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Managing Fire Blight: New Lessons Learned From the 
Use of Kasumin for Blossom Blight and Apogee for 
Shoot Blight Control
George W. Sundin
Department	of	Plant,	Soil,	and	Microbial	Sciences
Michigan	State	University
East	Lansing,	MI

“Kasumin is a new agricultural antibiotic 
that is expected to receive a Section 3 
registration from the EPA for pome fruit 
in the U.S. in the summer of 2014 for 
implementation in the 2015 season.  Our 
results indicate that Kasumin is the best 
alternative for blossom blight control in 
cases where SmR strains of E. amylovora 
exist.  In regions where streptomycin 
resistance has not been documented, 
the ability to use both streptomycin and 
Kasumin would be ideal both from dis-
ease control and resistance management 
perspectives.  The utilization of Apogee 
in a fire blight management program 
provides the best option for effective 
shoot blight control.”

Fire blight, caused by the bacterium Erwinia amylovora, 
is a devastating disease problem and a limiting factor to 
apple and pear production in all apple-growing regions of 

the United States, 
and in particular 
in the midwestern 
and eastern U.S.  
The significance of 
fire blight includes 
both current sea-
son yield loss due 
to flower infec-
tions and systemic 
infections lead-
ing to rootstock 
blight and tree 
death.  The fire 
blight pathogen 
E. amylovora is 
capable of infect-
ing flowers, fruits, 
vegetative shoots, 
woody tissues and 
rootstock crowns, 
leading to blos-
som, shoot, and 
rootstock blight 

symptoms.  Young orchards of susceptible apple cultivars are 
particularly vulnerable to tree losses due to fire blight.  Disease 
epidemics are stimulated by conducive weather conditions fa-
voring pathogen growth and by extreme weather events, such as 
hailstorms, that injure trees and spread pathogen cells causing 
outbreaks termed trauma blight.  The fire blight epidemic in 2000 
in southwest Michigan resulted in the death of over 400,000 trees 
and the loss of 20% of the acreage in this region alone ($50 mil-
lion economic loss).  It should also be noted that the increased 
re-planting costs of high-density blocks has resulted in additional 
financial losses for many apple growers due to fire blight.  
 Blossom blight disease symptoms are typically initiated in 
the spring on flowers as overwintering inoculum in ooze from 
cankers is disseminated to stigma surfaces by rain and insects 
(Norelli et al., 2003).  The flower, and in particular the stigma, is 
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a site of significant pathogen multiplication; when environmental 
conditions are conducive to E. amylovora growth, cell numbers 
can rapidly increase to as high as 105 to 106 cells per individual 
flower.  Thus, the overall size of E. amylovora populations in 
orchards and the distribution (spread facilitated by bees) can 
increase dramatically during bloom on warm days (21 to 27°C), 
and the possibility of a major infection event looms if these warm 
days are accompanied by a wetting event.
 The flower is also a site in which pathogen populations can 
be targeted because of their epiphytic surface association in this 
habitat.  Blossom blight control is important for the prevention 
of yield losses, and is also critical because successful infection 
enables the pathogen to multiply and spread internally in trees 
(where it is inaccessible to bactericides and other spray-applied 
materials), and infected flower clusters provide inoculum that 
can spread to other trees and is important for the shoot blight 
phase of disease.  
 The next phase of fire blight after bloom is shoot blight, 
which is most severe on actively-growing shoots.  The fire blight 
pathogen is also capable of moving systemically through trees 
downward to the rootstock, where the organism can incite root-
stock blight resulting in the death of trees grown on susceptible 
rootstocks (Norelli et al., 2003).  Many of the most popular dwarf-
ing rootstocks currently in use by apple growers are susceptible to 
rootstock blight.  The diversity of host tissues infected, combined 
with the limited number of management tools available to control 
fire blight, has made it difficult to stop or slow the progress of 
disease epidemics.

Blossom Blight Management with Spray Applications
 Pome fruit growers currently rely on bloom spray treat-
ments that are designed to reduce or suppress the growth of E. 
amylovora populations on flowers.  These treatments can include 
antibiotics (streptomycin, oxytetracycline, kasugamycin), copper 
compounds, and biological control agents including Serenade 
Optimum and yeast antagonists (Blossom Protect).  Many 
growers utilize fire blight disease prediction models such as 
MARYBLYTTM or Cougar BlightTM to provide guidance on when 
conditions are predicted to favor fire blight infection; preventative 
antibiotic sprays can then be used at the most critical timings.
 Of all materials currently available for organic and conven-
tional management of blossom blight, the antibiotic streptomycin 
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is by far the most effective in the eastern and midwestern U.S. 
(reviewed in Ngugi et al., 2011).  In fact, streptomycin has been 
a mainstay for fire blight management in the U.S. since the 1950s 
(McManus et al., 2002), and was utilized heavily for several 
decades.  Because streptomycin was so effective for fire blight 
control, growers started utilizing this compound more frequently, 
and also applied streptomycin later in the season for shoot blight 
control with some growers using up to 10 applications per season.  
It is believed that this reliance and overuse of streptomycin for 
fire blight control resulted in the development of streptomycin-
resistant (SmR) strains of E. amylovora in California by 1971 and 
in Washington and Oregon by 1972.  SmR E. amylovora strains 
were first isolated in Michigan in the southwest region of the state 
in 1991 and migrated to other regions of the state in the mid to 
late 2000s, and SmR E. amylovora strains have been more recently 
isolated in New York in 2012 (McGhee et al., 2011; Aldwinckle 
et al., 2012).
 The occurrence of streptomycin resistance in E. amylovora 
populations in the Pacific Northwest states led to the development 
of the alternative antibiotic oxytetracycline for blossom blight 
control.  However, oxytetracycline is not bactericidal, function-
ing in the suppression of E. amylovora growth, and is typically 
not as effective as streptomycin for blossom blight control under 
high disease pressure.  A third antibiotic, kasugamycin, has been 
tested more recently (see below) as a more efficacious alterna-
tive to streptomycin.  Kasugamycin (Kasumin 2L; Arysta Corp., 
Cary, NC) can currently only be used in Michigan if a Section 18 
Specific Exemption is granted yearly by the U.S. Environmental 
Protection Agency, as has been the case yearly since 2010.

Effectiveness of Kasumin for Blossom Blight 
Management 
 Kasugamycin is an aminoglycoside antibiotic in the same 
class as streptomycin, but with a different mode of action.  Ka-
sugamycin was originally developed as a fungicide to control rice 
blast caused by Pyricularia oryzae, and has also been evaluated 
as a bactericide and examined for fire blight control in the 1980s 
(Psallidas and Tsiantos, 2000).  Further testing of kasugamycin on 
apple was suspended until recently due to problems with phyto-
toxicity.  The negative impact of streptomycin resistance resulting 
in disease control failures, and the lack of suitable alternatives, 
has necessitated a new assessment of the potential applicability of 
kasugamycin for fire blight management.  Kasumin 2L is a newer 
formulation of kasugamycin that does not have the phytotoxicity 
issues associated with older formulations.  Kasumin 2L is used 
at a rate of 2 quarts per acre with 2 quarts diluted in 100 gallons 
generating a solution of 100 ppm.
 We have evaluated the efficacy of Kasumin in 5 field ex-
periments in direct comparison with streptomycin (Agri-Mycin) 
conducted on the highly-susceptible cultivars ‘Gala’ or ‘Jonathan’.  
In these inoculated field tests, we applied Kasumin or Agri-Mycin 
to trees at 80% bloom, inoculated the trees the next day, and 
applied Kasumin or Agri-Mycin the day after inoculation.  The 
inoculum consisted of a suspension of a virulent E. amylovora 
strain at a concentration of 1 x 106 cells/ml and was applied 
with a mist sprayer.  In typical tests, this inoculation technique 
resulted in a disease level of approximately 45% blossom blight 
on non-treated trees.  Disease control with Kasumin averaged 
91% control in the 5 field experiments and was not significantly 
different from Agri-Mycin which averaged 96% control in the 5 

Figure	1.	 Disease	incidence	of	fire	blight	infection	(blossom	blight)	in	non-
treated	apple	flowers	or	in	apple	flowers	treated	with	Kasumin	
2L	 or	 Agri-Mycin	 in	 five	 field	 experiments	 conducted	 between	
2007	 and	 2010.	 	 Trees	 were	 inoculated	 with	 a	 virulent	 strain	
of	 E. amylovora	 at	 full	 bloom.	 	Two	 applications	 of	 Kasumin	 or	
Agri-Mycin	 were	 made,	 one	 day	 before	 and	 one	 day	 following	
inoculation.	 Different	 letters	 above	 bars	 for	 a	 particular	
experiment	reflect	significant	differences	(P	<	0.05).		

field experiments (Figure 1).
 Thus, our field experiments have indicated that the efficacy of 
Kasumin was not significantly different from that of Agri-Mycin 
in four years of field tests.  Agri-Mycin was the standard mate-
rial used for blossom blight control prior to the development of 
streptomycin resistance.  The effect of Kasumin on reduction of 
E. amylovora populations on apple flower stigmas studied in the 
laboratory was also similar to that of streptomcyin (McGhee and 
Sundin, 2011).  These results indicate that Kasumin represents 
a viable alternative antibiotic in particular for use for fire blight 
management in orchards harboring SmR strains of E. amylovora.  
The long-term outlook for Kasumin use should be excellent 
because of a lack of clinical or animal agriculture uses of this 
antibiotic.

The Shoot Blight Phase of Fire Blight
 Shoot blight infection of susceptible cultivars is initiated 
within the young leaves at the tip of actively-growing shoots.  
Microscopic wounds in these leaves, which can be caused by 
wind-blown sand, insect feeding, etc., serve as entry points for 
E. amylovora cells.  As few as 20 cells can initiate a shoot blight 
infection.  Shoot blight infections are important for numerous 
reasons.  In terms of fire blight epidemiology, shoot blight strikes 
represent another point in the fire blight pathosystem where bac-
terial populations can increase significantly at the individual tree 
and orchard level.  Shoot strikes contribute to secondary spread 
of the pathogen via ooze, and the extrusion of ooze droplets is 
particularly prevalent on highly-susceptible cultivars.  This ooze 
production contributes to further pathogen dissemination even 
before the symptoms are readily present (Figure 2).  Orchards 
with oozing shoot blight strikes are also at high risk for severe 
trauma blight if hail storms or other trauma events occur.  Within 
individual trees, shoot blight infections serve as an entry point for 
pathogen cells that can ultimately migrate systemically downward 
through the tree to the rootstock.  In addition, infected shoots 
represent possible locations for canker initiation, and cankers 
serve as the overwintering survival site for E. amylovora.
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Figure	2.	 Early	development	of	a	shoot	blight	strike	on	apple	cv.	Jonathan	
showing	 extensive	 extrusion	 of	 ooze	 drops	 along	 the	 stem	
(denoted	by	red	arrows)	even	before	disease	symptoms	are	fully	
developed.

Use of Apogee for Shoot Blight Control
 Prohexadione-calcium (ProCa; Apogee, 
BASF) is a growth inhibitor that provides ex-
cellent control of the shoot blight phase of fire 
blight.  ProCa is a plant growth regulator that 
inhibits late steps of gibberellin biosynthesis 
and results in reduced shoot growth.  The 
mechanism of action of ProCa in controlling 
fire blight is simple and yet mysterious.  Well-
timed applications of Apogee to trees during 
periods of active shoot growth slow that growth 
considerably.  These shoots are less prone to fire 
blight infection, as the bacterium preferentially 
infects actively-growing shoots.
 We wanted to investigate this further to 
determine the mode of action of ProCa in shoot 
blight control.  A group in Italy had reported 
in 2005 that ProCa induced apple to produce a 
short-lived flavonoid antimicrobial compound 
called luteoforol that killed E. amylovora cells 

as they attempted to infect shoots (Spinelli et al., 2005).  The 
compound was apparently so short-lived that the Italian group 
was unable to detect it in Apogee-treated apple shoots.  We 
surmised that if ProCa was indeed eliciting the production of an 
antimicrobial in apple shoots, that populations of E. amylovora 
we inoculated to Apogee-treated shoots would be reduced.  We 
found that this was not the case, as the population size of E. 
amylovora inoculated into Apogee-treated ‘Gala’ or ‘Jonathan’ 
shoots was similar to that of E. amylovora inoculated into non-
treated shoots.  The only difference in these experiments is that 
E. amylovora caused shoot blight infections only on non-treated 
shoots.
 In a second experiment, we tested whether paclobutrazol, an 
inhibitor of gibberellic acid biosynthesis similar to ProCa, could 
control shoot blight infection.  Of significance for these experi-
ments is that paclobutrazol inhibits gibberellic acid biosynthesis 
at a different step of the pathway than ProCa, and so would not 
lead to induction of luetoforol production.  Our results indicated 
that disease incidence and severity on paclobutrazol and ProCa-
treated inoculated shoots was not significantly different, indicat-
ing that the effect on growth regulation, and not the production 
of an undetectable compound, was involved in controlling fire 
blight on shoots (McGrath et al., 2009).
 What then could be causing this “Apogee effect”?  We began 
to suspect a physical mechanism of action.  We used scanning 
electron microscopy (SEM) to analyze plant cell walls from leaf 
sections (bisected by the midvein) of ‘Gala’ trees treated with 
Apogee (12 oz per 100 gallons rate) and non-treated controls, 
and these analyses revealed the mechanism of action of ProCa 
for fire blight control.  Analyses of SEM micrographs of sections 
of the first or second youngest leaves at shoot tips suggested 
that the cell wall width of individual cells was larger in leaves of 
Apogee-treated stems compared to leaves from non-treated stems 
(Figure 3).  We then confirmed this quantitatively by measuring 
cell wall widths of thousands of cell walls from replicate shots 
from several repeated experiments.
 In orchards, the “Apogee effect” on shoot blight control 
becomes apparent approximately 10-14 days after application.  

Figure	3.	 Apple	 leaf	 cross-sections	 of	 the	 second	 youngest	 unfolded	 leaves	 at	 a	 shoot	 tip,	
bisected	 at	 the	 midvein	 and	 examined	 with	 scanning	 electron	 microscopy	 13	 days	
after	treatment	with	(A)	Apogee	(prohexadione-calcium)	or	(B)	trees	left	non-treated.		
Scale	bars	in	white	are	100	mm	in	length.		Arrows	point	to	representative	cells	used	for	
measurements	of	cell	wall	widths.
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We measured cell wall thickness in the first or second youngest 
leaves at shoot tips 7, 13, and 21 days after Apogee treatment to 
examine possible effects.  Cell walls from cortical parenchyma 
tissue were measured from sections taken 0.5 and 2 cm from 
the leaf tip. We found that the width of cortical parenchyma 
cell walls from both the first and second youngest leaves at 
shoot tips was significantly larger on all sampling days from 
Apogee-treated compared to non-treated shoots (Figure 4A).  
Of additional significance, at 13 and 21 days after treatment, the 
average width of cortical parenchyma cell walls from Apogee-

treated shoots was greater than 2.22 μm in all 
but one case (Figure 4A).  For comparison, the 
average width of cortical parenchyma cell walls 
from non-treated shoots 0.5 cm from the leaf 
tip was 1.12 μm over the course of the experi-
ment (Figure 4A).
 What is the significance of cell wall width, and 
why are we emphasizing an increase of less 
than 1 μm in leaves from ProCa-treated shoot 
tips?  In this case, size really matters, and such 
minute differences are actually huge from the 
perspective of the fire blight bacterium.  Bacte-
rial pathogens such as the fire blight pathogen 
produce a needle-like apparatus that they use 
to inject proteins called effectors into cells that 
cause disease.  From other lab research that 
we’ve done, we know that the fire blight patho-
gen infects and kills living cells that provide 
the nutrients needed to systemically migrate 
through trees and to produce the ooze that 
extrudes out from infected shoots and flower 
pedicels.  The needle-like apparatus necessary 
for E. amylovora to cause disease was exam-
ined by Dr. Sheng Yang He’s group at MSU 
and found to be approximately 2 μm long.  An 
examination of the data shown in Figure 4A 
indicates that the width of Apogee-treated cell 
walls are all very close to or exceed 2 μm on 
average.  This suggests that the bacterial needle 
is not long enough to cross the plant cell wall 
and allow infection to proceed.  We believe 
that this physical barrier of a thickened cell 
wall provides the mechanistic basis for shoot 
blight control.
 We investigated our hypothesis on cell wall 
widths further by examining widths from the 7th 
leaf of shoots.  These older leaves on shoots are 
typically resistant to infection, i.e. shoot blight 
infection in general is initiated at the shoot tip.  
Only after trauma conditions, when leaves are 
injured and plant cells can be destroyed by hail 
for example, does E. amylovora infect older 
leaves on shoots.  Our measurement analyses 
of cell wall widths from the 7th leaf showed 
that the widths were typically larger than 2 
μm with little difference between ProCa- and 
non-treated shoots (Figure 4B).  These results 
confirm the relationship between cell wall 
width and infection or lack of infection by E. 
amylovora.

 The importance of this work is that it demonstrates that 
treatment of apple shoots with Apogee results in a physical 
barrier to infection by E. amylovora.  This “Apogee effect” takes 
approximately 10-14 days to materialize in the field.  Thus, 
timing is critical for Apogee applications.  The first applica-
tion should be made at petal fall of the king bloom to coincide 
with the earliest period of most rapid shoot growth.  If desired, 
growers can apply Apogee two or three more times at 2-week 
intervals after the king bloom petal fall application.  For further 
information about the specifics of Apogee applications, please 

Figure	4.	 Effect	of	Apogee	(prohexadione-calcium)	on	the	width	of	cell	walls	of	the	midvein	
cortical	 parenchyma	 tissue	 of	 apple	 cv.	 Gala.	 	 Mean	 cell	 wall	 widths	 (5	 shoots	
per	treatment,	50	measurements	per	section)	at	three	time	points	after	Apogee	
treatment	(or	non-treated)	are	shown	for	(A)	the	first	youngest	leaf	at	the	shoot	tip	
and	(B)	the	7th	leaf	on	a	shoot.		The	left	set	of	bars	shows	means	for	sections	taken	
0.5	cm	from	the	tip	of	the	leaf	and	the	right	set	shows	means	for	sections	taken	2.0	
cm	from	the	tip	of	the	leaf.		Different	letters	above	bars	for	a	particular	treatment	
day	reflect	significant	differences	(P	<	0.05).		The	blue	line	denotes	a	width	of	2	μm.
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see sections by Sundin and by Schwallier in the Michigan Fruit 
Management Guide (2014).

Conclusions
 Management of fire blight can be extremely difficult, and the 
disease can rapidly reach epidemic levels on highly-susceptible 
cultivars.  Kasumin is a new agricultural antibiotic that is ex-
pected to receive a Section 3 registration from the EPA for pome 
fruit in the U.S. in the summer of 2014 for implementation in 
the 2015 season.  Our results indicate that Kasumin is the best 
alternative for blossom blight control in cases where SmR strains 
of E. amylovora exist.  In regions where streptomycin resistance 
has not been documented, the ability to use both streptomycin 
and Kasumin would be ideal both from disease control and re-
sistance management perspectives.  The utilization of Apogee 
in a fire blight management program provides the best option 
for effective shoot blight control.  This drastically reduces the 
potential for fire blight epidemics and for canker development 
and overwintering of the pathogen.
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