
Larry Gut 

Role of insects in fire blight 
transmission 

Larry Gut 



Dissemination of fire blight 

•  Insects and other arthropods  

•  Water and wind 

•  Birds, deer 

•  Humans and mechanical equipment 



•  First to implicate insects as vectors of fire blight 
Observed that honey bees and wasps carry fire 
blight bacteria from flower to flower 

Merton Waite, U.S. Dept. of Agric. 

Waite, M. B. 1892. Results from recent investigations in pear 
blight. Am. Assoc. Advan. Sci. Proc. 1891 40:315  



Literature review by Van der Zwet and Keil (1979) revealed: 
 
•  Numerous insects associated with the dissemination  of fire blight 
•  Represented 77 genera 

Bees 

Flies 

Beetles 

Sap feeders 

Ants 



•  Bacteria adhere to various body parts 
 

•  No evidence that the bacteria colonize 
insects internally  

Insect transmission of fire 
blight occurs mechanically 

Hildebrand et al 2000 

Legs 

Cornicles 

Antennae 

Mouthparts 
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       Infection of blossoms with fireblight using 
insects as vectors (Emmett and Baker, 1971) 

•  Insects exposed to infected pear slices 
•  Caged with blossoms 
•  Assessed blossom infection 



blossom to blossom 
tree to tree 

orchard to orchard 

       Flower visitors - blossom transmission 



•  Conducted in nylon mesh cages 

•  Test plant – Cotoneaster salicifolius 
 

•  Some artificially infected with fire 
blight 

•  Sprayed with Erwinia suspension 
(109 bacteria/ml) 

•  Flower clusters checked for 
infection every 5 days for 4 weeks 

Influence of honey bees on 
fire blight transmission 

(Van Laere et al 1981) 

Control – no hive 

Honey bee 
hive 

Honey bee 
hive 

Fire blight infected 
(5 plants) 

Fire blight infected 
(2 plants) 



Influence of honey bees on fire blight transmission 
(Van Laere et al 1981) 
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•  Reported survival time in honey 
ranged from 2-11 days 

 

•  In other parts of the hive, a few days 
to a few weeks 

•  Consensus is that overwintering of 
fire blight bacteria in the bee colony 
is very unlikely 

Survival of fire blight bacteria in the hive and in honey 



       Insects that contact or feed on ooze 



143 HILDEBRAND et al[

Fig[ 0 PCR ampli_cation followed by gel electrophoresis "0) agarose#[
Extracts from insects were spread on StI!agar and grown bacteria
analysed with primers A\ B from plasmid pEA18 "lanes] 0�4# and L\ R
"lanes] 5�09#\ respectively[ Lanes] 0 and 5\ Ea6:63^ 1 and 6\ water
control^ 2 and 7\ sample from a ~y "Brachycera#^ 3 and 8\ from a brown
leaf weevil "Curculionidae#^ 4 and 09\ from a bee "Apidae#^ M\ 0!kb
ladder marker DNA[ GIBCO BRL\ Life Technologies\ Inc[\ Gaithers!
burg\ MD\ USA

Fig[ 1 Collected and contaminated specimens of various insect orders

because they are 09 times more sensitive than ams!primers
"Bereswill et al[\ 0884# and rarely produced shadow
bands[

Erwinia amylovora was detected in 04 out of the 237
examined insects\ which corresponds to 3[2) "Table 0#[
Positive insects were represented by the four most fre!
quent of the eight collected orders "Homoptera\ Coleop!
tera\ Hymenoptera and Diptera# and were determined as
following] one rosy apple aphid "Dysaphis planta`inea#\
two larvae of psyllids "Psylla pyricola#\ one ladybird
"Adalia bipunctata#\ one brown leaf weevil "Phyllobius
oblon`us#\ one ichneumon "Ichneumonidae#\ one ant
"Formicidae#\ two bumble bees "Bombus terrestris# and
six ~ies "four Muscidae and two other Brachycera#[ A
comparison of collected and contaminated specimen of
the distinct insect orders is given in Fig[ 1[ From 237
insects\ 176 "71[4)# were caught on apple trees with
localized symptoms[ Only six of them "1[0)# were con!
taminated with E[ amylovora[ The remaining 50 insects
"06[4)# were collected from the severely diseased pear
trees and nine of them "03[7)# carried the _re blight
pathogen[

Fig[ 2 Association of gfp!labelled E[ amylovora cells with aphids[ The
specimens were examined simultaneously in bright _eld and in UV!
light[ The ~uorescent bacteria are visible as shining spots[ Total mag!
ni_cation] approx[ 299�[ "A# The leg of a green apple aphid "Aphis
pomi# 2 days after contact contamination with Ea0:68"pfdC0Z?!gfp#[
"B# A proboscis of an aphid in uv light\ 13 h after crawling over a lawn
of Ea0:68"pfdC0Z?!gfp#

Persistence of E[ amylovora with insects
The persistence of E[ amylovora with insects is an impor!
tant feature in their role of dissemination of _re blight[
Imagoes of the green lacewing "Chrysoperla carnea# were
fed for 13 h with feed containing E[ amylovora and trans!
ferred to a pathogen!free environment[ Erwinia amy!
lovora was detected by BIO!PCR up to 4 days after
feeding[

In another experiment Aphis pomi was surface con!
taminated with ~uorescent E[ amylovora by exposure to
a thin lawn of Ea0:68"pfdC0Z?!gfp#[ After a few seconds
they were transferred on an apple seedling\ where they
moved on to reach the young leaves and started sucking[
In every consecutive day\ _ve aphids were crushed\ plated
and aliquots of grown bacteria were assayed with PCR[
The bacteria were also traced with the ~uorescence micro!
scope[ Fluorescent bacteria persisted mainly on legs\
antennae\ cornicles and at the proboscis "Fig[ 2#[ The
bacterial adherence persisted in the water used to prepare
the slides[ The body of control aphids showed auto!~u!
orescence\ although the extremities did not ~uoresce[
During 01 days\ bacterial cells could be detected on the
surface of aphids\ which usually die at this time[

       Occurrence of E. amylovora on Insects in a 
fire blight orchard (Hilderbrand et al 2000) 

•  Collected insects in a fire blight infected apple and pear orchard 
 

•  Screened for the presence of the bacteria  

ü  Detected on 15 of the 348 insects examined  
ü  Four insect groups 



       Persistence of fire blight bacteria on 
insects (Hilderbrand et al 2000) 

•  Aphids surface contaminated •  Lacewings fed fire blight laced food 

ü  Detected for up to 5 days ü  Detected for up to 12 days 
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       Survival rates of E. amylovora in (a) non-sterile soil 
or (b) sterile soil (Hildebrand et al 2001) 

•  Competition for limiting nutrients 
•  Predation by protozoons 
•  Growth inhibition originating from toxic derivatives produced by micro-organisms 



       Survival of E. amylovora in the gut of the 
collembolan, Folsomia candida (Hildebrand et al 2001) 

•  bacteria were fed to the insects 
•  re-isolated from the feces by plating on selective agar 
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 EPA Class. Compd. Bees Mite Predators Functional
 Class. Chemical   predators  ecology

 — Organophosphate Diazinon T M T -30

 RU Organophosphate Imidan T S M -10

 RU Organophosphate Lorsban T T T -40

 — Organophosphate Malathion T M M -30

 OP-Alt Carbamate Sevin T T T -40

 OP-Alt Synthetic Pyrethroid Asana T T T -60

 OP-Alt Pyrethrum Pyganic M M M -5

 OP-Alt Synthetic Pyrethroid Ambush, Pounce T T T -40

 OP-Alt Pipronyl Butoxide + Pyrethrum Evergreen M M M -10

 OP-Alt Synthetic Pyrethroid Warrior T T T -50

 RR IGR (Juvenoid) Esteem S S S,MG +20

 RR Oxadiazine Avaunt T S S -10

 RR IGR (MACs) Intrepid, Confirm S S S +10

 RR Spinosyn GF-120 U S U +10

 RR Spinosyn SpinTor, Entrust M S M -10

 RR Particle Film Surround S M M -5

 RR Azadirechtin Neem S S S +5

 RR Neonicotinoid Actara T S M -20

 RR Neonicotinoid Assail M S M -20

 RR Biopesticide Mycotrol O T T T -10

 RR Biopesticide Nematodes T T T -10

Table 1.  Reduced-risk, OP-alternative, biopesticide, kairomone and natural products tested as replacements for the 
organophosphate Azinphosmethyl have been summarized for impact on bees, mite predators, generalist predators 
such as lady beetles and Syrphid flies, and functional ecology indexes, which indicate overall impact on an orchard 
ecosystem.

EPA Classifications — RU = restricted use, OP-Alt = organophosphate alternative, RR = reduced risk.
Ecological impact assessments — T = highly toxic, M = moderately toxic, S = relatively safe, G = generational effects,  
MG = multigeneration effects and U = unknown. Functional ecology rating is from unsustainable to sustainable on a scale from -100 to 
zero to +100, where zero is a theoretical point where the orchard’s ecosystem is not adversely affected nor is it built up.



       Management considerations 

•  Honeybees and other flower visitors provide essential 
pollination services and should never be the target of 
control measures 

•  keeping sap-feeding insects, such as aphids, psyllids 
and leafhoppers, in check can reduce the incidence 
of fire blight infections 

 
•  best means of managing fire blight are the standard 

practices of removing infecting plant material, 
reducing shoot growth and applying bactericides 

  



Questions! 


