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ireblight, caused by the  bacterium F Erwinio amylovora, is an errat ic  
and devastating disease of pear orchards. 
Native to  North America, it was first ob- 
served in California in the  1890s af ter  
slowly crossing the  continent from the  
east, decimating pear orchards in i ts  
path. Fireblight has the  potential to  
destroy an established orchard in one 
season if uncontrolled. With 37,440 acres 
of hearing trees producing a crop of 353,500 
tons valued a t  $44 million, California 
pear producers have traditionally spared 
little in their protection efforts t o  keep 
the disease in check. 

Blight “strikes” have been con- 
tinuously and carefully pruned from 
diseased t rees  since fireblight first a r -  
rived in California. Chemical spray t reat-  
ments, first used t o  control the disease 
i n  the  1940s. have been relied upon heavi- 
ly, especially in t h e  critical flowering 
period. Until recently, it has been com- 
mon practice to  spray or dus t  t rees  with 
copper or antibiotic materials a t  5-day 
intervals throughout the flowering period, 
which could total a s  many a s  15 or 20 
applications per  season. This  procedure 
was followed regardless of whether  or 
not the bacterium was present since there 
were no available techniques to  monitor 
its occurrence. 

Spraying with pesticides costs a t  
least $8 per acre  each time a chemical is 
applied. I t  became apparent  that  spray 
applications were frequently unnecessary 
because untreated orchards in certain 
years had few fireblight infections. Fur- 
thermore, continued usage of streptomy- 
cin is related to  the  development of resis- 
tant  strains which a r e  now common in 
California pear orchards. Fixed copper 
materials cause skin damage (russetting) 
on pear fruits, resulting in economic loss 
for the grower. Russetting is more severe 
when copper is applied during low tem- 
peratures  during the period when skin 
development is minimal. 

Many at tempts  have been made t o  
relate disease incidence to  factors such 
a s  winter and spring temperatures, mois- 
tu re  and humidity, prevalence of insects, 
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incidence of holdover cankers, and fertili- 
zation regimes. However, lack of data  on 
the occurrence of the  bacteria prohibited 
the development of a usable forecasting 
system. A method was needed to  monitor 
populations of the  bacteria during the  
year  -especially in flowers, since fire- 
blight frequently occurs a s  blossom-blight 
in California. 

Selective medium 

In the  la te  1960s we began develop- 
ing a selective, differential growth medium 
for the  isolation of fireblight bacteria 
from pear flowers. The selectivity of the 
medium was based on the  incorporation 
of thallium nitrate and several other com- 
pounds that  were toxic t o  bacteria other  
than Erwinia amylovora. Although the  
medium is not exclusively selective for 
E. amylovora, most E. amylovora colonies 
can be identified directly on the medium 
because of distinctive characteristics. 
They a r e  smooth, round, and orange-red, 
generally with a translucent margin. Al- 
though there is some variability in appear- 
ance, an experienced investigator can 
distinguish E. am ylovora from the  other  
bacterial colonies on the  plate. Colonies 
of E. amylovora tha t  grow on the  plates 
a r e  periodically authenticated by patho- 
genicity tests with immature Bart le t t  
pear fruits, hypersensitivity on tobacco, 
and with an antiserum specific for fire- 
blight bacteria. 

This medium has been a key element 
in the development of a monitoring pro- 
gram tha t  allowed us t o  correlate the oc- 
currence of fireblight bacteria with 
weather. Solely by averaging daily maxi- 
mum and minimum temperatures, growers 
can now predict the occurrence of fire- 
blight bacteria and apply sprays only a s  
necessary. 

Fireblight ecology 

Fireblight bacteria overwinter in 
cankers  made by blossom infections t h e  
previous year  on pear t rees  or other  

nearby host plants such as apple, quince, 
pyracantha, hawthorn , or crabapple. 
Since cankers may be small or without 
obvious symptoms, they a r e  not always 
noticed. With warm spring temperatures 
bacteria ooze from the cankers and are dis- 
seminated to flowers by water and insects. 
During one epidemic, it was found tha t  
the insects in an orchard (principally 
several species of flies) were very effec- 
tive inoculating agents, carrying up to 
100,000 cells of the bacterium per in -  
sect (fig. 1). 

New infections in pear trees usually 
begin in the highly susceptible flowers, 
although leaf and twig infections are  oc- 
casionally seen. Since the Bartlett pear 
often has a long, irregular bloom period 
in California, the  critical time for infec- 
tions may extend for many weeks, even 
months. After  primary bloom is over, 
secondary “rattail” flowers can appear 
all summer long and can serve as  infection 
sites. 

Insects, mites, wind, and rain help 
disseminate t h e  bacterial cells from 
canker surfaces onto nearby pear flowers, 
and from infected and infested flowers 
to  other  flowers. Although the bacteria 
multiply on the flowers, they do not neces- 
sarily invade and infect the  plant until 
there  is rainfall, dew, or periods of high 
humidity coincident with susceptibility of 
of flowers. During cool spring conditions, 
bacteria may not be disseminated from 
holdover cankers to  blossoms until well 
past the  main bloom. 

Monitoring procedures 

To monitor flowers, a bulk sample 
of 200 flowers was collected a t  random 
twice each week from a 5-acre area. The 
area included those par t s  of the orchard 
t h a t  were most likely to  be blighted. Col- 
lected blossoms were kept  on ice until 
processed (preferably within 4 hours). 
Tap water  was added t o  the bulk sample 
in the  original, clean polyethylene collec- 
tion bag a t  the r a t e  of 0.5 mliflower; 
then the sample was shaken for 30 seconds. 
A 0.1 ml sample of the original wash 



Fig. 1. Colonies of fireblight bacteria from a fly captured in a pear orchard. The insect (arrow) 
was placed alive i n  the Petri dish and distributed the hacteria by walking over thr medium. 

water  was thoroughly spread on a Petri 
plate of t h e  selective medium. A 1 : l O O  
dilution was made from t h e  original wash 
water ,  and 0.1 ml of this dilution was 
spread on another  plate. The  plates were 
incubated a t  28OC (83" F) for 48 to  72 
hours; then the  number of E. amylovora 
colonies were counted. 

I t  is assumed tha t  each colony is 
derived from a single bacterial cell which 
was washed from a flower. Therefore, a 
colony count gives an accurate count of 
the  number of bacterial cells per pear 
flower. Blossoms can be washed and plated 
in the field with minimal contamination. 

The farm advisors or their assis- 
tants  who sampled flowers also recorded 
daily weather  and t ree-growth data. The  
plated samples were incubated and ana- 
lyzed for E. amylovora colonies a t  UC 
Berkeley, so tha t  da ta  would be consis- 
tent. Plates  were read about 3 days af ter  
sampling. A weekly compilation of find- 
ings from the various monitored regions 
was sen t  back t o  the  farm advisors. 

Findings 

The most important finding from 
the monitoring studies was that  fireblight 
bacteria could be detected in flowers 3 t o  
45 days before t h e  appearance of blight 
in an orchard. During 1973 t o  1976, the  
bacteria generally were found only late 
in the season during secondary (rattail) 
bloom. In some districts, blight bacteria 
were not detected i n  flowers throughout 
the  ent i re  flowering season, and blight 
did not appear  in t h e  orchard. 

Although it is necessary for bacteria 
to  colonize flowers for infection to  occur, 
bacteria were often found in flowers 
without infection occurring. No doubt 
infection requires certain environmental 
conditions in addition t o  the  suscepti- 

bility of the  flower. 
Using 6 years  of monitoring data  

from over 120 orchards representing t h e  
major pear-growing areas  in the s ta te ,  
we have developed a formula to  predict 
when fireblight bacteria a r e  most likely 
to  colonize pear flowers. Consistently, 
bacteria a r e  first detected af ter  the daily 
mean temperature in the orchard (average 
of high and low temperatures  from mid 
night t o  midnight) exceeds temperatures  
delimited by a line drawn from 62'F on 
March 1 t o  58°F on May 1 (fig. 2) .  For 
example, in a Glenn County pear orchard, 
bacteria were detected in the  blossom 
wash on April 21, 9 days af ter  the  mean 
temperature had exceeded the prediction 
line on April 12 (fig. 3). Note tha t  E. 
amylovora was detected i n  flowers a t  
petal fall, af ter  full bloom. Fireblight 
strikes, first observed on May 4,  aver- 
aged only 0.1 per t ree .  

In a few orchards, E. amylovora was 
not detected until approximately 2 weeks 
af ter  the  mean temperature  exceeded 
the prediction line (fig. 4). There were 
few overwintering cankers in these or- 
chards  and thus  bacterial populations 
took longer t o  multiply to  a detectable 
level. 

If the  mean temperature  exceeds 
the prediction line during a period of 
heavy bloom, it is likely tha t  the  orchard 
will be severely infected, especially i f  rain 
occurs during this warm period. For exam 
ple, in a Yolo County orchard in 1976, 
the mean temperature  exceeded the pre- 
diction line on March 16 during 1 percent 
bloom, and it rained on March 18 and 
19. E. amylovora was detected i n  the 
flowers on March 25 with the population 
remaining high during the  ful l  bloom 
period; strikes averaged 1.5 per t ree ,  
with the first infections noted on April 
27 (fig. 5). 

Historically, blight has been severe 
when warm temperatures  and rain oc- 
curred during ful l  bloom. For example. 
in Mendocino County in 1961 (prior to the 
development of the monitoring concept), 
the  mean temperature  exceeded the pre 
diction l ine  during ful l  bloom, coincident 
with rain: consequently this was one of 
the  worst blight years  on record. 

Control 

In the past, bactericides were ap- 
plied a t  10 percent bloom and every 5 
days thereaf ter ,  a procedure which gave 
excellent fireblight control. Our approach 
was to apply sprays only after the mean 
temperature exceeded the prediction line 
This too gave excellent control. For ex- 
ample, in a pear orchard i n  Davis, appli- 
cations were reduced from 14 to 6 with 
no significant difference in fireblight con- 
trol (table ). 

In 1975 and 1976. growers obtained 
all the benefits of delayed and reduced 
spray applications, and saved appro xi^ 
mately $750 thousand per season by fol- 
lowing these guidelines. In 1977, however, 
most pear growers were required to  he- 
g i n  sprays during full bloom because of 
early warm temperatures ,  and such sav- 
ings were not realized with the new 
met hod. 

The mean temperature can be easily 
obtained with an inexpensive maximum- 
minimum thermometer. Recording thermn 
graphs placed in each orchard will allow 
even more precise predictions. 

The use of the daily mean t t n i p e r ~  
a ture  to predict the need for bactericide 
applications is conservative and in some 
cases they may still he applied  needless^ 
ly before E. amy /o?wra  are  present in  
flowers. Other temperature  or environ~ 
mental parameters might predict the need 
for bactericide applications m o r r  ac- 
curately than does the daily mvan temper- 
a ture ,  and we ;ire now analyzing the ac- 

Fireblight Control In a Davis, California Pear 
Orchard Comparing Normal Bactericide 
Appllcatlon Procedurea with Delayed 

Applications Based on Mean Temperatures 

Number of Fireblight 
bactericide infections/ 

applications tree 

Normal' 14 0.3 
Delayedt 6 0.2 

'Normal applications of a fixed copper bactert- 
cide were initiated at 10% bloom and continued 
every 5days until rattail. 
tApplications of streptomycin were not initi- 
ated until the mean temperature exceeded the 
prediction line (see fig. 2). 
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Fig. 2. Populations of Erwinia amylomra 
during bloom are  usually detected in 
flower samples taken shortly after the 
mean temperature exceeds the prediction 
line; bactericide applications should 
then be initiated. ;' 'I 

Fig. 3. Monitoring record for popula- 
tions of Erwinia amyloonra in pear flow- 
ers in a Glenn County orchard, 1975. - 
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cumulated data  by computer t o  provide 
a more accurate prediction method based 
on other environmental parameters  in 
addition to the  mean temperature .  
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