,
10,0003-diluted spore inoculum (C series); multiplication signs, no
spores added (D series).
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50 ng of oxytetracycline per ml. This concentration was chosen
since it gives an induction easily distinguishable from soil par-
ticles in the FACS. Concentrations of oxytetracycline above 50
ng/ml have in our hands slowed down growth of E. coli
MC4100. It is therefore likely that tetracycline was produced
by S. rimosus locally in soil in high enough concentrations to
inhibit bacterial growth in the vicinity of the producer. This
indicates that antibiotic production can give the producer a
selective advantage under natural conditions. It also suggests
that indigenous actinomycetes may provide selective condi-
tions for antibiotic-resistant bacteria in natural soil. However,
since growth conditions in culture cannot be compared to
those in soil microcosms, the response of the biosensor is
qualitative rather than quantitative in this experiment. The
number of biosensor bacteria determined by plate counts ac-
counted for only a fraction of the biosensor bacteria added.
Between 1.7 3 104 and 7.3 3 104 CFU of E. coli MC4100/
pTGFP2 per ml of extract was recovered from the microcosms
on day 0 (1 h after inoculation). This is equivalent to a recovery
of the biosensor of between 1 and 5% of the number of bio-
sensors inoculated into the soil. The low recovery could be due
to the long (1-h) sedimentation period. Apparently, the bacte-
ria precipitated rapidly together with the soil particles in this
type of soil. As a control, samples were taken after 10 min of
sedimentation on day 2 and plated onto selective media. The
CFU counts after 10 min were 5- to 10-fold higher than in the
same samples after 1 h of sedimentation (data not shown). The
10-min samples were, however, not suitable for analysis in the
FACS, because of a high level of particles interfering with the
detection of fluorescent bacteria.


Likewise, S. rimosus numbers in the extract were low com-
pared to the number of CFU added. S. rimosus could be detect-
ed by plating only in the series with the highest inoculum den-
sity. The counts were 3.5 3 102 on day 0, 9.8 3 101 on day 2,
and 4.4 3 102 CFU/ml of sample on day 5. The recovery in the
sample with the highest inoculum density was approximately
1%. Samples from the 10-min sedimentation on day 2 (see
above) showed the same sedimentation for S. rimosus as for
E. coli MC4100/pTGFP2. The growth or decline of S. rimosus
CFU could not be detected via plate counts in this experiment.


Application potential. We have introduced a new approach
in environmental microbiology by combining the high specific-
ity of bacterial biosensors and the resolution power of a fluo-
rescence-activated cell sorter. Application of these techniques
provided detection of oxytetracycline production by S. rimosus
in soil microcosms. This has not been possible with traditional
methods, possibly due to the very low oxytetracycline concen-
trations in the bulk soil.


Analyzing the samples by FACS has the major advantage
that fluorescence is detected per individual bacterial cell. This
allowed the detection of a few fluorescent cells exposed to
inducing concentrations of oxytetracycline among a larger
number of nonfluorescing bacteria.


Moreover, the use of a whole-cell biosensor permits detec-
tion of only the bioavailable fraction of tetracycline. This gives
the opportunity to study biological effects of antibiotics pro-
duced in the environment or introduced as pollutants in ma-
nure and sewage sludge.


We believe that an improved method of extracting biosensor
cells from the soil can give higher recovery of biosensor cells


and less variable detection of oxytetracycline production. This
will provide the means for tetracycline detection at lower den-
sities of S. rimosus cells. We are currently working on applying
this approach in nonsterile and unamended soil using different
gram-negative bacterial hosts for the biosensor construct.


A combination of this setup and confocal scanning laser
microscopy could give additional information on the spatial
diffusion of antibiotics and its effect on the surrounding micro-
flora, in situ.


ACKNOWLEDGMENTS


We acknowledge the Department of Biological Sciences, Macquarie
University, Sydney, Australia, for patient help and constructive advice,
especially Jan Gebicki for providing access to the gamma source and
Andrew J. Holmes for providing the soil used in microcosms.


This work was supported partly by the Danish Ministry of Food,
Agriculture and Fisheries, projects MIL 96-2 and MIL 96-3.


REFERENCES


1. Bertrand, K. P., K. Postle, L. V. Wray, Jr., and W. S. Reznikoff. 1984.
Construction of a single-copy promoter vector and its use in analysis of
regulation of the transposon Tn10 tetracycline resistance determinant. J.
Bacteriol. 158:910–919.


2. Bronstad, K., K. Dronen, L. Ovreas, and V. Torsvik. 1996. Phenotypic
diversity and antibiotic resistance in soil bacterial communities. J. Ind. Mi-
crobiol. 17:253–259.


3. Cormack, B. P., R. H. Valdivia, and S. Falkow. 1996. FACS-optimized
mutants of the green fluorescent protein (GFP). Gene 173:33–38.


4. Finley, A. C., G. L. Hobby, S. Y. P’an, P. P. Regna, J. B. Routien, D. B. Seeley,
G. M. Schull, B. A. Sobin, I. A. Solomons, J. W. Vinson, and J. H. Kane.
1950. Terramycin, a new antibiotic. Science 111:85.


5. Gottlieb, D. 1976. The production and role of antibiotics in soil. J. Antibiot.
(Tokyo) XXIX:987–999.


6. Hanahan, D. 1983. Studies on transformation of Escherichia coli with plas-
mids. J. Mol. Biol. 166:557–580.


7. Hansen, L. H., and S. J. Sørensen. 2000. Detection and quantification of
tetracyclines by whole cell biosensors. FEMS Microbiol. Lett. 190:273–278.


8. Hopwood, D. A., M. J. Bibb, K. F. Chater, T. Kieser, C. J. Bruton, H. M.
Kieser, D. J. Lydiate, C. P. Smith, J. M. Ward, and H. Schrempf. 1985.
Genetic manipulation of Streptomyces: a laboratory manual. The John Innes
Foundation, Norwich, United Kingdom.


9. Normander, B., B. B. Christensen, S. Molin, and N. Kroer. 1998. Effect of
bacterial distribution and activity on conjugal gene transfer on the phylloplane
of the bush bean (Phaseolus vulgaris). Appl. Environ. Microbiol. 64:1902–1909.


10. Rasmussen, L. D., S. J. Sørensen, R. R. Turner, and T. Barkay. 2000.
Application of a mer-lux biosensor for estimating bioavailable mercury in
soil. Soil Biol. Biochem. 32:639–646.


11. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a
laboratory manual, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.


12. Silhavy, T. J., M. L. Berman, and L. W. Enquist. 1984. Experiments with
gene fusions. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.


13. Smit, E., A. Wolters, and J. D. van Elsas. 1998. Self-transmissible mercury
resistance plasmids with gene-mobilizing capacity in soil bacterial popula-
tions: influence of wheat roots and mercury addition. Appl. Environ. Micro-
biol. 64:1210–1219.


14. Sticher, P., M. C. M. Jaspers, K. Stemmler, H. Harms, A. J. B. Zehnder, and
J. Roelof Van Der Meer. 1997. Development and characterization of a
whole-cell bioluminescent sensor for bioavailable middle-chain alkanes in
contaminated groundwater samples. Appl. Environ. Microbiol. 63:4053–4060.


15. Stotzky, G., and H. Babich. 1986. Survival of, and genetic transfer by, ge-
netically engineered bacteria in natural environments. Adv. Appl. Microbiol.
31:93–138.


16. Sundin, G. W., D. E. Monks, and C. L. Bender. 1995. Distribution of the
streptomycin-resistance transposon Tn5393 among phylloplane and soil bac-
teria from managed agricultural habitats. Can. J. Microbiol. 41:792–799.


17. Vollmer, A. C., S. Belkin, D. R. Smulski, T. K. Van Dyk, and R. A. Larossa.
1997. Detection of DNA damage by use of Escherichia coli carrying
recA9::lux, uvrA9::lux, or alkA9::lux reporter plasmids. Appl. Environ. Micro-
biol. 63:2566–2571.


18. Willardson, B. M., J. F. Wilkins, T. A. Rand, J. M. Schupp, K. K. Hill, P.
Keim, and P. J. Jackson. 1998. Development and testing of a bacterial
biosensor for toluene-based environmental contaminants. Appl. Environ.
Microbiol. 64:1006–1012.


19. Williams, S. T. 1982. Are antibiotics produced in soil? Pedobiologia 23:427–
435.


244 HANSEN ET AL. APPL. ENVIRON. MICROBIOL.





dcarter
File Attachment
Hansen et al 2001 OTC soil biosenors.pdf


































dcarter
File Attachment
LindlowMcGourtyElkins1996.pdf




Fire Blight Management in the Pacific Northwest USA


Updated as of April, 2009.


Timothy J. Smith, WSU Extension, 400 Washington, St. Wenatchee, WA 98801


Products Used in the United States for Control of Fire Blight:


Sprays are generally used to prevent the establishment of successful E. amylovora
bacteria colonies on the flowers' stigma surface, or perhaps to halt the division of the
bacteria once they have entered the nectary. The flower interior is the target of sprays.


All sprayed products are equally ineffective unless applied during a very narrow timing
period in relation to the disease development. Fire blight bacteria colonies establish daily
on newly opened, untreated flowers. The effective control product must be applied into
each flower within a day or two of its' opening to adequately protect it from infection.
Spraying this well is difficult, as many other important sprays are being applied at this
time, and sprayers may be scarce.


As infection risk varies, infection can result in a few strikes per acre, or many thousands.
Even a 95 percent reduction in infection could leave one strike per every 10 trees, or ten
strikes per tree. During times of extreme risk, you should attempt to apply the effective
products prior to infection.


Biological Control: The only partial exception to the narrow spray timing window is the
biological agents (BlightBan - the A-506 strain of Pseudomonas fluorescens and some
other promising organisms that may be available soon), which are (usually) live bacteria.
When applied to open flowers, these micro-organisms produce colonies on the stigma
surfaces and spread by insect to protect newly opened flowers. The beneficial bacteria's
colony must get to the stigma surface ahead of the blight bacteria to fully protect it.
Colonized stigma surfaces are usually well protected, but the practical difficulty has been
attaining a continuous high level of infestation of flowers by the protective bacteria. If
flower numbers are low, as they are late in bloom or post petal-fall, or when the weather
is cool, the beneficial bacteria do not grow and spread adequately. The biological
products will be most effective when applied every two or three days to a heavily
flowering orchard starting four or five days prior to a forecasted high infection risk
period, rather than at random during cool weather during a specific blossoming stage. To
date, researchers have shown that biological control agents provide partial reduction of
blight infection, as high as 50-80 percent in field tests, and even higher in the laboratory.
If applied two or three days ahead of an actual infection, this 50-80 percent control will
be in place when the more effective control product, usually an antibiotic, is applied. The
two product classes used in this timing pattern, not together, are the best approach to
control presently available.


Various Minerals: Over the past 10-15 years I have been provided mineral fertilizer
products that are said to have reduced or eliminated fire blight when used in orchards







elsewhere. These fertilizers are usually phosphorus or calcium based, but are sometimes
mixtures of various macro and micro-nutrients. The reports of efficacy are almost always
based on observations that growers had a problem with fire blight one year, used the
product the next season, and, to everyone's surprise, the blight was not a problem. No
nutrient spray program has done at all well in my efficacy screening.


Copper: The various products with copper as the active ingredient have not performed
well in our trials. The level of control when these products are applied multiple times to
open blossoms varies from 20 to 40% compared to a non-treated inoculated check. The
level of control when they are applied pre-bloom is insignificant. People still use copper
as part of a fire blight control program, but mostly by habit, rather than any true
indication of effect. At times copper products seem to reduce infection, but they are not
reliable under high pressure infection conditions, and should be used only as a
supplement to more effective products. In side by side tests, copper is always better than
nothing, but is usually much less effective than the other normally recommended
products. Effective rates may also russet sensitive varieties fruit, especially when applied
during cool, wet weather.


Fungicides + Copper: Recent research has indicated that mancozeb + copper fungicide
combinations are promising if used during the three to four days running up to a possible
fire blight infection period. These sprays may supress the build-up of fire blight
pathogenic bacteria on the stigma tip, increasing the level of control when antibiotics are
used to combat infection during the actual infection event. The rate of copper used in this
combination is relatively low, and russet seems less common than when copper
fungicides are used alone.


Oxytetracycline (Mycoshield, FlameOut, FireLine) is the only reasonably effective
product available to most Pacific Northwest USA pear and apple growers. There have
been many instances where the properly timed use of this product has greatly diminished
the degree of infection in the treated block, compared to untreated nearby blocks
considered, at the time of application, to be less at risk. This product has been fully
labeled for use on Washington pears for decades, with no indication of resistance in the
bacterial population. In my efficacy trials, antibiotics provide 85-95 percent control, and
in actual practice, seem to perform at a level much better than that. Streptomycin,
kasugamycin and gentamycin have all performed very well in my efficacy trial, where I
inoculate the flowers with a streptomycin-susceptible laboratory strain if E.a. bacteria.
Oxytetracycline has performed well in my trials, probably because I treat within one hour
of a known time of infection.


For best effect, you must apply this product within 24 hours before an infection period.
Application two days ahead of infection period is possibly helpful, but effect probably
drops off rapidly as you extend the pre-infection period application timing to three or,
especially, more days. Many growers also attain reasonable control when they carefully
apply the product within 12 to 24-hour after an infection. It is unlikely that sprays have
significant effect when applied more than 24 hours post-infection. Due to lack of flower







coverage, I do not recommend that this product be applied by aircraft, as is allowed by
the label.


SAR Products: Several products have been tested, and more seem to appear every season,
that are said to induce resistance to specific diseases in the treated plant. The general term
for this process is "specific acquired resistance." These products seem to perform in some
crops and with certain diseases, but have not met with any great success in the orchard.
The ones I have tested often had a measurable effect, but the range of control varied from
0 to 20 percent, a control level which would be difficult to see outside of a highly
replicated trial.


Other Products: There is a long list other registered products sold as control options,
including streptomycin, which is no longer effective in most of the Pacific Northwest
USA. Most other spray materials should be considered experimental or supplemental to
the overall control program, as they will not adequately control fire blight, even when
infection conditions are marginal. We must be careful not to over-sell the effect of these
alternative products until they are consistently shown to be sufficiently effective under
commercial use. Regulators may expect us to do without the one or two effective
products, as there are so many apparent alternatives. Products recommended for
supplemental blight control vary from promising products to some that are of very
questionable-value.


Post-infection Treatments: A unfortunate amount of money has been spent on truckloads
of post-infection treatments over the past thirty years. This is understandable, as any
grower would try anything to reduce damage in a block being devastated by blight.
Unfortunately, to date, no careful trials have shown that any commercially available
product will affect damage done to the tree once infection has occurred. Often, by the
time blight has been noticed, then sprayed, the disease has almost run its' course, and
stops "running" naturally. This leads to the false assumption that the sprayed concoction
did the job.


There is a tree growth regulator (Apogee) that may reduce shoot growth on apple trees,
thereby reducing the potential for shoot tip infections. This product has been effective for
reducing shoot strikes on apples, but remains relatively in-effective on pears. To work
properly, the Apogee must be applied very near blossom time, well prior to the known
infection of the tree. The use of this growth regulator as a fire blight management tool is
confined to areas with high risk of post bloom shoot tip infection.


Most sprays are used to prevent the establishment of successful E. amylovora bacteria
colonies on the flowers' stigma surface, or perhaps to halt the division of the bacteria very
soon after they have entered the nectary. As the flower is the target, spraying the tree
once infections have become established is of no value. No research or field trial has
shown good evidence that presently available sprays do much, if anything, to reduce the
potential for shoot tip infections that often occur on or near infected trees.
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How Good Are Our Options With Copper, Bio-controls 
and Alliette for Fire Blight Control? 


Paul W. Steiner, Extension Fruit Pathologist 
University of Maryland, College Park, MD 20742 


(Presented at the Annual Meeting of the Va./W.Va. State Horticultural Societies, Roanoke, Va., 
January 13, 1998) 


Introduction 


Fire blight is a greater problem today than in the past because our orchards and orchard 
management practices have changed considerably. There has been a shift toward the more 
lucrative fresh fruit market with many new varieties like Gala, Fuji, Braeburn, Gingergold, 
Jonagold which are very susceptible to fire blight. Orchards are also now planted at higher tree 
densities using 500 to 1,000 instead of 100 to 200 trees per acre. Such densities require 
smaller trees which is accomplished by using certain dwarfing rootstocks and tree training 
techniques that promote more bearing surface and less overall structure. The favored 
rootstocks are M-26 and M-9, both of which are very susceptible to fire blight and the tree 
training methods may contribute to the problem by reducing some of the inherent physiological 
resistance in apples to the progress of infections. In all, the risks for major limb and tree losses 
following even a modest outbreak of fire blight is much greater now than it was just 10 to 20 
years ago. 


With this increase in susceptibility to fire blight, the highly erratic nature of the disease and it 
destructive potential, it is often tempting to use existing materials for control more frequently 
than necessary Ajust for insurance@. This approach is especially dangerous now because we 
have only one effective antibiotic for preventing blossom infections -- streptomycin. Throughout 
the U.S., the emergence of streptomycin resistant strains in nearly all cases has been 
preceded by the excessive use of this antibiotic at six or more times per year on a routine 
basis. Fortunately, streptomycin has been traditionally used more conservatively in the mid-
Atlantic region so we have yet to see significant problems with resistance. That situation, 
however, can change quickly in just a few years of excessive use when disease pressures are 
high. 


In this situation we have two alternatives: [1] use streptomycin more efficiently, and [2] find 
alternative methods of control. Our best chances for stabilizing the risks for antibiotic 
resistance and for suppressing the damage caused by fire blight over the long term is to try to 
use both approaches wherever that can be done economically and effectively. Of the 
alternative methods currently available, three have received considerable attention in the 
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research and trade literature: [1] use of copper containing materials; [2] use of Alliette or 
fosetyl-aluminum to trigger the apple tree=s natural defense mechanisms; and [3] use of 
bacterial bioantagonists for biological control. The purpose of this brief report is to review the 
current status of these options. 


Copper Materials for Fire Blight Control 


Copper sulfate was used in the mid-eighteenth century to control stinking smut of wheat. In the 
late nineteenth century, Millardet in the Bordeaux region of France found that a combination of 
copper sulfate and lime was effective against grape downy mildew. This so-called "Bordeaux 
mixture" has been used ever since in controlling a variety of fungus and bacterial diseases on 
many different crops. The effectiveness of copper against various pathogens is attributed to 
the availability of copper ions that inactivate many different enzymes and other proteins 
essential to vital cell membrane function. Unfortunately, this broad mode of action is not 
restricted to microorganisms but can also damage foliage and fruit on the crop plant. Indeed, 
on apples, this potential for phytotoxicity is the single most important factor limiting its effective 
use against fire blight beyond the green tip stage.  


Alan Biggs (West Virginia University), Keith Yoder (Virginia Tech) and I have all looked at ways 
in which copper materials might be used safely after bloom to control, but we have all 
encountered problems with cumulative toxicity following multiple sprays and we still do not 
have reliable data on the efficacy of these materials used in this way. Thus, for now, we are 
limited to recommending copper treatments for use as a green tip spray. In making this 
treatment, however, it is important to first understand exactly what it is we wish to accomplish 
and how that might effect a developing epidemic. The primary purpose of this treatment is not 
to kill bacteria in the cankers or even to kill the bacteria as they ooze out of such sites. Indeed, 
even where copper residue covers the canker surface, the ooze is forced out in droplets or 
strands that "poke through" that residue exposing many live bacteria for dispersal in the 
orchard. The real role for copper in controlling fire blight is to provide an inhibitory barrier over 
all bark and bud surfaces in the orchard that will prevent the bacteria from colonizing these 
areas. 


Keep in mind that, unlike apple scab, where spores are dispersed within hours of infection, the 
bacteria causing fire blight are dispersed, colonize and are redispersed repeatedly for several 
weeks before bloom when the first infections might occur. This, coupled with the fact that 
infections, when they occur, happen within minutes not hours, explains why incidents of fire 
blight often appear "explosive". Our recommendations for the use of copper materials at green 
tip, therefore, is to interfere with the widespread colonization of bark and bud surfaces 
throughout the orchard. For this to be effective, coverage must be thorough so a high volume 
spray is needed to completely wet all exposed surfaces in the orchard. In addition, since the 
dispersal and colonization of the bacteria is random and independent from the resistance or 
susceptibility of the trees, all of the trees in a treated block must be sprayed, not just 
those of susceptible varieties. Failure to also spray the normally fire blight resistant Red 
Delicious trees in an orchard interplanted with fire blight susceptible varieties provides a safe 
harbor for the bacteria to colonize and later be dispersed by honey bees to open flowers on all 
varieties, reducing if not totally negating the value of the treatment. Similarly, spraying only the 
fire blight susceptible crab apple pollinators in a Red Delicious orchard does not prevent the 
colonization of Red Delicious trees so that the stage is set for trauma blight damage to these if 
hail or high winds occur. 
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From a practical and economic standpoint, the copper material will serve effectively as the first 
scab spray of the season needed at green tip and it can also be tank mixed with 2 percent 
spray oil for mite and scale insect control at this time. The alkaline nature of most copper 
formulations, however, means that it cannot be used with most other insecticides and 
fungicides. For both efficacy and crop safety, the best timing for the copper treatment is after 
bud break at the green tip stage. Based on the modeling we=ve done in developing the 
MARYBLYTTM program, we think the greatest flux of bacteria onto bark surfaces occurs at 
about the tight cluster to pink stage. In some years this can be several weeks after a dormant 
application so that the copper residues we are counting on to prevent colonization can be 
greatly reduced through weathering. Work by Dave Rosenberger at Cornell warns against 
applications later than the half-inch green stage because these can produce unacceptable 
levels of fruit and foliar damage. 


Use of Alliette Fungicide for Fire Blight Control 


Alliette, a new fungicide from Rhone-Poulanc, has shown efficacy in controlling collar rot, 
caused by the fungus Phytophthora cactorum. Alliette is also registered for use as a 
preventative against blossom blight, but the data supporting such a use is not at all convincing. 
The material has been tried for several years in Europe, the U.S. and Canada. Test results 
show that Alliette is never better than streptomycin, often affords significantly less control and, 
sometimes, appears to be ineffective. Alliette is reputed to trigger the production of inhibitory 
substances within the apple tree that provide some degree of natural resistance to fire blight. 
Whether this is the only mode of action or whether it applies equally well across all apple 
varieties is not known. Because of its systemic activity, it may ultimately prove to be more 
useful in reducing canker blight or rootstock blight, but to my knowledge no research is 
underway along these lines. 


The bottom line on the use of Alliette for blossom blight is that its activity is too unreliable given 
the risks for severe crop and tree loss that are present even where the amount of fire blight 
may be modest. 


Use of Bioantagonists for Fire Blight Control 


The use of biological control methods has always been an attractive goal for integrated crop 
management programs and, in some cases, they have proven to be very effective. However, it 
is important to understand the nature of biological control in that we are depending on a living 
organism to grow, multiply, and be dispersed as well and as rapidly, if not more so, than the 
pathogen or pest we hope to control. Just as the populations and dispersal of the fire blight 
bacterium vary with the weather, we can expect similar effects on most bioantagonistic 
microorganisms. 


At present, there are two bacterial antagonists that have shown good activity in protecting 
against fire blight. One such material is marketed since 1995 as Blight Ban uses a strain of the 
bacterium, Pseudomonas fluorescens, Pf-A506. This agent multiplies rapidly and colonizes 
open flowers to the extent that it excludes any significant subsequent colonization by the fire 
blight organism. Tests in many locations, however, show that if this antagonist is applied after 
Erwinia amylovora is already present or even as a mixture with the pathogen, it is not effective. 
The second promising bioantagonist is another bacterium, Erwinia herbicola, strain C9-1, 
which is a common epiphyte on apples. In addition to the competition for space that occurs 
with Pf-A506, E. herbicola C9-1 also produces an antibiotic of its own that inhibits the 
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multiplication of the pathogen. Like its A506 counterpart, this second bioantagonist must also 
be present in the flower before the arrival of the pathogen for it to be effective. This later strain, 
however, has not yet been approved by the EPA and so is not commercially available. 


Both bioantagonists provide a moderate level of control against fire blight in most trials 
conducted across the U.S. There have been, however, a few unexplained failures which may 
have been due to other factors not under control of the researcher. Neither one nor both of 
these bioantagonists provide the overall control for blossom blight that is as dependable or as 
effective as streptomycin. Keep in mind, too, that while streptomycin appears to prevent or 
ameliorate some of the damage in trauma blight situations and is not effective against shoot 
blight, nothing is known about how these bioantagonists might affect phases of fire blight 
epidemics other than blossom blight. Since both strains are resistant to streptomycin (gene lies 
on the chromosome and not on a transmissible plasmid, so this type of resistance should be 
safe in that it is not likely to be transferred to pathogen strains), the best use of these 
bioantagonists at the beginning and at full bloom treatments along with streptomycin 
treatments scheduled in response to predicted infection events. At the present stage of 
development, these materials are probably a less attractive alternative to streptomycin in the 
mid-Atlantic region than in the western U.S. where it is reported that up to 85% of the pathogen 
isolates are already resistant to streptomycin. 


On a more positive note, look for the development of other bioantagonistic strains of bacteria 
and, possibly, some yeasts as effective management tools for fire blight in the future. Early 
tests on some of these suggests greater activity and multiple modes of action that might work 
favorably in this region. Realistically, however, since apples is still considered a "minor" crop, 
one of the determining factors in how quickly and broadly new strains might be registered will 
be how well they act against other bacterial pathogens of other crops or have other 
complementary action such as frost protection. 


Preserving the Effectiveness of Streptomycin 


Given the limitations of the above alternatives to streptomycin, we must pay special attention 
to effective resistance management tactics when using this valued antibiotic. In this regard: 


1. Limit the use of streptomycin to bloom sprays needed to prevent blossom blight. Make these 
treatments only when needed using a forecasting program such as MARYBLYTTM to 
anticipate primary infection events. In this area this will mean zero to two applications in most 
years and, sometimes, three or four when bloom periods are extended. 


2. Streptomycin is ineffective against canker blight and shoot blight and it should never be 
used in a protective program for this purpose. 


3. Adopt an aggressive fire blight management program aimed at reducing the number and 
distribution of inoculum sources for all phases of the disease every year regardless of how 
much blight occurs and never apply streptomycin when symptoms of fire blight are present in 
the orchard. 


4. The only exception to Rule 3 above is when streptomycin might be used immediately (within 
12-18 hrs) following hail or high wind damage where there is a risk for trauma blight and 
treatments can be made within the allowable preharvest interval of 50 days on apples or 30 
days for pears. Understand that this last approach is a "rescue mission" and that follow-up 
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cutting as described earlier in this meeting will be needed. 


Summary 


While there is a specific and justifiable role for copper materials in our current fire blight 
management program, copper treatments alone will not control this disease. Alliette is 
specifically not recommended at this time, because all test results thus far indicate that its 
effectiveness is too unreliable. The use of some Frost Ban (Pseudomonas A506) may provide 
some level of frost protection during the bloom period, but it should not be relied upon 
exclusively for fire blight control. Until we have more effective alternatives, we need to 
conserve the use of streptomycin by using it wisely as part of an overall aggressive fire blight 
management program. 


ve fire blight management program. 
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Abstract  


 In the Northwest United States, the antibiotic streptomycin provided excellent 


control of fire blight until resistant isolates of the pathogen arose. Oxytetracycline 


(Mycoshield) is now sprayed as an alternative antibiotic. We found that the durability 


of inhibitory activity of oxytetracycline is similar to that of streptomycin, but 


oxytetracycline is considerably less effective than streptomycin when the antibiotics are 


targeted toward sensitive strains. In an effort to improve disease control, we evaluated 


combinations of biological control agents (Pseudomonas fluorescens A506 or Pantoea 


agglomerans C9-1) and oxytetracycline in eight orchard trials inoculated with an 


antibiotic-sensitive strain of Erwinia amylovora. Two bloom sprays of streptomycin or 


oxytetracycline reduced the disease incidence by an average of 76% and 42%, 


respectively, compared to water-treated controls. A combination of C9-1 and a 


protease-deficient A506 provided 42% disease control.  An integrated treatment, i.e., a 


spray of biological control agents followed by one application of oxytetracycline 


provided 57% control. Biological and chemical methods of fire blight suppression 


appear to be complimentary, and consequently, an integrated strategy consisting of a 


biological control agent sprayed in early and near full-bloom, followed by 


oxytetracycline treatment at late bloom improved disease control with a reduced 


number of antibiotic applications. 


 


INTRODUCTION 


In the United States, the antibiotic oxytetracycline (Mycoshield, NuFarm Americas, 


Burr Ridge, IL) is registered to manage fire blight on pear. The antibiotic is used especially in 


regions where streptomycin-resistant isolates of the pathogen Erwinia amylovora are 


common (Loper et al. 1991; McManus et al. 2002). Oxytetracycline is sprayed onto trees 


during bloom at concentrations of 100 to 200 µg/ml.  No isolates of E. amylovora resistant to 


oxytetracycline at the concentrations applied to trees have been detected. As a stand-alone 


treatment, products containing oxytetracycline reduce the incidence of fire blight by about 


40%, which is about half the level of suppression obtained by streptomycin in orchards 


inoculated with an antibiotic-sensitive pathogen. The relative persistence of antibiotic activity 


of both compounds on flowers is not known, but was postulated that the duration of 







inhibitory activity of oxytetracycline on flowers was less than streptomycin (McManus et al. 


2002). Vanneste (1996) demonstrated that streptomycin controls fire blight when the 


pathogen was applied up to 5 days after a streptomycin spray.  One goal of this study was to 


determine the relative duration of inhibition of commercial antibiotics on flowers. 


In addition to antibiotics, three Gram negative bacterial biocontrol agents for fire 


blight are registered in the US. They are BlightBan A506 (Pseudomonas fluorescens strain 


A506; NuFarm Americas), BlightBan C9-1 (Pantoea agglomerans strain C9-1; NuFarm 


Amercias) and Bloomtime Biological (P.  agglomerans strain E325; Northwest Agricultural 


Products, Pasco, WA); of these, only BlightBan A506 was commercially available prior to 


2007. Recently, we derived a protease-deficient deletion mutant of A506 called AprX
-
, which 


does not inactivate the antibiotic pantocin A produced by C9-1 like the wild-type strain A506 


(Anderson et al. 2004). In our field trials, a combination of C9-1 with AprX
-
 has provided the 


best control with the least variation in efficacy, compared to single strain inoculants or a 


mixture of A506 with C9-1. In spite of improved control, mixtures of AprX
-
 and C9-1 still 


did not consistently approach the level of control of fire blight obtained with streptomycin. 


The goal of this research was to evaluate if combining two moderately effective 


disease management tools; oxytetracycline and biological control agents improves control of 


fire blight. In previous research (Stockwell et al., 1996), oxytetracycline was toxic to C9-1 or 


A506 in suspension, but the biological control agents established on flowers tolerated 


oversprays of Mycoshield. In this study, we evaluated the control of fire blight with 


biological control agents and Mycoshield applied as sequential sprays. 


 


MATERIALS AND METHODS 


 


Duration of Antibiotic Activity on Flowers 


Four experiments on the effect of antibiotics on establishment and growth of E. 


amylovora on flowers were conducted on pear and apple trees (7 to 12 years old) located in a 


screenhouse at the Oregon State University, Department of Botany and Plant Pathology Field 


Laboratory near Corvallis, OR. Trees in the screenhouse were protected from rain and 


ultraviolet radiation by a translucent, fiberglass roof, and from insects by 2 x 2 mm steel 


screen walls.  In 2004 and 2005, newly opened flowers of three replicate trees per treatment 


of pear (Pyrus communis cv. ‘Bartlett’) and crabapple (Malus x ‘Snowdrift’) were sprayed to 


near run-off with Agri-mycin 17 (100 µg per ml, streptomycin sulfate 17% a.i, NuFarm 


Americas), Mycoshield (200 µg/ml, oxytetracycline calcium complex, 17% a.i, NuFarm 


Americas) or a mixture of the two antibiotics. Control trees were sprayed with water. On 1, 2, 


4, 6, and 9 days after spraying, 30 flowers per tree were marked with color wires tied around 


the petiole, and the stigmas of each flower were inoculated by pipetting 5 µl of a 5 X 10
5
 


CFU/ml suspension of lyophilized cells of Erwinia amylovora strain 153N; the applied dose 


of the pathogen was 1 X 10
3
 CFU per flower. The pathogenic strain Ea153N is sensitive to 


streptomycin and oxytetracycline but resistant to nalidixic acid. One day after each 


inoculation and every two to three days thereafter, 5 flowers per replicate tree (15 per 


treatment) were harvested. The pistils from each flower were placed in 1 ml sterile 10 mM 


phosphate buffer, sonicated for 3 minutes, vortexed, and 10 µl of the flower wash and two 


100-fold dilutions were spread on CCT medium amended with nalidixic acid (50 µg/ml) to 







enumerate the pathogen  Ea153N (Ishimaru et al. 1984). After three days incubation, colonies 


were counted, converted into CFU per flower. A value of 99 CFU (1-detection limit) was 


assigned to samples with populations of Ea153N below the detection limit. 


 


Efficacy of Integrated Control in Experimental Orchards 


 Experimental pear and apple orchards were located at the OSU Botany and Plant 


Pathology Field Laboratory near Corvallis, OR. The mature orchards were 0.5 ha blocks of 


pear cv. ‘Bartlett’ and of apple cv. ‘Golden Delicious’ and ‘Rome Beauty.’ The experiments 


were arranged in a randomized, complete block design with 4 to 5 replications and 5 or 7 


treatments applied to single trees. Blossom cluster density and tree location were considered 


in the assignment of individual trees to blocks in the plot design. The antibiotic Agri-mycin 


17 (streptomycin sulfate 17% a.i, NuFarm Americas) and water were included as standard 


controls. 


Mycoshield (oxytetracycline calcium, 17% a.i, NuFarm Americas) was applied alone 


or as an overspray on trees treated with mixtures of biological agents. The biocontrol 


mixtures consisted of BlightBan C9-1 (Pantoea agglomerans C9-1S a.i., NuFarm Amercias) 


mixed with BlightBan A506 (Pseudomonas fluorescens A506 a.i., NuFarm Amercias) or 


lyophilized cells of the experimental protease-deficient deletion mutant of A506 called AprX
-
   


 All treatments were sprayed at sunrise to near run-off to trees in 70% bloom with a 12 


L backpack sprayer equipped with a hand wand. The antibiotic treatments also were sprayed 


within 2 to 3 days after inoculation with the pathogen. Trees were inoculated with Ea153N by 


misting a suspension containing 5 x 10
5
 CFU per ml of freeze-dried cells of the pathogen 


with a motorized, 100 L tank sprayer equipped with a hand-held adjustable brass nozzle. 


 Periodically, 8 flowers were sampled from each tree to enumerate populations of the 


biological control agents and the pathogen. The pistils (apple) and pistils and nectary (pear) were 


removed from each flower, placed into 1 ml of sterile phosphate buffer, and sonicated for 3 


minutes. After vortexing, a 10-µl sample of the flower wash and two 1:100 dilutions were 


spread on Pseudomonas agar F with rifampicin (50 µg/ml) and cycloheximide (50 µg/ml) to 


enumerate biological control agents and on CCT medium with nalidixic acid (50 µg/ml) to 


enumerate Ea153N. 


 Incidence of fire blight was determined by counting the number of blighted blossom 


clusters (i.e., strikes) on each tree during weekly inspections of pear from mid-April to mid-


May, and of apple from mid-May through June. Blighted blossom clusters were removed 


immediately after counting. The sum of blighted blossom clusters per tree was converted into 


disease incidence (total diseased clusters/total number of clusters per tree) which was arcsine-


square root transformed and subjected to analysis of variance. 


 


RESULTS AND DISCUSSION 


 


Duration of Antibiotic Activity  


In each trial, the commercial formulations of the antibiotics streptomycin and 


oxytetracycline inhibited growth of E. amylovora pipetted onto floral stigmas one and two 


days after antibiotic application compared to growth on water-treated flowers (Fig. 1 A & B). 


The results from application of Agri-mycin 17 combined with Mycoshield were 







indistinguishable from the effect of Agri-mycin 17 alone on flowers (data not shown). On 


flowers inoculated one day after antibiotic spray, both compounds inhibited growth for six 


days. The pathogen multiplied on flowers treated with Mycoshield after that time but only 


slight population increase was observed on flowers treated with Agri-mycin 17 (Fig 1A). The 


incidence of detectable populations of Ea153N differed on flowers treated with the 


antibiotics. For each trial, about 25% of the flowers inoculated with Ea153N within two days 


after Agri-mycin 17 treatment had detectable populations of the pathogen. In contrast, 


Ea153N was detected on 87 to 100% of flowers inoculated within two days after Mycoshield 


treatment. The greater incidence of recovery of Ea153N on flowers treated with Mycoshield 


compared to the incidence on Agri-mycin 17 treated flowers is expected because 


oxytetracycline is bacteriostatic, not bactericidal like streptomycin (McManus and Jones 


1994).  


 When Ea153N was applied four days after antibiotic sprays, the pathogen attained 


similar population sizes within six days after inoculation as populations on water-treated 


flowers (Fig 1C). The pathogen was recovered from nearly every flower inoculated after 4 


days of spraying with water or Mycoshield. Ea153N was detected on about 75% of flowers 


sprayed with Agri-mycin 17 four days before inoculation. Similar results were obtained with 


flowers inoculated 6 days after antibiotic treatment (data not shown). 


 Ea153N grew poorly when inoculated on flowers at petal fall or nine days after water 


or antibiotic treatment (Fig 1D). Growth of the pathogen at this time was similar among 


flowers treated with antibiotics or water. The relatively poor growth of Ea153N on flowers 


inoculated during petal fall was likely due to floral age, confirming previous observations of 


Thomson and Gouk (2003). 


 We conclude that the inhibitory activity of streptomycin and oxytetracycline on 


flowers under rain-free conditions is about four days, which is similar to the results on 


streptomycin by Vanneste (1996). Low populations of Ea153N survived on a high percentage 


of flowers sprayed previously with Mycoshield, whereas few flowers treated with Agri-


mycin 17 supported populations of Ea153N. The bactericidal activity of streptomycin likely 


explains the better disease control with this antibiotic compared to oxytetracycline; not 


differences in duration of the active antibiotics on flowers.   


 


Influence of Integrated Control Methods on Populations of Biological Control Agents 


and the Pathogen 


 Biological control agents established on flowers survived a subsequent spray of 


Mycoshield, although the incidence of recovery and the mean population size of each 


bacterium were depressed compared to populations on flowers not oversprayed with 


oxytetracycline. Generally the mean population size of the biological control agents on 


flowers sprayed with Mycoshield were 1 log unit lower and the incidence of recovery was 


decreased to 75% of flowers sampled, compared to 80 to 90% incidence of recovery of the 


biocontrol agents on flowers not treated with Mycoshield. 


 The population size of the pathogen was generally lower on flowers treated with 


biological control agents followed by a single application of oxytetracycline compared to 


flowers treated with only biological control agents, water, or two applications of 


oxytetracycline, but the magnitude of population suppression varied among trials. For 







example, the incidence of recovery of Ea153N on water treated flowers was 94% with a 


mean population size of log 5.8 on ‘Golden Delicious’ apple in 2007, nine days after 


pathogen inoculation. Ea153N was recovered from 53 and 69% of flowers with a mean 


population size of log 4.8 and 4.4 on trees treated with A506 and C9-1 combined and 


Mycoshield alone, respectively. On flowers treated with A506 & C9-1 followed by 


Mycoshield, Ea153N was recovered at a mean population size of log 4.5 on 44% of the 


flowers.   


 Greater suppression of the pathogen with the integrated control strategy was observed 


on Bartlett pear in 2007. Eight days after inoculation, the pathogen was recovered from 100% 


of flowers on water-treated control trees at a mean population size of log 5.5. Ea153N was 


recovered from 84 and 44% of flowers with a mean population size of log 5.2 and 3.8 on 


trees treated with only A506 and C9-1 or Mycoshield, respectively. On flowers treated with 


A506 and C9-1 followed by Mycoshield, Ea153N was recovered from only 9% of flowers at 


a mean population size of log 2.6. 


 


Efficacy of Integrated Disease Control 


 In orchard trials conducted in 2005, 2006 and 2007 on pear and apple, Agri-mycin 17 


provided better control of fire blight than Mycoshield when trees were inoculated with a 


strain of the pathogen sensitive to both antibiotics (Table 1). The mixture of the biological 


control agents AprX
-
 and BlightBan C9-1 provided better control of fire blight (42% 


reduction in disease incidence) than BlightBan A506 and BlightBan C9-1 (17% reduction in 


disease incidence), but the difference in control was not significant among individual trials.  


The level of control in this study with the mixture of C9-1 and A506 was less than that 


reported by Johnson et al (1993), which may be due to the experimental methods used.  


Johnson et al (1993) applied the biocontrol strains twice and inoculated trees with bee-


dispersed lyophilized cells of the pathogen; whereas in this study the biocontrol agents were 


applied only once and trees were inoculated uniformly by misting trees with suspensions of 


lyophilized cells of the pathogen. The reduced number of applications of the biocontrol 


agents coupled with the uniform application of the pathogen may have resulted in increased 


disease pressure and reduced efficacy of biological control in the current study. 


 The integrated strategy of applying biological control agents once followed by a 


single application of Mycoshield provided better control than biological control agents alone 


(Table 1). A506 and C9-1 reduced disease by 17%; whereas a single overspray with 


Mycoshield improved disease control to 49%. AprX
-
 and C9-1 provided 42% control and 


adding one overspray of Mycoshield improved disease control to 57%. The integrated control 


strategy often provided better control than the conventional method of spraying Mycoshield 


twice, which had 42% disease control. Two applications of Agri-mycin 17 gave 76% disease 


control, which was not statistically different than a single treatment with AprX- and C9-1 


followed by a single application of Mycoshield. 


 


CONCLUSIONS 


 The integrated control strategy may reduce the number of antibiotic sprays applied to 


pear and apple trees, while still providing disease control. Ninety percent of the amount of 


antibiotics used on plants in the US is sprayed on pear and apple trees for fire blight 







management (McManus et al 2002). Reduction in the number of antibiotic sprays for fire 


blight control may reduce the selection pressure for development of antibiotic-resistant 


isolates of E. amylovora and also reduce exposure of the environment and orchard workers to 


antibiotics.  


 We evaluated Mycoshield (oxytetracycline), which is a moderately effective 


antibiotic for fire blight management, as the chemical component of the integrated control 


strategy. The improved control with biocontrols oversprayed with Mycoshield is likely due to 


several factors. Generally, we found that treatment of flowers with biological control agents 


and Mycoshield did not kill the fire blight pathogen, but this two-pronged approach 


hampered the growth or establishment of the pathogen on flowers. We speculate that the 


reduction in growth rate or establishment of the pathogen may allow flowers to progress 


through their natural developmental stages from highly susceptible to less susceptible to 


infection before the pathogen attains high population sizes (Thomson and Gouk, 2003).  


 In the future, the use of other chemical components that are toxic to the pathogen with 


biological controls may improve fire blight control further.  For example, Lindow et al (1996) 


combined streptomycin with A506 and significantly improved fire blight control compared to 


the single components. Johnson et al (2008) found that kasugamycin provided very good 


disease control, but he cautioned that the antibiotic adversely affected populations of C9-1 


and AprX
-
 when used as an integrated program. The use of bactericidal compound(s) to 


which the pathogen is sensitive and biocontrol agents are resistant will likely significantly 


improve integrated control strategies for fire blight.  
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Tables 


 


Table 1.  Relative control of fire blight in experimental orchards in Oregon 


 
 Trial (year and cultivar) 


 2005  2006  2007   


Treatment
a
 Bartlett 


Golden 


Delicious 


Rome 


Beauty  Bartlett 


Golden 


Delicious 


Rome 


Beauty  Bartlett 


Golden 


Delicious  Pooled 


Water 0
 b
 A 


[66]
c
 


0 A 


[296] 


0 A 


[19]  


0 AB 


[162] 


0 A 


[1622] 


0 AB 


[230]  


0 A 


[258] 


0 A 


[546]  


0 A 


[400] 


 


A506 &  


   C9-1 NT
d
 NT NT  -11 A 6 A 0 AB  33 B 59 ABC  17  A 


 


A506 &  


  C9-1  


   then 


Mycoshield NT NT NT  46 CD 48 B 6  AB  80  C 65  BC  49   BC 


 


AprX
-
 &  


   C9-1 54 B 65 AB 44  AB  10 ABC 33 AB 23 B  51 B 49 ABC  42   BC 


 


AprX
-
 &  


   C9-1   


    then 


Mycoshield 79 C 77 BC 56 BC  57 DE 33 AB 36 B  81  C 39 AB  57    CD 


 


Mycoshield 79 C 42 AB 41 AB  26 ABCD 33 AB -1  A  70   C 43 AB  42  BCD 


 


Agri-mycin 


17 93 C 75 B 83 C  82 E 33 AB 75   C  92   D 77   C  76     D 
 


a
 All trees in experimental orchards were inoculated during full bloom with 5 x 10


5
 to 1 x 10


6
 CFU/ml Erwinia 


amylovora strain Ea153N (streptomycin- and oxytetracycline-sensitive fire blight pathogen strain). Biological 


control bacteria Pantoea agglomerans C9-1 and Pseudomonas fluorescens A506 were applied once as the 


commercial formulations called BlightBan at 5 X 10
7
 CFU/ml for each strain.  Resuspended freeze-dried cells 


of the protease-deficient mutant of A506 called AprX- was substituted for A506 in mixtures and applied at 5 X 


10
7
 CFU/ml.  Water and antibiotics [Mycoshield (a.i. oxytetracycline, 200 ppm) and Agri-mycin 17 (a.i. 


streptomycin, 100 ppm)] were applied at 80% bloom and ca. 36 h after inoculation of trees in full bloom with 


the pathogen.  For the integrated treatments, biological control agents were sprayed once at 80% bloom and 


Mycoshield was sprayed once after full bloom. 
b
 Relative disease control presented as mean reduction in disease incidence.  The incidence of disease on water-


treated and inoculated trees was set at 100%.  Disease control for treatments was calculated as percent decrease 


in disease incidence relative to water treatment.  Values followed by the same letter within a column containing 


data from a single orchard trial are not significantly different according to Fischer’s protected least significance 


difference at P = 0.05.  Data were transformed arcsine (square root(x)) prior to analysis. 
c
  Numbers in parentheses are the average number of strikes (blossom clusters with symptoms of fire blight) on 


water-treated and inoculated trees.  
d
  NT indicates treatment not tested in that trial. 







 


 


Figures 


 


Figure 1.  Mean population size (log 10 CFU per flower) of Erwinia amylovora strain 153N 


on ‘Bartlett’ pear flowers sprayed with water (■), Agri-mycin 17 (□, 100 µg per ml 


streptomycin sulfate), or Mycoshield (▲, 200 µg per ml oxytetracycline calcium) and then 


periodically inoculated with the pathogen. A. Populations of Ea153N on flowers inoculated 


one day after water or antibiotic sprays. B. Populations on flowers inoculated two days after 


sprays. C. Populations on flowers inoculated four days after sprays. D. Populations on 


flowers inoculated nine days after sprays.  Each point represents the mean population size 


and vertical bars represent ± one standard error. 
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ABSTRACT


ZYGMUNT, W. A. (Mead Johnson and Coinpany,
Evansville, Ind.). Oxytetracycline formation by Strepto-
myces rimosus in chemically defined media. Appl.
Microbiol. 9:502-507. 1961. Details in the fermenta-
tion of oxytetracycline in a synthetic medium with
Streptomyces rimosus have been presented. In these
studies, an organic nitrogen source was shown to be
essential for the production of significant amounts of
antibiotic activity. Of the amino acids tested, aspartic
acid, proline, threonine, valine, and 3-alanine were
utilized well for both growth and antibiotic production.
Markedly different fermentation patterns were observed
with aspartic acid and 3-alanine. Glycerol and glucose
supported antibiotic yields superior to those found
with other carbohydrates tested. Short chain organic
acids were not effectively utilized for growth in the
absence of a readily fermentable carbohydrate.


Only limited information is available on the forma-
tion of oxytetracycline in synthetic media (Shaposh-
nikov, Zaitseva, and Orlova, 1958), although the litera-
ture contains several references to the use of such media
for the production of chlortetracycline and tetra-
cycline (Petty, Goodman, and Matrishin, 1953; Miller,
McCormick, and Doerschuk, 1956; 1\cCormick et al.,
1959; Darken et al., 1960). It has been established that
Streptomyces aureofaciens can synthesize chlortetra-
cycline from a simple medium with glycerol as the sole
source of carbon and with an ammonium salt as the
sole source of nitrogen (Miller et al., 1956). In addition,
Shaposhnikov et al. (1958) obtained high yields of
oxytetracycline with Streptomyces rimosus strain LS-
T-118 on a starch, glucose, and ammonium-inorganic
salts medium. The recent work of Snell, Birch, and
Thompson (1960) has established the finding that the
carbon skeleton of the oxytetracycline molecule in
large part arises via an acetate biosynthetic pathway.


In the present work, the use of synthetic media to
study the relationship of growth to oxytetracycline
production by S. rimosus is described. Specifically, a
detailed comparison has been made of the ability of
v-arious amino acids, organic acids, carbohydrates, and


related compounds to support growth and antibiotic
production.


MIATERIALS AND METHODS


Shake Flask Fermentations


Culture. A lyophilized culture of S. rimosus (N-RRL
2234), obtained from the Northern Utilization Re-
search and Development Laboratories of the U. S.
Department of Agriculture, Peoria, Ill., was used in
these studies. The culture was maintained on yeast
extract agar. The formula of this agar follows (per
liter): yeast extract, 4.0 g; malt extract, 10.0 g; glucose,
4.0 g; agar, 20.0 g; and distilled water to volume with-
out adjustment of pH. Slant cultures were incubated
at 27 C for a period of 7 to 10 days to achieve good
sporulation. Subsequent storage of cultures was at
5 C. In addition, the actinomycete was maintained in
tubes of sterile soil stored at room temperature.


Inoculum. Conidial spore suspensions were prepared
by cultivating the organism for 4 days in medium D
(Sobin, Finlay, and Kane, 19150) with agitation.
Medium volumes of 50 ml per 250-ml Erlenmeyer
flask were used. The composition of medium D is as
follows (per liter): N-Z-Amine B, 10.0 g; glucose,
10.0 g; yeast extract, 5.0 g; NaCl, 5.0 g; and CaCO3, 1.0
g (adjust to pH 6.6 and use tap water as diluent). All
inoculum flasks were cultured at 27 C on a gyrotory
shaker' at approximately 200 rev/min. Growth was
concentrated by centrifugation, washed in sterile
physiological saline solution, resuspended in sterile
saline solution, and disrupted in a chilled micro-Waring
Blendor for approximately 10 min. The mixture was
then filtered through a combination of Rapid Flo
filter discs and Whatman no. 2 filter paper to remove
any remaining clumps. The filtrate was assayed for
viable count on yeast extract agar and stored at 5 C.


Fermentation. The medium of Dulaney (1948) with
a decrease in the (NH4)2HPO4 content to 0.2 g per
liter was employed as a minimal medium in these
studies. The composition of this medium (S-3) follows
(per liter): glucose, 10.0 g; NaCl, 5.0 g; K2HPO4,
2.0 g; MgSO4 7H20, 1.0 g; CaCl2 2H20, 0.4 g; FeSO4-


1 New Brunswick Scientific Company, New Brunswick, N. J.
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7H20, 0.02 g; ZnSO4c7H20, 0.01 g; and (NH4)2HPO4,
0.2 g (adjust to pH 7.0 to 7.2 and use distilled water
as diluent). All organic acids, carbohydrates, and re-
lated compounds were added as neutral, separately
autoclaved solutions. Most of the fermentations were
conducted in this minimal medium with amino acid
supplementation. Unless otherwise indicated, all fer-
mentations were carried out at 27 C for 5 days with
50-ml volumes of medium in 250-ml Erlenmeyer flasks.
Agitation was at 200 rev/min. Normally, duplicate
flasks were pooled for analysis. Inoculum consisted
of a conidial spore suspension equal to approximately
2 X 106 viable cells per flask.


Antibiotic assays. The final pH of whole broth cul-
tures was measured at the time of harvest. Broths were
then acidified to pH 2.5 to 3.0 with 6 N HC1 and held
for about 30 min before centrifugation or filtration
through Whatman no. 54 filter paper. Bacillus cereus
var. mycoides (ATCC 9634) and the filter paper disc
and plate method of assay were employed (Grove and
Randall, 1955). Tetracycline hydrochloride was used
as a reference standard. Oxytetracycline and tetra-
cycline were shown to be similar in microbiological
activity for this test organism. Antibiotic activity was
expressed in terms of micrograms of tetracycline per
ml of broth and also as the amount of antibiotic pro-
duced per g of dry cell weight.


Growth. Growth was measured as milligrams of dry
mycelia per 100 ml broth (initial volumes) following
overnight drying of the mycelial pads at 100 C.


RESULTS AND DISCUSSION


Medium S-3 was selected as a minimal synthetic
medium on the basis of comparative growth studies
with five other synthetic media previously employed
for cultivation of the Streptomyces.


Fairly heavy growth of S. rimosus occurred in mini-
mal medium S-3 but antibiotic production was
negligible. Cell weights of 150 to 200 mg per 100 ml
of broth were observed but antibiotic activity was
less than 5 jgg per ml. Antibiotic production was not
increased by additional (NH4)2HPO4; NaNO3 and
NH4NO3, when used as substitutes for (NH4)2HP04,
were not utilized as well for either growth or antibiotic
production.


Supplementation of medium S-3 with individual
amino acids showed that only aspartic acid, proline,
threonine, and f3-alanine were utilized well for both
growth and antibiotic production (antibiotic potencies
greater than 100 Ag per ml of broth and cell weights
greater than 200 mg per 100 ml of broth). Phenyl-
alanine and valine supported good growth and moderate
antibiotic production (antibiotic potencies 50 to 100
,ug per ml of broth). Glycine, arginine, glutamine,
histidine, isoleucine, lysine, glutamic acid, serine, DL-


only poorly for oxytetracycline production (antibiotic
potencies less than 50,og per ml of broth). Methionine-
and tryptophan-supplemented media resulted in cell
masses lower than 200 mg coupled with poor antibiotic
production. Due to the solubility characteristics of
certain amino acids, it was not possible to obtain cell
weights in all cases (Table 1).


Initially, the antibiotic isolated from broths of S.
rimosus was shown to be oxytetracycline by Hochstein
et al. (1952). The recent work of Perlman et al. (1960)
has shown that in addition to oxytetracycline S. rimosus
can produce trace amounts of tetracycline. In our ex-


periments, paper chromatography showed that the anti-


TABLE 1. Effect of amino acid source on antibiotic production,
final pH, and growth with Streptomyces rimosus


Amino acid Addlition Final TC Mg dry TC
pH activity weight actvty


Glycine .............


Glycine .............


L-Arginine ..........


L-Arginine ..........


L-Cysteine* .........


L-Cysteine* .........


L-Cystine ...........


L-Cystine ...........


L-Glutamine* .......


L-Glutamine* .......


L-Histidine........
L-Histidine........
DL-Isoleucine...
DL-Isoleucine...
L-Lysine ............


L-Lysine ............


DL-Methionine ......


DL-Methionine ......


DL-Aspartic acid....
DL-Aspartic acid....
DL-Phenylalanine....
DL-Phenylalanine....
L-Glutamic acid.
L-Glutamic acid.
L-Proline............
L-Proline.
DL-Serine ...........


DL-Serine ...........


DL-Threonine........
DL-Threonine........
DL-Tryptophan.
DL-Tryptophan.
L-Tyrosine ..........


L-Tyrosine ..........


DL-Valine ...........


DL-Valine ...........


DL-Alanine..........
DL-Alanine..........
,-Alanine ...........


,3-Alanine ...........


DL-Leucine..........
DL-Leucine ..........


mg/ml


5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10
5
10


8.3
9.0
8.2
8.5
6.4
6.0
7.3
7.4
7.9
8.9
8.1
8.8
6.4
6.3
3.8
3.8
6.3
6.4
8.2
8.5
6.4
6.4
8.7
8.9
6.5
6.6
6.8
7.8
6.5
7.2
6.3
6.5
6.0
6.4
6.5
6.6
5.9
7.7
7.3
7.8
6.7
6.9


,ug/mi


43
39
29
33
23
16
33
32
33
37
25
22
27
21
33
43
5.8
4.6


116
134
70
56


<20
<20
106
80


<10
<10
93
104
16
17
37
49
95
91
11
9


105
126
16
17


355
428
296
295


353
496
286
487
222
220
326
355
89
92
212
238
277
392
198
340
276
255
213
257
219
269
64


222
232
150
214
218
293
340
344


mg/g cells


12.1
9.1
9.8
11.2


9.3
7.5
8.8
4.5
12.2
9.6
10.1
12.1
6.5
5.0


54.7
56.3
25.3
14.3


38.4
31.4


42.4
38.6
25.0


42.8
39.2
7.3
4.2
48.2


42.9
4.7


4.9


* Aseptic addition (Seitz filtration). TC = tetracycline.alanine, and leucine were utilized well for growth but
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biotic material produced was essentially oxytetra-
cycline.
The second series of experiments measured growth,


pH, and antibiotic production during certain fermenta-
tions. DL-Aspartic acid and f-alanine were selected for
extensive studies because of their ability to stimulate
antibiotic production in medium S-3 and because of
their relatively low cost. Markedly different fermenta-
tion patterns were observed when these amino acids
were compared (Fig. 1 and 2). With f-alanine, the
mycelial mass was less than 50 mg for the first 44 hr of
the fermentation. Final pH values deviated only
slightly from neutrality during the entire fermentation.
Antibiotic activity per unit volume of broth increased
with time and was at a maximum at 116 hr. Antibiotic
activity when compared on a dry cell weight basis
showed that antibiotic production lagged behind cell
growth with increasing levels of f-alanine. Mycelial
weights at the termination of the fermentation were
higher with f-alanine than with aspartic acid. In the
aspartic acid series, mycelial mass was less than 50 mg
during the first 21 hr of the fermentation. This was
followed by a rapid increase in cell mass after which
mycelial mass remained static from 44 to 116 hr.
Final pH values with aspartic acid levels of 5 and 10
mg per ml were alkaline. Antibiotic activity per unit
volume of broth remained static from 68 to 116 hr.
Antibiotic activity when compared on a dry cell weight
basis showed that antibiotic production was greater
with increasing levels of aspartic acid.
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FIG. 1. Effect of,-alanine concentration on antibiotic produc-
tion, final pH, and growth with Streptomyces rimosus.


When 3-alanine, D)L-alanine, and L-alanine were
compared for their effect on growth and antibiotic
production, it was found that antibiotic production
was stimulated solely by the addition of f-alanine.
The level of growth with 3-alanine was twice that ob-
served with the two isomers of a-alanine (Table 2).
Under the experimental conditions, an organic nitro-


gen source appears to be essential for the stimulation
of significant oxytetracycline production. It has also
been shown that many of the common amino acids
differ markedly in their ability to support luxuriant
growth and to stimulate antibiotic production.
Most of the synthetic media described in the litera-


ture for chlortetracycline, oxytetracycline, and tetra-
cycline production employ either sucrose or starch as
a source of carbohydrate. In addition, many of these
media contain such organic acids as lactic, citric, sue-
cinic, or acetic. The function of these organic acids is
not clearly defined except perhaps for the role of citrate.
Recently, the work of Darken et al. (1960) has re-
emphasized the importance of the phosphate-citrate-
carbonate ratio in allowing the calcium ion to sequester
chlortetracycline or tetracycline and to allow higher
antibiotic yields. Because levels of calcium carbonate
in excess of 1 %o are employed with many of these media,
data on growth of the Streptomyces and information
on antibiotic production as a function of growth are not
readily available. Since no systematic studies on the
preferential utilization of organic acids, carbohydrates,
and related compounds for oxytetracycline synthesis
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FIG. 2. Effect of DL-aspartic acid concentration on antibiotic
production, final pH, and growth with Streptomyces rimosus.
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in chemically defined media with S. rimosus strain 2234
have been reported, it appeared desirable to study cer-


tain of these factors with this culture. Previously,
Shaposhnikov et al. (1958) studied the utilization of the
ammonium salts of tartaric, succinic, gluconic, lactic,
isovaleric, pyruvic, and acetic acids for growth and
oxytetracycline formation by S. rimosus strain LS-T-
118.


Glycerol and glucose supported antibiotic yields
superior to those found with galactose, fructose, and
maltose. Lactose, sucrose, and lactic acid were utilized
poorly for growth. Similar results were observed with
both the aspartic acid and f-alanine media. In the
aspartic acid-containing series, in all cases where sig-
nificant antibiotic production was observed, carbon
levels of 2 mg per ml limited antibiotic yields as based
on antibiotic production per unit of cell weight. With
B-alanine, however, antibiotic yields per unit of cell
weight in many instances were greater at the lower level
of carbon addition. The quantitative differences in the
ability of glycerol, glucose, fructose, and maltose to
stimulate antibiotic production were markedly less in
the aspartate series than in the ,B-alanine series. Galac-
tose was utilized well for growth but stimulated anti-
biotic production poorly (Table 3).
As expected, with increasing levels of glucose, the


final pH of the fermentation broths decreased due to
the accumulation of organic acids. The pH changes re-


flected in the aspartate series were markedly greater
than those found with the j8-alanine series. High levels
of glucose were more detrimental to antibiotic produc-
tion with aspartate than with ,3-alanine. With both
amino acids, cell mass was greater with increasing
levels of glucose, whereas antibiotic production pla-
teaued or decreased sharply (Table 4). Previously, Van
Dyck and DeSomer (1952) had also observed a rela-
tionship between glucose concentration and optimal
antibiotic production. Using a complex medium, su-


crose, starch, and glucose were found to stimulate
higher chlortetracycline yields than did lactose and
mannitol with S. aureofaciens.


TABLE 2. Effect of configuration on utilization of alanine for
growth and antibiotic production with Streptomyces rimosus


Final TC Mg dry TC
Amino acid Addition pH activity weight activity


mg/ml pg/ml mg/g cells


1-Alanine ........... 5 7.7 149 403 37.0
ft-Alanine ........... 10 7.7 134 439 30.6


DL-Alanine .......... 5 4.5 <20 231 <8.7


DL-Alanine.....10.10 8.6 27 243 11.1


L-Alanine ........... 5 8.4 34 140 24.3


L-Alanine ........... 10 8.8 <20 196 < 10. 2


TC = tetracycline.


The complex carbohydrate, dextrin, was utilized as
well as glucose for growth but stimulated antibiotic
production to a lesser degree. Inulin was utilized
poorly. Of the two pentoses tested, both growth and
antibiotic production were greater with L-arabinose
than with D-xylose. Growth with sorbitol was slightly
higher than with glucose but antibiotic activity per
unit volume of broth was the same. Growth was neg-
ligible or failed to be initiated with glutaric acid, py-
ruvic acid a-ketoglutaric acid, and glucuronic acid
lactone (Table 5).


Substitution of various short chain organic acids for
glucose in medium S-3 resulted in negligible growth with
all of the acids tested. Whereas, the growth achieved
with the organic acids in the ,3-alanine series was sig-
nificantly higher than that found with the aspartate


TABLE 3. Effect of carbon source on antibiotic formation, final
pH, and growth with Streptomyces rimosus


*Final TC mg dr TC
Carbon source Addition FpH activitY cell activityweight


mg/ml Ag/mi mg/g celts


Medium S-3 with 10 mg/ml of DL-aspartic acid
Glycerol ............ 2 9.1 69 182 37.9
Glycerol ............ 4 8.9 156 226 68.0
Glucose ............. 2 9.1 43 147 29.2
Glucose ............. 4 8.8 120 183 65.5
Fructose ............ 2 9.0 26 202 12.9
Fructose ............ 4 8.9 123 258 47.6
Maltose ............. 2 9.0 27 146 18.5
Maltose ............. 4 8.9 91 202 45.0
Lactic acid ......... 2 8.5 12.7 35 35.3
Lactic acid ......... 4 8.5 10.6 33 32.1
Galactose ........... 2 9.1 11 162 6.8
Galactose ........... 4 8.9 45 188 23.9
Sucrose ............. 2 8.6 1.4 19 7.4
Sucrose ............. 4 8.6 1.5 36 4.2
Lactose ............. 2 8.6 1.2 29 4.1
Lactose ............. 4 8.6 1.3 41 3.2


Medium S-3 with 10 mg/ml of ,-alanine
Glycerol ............ 2 8.0 111 215 51.6
Glycerol ............ 4 7.9 165 455 36.1
Glucose ............. 2 7.5 78 217 35.9
Glucose ............. 4 7.9 120 457 26.2
Fructose ............ 2 7.9 9.5 205 4.6
Fructose ............ 4 5.9 35 421 8.3
Maltose ............. 2 6.7 45 203 22.1
Maltose ............. 4 6.8 15 101 14.9
Lactic acid ......... 2 7.8 20 73 27.4
Lactic acid ......... 4 8.0 12.4 94 13.1
Galactose ........... 2 7.1 19 206 9.2
Galactose ........... 4 6.8 35 316 11.1
Sucrose ............. 2 7.7 4.1 24 17.1
Sucrose ............. 4 8.2 8.4 67 12.5
Lactose ............. 2 7.8 2.7 30 9.0
Lactose ............. 4 7.8 2.1 36 5.8


* Final concentrations of carbon tested (exclusive of that
contained in the amino acids added). All carbon sources were


autoclaved separately. TC = tetracycline.
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series, in both instances antibiotic production per unit
volume of broth was very low (Table 6).


These findings are in general agreement with those
observed by Shaposhnikov et al. (1958) who found that


TABLE 4. Effect of glucose concentration on antibiotic formation,
final pH, and growth with Streptomycin rimosus


Glucose
Final pH TC activity Mg dry cell TC activityaddition* Fia H T ciiy weight


mg/ml jAg/lil mg/g cells


Medium S-3 with 10 mg/ml of DL-aspartic acid
5 9.1 82 161 50.9


10 8.9 88 170 51.8
15 8.5 100 315 31.7
20 8.2 89 367 24.2
25 7.5 29 422 6.9
30 6.1 23 435 5.3


Medium S-3 with 10 mg/ml of j8-alanine
5 8.2 86 194 44.3
10 8.0 129 446 28.9
15 7.6 168 701 24.0
20 6.8 155 927 16.7
25 6.8 163 932 17.4
30 6.7 124 837 14.8


* Glucose was autoclaved separately. TC = tetracycline.


TABLE 5. Further studies on the utilization of carbon sources for
growth and antibiotic formation with Streptomyces rimosus


in an aspartic acid medium


Addi- Fi- TC Mg dry cell TCCarbon source tAidodni* nal activ- Mg activ-
pH ity ity


mg/mi g/ml mgl/g
cells


Glucose ................ 2 9.2 46 142 32.4
Glucose ................ 4 9.0 115 159 72.3
Sorbitol ................ 2 9.0 36 178 20.2
Sorbitol ................ 4 9.0 119 233 51.1
L-Arabinose ............ 2 8.7 31 108 28.7
L-Arabinose ............ 4 8.6 71 165 43.0
Fructose ............... 2 9.0 30 211 14.2
Fructose ............... 4 9.0 73 216 33.8
Dextrin ................ 2 9.0 17 147 11.6
Dextrin ................ 4 9.0 58 181 32.0
Galactose .............. 2 9.0 7.5 167 4.5
Galactose .............. 4 9.0 48 150 32.0
Sodium pyruvate ... . 2 8.8 8.4 30 28.0
Sodium pyruvate.. 4 8.8 8.1 28 28.9
D-Xylose ............... 2 8.7 5.0 42 11.9
D-xylose ............... 4 8.6 4.4 48 9.2
a-Ketoglutaric acid ..... 2 8.8 2.7 29 9.3
a-Ketoglutaric acid. ... 4 8.8 2.4 39 6.2
Inulin ................. 2 8.7 1.8 24 7.5
Inulin ................. 4 8.7 1.6 25 6.4
Glutaric acid ........... 2 8.5 1.8 22 8.2
Glutaric acid ........... 4 8.6 <1.0 12 <8.3
Glucuronic acid lactone. 2 - - No growth -


Glucuronic acid lactone. 4 - - No growth -


* Final concentrations of carbon tested (exclusive of that
contained with the addition of 10 mg per ml of DL-aspartic
acid). All carbon sources were autoclaved separately. Incu-
bated for 7 days. TC = tetracycline.


the ammonium salts of succinic, lactic, isovaleric,
pyruvic, and acetic acids (serving primarily as avail-
able nitrogen sources) were utilized poorly for both
growth and antibiotic formation. Significant antibiotic
production was obtained only with ammonium tar-
trate. In the above studies, however, the organic acids
used were not studied as carbon substitutes for the glu-
cose or starch in the medium.
These studies have shown that various carbohydrates


differ in their ability to support growth and to stimulate
antibiotic formation with S. rimosus strain 2234. With
both the aspartate and ,B-alanine media, it has been pos-
sible to achieve marked increases in cell mass without
concomitant elevations in antibiotic production. Evi-
dently, all of the necessary metabolic intermediates
were present for growth but not for antibiotic syn-
thesis. An examination of the data suggests that some-
thing other than the optimal pH for antibiotic produc-
tion appeared to account for this. Lastly, in the absence
of a readily fermentable carbohydrate or related com-


TABLE 6. Effect of organic acids on antibiotic formation, final
pH, and growth with Streptomyces rimosus


Carbon source Addition* Final pH TC activity Mg dry cellweight


mg/ml jAg/mi


Medium S-3 with 10 mg/ml of DL-aspartic acid
Glucose .......... 2 8.8 51 118
Glucose .......... 4 8.6 89 168
Sodium acetate ... 2 8.8 4.2 13
Sodium acetate 4 8.5 3.7 14
Malonic acid 2 8.6 2.2 18
Malonic acid . 4 8.6 3.2 16
L-Malic acid ...... 2 8.9 3.7 15
L-Malic acid 4 8.7 2.8 10
Succinic acid ..... 2 8.7 6.5 19
Succinic acid ..... 4 8.7 4.4 13
Citric acid ....... 2 8.6 2.5 14
Citric acid........ 4 8.3 3.1 4
Fumaric acid ..... 2 8.8 5.2 15
Fumaric acid 4 8.8 3 15


Medium S-3 with 10 mg/ml of ,-alanine
Glucose .......... 2 8.2 87 196
Glucose .......... 4 8.3 138 405
Sodium acetate ... 2 8.5 8.3 62
Sodium acetate.. 4 8.4 5.3 25
Malonic acid. 2 8.3 10 53
Malonic acid. 4 8.3 7.4 39
L-Malic acid ...... 2 9.0 2.8 94
L-Malic acid ...... 4 8.9 3.4 73
Succinic acid 2 8.9 3 102
Succinic acid 4 8.7 3 72
Citric acid........ 2 8.7 4.7 68
Citric acid........ 4 8.5 9.7 61
Fumaric acid ..... 2 8.8 2.2 86
Fumaric acid ..... 4 8.8 3.2 59


* Final concentrations of carbon tested (exclusive of that
contained in the amino acids added). All carbon sources were
autoclaved separately. Incubated for 7 days. TC = tetra-
cycline.
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pound, short chain organic acids were not utilized well
for growth. The amino acid composition of the medium
also appeared to influence the utilization of these or-
ganic acids.
On the basis of these studies, the composition of the


preferred medium was as follows (per liter): glucose,
10.0 g; (NH4)2HP04, 0.2 g; DL-aspartic acid, 10.0 g;
NaCl, 5.0 g; K2HPO4, 2.0 g; MgSO4-7H20, 1.0 g;
CaCl2-2H20, 0.4 g; FeSO4.7H20, 0.02 g; and ZnSO4-
7H20, 0.01 g (adjust to pH 7.0 to 7.2, use distilled water
as diluent and autoclave the glucose separately).
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