THE HONEYBEE AND THE BEEHIVE IN RELATION TO
FIRE BLIGHT '
By E. M. HILDEBRAND, assistant professor of plant pathology^ and E. F. PHILLIPS,
professor of apiculture y New York (Cornell) Agricultural Experiment Station 2
INTRODUCTION

The chief objective in fire Might control has been the eradication
of hold-over cankers, since these cankers are known to be the principal
source of primary inoculum in the spring. Consequently the possibility suggested by Rosen (11, 12Y that the fire bhght organism,
Erwinia amylovora (Burr.) Bergey et al., may overwinter in the
beehive has complicated the problem by introducing one more possible
source of infection. Following the appearance of Rosen's first report
in 1930, studies were begun in several States to determine the role
played by the honeybee in the dissemination of the bacteria and to
ascertain whether the bacteria overwinter in the beehive.* The
findings from New York, Ohio, and CaUfomia detailed later, which are
at variance with those from Arkansas, receive further support from
this undertaking, an abstract of which has already been published (5),
The fact that the honeybee is an important pollinating agent
for fruit blossoms and that individuals from colonies of bees regularly
visit fiowers at a time when they are highly susceptible to infection
by the fire blight organism makes this problem a most important one.
It must, however, be remembered that the worker bees which visit
blossoms are not those which have had contact with contaminated
material the year before, since the fife span of the worker is short.
Normally no bee would be living in the colony at the time of visits
to fruit blossoms which had been there the year before except the
queen bee, and queen bees do not visit flowers. There remains,
however, the somewhat remote possibihty that in some manner the
queen bee might be involved in harboring the fire blight organism.
Attention must also be directed to other places within the hive where
the fire blight bacteria might remain, such as in honey or in other
materials in and about the hive. These facts, then, center the
investigation largely on the behavior of the bacteria when introduced
into the hive, and it is on this point that special emphasis has been
placed in this work.
The chief aim of this investigation has been: (1) To determine
the longevity of the fire bhght organism in the beehive when introduced through the natural channel in the food of the bees, but other
aspects of the problem have also received attention, such as (2) the
longevity of the bacteria in sugar solutions studied over a wide range
of concentrations and temperatures; (3) the location of the bacteria
in relation to the life-cycle stages of the insect; and (4) the extent OT
I Received for publication Dec. 6,1935; issued June 1936.
« The writers are indebted to Dr. A. W. Woodrow, formerly of the Department of Entomology, for
assistance in handling the bees used in these studies.
3 Reference is made by number (italic) to Literature Cited, p. 809.
* Since the environment within the beehive may be assumed to be virtually identical throughout th«
country the results from the several States should be in close conformity with each other.
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dissemination of the bacteria from the beehive to flowers in cages
in the orchard.
In the spring of 1932 during the course of observations on the conduct of honeybees visiting pear and apple flowers in the orchard of
Cornell University, it was observed that some of the flowers farthest
along in development presented a water-soaked appearance. Examination under the microscope showed the flower tissues to be gorged
with bacteria. Noting that the bees visited flowers in the clusters
containing these water-soaked individuáis, a preUminary isolation
experiment was made to determine whether the fire bhght bacteria
were associated with the bees. When the first apple petals were
beginning to faU, 10 bees were captured from blossom clusters containing such water-soaked Wossoms. At three subsequent biweekly
intervals, when blossoms were no longer available, lots of 10 bees
each were taken at the entrances to hives in an apiary approximately
a half mile away. The fixe bhght bacteria were obtained from 3 of
the 10 bees captured from the blossoms, but no organisms were recovered from the bees subsequently taken in the apiary. In the
blight epiphytotic which developed that spring as many as 90 percent
of the blossom clusters in Wealthy and 50 percent in Mclntosh
blighted, providing ideal conditions for this isolation experiment.
However, because the bacteria were obtained from the bees only
while they were visiting the flowers in the orchard and not thereafter, it appeared that the organisms were incapable of remaining
associated with the bees after the blossom period. Accordingly
experiments were planned in an attempt to clarify the situation.
LONGEVITY OF THE FIRE BLIGHT BACTERIA IN THE BEEHIVE
PREVIOUS OBSERVATIONS

Although Waite {20, 21) was the first to impUcate the honeybee
with the dissemination of the fire bhght organism, it remained for
Gossard {2) and for Gossard and Walton {8, 4) to initiate studies
on the longevity of the bacteria in the beehive. In the first report,
Gossard {2) concluded that the organism of fire bhght may five in
honey for 47 hours. Later Gossard and Walton (ß) extended the
period of viabihty in honey to between 72 and 100 hours. In their
final report (^) they stated that during the blossom period fire bhght
developed in tender twigs that were inoculated with honey drawn
from three different hives. Blight apparently resulted also when
apple pollen, removed from the pollen baskets (corbiculae) of bees
and the mouth parts of similar bees caught as they were entering the
hives were inserted into incisions in tender apple twigs. They further
state W, i>. 86):
We were unable to obtain cultures of fire blight from hives in early spring,
from either honey or wax and because of its eventual death in honey, we believe
it does not exist in the hive at the opening of the season. Dozens of samples
were taken and cultured by the plate method in this quest.

The investigations of Gossard and Walton have been extended
by a number of investigators. Rosen {11 JV- ^02) stimulated interest
in this question when he stated that—
* * * the writer has successfully isolated the fire-blight pathogen from
beehive material gathered throughout the summer, winter and early spring and
from the bees themselves obtained from the hives in the early spring prior to the
development of blight.
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If this statement were applicable elsewhere it would mean that
fire bhght control cannot be successfully accomphshed by canker
eradication alone. Thomas (16) reported that when the organism
causing fire blight was introduced into honey and applied to the
surface of honeycomb and wood frame, it was recovered after 15, 55,
and 20 days. In Rosen's final report (12) covering 5 years' work, he
had obtained only 1 positive ciüture in a total of 1,277 isolation
trials from 1931 to 1933, which is in strong contrast to 20 positive
isolations in 2,157 trials for 1929 and 1930. The materials used consisted of honey plus comb and bees taken from beehives located in a
blighted orchard. The results of a study by Thomas and Ark (17)
conducted in California did not support Rosen's conclusion. In
no instance did they obtain the bUght organism from hive material
(550 cultures), and they obtained it from bees only when blossoms
of frmt trees were available to the insects. Pierstoríf and Lamb (10)
also were xmable to demonstrate the presence of the fire bhght
bacteria on the combs, frames, or in the honey in a beehive 24 hours
after a water suspension of the organism had been introduced.
They were successful, however, in recovering bacteria from the heads
of the honeybees taken from a hive 2 days after it was contaminated
with the organism. Parker (9) was unable to reisolate the bacteria
in the early spring from beehives that were artificially contaminated
the preceding November.
MATERIALS AND METHODS

Any study in which honeybees are used for experimental purposes
should take into account the habits and condition of the insects.
Besides the fruit-blossom period in May, early October is a good time
for conducting such a study since the incoming supply of nectar is
low in these months and the bees are incHned to stay inside the hive
and to concentrate sugar solutions with relative rapidity.
The feeding of honeybees with artificially prepared food containing
an abundance of bacteria introduces the bacteria into the hive in a
manner comparable to such natural channels as may exist, obviates
the necessity for disturbing the working conditions of the bees, insures
the entrance of bacteria in great numbers and at the same time
facilitates the reisolation of the bacteria at stated intervals after their
entrance. These precautions were needed since present isolation
methods are not sufficiently selective to be reliable for small numbers
of these bacteria. Moreover, this approach takes into account the
effect on the nectar or sugar solution produced by the bees in their
function of elaborating honey from nectar.
The same two colonies of bees were used throughout the series of
tests, which extended over a period of four seasons. Each colony or
nucleus hive was fed düuted honey or cane sugar (sucrose) solution of
60 percent sugar concentration in the autumn, or 50 percent concentration when fed in the spring, to which vast numbers of the fire
blight bacteria had been added.
The sugar solutions were prepared under approximately aseptic
conditions in the same way for each of the six feeding experiments
involving hives of bees. Approximately^ 5 gallons of the prepared
solutions were fed to the respective colonies in the fall and 1 quart to
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the nucleus hives ^ used in the spring. The sucrose solution was sterilized at 15 pounds pressure for 20 minutes. The diluted honey was
brought to a boil. When cool, the bacteria in water suspension were
added. The individual bacteria were thoroughly distributed in
suspension by careful stirring in the thinner solutions so that in
subsequent concentration of these solutions by the bees, there was
ample opportunity for the solutions to act in whatever manner they
would on the organisms. These precautions were taken in order to
obviate the possibility that groupings or clumps of the organisms may
protect some bacteria from the action of the concentrated solutions
(honey) and thus increase their longevity.
The bacteria for furnishing the inoculum were varied. In 1932, 1
culture from California was employed; in 1933 a composite of 30
cultures; in 1934 a composite of 4 cultures; and in 1935 the progeny of
a single-cell culture from New York. The numbers of bacteria per
cubic centimeter of solution fed in series 1932a and 1933a were computed by means of the Petroff-Hausser direct bacteria counter and
were, respectively, 192 and 155 millions. In the other series the
numbers of bacteria were made comparable by means of the McFarland nephelometer (7).
The moculum except when stated otherwise consisted of a 2-dayold growth on nutrient agar.
The isolation method used consisted of: (1) The transfer of relatively uniform quantities of material with a 5-mm loop to nutrientdextrose broth, and (2) the subsequent transfer to nutrient agar when
growth was evident. The culture-plate method used in the prelimmary studies was later abandoned. All the cidtures obtained during
summer, autumn, and winter that simulated the fire blight organism
were inoculated into green Kieffer pear fruits. Shoots on pear and
apple trees grown in the greenhouse were used for making pathogenicity tests in the spring when fruits were not available. The
surface of fruits was sterilized with alcohol and after inoculation
incubated in moist chambers at 24° C.
In pursuing the investigation on the longevity of the fire blight
organism in the beehive, a series of six isolation experiments were
conducted in October and May. These are designated 1932a, 1933s,
1933a, 1934s, 1934a, and 1935s.«
AUTUMN TRIALS
EXPERIMENT 1932 A

In experiment 1932a, the fire blight bacteria disappeared within
1 week after the close of the feeding period from honey elaborated
from food contaiuing the organisms. The bacteria had likewise disappeared from (1) the wax of the combs, (2) the surface of wooden
frames, and (3) the mouth parts, alimentary tracts, and honey
stomachs of the bees. A summary of this experiment appears in
table 1.
5 "Nucleus hive" is a tenn employed by beekeepers for small hives used in mating queen bees. These
small hives were used because the full colonies were too large to be included in the cages employed.
« The sîrmbols s and a signify, respectively, spring and autumn trials.
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1.—Summary of isolation studies to determine the longevity of Erwinia
amylovora in the beehive when introduced through the natural channel of foods in
spring (s) and autumn (a) trialsj 1932-35

TABLE
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Í
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50
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6.0
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1935s
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1
S
No.

Pd.

30

0.0

30

.0

.0
11.8

30

.0

.0

30

.0

30

.0

1 Isolation interval=7 days.
2 Isolation interval=12 days.
3 Isolation interval=13 days.

Two colonies of bees were used. One received contaminated
sucrose solution and the other contaminated diluted honey prepared
as stated earlier. **Atmospheric" tin-pail feeders with perforated
tops were filled with the solutions and inverted, being placed in empty
hive bodies over the hives. Except at daily or 2-day intervals when
the food supply was replenished, the bees were not disturbed. The
feeding was begun on October 6 and the last food was consumed on
October 19^ An extensive isolation experiment was arranged in
which samples of the honey in the comb elaborated respectively from
the honey and sugar solutions were incubated in previously sterilized
specimen dishes over a range of temperatures varying at 3° intervals
from S'^ to 24° C.
Since earlier investigators in this field had found that the fire
blight organism survives for considerable periods within the hive, the
first isolations were not attempted until 7 days after the close of the
feeding period. At the first isolation interval the materials were
taken from the hives and placed in the dishes in the incubators.
From each hive they consisted of 10 transfers of honey and 5 transfers
from comb cappings and side walls of cells and scrapings from the
frames. At the same time five bees were collected from each hive.
From each bee the mouth parts, honey stomach, and alimentary tract
were cultured separately. None of the sources tested yielded the
bacteria, but the pathogen was readily obtained in all but the last
c^se from samples of the original sugar and honey solutions that had
been incubated at 6°, 12*^, 18°, and 24° C. Moreover, during the
course of the feeding period, the bacteria were successfully recovered
at daily intervals up through the twelfth day from the original solutions stored in a shed at approximately 18°, indicating that the
pathogenic bacteria survived in the food during that period.
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At four subsequent weekly intervals similar isolation series were
repeated, always with negative results. At the termination of this
experiment, pathogenic bacteria were still being recovered from the
original solutions held in the 6° and 12° C. incubators. In these
studies the wax, wood, and bee samples were taken from the respective
hives at- the times indicated. The '^honey^' at the later weekly
intervals was taken from the samples placed in the 24° incubator.
These results are interpreted as meaning that the bacteria cannot
survive the operations performed by the bees, but precise information
was not obtained on the rate of disappearance of the bacteria in the
operation of concentrating the food supply. The bacteria apparently
had died at a more rapid rate than was expected, necessitating much
shorter isolation intervals for determination of the rate of destruction.
EXPERIMENT 1933 A

In the fall of 1933 the fire blight bacteria were recovered from
honey produced from contaminated sucrose and honey solutions
within 2 dayö from the time they had been taken by the bees.
Feeding was begim on October 5, and by October 16 and 18 the
respective dilute honey and sucrose solutions were alL removed from
the feeders by the bees. At the end of the first day one frame was
removed from each of the hives and placed in a 30^ C. incubator in
the laboratory. Near the middle of the feeding period another frame
from each of the respective hives was removed and placed in the
incubator. In this experiment 40 attempts to isolate the organism
were made from the honey, and 20 from each of the wax and frame
surfaces at intervals of 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 18, and 22 days
after the bees had taken the contaminated food. Six of the honey isolations made on the first day and six of those made on the second day,
or 15 percent of each, yielded the fire blight bacteria. AU the others
were negative.
Nonpathogenic bacteria were obtained in a large percentage of the
isolation tubes ojE the first six isolation intervals. Their growth in
nutrient-dextrose broth was unlike that of the fire blight organism,
being much slower and rarely if ever resulting in the formation of a
pellicle which is so characteristic of Erwinia amylovora. After the first
week, when the isolation intervals were lengthened to 2 days, many of
the tubes remained sterile and the majority of the others were free
of microflora except for occasional molds. All isolations attempted
from comb surface for the presence of the fire blight bacteria were
negative. Likewise all attempts to recover these bacteria from scrapings of the wood frame were negative with one exception, namely, an
isolation attempted on the twelfth day. During the course of this
experiment isolations were attempted at the same time mtervals
from the bees in the two hives. Since the bees were manipulating contamiuated food for approximately 2 weeks, a relatively large percentage of the isolations were from bees taken while actually feeding.
During this time isolations were tried from the mouth parts, honey
stomachs, and alimentary tracts of 100 bees, only 6, or 6 percent, of
which yielded the fire blight bacteria. In three instances the bacteria
were present both on the mouth parts and in the honey stomachs; in
two instances in the alimentary tracts and honey stomachs; and in
one instance on the mouth parts alone. Isolations attempted from 10
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bees at intervals of 2, 3, 4, 5, and 6 days after the close of the feeding
period were all negative. From these data it is apparent that the
fire blight organism was not as abundant on the bees as might have
been expected. It was further observed that of the positive isolations
obtained, there was approximately equal division between the diluted
honey and the sucrose solution sources which are considered under
one heading in the table.
EXPERIMENT 1934 A

In the third and final experiment conducted in the fall of the year
the fire blight bacteria had disappeared fj-om the honey elaborated
from heavily contaminated sucrose solution within 3 days from the
time of elaboration by the bees. This experiment, except for a few
changes, was similar to experiment 1933a, and the results were in
conformity with the previous findings (table 1). The feeding of
diluted honey solutions contaminated with the bacteria was omitted
because of the uniformity of results of the two solutions in previous
trials.
In order to obtain a check on the microflora contributed by the
bees and the hive during the concentration of sugar solution the bees
were fed sterile sucrose solution for 2 dajrs before they were given
the contaminated food. Feeding contaminated food was begun on
October 18 and completed on October 25. The number of isolations
intervals was i*educed, and consisted of 1, 2, 3, 4, 5, and 7 days. The
number of isolation trials from the various sources was not changed
from the previous corresponding experiment, 1933a. Four series of
isolation trials were conducted. The first was confined to the concentrated material from sterile sucrose solution which yielded only
molds and miscellaneous bacteria. The other three series were begun
on, respectively, October 18, October 23, and October 24. In the first
two instanced, the frames used in making the isolations were taken
from hives and stored in a 30° C. incubator in the laboratory. The
third frame was left in the hive and removed only long enough for
samples to be taken when it was again replaced. Isolations from the
bees were confined to the use of mouth parts and honey stomachs.
Of the 30 isolations made on the first day from the^ concentrated
sucrose solution which had contained fire blight bacteria, 10, or 33.3
percent, were positive for the fire bUght organism. From similar
numbers of isolation trials on the 2 successive days, there were for
each interval two positive, or 6.7 percent. All the later attempts to
recover the fire blight bacteria from the concentrated sucrose solution
were unsuccessful.
The bacteria were recovered in two cases from bits of wax taken
from the combs at the first interval of 1 day, or in 13.3 percent of the
attempts. All 70 subsequent trials for the isolation of the bacteria
from this source in this experiment were negative. No fire blight
bacteria were recovered from 85 samplings of scrapings removed by a
sterile scalpel from various parts of the frame.
The bacteria were likewise recovered from 10 of a total of 85 bees,
or in 11.8 percent of all attempted isolations made during the time
that they were wdfldng with the contaminated food. AU attempts to
recover the bacteria from bees separated from the contaminated feed
by more than 1 day were negative. The location of the bacteria in
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these bees was chiefly in the honey stomachs, since recovery was
made from this source eight times to the three that they were obtained
from the mouth parts. From these experiments it is evident that the
fire bUght bacteria are able to survive in the beehive for a relatively
short time.
SPRING TRIALS

EXPERIMENT 1933S

This study was conducted in the spring of 1933 in the orchard of
Cornell University with special cages, which are described later.
The honeybees were confined with apple blossoms of the Rhode
Island Greening variety. -A nucleus beehive was outfitted with two
feeders, one containing contaminated sucrose solution and the other
contaminated honey solution, one frame of brood ready to emerge,
one empty comb, and two cupfuls of worker bees. No queen was
included. The nucleus hive was assembled the afternoon of May
13 and installed in the cage in the evening. The hive entrance was
opened after dark. During the forenoon of the same day, with the
flowers in the late pink stage of development, a Ume-sidphur spray
(1-40) was applied and in the afternoon an application of nicotine
sulphate (1-800), in order to remove insects that might cause complications. Daily observations were made and a record was kept of
the behavior of the bees.
A few flowers had begun to open on May 14. At 9 a. m. May 15,
the flowers were in early bloom and counts were made of the number
of bee visits to groups of 10 blossom clusters in four different cages.
For 5-minute intervals there were, respectively, 5, 1, 3, and 4 visits
made by the bees, and only an occasional bee was observed trying to
gain freedom by flying against the sides of the cage. The flowers
came into flull bloom on May 17 and the bees were observed freely
visiting them up through May 20 at petal fall. The food was all
converted into ''honey'' approximately 5 days before the cages were
removed, and the hives were examined on May 26. Immediately
after the cages were removed attempts were made to recover the
bacteria from the hives and the bees, and also from apple pollen.
The first isolations were made 13 days after the beginning of the
experiment and approximately 5 days after the feeders were emptied.
The results of these isolation trials were all negative but for one
instance (table 1) in which the bacteria were recovered from pollen
taken from a cell of pollen. Two subsequent series of isolation were
made at intervals of 20 and 27 days from the time of starting the
experiment, but the results were all negative. The controls, consisting
of the contaminated solutions held at 6"^, 12^, 18*=^, and 24^ C, all
yielded the bacteria at the end of 13 days except the last.
These data support the findings of the,autumn experiments, and
indicate that the fire-blight bacteria disappear within 5 days from the
time contaminated food is converted into honey.
EXPERIMENT

1934s

In experiment 1934s, which was a repetition of 1933s, negative
results were obtained in all cases for the recovery of the blight bacteria
from the nucleus hive. The Twenty Ounce apple variety was here
substituted for Rhode Island Greening.
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Using the same general procedure as before, the hives were assembled and installed in the cages in the orchard on May 18 and were
removed on May 29. On the latter date, isolations were attempted
from the same sources as before at approximately 4 days after the last
of the food was taken. The fire blight bacteria were not recovered.
Two similar isolation series were made at successive 2-day intervals
after the first attempts, but no fire blight bacteria were obtained.
EXPERIMENT 1935S

The final experiment, which was conducted in the spring of 1935,
was a repetition of experiment 1934s.
Bees were placed in the hives on May 21 and the cages were installed on May 22. On June 3, 12 days later, the cages were removed
and isolations were tried from the usual sources (table 1). The food
had all been consumed approximately 4 days previously. The first
isolations attempted were all negative for the fire blight bacteria.
Subsequent attempts gave similar results. Isolations froln a sample
of the infested original contaminated sucrose solution stored at shed
temperature (18*^ C.) yielded pathogenic bacteria to the close of the
experiment. The rate of disappearance of the bacteria was not
accurately determined in the experiments conducted in the spring of
the year because a disturbance to the bees would have altered the
experiment in other respects.
DISCUSSION

The consistency of the results in all these experiments conducted
in the spring and in the fall, in which the bacteria disappeared from
the beehive, has an important bearing on the question of the possible
role of the bees and the beehive in the dissemination of the fire blight
organism.
The rapid disappearance, usually within 2 days, of fire blight
bacteria after their introduction into the hive attests to the destructive properties of honey and of the beehive environment, so far as
fire blight bacteria are concerned. The two minor exceptions reported
above would not appear to invahdate this conclusion, and even for
the longest periods of survival encountered, it will be recalled that
they were from pollen and scrapings of the wood, in both of which
instances there was little opportunity for any possible disinfecting
effects of honey to operate. There is, of course, some honey used in
the storage of pollen in cells of the comb. The sterilizing action of
honey applies as well to other nonspore-forming bacteria previously
studied {IS) and to the nonspore-forming bacterial flora normally
associated with honeybees and the interior of the hive, which survived
in honey only a few days longer than the fire blight organism. The
relatively short length of life of fire blight bacteria in all the locations
studied within the hive probably cannot be ascribed to the sterilizing
effects of honey alone or to any other one factor, but is more probably
the result of the interaction of a number of factors, including the
materials added to sugar solutions by the worker bees in their elaboration of their food supplies. These factors of hive environment
consist in part of a high relative humidity (70 percent or even higher
during the incoming of fresh food supplies) and of high temperatures
(roughly 94° F., within the brood nest of the hive in which most of
the elaborated food is stored at least temporarily). Parker {9) has
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demonstrated the detrimental influence of high relative humidities
on the survival of fire blight bacteria, and, as will be discussed later,
high temperatures, within the range of temperatures found within
the hive, are also detrimental to their survival. Whether the two
factors of destructive relative humidities and high temperatures fully
explain the rapid death of the fire blight bacteria within the hive but
outside of honey is somewhat questionable, but that they contribute
to this end appears evident.
The bees used in these experiments together with the honey they
produced were used in cage experiments in the orchard to check
further the possibility of the bacteria overwintering in association
with the bees that had elaborated the contaminated food.
EFFECT OF SUGAR SOLUTIONS ON THE FIRE BLIGHT ORGANISM

A number of workers have studied the effect of sugar concentration
on the fire blight bacteria. Experiments by Gossard and Walton (4)
demonstrated that the fire blight organism was able to live for about
4 days in honey, for 10 days in aphid honeydew, and for 5 days in
peach, plum, and cherry nectar. McLarty {8) stated that fire blight
bacteria lived for 48 days in strained honey. According to Parker
(9), McLarty stated in correspondence that he later found the bacteria
to live for 84 days in thé same honey. Thomas {15) reported that the
organism causing fire blight lived for 15 days in honey. Using a
special nutrient solution as a base, Thomas and Ark {16) determined
the maximum concentration of sugars that the organism will tolerate
in culture solutions. In dextrose solutions very slight growth was
obtained at a concentration of 28 percent while optimum growth
occurred at 3 percent. In solutions of lévulose and sucrose optimum
growth was near 10 percent, but the maximum growth concentrations
were, respectively, 18 and 58 percent. The fire Wight organism was
found to survive for several weeks at 60-percent sucrose concentration. They further point out that the concentrations of the sugars
which inhibited the organism corresponded approximately with the
osmotic values of the sugars. The longevity of the bacteria in both
artificial and natural honey was found by Pierstorif and Lamb {10) to
be 5 days.
There is considerable divergence in the results of these various
authors. To some extent this may be explained hj differences in the
degree of individual dispersion of the bacteria withm the solutions, for
it is evident that if the bacteria were clumped in some cases increased
survival might result. It is further to be noted that none of these
authors has stated the temperatures at which he worked, and temperature is an important factor in survival of the fire Wight organism in
sugar solutions.
Because of this lack of agreement in the work of other investigators,
tests were made of the survival of fire blight organisms in various
sugar solutions, the sugars used being those which occur in nectar and
honey, namely, lévulose, dextrose, and sucrose, used singly or in combinations.
LONGEVITY OF BACTERIA IN SUGAR SOLUTIONS

The longevity of the fire blight bacteria was first tested in the fall
of 1932 in artificial nectar (21.2-percent sugar) compounded according
to the method of Beutler {1) from sucrose, lévulose, and dextrose, of,
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respectively, 8.4, 7.3, and 5.5 parts by weight. The sugar solutions
were sterilized by filtration through a Berkefeld filter. For supplying
the mineral elements a given volume of honey was ashed and a quantity of it corresponding to the amount in nectar was added aseptically
to the synthetic nectar solution, k loopful (6 mm) of a dense water
suspension of the fire blight organism was added to the artificial
nectar. Samples were incubated in flasks at 3°, 12°, and 21*^ C.
Isolations were made at daily intervals for 1 week and at weekly
intervals thereafter for 6 weeks. The bacteria were still aUve at all
the temperatures except 21° at the end of 6 weeks, when the experiment was terminated.
The longevity of the bacteria was tested simultaneously in pure
honey, diluted honey, and sucrose solution held at 6° C. The diluted
honey and the sucrose solution were samples of the materials fed the
colonies of bees in the 1932a experiment. The bacteria survived in
these solutions for 31,20, and 37 weeks. Apparently the low temperature favored their survival.
At the same time, a third experiment was run to test the longevity
of the bacteria in duplicate tubes in different concentrations of
sucrose solution held at 3° and 21"^ C. The concentrations tested
were 0, 1, 5, 10, 20, 40, and 60 percent of sucrose in water. At 3°
the bacteria survived for 28, 9, 8, 8, 6, 10, and 12 weeks, while at
21° the survival periods were 28, 7, 4, 4, 5, 5, and 1 weeks.
A more extensive experiment was begun in December 1932. The
sugars tested included sucrose, dextrose, sucrose+dextrose in equal
amounts, lévulose, synthetic nectar (according to the findings of
Beutler (Í)), and unsterilized honey. The concentrations used with
each material were, respectively, 0, 1, 5, 10, 20, 30, 40, 50, 60, and 75
percent of sugar, each test being made in quadruplicate. The fire
blight bacteria were placed in test tubes containing 10 cc of these
sugar concentrations held at 6°, 12°, 18°, and 24° C. All except
those containing lévulose were sterilized in the autoclave for 15 minutes at 15 pounds pressure. To avoid caramelization where lévulose
was used alone or as a constituent the individual sugars were added
to hot sterile distilled water, and heated in the Arnold steamer for
12 minutes on 3 successive days. The inoculum consisted of a
highly virulent culture of the organism that had been isolated from
crab apple in California. The results of this experiment are contained
in figure 1, A, Since no special provision was made for retarding
evaporation, there was a marked tendency at 18° and 24° for the
sugar solutions to become more concentrated. Thus, for example, the
20-percent sucrose solution incubated at 18° in a period of 35 weeks
became concentrated to 59.69 percent sugar. To determine this,
examination was made with an Abbe refractometer (drop). Similarly,
the 10-percent sucrose solution in 36 weeks became concentrated to
51.22 percent. Obviously this fact should be kept in mind when
evaluating these data. In sucrose solution the bacteria survived for
a relatively short time in concentrations of 40 percent and above,
but there was a discrepancy in the effect of temperature on survival
in which 18° appeared to be more favorable than 6°, 12°, and 24°.
For dextrose the critical concentrations were 10 percent and above.
Mixtures of equal parts of sucrose and dextrose acted much the same
as dextrose alone. Lévulose appeared to be somewhat less destruc-
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l.—The longevity of the fire blight organism, Erwinia amylovora, in solutions of various sugars in
different concentrations, and in synthetic nect^ and honey held at constant temperatures. The inoculum
was varied for the two series. A involved a single culture and B a composite of 30 cultures. The incubation temperatures were 6", 12°, 18°, and 24° C.

FIGURE

May 15,1936 The Houcybee and Beehive in Relation to Fire Blight

801

tive of the bacteria than dextrose, but rather similar to sucrose.
Synthetic nectar with and without ash behaved more Uke lévulose
than like the other sugars. The addition of ash to the synthetic
nectar solution appeared to upset the effect of the sugars alone by
decreasing markedly the longevity of the bacteria, especially at the
lower concentrations, and therefore was omitted in the next experiment. The higher concentrations of all the solutions behaved
similarly in killing the bacteria in relatively short periods of time.
The survival of the bacteria in a series of unsterilized honey dilutions comparable to the synthetic nectar was similar to the results
in the latter. This unsterilized honey series was abandoned at 6
weeks because of contamination by molds. Survival was usually
longest at the lower temperatures, but this was not always the case.
Another experiment to test the longevity of the fire blight organism
in sugar solutions was begun in November 1933. Certain modifications were adopted, however. A composite culture of 30 organisms,
isolated from widely separated places, was used instead of a single
culture. The bacteria were added at the rate of approximately
250 million per cubic centimeter determined by use of Petroff-Hausser
direct bacteria counter. The respective sugars, sucrose, lévulose,
and dextrose, were used alone and in combination simulating nectar
(i). Extracted honey of approximately 80-percent sugar concentration and the same honey diluted to 60-percent concentration of
sugar were also included. No ash was added to the nectar. To
reduce evaporation, lead foil was wrapped over the tops of all the
tubes held at 18° and 24° C. Before the experiment was begun, the
lévulose and nectar solutions were heated for 12 minutes in the
Arnold steamer on 4 successive days. The sucrose and dextrose
solutions were sterilized in the autoclave for 15 minutes at 15 pounds
pressure. This experiment was terminated at the end of 1 year; the
data obtained are summarized in figure 1, B, From figure 1, Bj
it is evident that the results correspond to those already discussed in
previous experiments. Sugar solutions at concentrations simulating
honey (75 percent) and held at temperatures nearest to those which
would obtain in the apiary in the summer (24°) are destructive to
the bacteria, ordinarily killing them within 1 week. At temperatures
more nearly approximating those of the hives in winter (18°), bacterial
survival is not sufficient to account for the hive being a potential
overwintering source. No definite explanation can be given for the
relatively long survival of the bacteria of the composite culture of 30
strains. However, it may be explained in part by reduced evaporation and consequently a lower concentration of sugar.
GROWTH OF BACTERIA IN SUGAR SOLUTIONS

Studies were next made of the growth of the fire blight organism in
a special synthetic medium (14) when the carbohydrate sources were
the respective sugars. The sugar solutions were sterilized by filtration through a Berkefeld filter. In series 1, duplicate tubes were
prepared of each of the sugars (sucrose, lévulose, and dextrose, and the
synthetic nectar mixture) of sugar concentrations of 0, 2, 5, 10, 15,
20, 30, 35, 40, 45, and 50 percent. In series 2, the concentrations
were somewhat modified, but covered the same range. Series 3
involved the use of a number of sugar concentrations that differed
from each other in smaller amounts as the concentrations approximated
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the critical growth Umits of the bacteria. The progeny of a single-cell
strain of the fire blight organism grown for 2 days on nutrient agar
furnished the inoculum. All cultures were incubated at 24° C. The
results obtained are summarized in table 2. These data indicate that
the monosaccharides, dextrose, and lévulose permit a slight growth
in sugar concentrations as high as 30 percent and that in sucrose, a
disaccharide, the bacteria made a very small but perceptible growth
at the 58-percent concentration. These results are in approximate
agreement with those of Thomas and Ark (16), When the sugars
were combined into a mixture simulating nectar (Beutler {!)), the
bacteria grew at 35 percent but not at 40-percent sugar concentration.
An abundance of growth was noted at the 5- and 10-percent concentrations, as evidenced by the sediment at the bottom of the tubes
and the color change of the medium, Bromothymol blue was the
indicator used. At the higher concentrations growth decreased with
increasiag concentration. No growth appeared at the 40-percent
concentration.
To account for the rapid disappearance of the fire blight bacteria
during the process of elaborating nectar into honey several experiments were tried.
2.—Summary of studies conducted for the purpose of finding the maximum
concentrations of various sugars, and of synthetic nectar, at which the fire blight
organism, Erwinia amylovora, will grow

TABLE

Growth of E, amylwora at the end of 10 days in a synthetic medium containing
sugars in the indicated concentrations i

Series no. and
sugar

Series 1:
Dextrose
Lévulose
Sucrose
Nectar

-

Sucrose

+
+
+
+

3.76
0 per- percent cent

7.5
percent

-

Series 2:
Dextrose
Lévulose
Sucrose
Nectar

Series 3:
Dextrose
Lévulose
Nectar

+
+
+
+

-

-.

+
+

40
percent

45
percent

+

+

35
percent

40
percent

45
percent

+

30
percent

35
percent

+
+

+
+
+

+

15 18.75 22.5 26.25 30
per- per- per- per- percent cent cent cent cent

+
+
+
+

41

15
percent

20
percent

25
percent

10
0 per- 2 per- 5 per- percent cent cent cent

+

+
+

+

+

+
+
+
+

+
+
+
+

tr.

+

+

30
percent

32
percent

35
percent

40
percent

+

+

10
0 per- 5 per- percent cent cent

20
percent

25
percent

28
percent

+
+
+

+
+

+
+
+

+
+
+

10
0 per- 6 per- percent cent cent

20
percent

30
percent

40
percent

48
percent

50
percent

52
percent

54
percent

56
percent

+

+

+

+

+

+

+

+

-

-

+
+

+

+

50 percent

+
50 percent

+

58- 60
per- percent cent

+

_

Í + Growth; — No growth. The synthetic medium was made according to the formula given by the
Society of American Bacteriologists (Í4).

The effect of desiccation alone on the longevity of the bacteria in
sugar solution cannot account for their rapid disappearance in the
honey-ripening process. A contaminated sucrose solution of 60-per-
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cent concentration was placed in Petri dishes in a desiccator (CaCl2)
and kept there until the concentration of sugar was between 79 and
80 percent. The dishes were sealed and placed in a 30° C. incubator
and were removed only for periodic examination. It was found that
when 10, 20, 30, or 40 cc of the solution was placed in four Petri dishes
of equal size the time required for the desiccator to adjust to the
desired concentration was approximately 1, 2, 3, and 4 days. At the
end of 1 month, when the isolation trials were discontinued, the
bacteria were still being recovered from all the plates except the
second. In this plate, the bacteria were still present at the end of
3 weeks. Portions of the original sugar solution were simultaneously
incubated at the temperatures 6°, 12°, 18°, 24°, and 30°. At the
end of 1 month the bacteria were still alive at 6° and 12°, but had
disappeared at 18°, 24°, and 30° by the end of 18, 12, and 6 days,
respectively.
When the experiment was repeated with sucrose solution, synthetic
nectar solution, and similarly diluted honey of 21.2-percent sugar
concentration as the starting point, comparable results were obtained.
The rate of disappearance of the bacteria from these solutions slightly
greater than for the sucrose solution, but cannot account for the rapid
disappearance within approximately 2 days of the bacteria found in
the feeding experiments detailed earher.
An abundant microflora was found to be associated with the
honeybee and the hive interior. Although these bacteria outhve the
fire blight organism in honey, they too, disappear at the end of approximately 1 week. Preliminary studies on antagonism between these
bacteria and the fire blight organism when grown on agar and in broth
gave some indication that the former may function in some way in
inhibiting the latter, but the evidence is too limited to justify its being
given in detail.
THE FIRE BLIGHT ORGANISM AND THE LIFE CYCLE STAGES OF
THE INSECT
Attention was next directed to the possibility that the bacteria
might be associated with honeybees in some stage of the life cycle
other than that of the active adult.
Two series of experiments were conducted in October 1933 and
1934. The same colonies of bees were used as in experiments 1933 b
and 1934b, already discussed. Shortly after the beginning of the
feeding periods the queen bees, in response to the influx of food, began
to deposit eggs in the cells, and continued to do so throughout the
feeding period and for a short time afterward. As soon as the eggs
hatched (3 days), the young larvae obtained their nourishment from
a contaminated sugar solution or from the elaborated product, the
only food available, and food of a contaminated source continued to
be their diet until pupation (to the 9th day). In 21 days, or after 12
days as pupae, the adults emerged.
For making isolation studies from the immature life-cycle stages of
the honeybee, small test tubes (1 by 6 cm) were fitted wi|;h cork
stoppers into which round, stiff, toothpicks had been inserted^. This
type of pick was rigid and suited for loosening and removing specimens from the cells.
A frame containing brood was removed from the hive and the
specimens were taken and stored in the test tubes for transporting to
'71648—36

6
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the laboratory^. A sterile scalpel was used for opening capped cells.
For making isolations all specimens except the eggs were placed in a
Petri dish containing a small amount of sterile water, chopped fine,
and allowed to stand for about 10 minutes. A large loopful (6 mm)
of the material was then transferred to broth and the usual procedure
followed. In the isolations from the eggs a modified procedure was
used. An egg was first allowed to stand for 10 minutes in water.
After sampling the washings for the presence of the bacteria, the egg
was crushed and handled in the same manner as the other stages.
Several parallel isolation series were run in which the insect stages
were placed directly in the broth.
In a preliminary experiment during the latter part of the feeding
period in 1933, two series of isolations were attempted from, respectively, 10 eggs and 10 small larvae. One of the larvae in the first
series yielded fire blight bacteria while the others were negative.
Though limited in scope, this study indicated that the larval stage
was receiving food containing the bacteria, although it is not known
just when in the process of elaborating honey it was given to the
larvae.
In the 1933 experiment the isolation intervals were 12, 14, aiid 17
days after the contaminated food had all been consumed, and in the
1934 experiment the isolation intervals were 15, 17, and 19 days.
Both in 1933 and 1934, bacteria other than the fire blight organism
were frequently obtained from the larval stage, but relatively rarely
from the egg, pupal, and unemerged adult stages. The fire blight
bacteria were not recovered in any instance in the regular series of
tests after an interval of at least 12 days after the contaminated
food had been taken, which is strong evidence that these bacteria are
not associated with the life-cycle stages of the insect.
DISSEMINATION OF FIRE BLIGHT BACTEKIA FROM THE BEEHIVE
TO FLOWERS
The dissemination of Erwinia amylovora from the beehive to flowers
caged with honeybees has been studied by several investigators.
Gossard (ß) postulated that if one bee carries 100,000 bacteria into
the hive 1 day, on the following 1 or 2 days each of 1,000 bees has
the potentiaKty of carrying a considerable fraction of 100 virulent
bacteria out to fruit blossoms. He postulated further that the
bacteria may multiply in the raw nectar when first carried into the
hive. Pierstorff and Lamb (10), in studies conducted in Ohio,
atomized the interiors of beehives with bouillon cultures of the fire
blight organism, and concluded that: ''Bees did not carry blight
inoculiun from the hive to the blossom clusters'' when ''beehives
that had been infested with virulent cultures of Bacillus amylovorus
were placed under apple trees enclosed within cheesecloth cages."
However, they did get a small amount of infection possibly originating from the hive, which they attributed to factors incidental to
the use of cheesecloth tents, such as rents or tears and splashing
rain from diseased trees nearbjr. Thomas and Vansell {19) working
with caged pears in California, found that when beehives were
transferred from the diseased to healthy trees, no infections resulted.
The methods of handling the bacteria may in part account for the
discrepancies in these results.
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Since it was desired to control the experimental conditions as
closely as possible, small cages were used that fit over individual
branches containing between 100 and 300 blossom clusters (fig. 2).
The frame consisted of chicken wire of 1-inch mesh and 4 feet wide.
A strip about 6K feet long was folded to make a cyUnder 4 feet long
and approximately 2 feet in diameter. Wire screen and two types
of transparent waterproof materials, consisting of waterproof cellophane impregnated over cloth and wire screen, were used as covers.
For closing the cages over the branches, strips of unbleached musHn
of about 40 meshes to the inch and 2 feet wide were sewed to the
cages at either end. Ventilation was provided by inserting two
pieces of wire screen 6 inches square into the cloth at either end,
the inside one on the upper and the outside one on the lower side.
Two strips of lath made to fit into the wire mesh of the support
were used at either end of the cage for spreading the cage and transferring its weight to the branch. The nucelus hive of bees was suspended from the limb at the end of the cage nearest the tree.
The nucleus hives, unless otherwise specified, were made up to
include: (1) Two feeders filled with sucrose solution, either sterile
or contaminated with a water suspension of the fire blight bacteria;
(2) one frame with brood ready to emerge; (3) one frame of sealed
honey for emergency food supply; (4) one frame with empty comb
to serve as a depository for pollen and for honey produced from
sugar solution and nectar; and (5) 2 cupfuls of bees (approximately
500).
The cages were installed between the pink and early bloom stages
of unfolding of fruit buds and were kept on until petal fall was completed and sufficient time had elapsed for disease symptoms to
appear. Before installing the cages, as detailed earlier in experiment
1933s, special precautions of spraying were taken to control insects
that might interfere with the experiment. The bees and food
involved each season were from the same sources, except when
specified otherwise, and were as uniform as possible. Bees from the
same hives were used for the three seasons. To insure setting of
fruit in the final of the. 1935 series, a bouquet of Mein tosh, a suitable
poUenizer, was used to poUenize Rhode Island Greening blossoms
in each cage containing bees.
Oozing cankers were prepared by inoculating succulent Bartlett
pear shoots in the greenhouse and transferring these shoots when
oozing copiously to flasks containing water which were suspended
among the blossoms. To keep the interior temperatures of the rainproof cages near those outside, the cages were placed on the shady
side of the trees and shade was provided when necessary.
In addition to investigating the transmission of the fire blight
bacteria from the beehive to apple blossoms, studies were made of
related aspects. For example: (1) The honey produced from contaminated food in the fall of the year was fed to a nucleus hive of bees
housed in one of the enclosures to further check on the possibility of
bacteria overwintering in the hive. There were also used bees from
the same colony that had produced this honey. (2) As a check on
(1), another hive with similar bees was fed sterile sugar solution
alone; (3) the relation of bees ¿o the oozing canker or overwintering
source of fire blight inoculum was tested by caging bees vÂth an
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FiGVRE 2. Special cages for the stmiy of the factors involved in the dissemination of the primary and
.secondary inoculum of fire hlishl: A, A waterproof cage designed to exclude such factors as insects and
rain from the enclosed branch, used in studies of several factors such as insects, insect food, and cankers,
alone or in combination: li, a screen-covered cage designed to exclude pollinating insects but to permit
the entrance of rain, and adapted for studying the factors of rain, insects, and cankers in various combinations.
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oozing canker; (4) a check on (3) was made by placing an oozing canker
alone in a cage; (5) rain as a dissemination factor was tested by enclosing an oozing canker in a screen cage which permitted the access
of rain; (6) a check for rain alone was employed; and finally (7) bees
plus an oozing canker were enclosed in a screen cage admitting
rainfall. These studies are summarized in table 3.
3.^—Results of cage experiments conducted in the orchard to determine the
role of the honeybee in the overwintering, primary spread, and secondary spread of
the fire-blight organism ^

TABLE

Blossom clusters
Factors studied

Year
Total Healthy

Bees-Í-old honey made from contaminated food in
1933
preceding October
__. h 934
11935
1933
h934
Bees + contaminated sucrose solution
11935
1933
Bees alone, check
..
{1934
1935
1933
Rain alone, check.
.
^934
11935
1933
Canker alone, check—.
._ _ ^1934
[1935
1933
Bees H-oozing canker
... _ _ _. ^934
ll935
1933
Oozing canker + rain._ __
{1934
ll935
1933
Bees + oozing canker + rain
_ _. {1934
11935

Setting
fruit 2

Blighted

Number Number Number Percent Percent
214
214
O.a
0
175
175
.0
0
199
.0
199
32.0
0
219
205
14
6,3
202
200
1.0
2
204
152
52
25.5
30.0
210
204
112
168
176

210
204
105
168
176

0
0
7
0
0

.0
.0
6.3
.0
.0

244
162
211
171
151
208
219
131
215
202
158

244
162
211
171
151
191
219
129
4
201
155

0
0
0
0
0
17
0
2
211
1
3

.0
.0
.0
.0
8.2
.0
1.5
98.1
.5
2.0

28.0
.0
.0
18.0
.0
25.0

1 The cages were installed and removed on the following dates: In 1933, May 13 and 26; in 1934, May 18 and
29; in 1935, May 22 and June 3. All the cages, except where the factor for rain was involved, when a screen
cage was employed, were made of a transparent waterproof material. Rainfall during the experimental
periods was in 1933 on May 13, 0.06 inch. May 20, 0.42 inch and May 24, 0.52 inch; in 1934 on May 22, 0.01
inch and on May 24, 0.09 inch; and in 1935 on May 28, 0.09 inch and May 29, 0.03 inch.
2 Pollenizers were introduced into the cages only the last year, but in the preceding 2 years as well as in the
last year a record was kept of the visits made by the bees to flowers for time intervals of 5 minutes on succeeding days. These data, although not included here, show that the bees visited flowers in all cages.

Blossom blight developed in cages where the bees were fed freshly
contaminated sucrose solution. This is evidence that the bacteria
were carried from the beehive to the flowers to bring about the
infection, since no other known source of the bacteria was available.
However, it is not possible to state how many bees were involved, or
whether the sucrose solution had first been concentrated. It is
probable that certain of the 1935 iufections resulted from secondary
spread by the bees after some bacteria had been carried out of the
hives to the flowers, for from June 3 to June 9 the number of blighted
clusters increased from 43 to 52, or approximately 20 percent.
No blossom infections occurred in the cages containing honeybees
and honey for food that had been produced the previous autumn
from contaminated sucrose or honey solution. These data confirm
the results of the isolation experiments in which it was found that
the fire blight bacteria quicldy disappear from honey elaborated
from heavily contaminated food.
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Cage experiments to check the possibihty that the bacteria may
overwinter in the bees themselves gave negative results. The bees
used in these experiments had consumed contaminated food the
previous fall and were given sterile sucrose solution while in the cage.
These results confirm those of the experiments in which it was found
that the bacteria were not associated with the life-cycle stages of the
insect.
No blossom infections resulted from caging bees with oozing cankers.
This finding is in conformity with the observations of a number of
workers, including Jones {6) and Thomas and Parker (18), Apparently honeybees are not attracted by the bacterial ooze of the fire
blight disease. In similar cages containing only the oozing cankers,
there were likewise no infections.
Rain was found to be a factor in the dissemination of fire blight
bacteria from oozing cankers to the neighboring blossoms. In 1933
the rainfall, which approximated 1 inch during the experimental
period, was sufficient to cause the infection of 8.2 percent of the
caged blossoms. The blighted blossom clusters were all in the
immediate vicinity of the oozing canker. Subsequent trials in 1934
and 1935 resulted in practically no infection because of the lack of
sufficient rainfall while cankers were in the cages, it being only 0.10
and 0.12 of an inch for these years.
In the check for rain alone for 1933, 6.3 percent of the blossom
clusters were bhghted. These infections were traced to a canker in
the tree above and slightly to one side of the cage. In the 2 succeeding years, no infections were encountered in similar experiments.
When the factors of oozing canker, rain, and bees were combined in
the same cage, the percentage of infected blossom clusters for the
three seasons were, respectively, 98.1, 0.5, and 2.0. The rainfall was
sufficient only in 1933 to disseminate some of the bacteria from the
oozing canker to the flowers in the primary spread of the organism.
The large percentage of blossom clusters infected demonstrates the
role of the honeybee as a secondary spreader of the bacteria from
flower to flower. The isolated infections in 1934 and 1935 may be
accounted for by the possible direct contact between blossoms and
oozing canker because of their close proximity. The results of these
experiments on the role of the honeybee as a disseminator of secondary
inoculum are in agreement with the findings of Waite {20), Gossard
and Walton (4), Thomas and Vansell (19), and Pierstorff and
Lamb (10).
From these data, it appears that the honeybee may function in
two ways,^ namely, (1) in carrying the bacteria from the beehive to
flowers, and (2) in the secondary spread of fire blight inoculum from
flower to flower. The transmÍ3sion of inoculum in the first instance
is conditioned, however, on the bees actively feeding on food contaminated with the fire blight organism. It would seem probable
during years of blight epiphytotics that the causal bacteria may be
carried out from the hive and initiate infections, with the insect
apparently functioning purely in an accidental capacity. These data
confirm the rßsults of the isolation experiments discussed earlier in
which bees feeding on contamiaated food harbored the organism for
7 The honeybee may also disseminate the bacteria in another way. Unpublished data show that the
causal bacteria may infest pollen in blighting flowers even before anther dehiscence. Pollen-gathering
bees carry such pollen from flower to flower and infection results when it lands on the stigmas of flowers,
even when the relative humidity of the surrounding atmosphere is extremely low.
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no longer than 1 day. The percentage of bees functioning in this
capacity was relatively small (table 1), which would seem to indicate
that the hazard of infections from this source is not great.
SUMMARY
The results of studies to determine the role of the honeybee and
beehive in the development of the fire blight disease indicate that the
fire blight organism is incapable of overwintering in the beehive or in
association with the honeybee. Therefore these locations cannot constitute a source of primary inoculum in the spring of the year.
This investigation extended over a period of four seasons and had
several objectives, namely, (1) to discover the longevity of the
bacteria causing fire-blight in the beehive when introduced through
the natural channel in the food of the bees, (2) the longevity of the
bacteria in sugar solutions over a range of concentrations and temperatures, (3) the location of the bacteria in relation to the life cycle
of the insect, and (4) the extent of dissemination of the bacteria from
the beehive to flowers in cages in the orchard.
When introduced through the food of the bees, the fire blight
bacteria were not reisolated after 3 days from such locations as honey,
comb, frame, and bees. Only in two instances were the bacteria recovered after 3 days from the time the contaminated food was taken,
that is, from pollen at 13 days and from frame scrapings at 12 days.
The longevity of the bacteria in the sugar solutions varied with the
incubation temperature, the sugar concentration, and the sugars used.
These data provide evidence that the survival of the bacteria in the
beehive is highly improbable at the temperatures and sugar concentrations normally encountered in the apiary. The bacteria survived
for relatively short intervals (from 1 day to several weeks, depending
on the kind of sugar and the incubation temperature) at sugar concentrations of 30 percent and above, covering the range of heavy
nectar to honey that would be found in the beehive. The bacteria
ordinarily survived longest at the lower temperatures. Of the materials used, sucrose solution had the least bacteriostatic and bactericidal effect on the bacteria. When a synthetic culture solution
was used as a base, the maximum sugar concentrations at which the
fire blight organism grew in dextrose, lévulose, artificial nectar, and
sucrose were, respectively, 30, 30, 35, and 58 percent.
The fire blight bacteria were not found associated with the immature stages of the life cycle of the honeybee even though an abundance
of the bacteria were present in the food of the bees at all times during
the rearing of the brood.
The honeybee was found to function in two ways, namely, (1) in
carrying the bacteria from the beehive to flowers, and (2) in the dissemination of fire blight inoculum from flower to flower. Transfer
of inoculum from the beehive to flowers was conditioned, however,
on the bees actively feeding on contaminated food.
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