STUDIES ON THE OVER-WINTERING AND MODES OF INFECTION OF

FIRE BLIGHT ORGANISM

A Thesis Submitted in Partlal Fulfillment
of the Requirement for the Degree of

Doctor of Philosophy in the
Michigan State College

of Agriculture and Applied Science.

Edgar Cecll Tullis A.B., M.A.

East Lansing, Michigan,
August 1927.

THE



ProQuest Number: 10008444

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ .—\

ProQuest 10008444
Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition @ ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



Table of Contents

Economic Importance

History of the Lisease

Review of Literature

Scope of tne Investigatlons
Over-wintering

Dissemination by Insects
Dissemination by Meteoric Water
Infection

Examination of Prepared liaterial
Migration of the Organlsm
Normal Anatomy of the Apple Leaf
Control Measures

Discussion

Summary

Page



STUDIES ON THE OVER-WINTERING AND MODZES OF INFECTION OF THE

FIRE BILLIGHT ORGANISM
Economlc Importance of Fire Blight in Michigan

Fire blight in lMichigan ranks among the more 1l1lm-
portant of the diseases of the apple and pear and periodic-
ally at least causes heavy losses to the grower. These
losses are not merely a reduction in the current year's crop
as 1s the case with scab but probably more important yet is
the losg of fruiting wood caused by the removal of spurs,
twigs and limbs which have been invaded by the fire blight
organism. This means that at least several years will elapse
before a severely blighted tree willl replace the lost parts
with new growths and reach the stage of production possessed
before it becomes diseased. 1In severe cases of course 1t'be—
comes necessary to remove the tree itself.

The development of the pear lndustry in this state
is largely limited by thls disease. Certaln regions in the
ezgstern and southern part of the state have been forced to
cease growling this crop because of the losses caused by
blight. The remains of many of these o0ld orchards may still
be seen in various parts of the state.

The apple as a rule has not suffered the severe
and rapild effects of the dlsease as has the pear but even so
in cases of severe attack many apple orchards have sustained
very severe losses. Apparently this loss has been more

severe in the past few years.



Records taken at the Huron Farms Company orchard
during the summer or I926 showed that or a block ot I5O0u
apprle trees, I66 had been so badly damaged by blighu, over a
period or three years, that they had to be removed. RooOt and
crown injury in this same block was go severe that a number
or trees had to be bridge gratted. Sixty-one trees had been
brlildge grarted in the spring or I92b. These trees were
glrdleda ana approach graits were set in I920, because 1t was
touna that thils treautment was more satlisfactory than attempt-
ing to clean up the cankers and make bridge grarts to thne
roots. One hundreda firty-nine additional trees were girdled
and bridge graritea in the spring or 1926.

Losses 1n one block ot 325 pears in this same
orchard amounted to about 20 percent ot the trees. These
trees were so baaly blightea that though every attempt was
made to save them, they were lost because so little was lert
after the diseaséa limbs had been removed. A small pear
orchard of 50 trees was observed during the summer or 192y,
on tne west side of the state, south or Sagatuck. Fully 90
percent of the trees were blighted. Twenty-flve o1 these
trees were removed the rollowing spring.

While the orchards described above represent some
o' the more severe infestations and losses which have been
observed durlng the past three years, they are by no means
isolated, rare examples of the ravages of blight. The di-
sease 1s present and causes throughout the state a certain

amount of damage 1ln a conslderable number of orchards every
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year.
The tollowlng data obtained from the Plant Disease
Reporter tor the years I92I-1I925 inclusive, represents the
estimated percentage losses or the apple crop in Michigan,
caused by rire blight and other disesases.
TABLE I
Eércentage losses of the apple crop due to fire blight and

other dlseases

YEAR BLIGHT SCAB ALL OTHER DISEASES TOTAL
1921 5 2 1 8
1922 o) 16 0, 16
I925 5 I I (4
1924 5 Iz 2 I9
1925 8 2 3 I5
AVERAGE 5.0 0.0 I.4 Iz2.0

Thls table snows that losses due to fire blight
are estimated by collaborators or tne Plant Dlisease Survey
to have been on an average approximately one percent lower

than those due to scap for thls period.

History o the Dlsease

Fire Blight has been known for about one hundred
fifty years. The disease apparently is indigenous to North
America and no doubt occurred on wild hosts previous to the
introduction ot the apple and pear into this country. Among

the wild hosts listed in North America are wild crab, hawthorne,



service berry, the red berried Calitornia nolly, mountain
ash and the loquat. The dlsease has also been reported trom
Japan, New Zealand and Italy. It was first described in
I794 but had been observed almost fifteen years earlier by
William Denning in the Hudson River Highlands. The disease
spread westward and southward into the Mlsslissippi valley
and it was not until I900 that it had reached California and
in I9I5 it had become a serious disease in central Washington.
Notnlng was known as to the cause of the disease
for almost one hundred years atter the dlsease was described.
Various explanations were made in an attempt to account for
its appearance. Among the causes were listed, electricity,
sunscald, frozen-sap, 0ld age, over-nourishment, under-

nourlishment, fungl, insects and other factors.
Review of Literature

In I878 Burrill (5) then botanist at the University
of Illinois advanced the theory that fire blight was due to
a bacterial infection. This theory was substantiated by his
experiments which he reported 1ln I88I and by the work of
Arthur (I) in 1885. Waite; (28) contribution in I898 regard-
Ing the transmission of blossom infection by bees, wasps and
other nectar seeking lnsects has been followed and supple-
mented mainly by the work of Gossard and Walton (I2). Other
investigations by Jones (Io), Stewart and Leonard (27),
Merrill (I8) and Burrill (4) have established the importance

of wvarious specles of chewing and blting insects in tne



dissemination of twig infection. Jones (It), Lathrop (IT)
and Burrill (4) nave also made contributions concerning
aphid transmission of this phase of the disease. Contribu-
tions to our knowledge of the over-wintering of the organism
have been made by Sackett (23), Wnipple (29), Brooks (6) and
Nixon ( I9). Miss Bachman (2) and Nixon (I9) have snown tne
manner of intercellular migration of the organism in the in-
vasion of the host. The lmportance of wind blown raln has
been demonstrated by Stevens (25) and his co-workers, Gossard
and Walton (I2) and others. Heald (I5) first recognized the
fact that leaf invasion produced a leaf blight. Day (9) has
worked out efficlent disinfectants and Reimer* nas tound and
is testing out resistant pear stocks and our present commer-
cial varietles also In an attempt to determine which of them

are most satisfactory.
Scope of the Investigations

Tne invesgtigations reported in this paper were be-
gun in the rfall of 1925 and have continued through the summer
of I928. The writer was able through arrangements with the
Huron Farms Company of Ann Arbor Michigan, to spend filve

months during the summer of I920 and the greater part of the

# Reimer, F.C.: Blight resistance in pears and character-
istics of pear specles and stocks. Ore. Agr. EXxp.

Sta. Bul. 2I4: I=99, I92%,



summer of 1927 in the Company orchards near Ann Arbor. Trips
were also ,taken into various parts of the southern half of
the state to examine blighted orchards. The remainder of the
work was done at the Michigan State College, Department of
Botany.

The problems under consideration in thls paper re-
late to over-wintering of the causal organism, Bacillus
amylovorus (Burr.) Trev., dissemination of the disease by
aphids and by meteoric water, certaln problems of infection,

and the production of twig blight.
Over-wintering

It 1s a well established fact that the fire blight
bacterium over-winters in the cankersgs produced on the limbs
and trunks of apples, pears and qulnce trees. The percentage
of cankers in which tne causal organlism remains alive through
the winter in Michigan orchards has been found to vary con-
slderably in different seasons and under different conditions
of vigor of the trees. Time of infectlion and weather con-
ditions during the late summer and fall also seem to exert
an important influence at times. It has been commonly re-
ported and experimental evidence seem to show that the region
ot over-wintering 1s along the edge of the canker or in
apparently healthy tlissue just in advance of the canker edge.

However cankers have been observed in which the
spring exudate comes first from the more central part of the

diseased area ot the bark. These observations have led to



an attempt to determine whetner the organism may not in some
cases remaln alive in bark which is either dead or which con-
tains many dead cells.

Two types of ecankers have been observed on both
apple and pear. Thne first may be called the determlinate
type ot canker in which a definite margin is very evident.
This 1s caused by the formation of a layer ot cork by the
host in advance of the canker edge. The second may be call=
ed the lndeterminate type, for cankers which fall into this
category have no detinite edge and determination of the extent
of the affected area 1s only possible by cutting through the
outer bark. Cankers which have not been checked by drought
or other factors are most commonly of the second type. These
may result from infections of the late gsummer or fall. Cank-
ers formed as a result of spring and early summer infections
usually are of the determinate type. Some of these cankers
seem to remaln alive during the greater part of the summer
and fall season and in some the bacteria seem to renew ac-
tivity in the fall after a period of slow development during
the summer,

In making lnclslons into a number of pear and
apple cankers of the lndeterminate type, 1t was found during
the fall of 1920 that there were certain areas outside the
cambium layer in such cankers, which had a rather dark and
water soaked appearance. Closer observation indicatea that

these areas contalned bacteria in enormous numbers. Sections



of this tissue gave floods of organisms similar to those ob-
tained from recently blighted twligs or bark. It was thought
worth while to mark a number of cankers of the type described
above and make 1lsolations at reéular intervals thnrough the
winter and spriﬁg to watch for earliest signs of bacterial
activity in the spring.

Accordingly during the winter and spring of 1926
and 1927, observations were made on the over-wintering of
the blight organism in pear and apple cankers.

Isolations were made under microscoplc observation
by a modified capillary tube method, which served very satis=-
factorily to obtain cultures of the organism. In only a few
cases did contamination result. Bilts of tissue, removed
aseptically, were mounted on a slide in sterile water. Cap-
1llary tubes were drawn from 2mm. soft glass tubling and
fastened 1n a modified Barber manipulator; the caplllary tube
was then maneuvered untll the tip was observed to be over a
mass of the organisms as they exuded from the tissue. The
tube was then lowered into the suspension of the organism
and quickly withdrawn. The portlion of the tube containing
the bacteria was then broken off by means of sterile forceps
and dropped into a tube of boullion. Clouding usually occurr-
ed within forty-eight hours. These cultures were then inoc-
ulated into the host by puncture. The plants were incubated
in the chambers as shown 1in figure 3.

Isolations were made during the months of January.,
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February, March anda Aprlil. The first exudate in the spring
of 1927 was observed April 30 on pear at Ann Arbor. Cankers
of apple and pear were used 1in mgking the isolations and are
s0 designated in the table which follows. On Marcia 8, three
cultures were obtained twelve inches back of the canker edge
from an indeterminate type of apple canker. The canker was
on a limb about one inch in diameter and was about three feet
long. Agaln on April 8, three more isolatlons were made from
a pear canker similar to the type just described on apple.
One of these cultures produced infection when inoculated into
young succulent apple shoots. Two of 26 cultures made from
pear on April 29 also produced infection.

The results of these 1lnoculatlions, with the date
of isolation of the organism, host and the region of the
canker from which the i1solations were made are given in the

following table.



TABLE 2

Results of inoculations of cultures obtained from dormant

cankers
DATE OF NUMBER OF HOST REGION OF CANKER RESULTS OF
ISOLATION CULTURES FROM WHICH INOCULATIONS OF
OBTAINED ISOLATIONS WERE YOUNG APPLE TWIGS
) MADE WITH CULTURES
FROM CANKERS
Jan. 12 7 Pear = ----- bt, 2=
Febr. 6 5 4 Pear I/4 In. back I+, 5=
I Apple ot edge Negatilive
Febr. I5 4 Apple I/2 In. back I+, 5=
oI edge
March 3% 5 Pear Center of small Negatlve
canker around spur
Mareh b 5 Apple I/2 In. back 5+
o edge
Marcn 8 5 Apple I2 In. back 5+
of edge
April 5 5 Apple 1/2 In. back I+, 2=
of edge
April 8 S Pear I2 1In. back I+, 2«
of edge
April O 5 2-Pear 2 In. back I+, I-
I Apple o edge Negative
April 29 26 Pear Advanee of 2+, 24w
discoloration

# Tne 1solations on March 3 were from material
wnich was collected at Ann Arbor 1ln January and February and
hada remalned out-doors in the snow until the time of 1isolation

as indilcated in the table.
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Tnis +table shows that ten of 45 pear cankers ana
that seven ot I5 apple cankers contained tire blight bacteria.
Tne percentage of active cankers may be nigher earlier 1in tne
winter but it would be necessary to work with larger numbers
of cankers bet'ore any conclusions on that point might be
reached. It 1s probable that occasionally at least, the or-
ganism may live over in the dead areas considerable distances
back ot the advancing edge ot the canker especially in the
indeterminate type or canker.

Eacn spring during the course of thls work, blight-
ed orchards have been kept under observatlon: for evidences
o1 over-wintering o1 tne blight organism in twigs ana
blossom spurs. Undoubtedly tne chief source of spring in-
oculum in an average season 1s from the cankers on limbs 6f
more than én‘incn in diameter ana from cankers on the trunk
o1 the arifected trees. There seems to be very good evidence
however, as shown by Sackett (25) ana later by Brooks (o),
that tne blighted twigs may in some seasons serve as a limiv-
ea source at least or spring inoculum. The desirablllity or
a 1ull knowledge 01 thne percentage or twigs in wihich the
blight bacteria will live through the winter is evident
since thlis has a direct bearing on practices of control by
sanitation. Some 0r the evidence obtained during the course
or this work indicates that twigs may 1n exceptional cases
be a relatively ;mportant gource ot gpring inoculum.

During the rall or I926 a young Plppin tree was



observed which haa a number of blighteda twigs. On May 25,
I92( these twigs were cut oftr and examined to determine the
number in which over-wintering ot the organism had occurr=
ed. Invasion ot the healthy tissues in advance of the canker
edge had already begun, s80 examination was made microscopice
ally. No 1solations were made from this material. Tne
rollowing table gives tne results obtainea trom examination
or this materilal.
TABLE 3

Overwwintering or tne organism in twigs
SILZE OF TWIG 5/Io 4/Io 5/16 o/I6 T/I6 1I0/1o
NUMBER OF IWIG3 FROM
WHICH FIRE BLIGH? 4 I ) 5 ) o
BACTERIA WERE OBTAINED
NUMBER OF TWIGS FROM

WHICH NO FIRE BLIGHT V) I8 0 o 0 P
BACTERIA WERE OBTAINED

This shows that over-wintering may occur in small
twigs and it is possible that such twlgs may occasionally
serve as a source ot inoculum in the spring.

A large Fall Pippin in the college orchard nas
been observed to0 have cankers on some of the large limbs
ror the past two springs o1 I92¢ and I925. Tine spring or
I92¢ it blossomed very heavily ana about 90 percent ot tne
blossoms were blighted. Wive or six cankers in the inside
oI the tree were observed to nave become actlive apout the
middle oi May 1n IYz8. The rew blossom clusters which were

produced, became blighteda. Several isolatea cases appearea



in a crab tree adjacent to this tree. Numerous blossom in-
fectlons also appeared on another nelighboring tree, the limbs
of which almost interlace. The blighted blossoms appeared
on those limbs closest to the Pippin tree.

Twig infection was observed near an active canker
in a King in which no blossom blight had appeared. Thls canker
was located about three inches above and to one side of the
infected twigs.

One infection was secured on an gpprle seedling in
the spring of 1928 from inoculum taken one-fourth of an inch
back of the canker edge from apparently dead bark from a
Northern Spy canker. Another case was observed in the college
orchard in which over-wintering had occurred in a twig seven-
sixteenths of an inch. The development of the canker in the
spring had cut off the terminal bud shortly after it had pro-
duced leaves.

The pear orchard discussed on page 2, in which 20
percent of one block of 323 trees was lost, was due to the
failure of the operator to remove a single canker on a limb
about one-half inch in diameter.

Obgervations were made iln an orchard at Morrice
Michigan, the first week in July 1I928. In eight isolated
trees blogsom blight had occurred. In seven cases over-
wintering had occurred in twigs no larger than a lead pencll.

It is quite obvious from the results of these ob-
gservations and the observations of others that small twigs

may at times serve as a primary source of inoculum and so



the necessity or the removal or these twigs shoula not be
minimlzed.

It was also shown that over-wintering of the
blight organism might occur in dead tissue some distance
back from the canker edge.

Whipple (29) reports that the pear is probably the
most important host tor the over=wintering ot the fire blight
bacterium in Colorado, and Sackett (25) succeeded in recover-
ing the organism from 2I or 85 blighted pear twigs. Relnking
was unable to isolate tne organism from apple during the
following rall, winter or spring in Wisconsin. Brooks (o)
finds that over=wintering occurs in the applé in twigs as
small as tnree~«tenths inches in diameter. He also reports
that the organism was isolated as far as one inch in advance
oI the canker edge in dormant cankers.

Nixon nas observed that pockets are formed in tine
tissues of the bark, along tihe marglin of the canker. These
pockets are tilled with masses oI jelly-like substance, 1in
which the organisms are embedded. He conslders that tnese
masses or ''cysts" represent tne 6rganism in its over-winter--
ing condition. The work ot different investigators seems
to show that these '"cysts" may not be necessary. Thnese so
called “cysts' have 1n the past been rererred to by most
investigators as “pockets'"and were supposed to be the seats

o1 over-wintering.
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Dissemination by Insects

The dissemination of the fire blight organlism in
the orchard 1s one of the phases of the fire blight problem.
which has been glven most attentlon by investigators. Rain
spatterings and wind blown rain aré undoubtedly very import-
ant 1n dissemination as are insects of various kinds.

Among the ingects are listed, the tarnished plant

bug, (Lygus pratensis Linn.), aphids, (Aphis mali Fab.),

(Aphis avena Fab.),apple leaf hopper, (Empoasci mali

LeBaron), curculio, (Anthonomus gquadrigibbus Say.), shot

hole bark boring beetle, (Scolytus rugulosus Ratzeburg),

Campyloma verbascl Mey., Orthotylus flavogparsus Sanlberg,

Poeclloscytus basillis Reuter, Adelphocoris rapldus Say.,

Plagiognathus politus Uhler, and beeg, flies and wasps.

Blossom Blight
Blogsom Inoculations by Nectar Seeking Insects.

Experimental evidence and observations on the
matter of blossom infection by insects includes dissemina-
tion by nectar seeking insects and aphids. These experiments
were carried on at the Huron Farms Company orchard at Ann
Arbor and in the college orchard at East Lansing.

During the early spring of 1926, the apple and
pear orchards at Ann Arbor were very thoroughly inspected
in an attempt to remove all blight cankers from the tops

of the trees. The trunks and crowns of all the trees were
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also examined. Three cankers were found atter the trees

had come into leatr. One was found in the pear block and two
trunk cases were tound in the apple block. Botn the trunk
cases in the applesa were just above the surrace ot the ground
and accordingly little transmission, if any, could have been
possible from elther of these sources. The canker in the
peag was in the top of the tree in such a location that rain
which fell during tpe\early part of the blossoming period,
,coﬁld spatter‘from 1t to blossoms in the vicinity.

Baecause or past unproductiveness of the pear or-
chard in question, 1t was declded to place bees in the
érchard to ald pollination. Seven hives were placed under
the trees in row six figure I. Tne nives were placed under
every tnifa tree numbering from the bottom to the top or
the chart. A bee yard was established at the same time
aﬁout'a hundred yards outside the main orchard, figure 2
opposite X.

Tne pear block consists of lLawrence, Boussock and
Bartlett pears. The trees represented in tigure 1 are large-
ly Lawrence and Boussock. Tne Lawrence predominating in
rows IOQI4, and Boussock 1in rows I-IO.

The first pear blossoms ol thne various varietles
opened between May I4 and May 20. Preclipltation occurred
on May I4=Ib=I19-2I-22. The Boussocks began to blossom on
May 20 and rains or .04 incnes on May <I and .4¢( inches on
May 22 tell during the early part of the blooming period

ot the Boussock variety. The canker which was tound in the
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Pears was in a Bousgsock tree and it is very interesting to
note that the heaviest blossom infection occurred in this
variety.

A survey of about half the pear block showed that
many trees were badly dlseased. After a thorough search
only one canker which showed evidence of having been active
before the main outbreak of blight took place, was found in
this section of the orchard. Evlidence indicates that this
canker was the original source of infection which took place
as shown in filgure I, which gives the results of the survey.
It shows the tree in which the canker was found and gives an
approximate ldea as to the severity of the infection. The
squares or portilons which are cross hatched represent I-I0
percent of infected blossoms, the solid black represents
I10-60 percent infection. By far the heaviest infection
occurred in the Boussock block and isolated Boussock trees
showed qulite heavy infectlon.

The whole orchard showed gulite a heavy infectlon
and 1t took two men about two weeks to remove the blighted
parts from the affected trees over the whole 120 acres. The
whole orchard was gone over twice during the spring of 1927
and any canker which had developed, after the summer
cutting had been discontinued, were removed. One actlve
canker on a Thompkins King tree was found later and one
trunk canker on a pear. However neither of these trees
showed any blight during the summer of I927.

May I3 and I4 blossom 1noculations were made by



by spraying a water suspension of the organlsm into the blogs-
oms. These inoculations were made as a rule around the peri-
‘phery  of the tree and not over tive or six feet from the
ground.

The following table shows the varlety inoculated,
the number ot blossom clusters in each variety, and the
number of these inoculations which produced infectlon. One
blossom cluster was lnoculated in each of the trees shown
in table 4.

TABLE 4

Results of spray inoculations of blossom clusters

VARIETY BLOSSOM CLUSTERS BLOSSOM CLUSTERS
INOCULATED INFECTED
Rhode Island Greening I4 8
Wagener I7 ('
Wealthy Iv 4
Westfiela I4 2
Grimes ' I
Duchess > z
North Western Greenlng 5 >
Jonathan 2 0]
McIntosh 2 I
Fameuse (e} 4
Total 8¢ se

Nine of the %2 trees in which the blossoms were
infected, showed furtner blossom blight. From these 32
possible sources there were II0O trees infected. The writer

had by examination of other apple and pear trees in thne



vicinlity ascertained that no other sources were at hand.
Some of the trees were a quarter of a mile from any other
infected trees, so it seems most probable that nectar seeke
ing insects, probably bees, were agents ot transmission.

The weather during tne blossoming period in the
spring of 1927 was quite cool and a great many rainfall pers
iods occurred during this time. The activity ot bees and
nectar seeking insects was no doubt below the normal and thils
may have accounted for tne rather limited amount of spread
as shown by tigure 2. The largest losses occurred in the
Wealthy varlety which was Just coming into blossoming when
these inoculations were made and was just opposite the bee
yard.

It should be noted that the Jonathan, North West-
ern Greening, Rhode Island Greening, Wealthy and Grimes trees
had at thls time not more than halr of thelr blossoms open.
The heavy infection on the Wealthles cannot theretore be said
t0 have occurred because 0o the ract that this was the only
variety still in blossom.

It has been notea that years 1n whicn severe
blignt epidemics occur, heavy blossoming occurs also. This
nas been noted to be the case in a Fall Plppin tree in the
college orcnard. Several cankers were observed in thls tree
in the rall ot I920 ana again in the 1all or I92(. The tree
blossomed neavily in the spring or I92¢ and about 90 percent

©of 1ts blossom clusters were blighted. Severe twlg blight



appeared also in thls tree during the summer ot I9<2(. One,
ot the half-dozen blossom clusters produced in the spring oz
1928 became blighteda. No twig blignt appeared in this tree.

Iv is evident tnat nectar seeking insects, during
seasons of favorable weather conditions, are a considerable
factor in establishing primary sources ot infection in the
blossonming tree. The helght of thelr activities are no doubt
best recorded in the very severe blossom epldemics which are
apparent from time toc time. These resulis corroborate tne
findings of Waite (28), Crandall (8), Jones (Io), Gossard and
Walton (I2) and others, that bees and other nectar seeking
Insects serve as agents in the dissemination or blossom in-
fection. Gossard and Walton (I2) nave also shown that these
infected blogsoms may serve as the primary source of infection
in the tree.

Hutt (I4) again in I903 proved experimentally that
bees may act as agents In blossom infection. Gossard and
Walton (I2) show by experimental evidence ana corrcocborate une
evidence of Walte (28) tnat thne Sees, arver vislting blossoms
whicn nave become contamingted, turansmit tne disease 1o thne
next blossoms vislted. It is qulite evident tnat otner nec-
tar seeking insects may transmit itne alsease in a like
manner.

Gossard and walton (I2) also snow that the organism
may live in the noney in the nlve seveniy-=twe hours put they
believe that tnis approaches tne limit. GUssow (I5) nowever

cltes data 10 BNOW that the organlism lives as long as 1orty-
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five days when inoculated 1nto sterile honey. Gossard and
Walton (I2) have evidence to show that bees may carry the
organism in the pollen baskets as well as on the mouth parts.
Blossoms of peach, plum and cherry when inoculated with the
organism, ylelded the organism up to and including the fifth
day. It is possible that blossoms so inoculated may serve
as a source of spread to apple and pear 1f these trees be
interplanted or in adjacent plots. They report that it was
observed that inltial infection 1n a young pear orchard in
which the blossoms had always been removed each year, occurr-

ed through fallure to remove the blossoms.
Blossom Inoculations by Aphids

Some 1nvest1gato£s have reported that aphids when
hatching near the rough bark of the canker edge have crawled
through the exudate and so have become contaminated with the
blight orgenism. It 1s possible under such conditions that
these aphlds may crawl into the blossom and cause primary
infection in the spring.

The followlng experiments were carried on to de-
termine to what extent the aphlids might be of importance in
this respect.

Twigs were cut on winich large numbers of aphlds
were found. These twlgs were then allowed to wilt so that
the aphids would cease to feed and start to crawl off the
twig. These aphlds were removed by means of a camels halr

brush to a moistened plece of bark from an active canker.
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They were allowed to crawl on this bark for fifteen or twenty
minutes g0 that theilr feet ana perhaps mouth parts might be-
come contaminated. Inoculation was then made by placing one
aphid on the style of an apple bloassom. The results of these
inoculations are glven in table 5.

TABLIE 5

Inoculation of apple blossoms by contaminated ahhlds

PLACE BLOSSOMS BILOSSOMS BIQSSOMS NOT
INOCULATED INFECTED INFECTED
College Orchard 85 (f 78
 Huron Fapms Co. 89 21 o8
Orchard
~Total Irta 28 I40

This table shows that aphids may be the cause oI
primary intection in the tree, but only with a certain come=
bination ot weather conditions coula this occur. It 1is
‘probable that relatlively rew apnids would become so contam=

inated in any season.
Twig Intection by Aphids

For several years 1t has peen generally belileved
by frult growers as well as by a number ot plant pathologists
anda horticulturists that aphids are very lmportant 1n spread-
ing blight trom tree to tree.

It dld not seem at the beginning or the investli-
gations reportea in this paper that tne evidence, presentea
by Jones (Io), Merrill (I8) and Burrill (4) as alscussea
later, was extenslve enough to Jjustitry very dertinite con-

clusions regarding tne role played by these insects.
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The lmportance o1 this question from an economic
standpoint alone would seem to jJustiiy the expendliture or
conslderable effort in an attempt to evaluate the importance
ol these insects in the spread of fire blight. During the
past three years a consliderable part of the time spent in
fire blight work at East Lansing and Huron Farms has been
devoted to different angles of the spread of blight from
blossom to twlg and from twig to twig. The study of the im-
rortance of aphids in thils connection has necessarily been
one ot the major portions of this work.

With this idea in mind the following experiments
regarding apnid transmission were carried out during the
summer of 1927 and the spring ot I1928. Both green and rosy
apnids were used in these inoculations.

Green aphids

Three aphid covered, blighting twigs ot a Wagener
tree were observed in the Huron Farms Company orchard, on
August I, I927Y. The signs o1 the disease had Just begun to
appear on these twlgs even though exudation had occurred six
inches back from the tip ot the twig. It has been observed
that under prchard conditions aphids do not remsiln on the
diseased portions of the twig after the tlssue becomes water
gsoaked or browned. The aphids at the time ot removal from
the twlg had ceased teedling and were crawling around on 1it.
The aphids on healthy twigs were not crawling about.

The apnids on these twigs were transferred to three

gucculent healthy twigs or the same variety. No disease ap-
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reared 1in tnese twlgs. On August 9, aphlds were removed
from blighting twigs ot Winter Banana, and were placed on
I5 rapidly growing, nhealthy shootg of the same variety.

Flve aphlds were put onto each twig. At the same time
aphlds were removed from similar blighting twigs of a Rhode
Island Greening tree and transterred to 55 healthy shoots of
the same variety. Filve aphids were placed on each shoot as
in the previous experiment. The inoculated twigs remained
healthy.

On July 9, 1928 an experiment was carried out at
the nursery ot the Horticulture department of the Michigan
State College in a further attempt to determine how ettlclent
apnids might be in transmitting the disease to twigs.

Twigs infested wlth green aphids were brougnt into
the laboratory where they were allowed to wilt. After the a
aphlds had crawled off they were allowed to crawl through a
water suspension of the organism. Filfteen aphids were thnen
placed on each of I20 succulent Borsdorf twigs. Forty checks
were used. These were inoculated on July II. Twenty of these
were Iinoculated by puncture and on 20, a water suspension was
put onto the tip, leaves and the stem. These checks were in-
oculated during a rain which lasted several hours. Three
weeks after the inoculations were made, two of the apnis in-
cculated shoots and nline inoculated by puncture became blight=
ed, the rest remained healthy.

Rogy apnias

Similar experiments were carrled out in the spring



of I928 in the greennhouse and in the nursery at the Michigan
State College. The rosy aphid was used in all these experi-
ments.

Twlgs infested wilth rosy aphids were brought into
the laboratory where they were allowed to wilt. After the
apnhids had crawleda off, they were placed on blighting shoots
of Transcendent Crab from which the leaves had been stripped.
The blighting shoots were kept in water and the aphids trans-
ferred to them by means ol a brush. These aphids were oOb=
served to feed on the dlseased twlgs. The twigs were then
placed in the follage of potted Borsdort seedlings in thne
inoculation chambers in the greenhouse to make certain that
they would keep dry. The aphlds crawled off the blighted
twigs and colonized on I4 of the Borsdorf shoots. At the ena
of twenty days no blight resulted on any of these twilgse.
Seven days 1s the usual time required for symptoms of blight
from puncture inoculations to become evident under the con-
ditions of these experiments.

Other aphids were allowed to crawl through a sus-
pension of the organism ln water. The suspension was made
from macerated twlgs of Borsdorf and Transcendent Crab.

Five of these aphlids were placed on each of 22 shoots of
potted seedlings where they colonlized and produced young.
These plants were also put into inoculation chambers in ore
der to have the foliage remain free from water which might
otherwise fall on the leaves in watering the other plants in

the greenhouse. These plants were free from blight at the



end of twenty days.

Another simllar experiment was carried on in the
nursery of the Horticulture department on Borsdorf and Ben
Davis seedlings. Three series of inoculations, I5, 80 and
55 twlgs respectively were inoculated by placing five aphlds
on each twig. The aphids used had previously been allowed
to crawl through a suspenslon of the fire blight organism.
These twigs were all bagged with glassline bags to keep out
raln. After three days the bags were removed and the aphilds
killed with Black Leaf Forty.

Two days later 450 more inoculations were made in
the same manner as described above except that the inoculated
twigs were not bagged and the aphids were killed about twenty-
four hours after they were placed on the plants. One twig of
the second serles of bagged twigs was blighted on July 2.

In all about 4500 aphids were used in these exper-
iments and about 800 twigs were inoculated. Six check shoots
inoculated by puncture on June 20 became blighted at the end
of ten days. It cannot be sald as a result of these experi-
ments that aphids are not a factor in the dissemination of
the dlsease to twigs. It 1s however gulte evident that under
the conditions of the experiments, very little 1infection was
gsecured. Two hundred aphids were put onto one seedling to de-
termine if possible whether the number of aphlds used might
influence the results of the inoculations, but this seedling
also remained healthy. The results of these inoculations

geem t0o indicate that under certain conditions at least



apnids are not a considerable ractor in the disseminatlon or
tne dlsease (L0 the twigs.

In as mucn as wina plown rain is a iactor 1in als-
semination oI the causal organism as was snown by Stevens (ed)
Gossara ana Walton (Iz) and otnhers the results obtalned by
Burrill are open to criticism. His experiments were carried
on in tne rielu and he regorted that a twig outside of his
cages became infected so it is entirely possible that infect-
ion was present in the trees in the vicinity of the inoc-
ulated shoots. .He does not state that infection was not
present. The Ainfectlions secured might presumably have come
from the outslide, especially if rain had fallen, irrespective
of the aphids.

Merrill's experiments were made in the open and
he notes that rain fell during the period that the ilnocula-
tions were made. The aphids then might have been only
passive carriers of the organism and not active in the pro-
duction of infectilon.

Experimental evidence as reported by Stewart (26),
Stewart and Leonard (27), Lathrop (I7) and others leave
little doubt as to the effectiveness of the other chewing
and sucking insects in the dissemination of the disease

from twig to twig.
Dilssemination by Meteoric Water

The importance of Meteoric water as a means of dis-
semination of bacterial diseases of plants has been guite

thoroughly worked out 1ln the case of some diseases. Whalle
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this source of dissemination may be only relatively import-
ant, 1t is probably true that ln an average season it is the
mogt consistent of all the factors which might bear on the
dissemination of the blight organism. It has been noted by
numerousg investlgators that periods of blight infection may
be often correlated with rain fall periods.

Because of the fact that insect transmission has
been stressed in the past and because of the prevalence of
these reported 1lnsects in the orchard‘in any normal season,
exact data on spread of fire blight by wind blown rain or
rain drip will be almost impossible to secure. It 1s true
however, that careful observations of conditions, in the
orchards of Michlgan under observation, may aid materially
in the interpretation of conditions as they have been ob-
gserved to exlst. Such observations were made in the early
summer of I926 at Ann Arbor and in the field at the
Michigan State College in the spring of 1928.

The first symptoms of blight appeared on June I4,
I926 in the pear planting of the Huron Farms Company orchard
and by June 16, the symptoms had appeared in abundance in
the apple trees adjacent to the pear trees. I1.03 inches of
rain fell on June I4, and .09 inches fell on June 15, with
.22 1nches on June 2I and .07 on June 25. These rains should
have been sufficient to spread the organism from the blighting
blossoms to the twigs. It should be noted too that while a
few rosy aphlds and leaf hoppers had been observed on May 30,

the orchard as a whole was almost free of these until well



along into the summer when only the green aphids were present
but not in sufficient numbers to justify the use of nlicotine
in attempting to control them.

Summer cutting of blight in the apples was begun
during the last week of June and in the trees nearest the
pears it wa.s observed that twig infection often occurred be-
neath infected blossom clusters. A record was kept for two
days of the instances in which these infected twigs were ob-
served to occur beneath lnfected blossom clusters.

| On the first day 4I cases of twig blight were
found beneath iInfected blossom clusters. On the gecond day
II cases of blossom infection alone were found and 38 cases
of twig infection below blighted blossoms. Eleven blighted
twigs were found during this period in trees which had no
Infected blossoms, these trees it was observed were adjacent
to trees 1in which blossom blight occurred and 1t would not
be impossible as shown by Faulwetter (II) that wind blown
rain, or even spatters of rain from infected blossoms of
neighboring trees, might have been the source of inoculum.

The twigs when removed were blighted back ten to
twelve 1inches from the tip which 1s about the average dis-
tance for twigs, two weeks after inoculation, as compared
to conditions found in experimental inoculations.

On July 8, all the blighted twigs and blossoms were
cut out of two rows of Wagener and Ba}dwin apples. Just
after the two rows were completed it began to rain and

sprinkled the greater of the afternoon and well into the
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night. A week later on July 15, in cutting over thesé same
two rows, I9 new twig infections and seven fruit infections
were found. The latter had developed by the movement of the
organlsms from infected spurs gut. into the fruilts. These
spurs no doubt served as sources of inoculum from which the
twlg infectlon occurred, as rain fall had occurred on three
successive days, on July 8-9 and IO after the first cutting
was done.

The following observations were made on some small
Transcendent Crab trees at the Michigan State College. Nine,
seven, fifteen and sixteen blighted twigs, respectively, had
been removed on May I8 from four trees. On May 25, one week
later these trees had five, seven, two and five infected
twigs respectively. Raln had occurred during the week of
May II to May I8. No aphlds or leaf hoppers were present in
these trees.

Other 1lnoculations were made'by fastening blighted
twigs into the tops of some of the young apple and pear trees.
These trees were then sprayed by an osclillating sprayer over
night. The trees had also been sprayed before the inoculations
were made; for one-half hour.

Three twigs of one pear tree so treated became
blighted after 20 days. Four twigs of one apple tree and one
of another of three similarly inoculated trees also became
blighted.

From the results of observations during tne past

three years regarding twig infection, 1t seems that a close



-

correlation exists between rainfall periods and the appearance
of twig infection. 1Infected blossom clusters no doubt serve
as the source for primary twlg infection and then the first
infected twilgs serve as a source of inoculum for further twig
infection durlng ihe summer. It has been observed that high-
er percentages of twlg infectlion occur in trees which have
gevere blossom blight. It 1s hardly probable that lnsects
might serve as carriers in thls primary twig infection as

they do not attack the less succulent tissues as are found

in the blighted blosgsoms and blossom spurs.

Gossard and Walton (I2) show by experimental evi-
dence that cheese cloth bagged blossom clusters of late
blossoming varietlies in the vicinity of infected trees show-
ed just as large a percentage of blight as those not bagged.
go from this one might presume that insects are not the only
agents of dissemlnatlion but raln too may be a considerable
factor in the spread of blossom infection. Raln was also
proved by them to be a most lmportant carrler after centers
of infection had been established in the blossoming tree.
From 50-90 percent of the blossom infection may be accompllish-
ed by rain.

Stevens (25) and others found that wind was a fac-
tor and because they do not make any definite statement
regarding rain, it has been taken by some lnvestigators to
mean that the exudate drues and becomes powdery and that this
powder 1s blown by the wind to other trees where infection

occurs. It 1ls presumed that they refer to wind blown rain.



Faulwetter (II), working on angular leaf spot of
cotton, Rolfs (2I), on black spot of peach, Wolf (30) on
cltrus canker, Rapp (22), Sackett (23), and Edgerton (IO)
on bean blight and Carsner (7) on angular leaf spot of
cucumber all suggest that meteoric water may be an-import-
ant factor in the spread of these bacterial diseases.

Some of the lnvestigators mentioned above have
found rain and dew to be an important factor in the dissem-
ination and others suggest it as a possible means of spread.
It seems quite probable that dissemination of diseases of
this type may be accomplished by wind blown rain or dews.
This 1s very evidently the case in the dissemination of fire
blight.

Infection
The Relative Importance of Wounds and Natural Openings

The work of various investigators on infection of
the apple and pear by the blight organism has raised the
question, as to the relatlive limportance of wounds made by in-
gsects, man, wind and other agencles and the natural openings
in the plant tissue.

It 18 a well known fact that usually both types of
infection occur in any blighted orchard, yet which of these
may be the most important 1is difficult to determine.

Blossom infection occurs through the nectaries of
the flowers, and examination of blossoms which have been in-

oculated by sprayling a water suspension of the organism into
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them, soon show signs of the dlsease. It was observed that
such blossoms showed water soaked spots after tinree to four
days, and on the second or third day following these spots
had become dark brown to blackish in color. bn about the
tenth or twelfth day a water soaked condition could be seen
on the outside of the calyx cup and drops of exudate appear-
ed several days later.

The organisms are at first located among the cells
of the nectary but on multiplicatlon spread throughout the
tissue of the torus and ovary and then move downward into the
pedicel through the intercellular spaces. Invasion of the
frult spur follows and many times the young fruits are in-
vaded from the spur through the pedicel.

In the apple the invaslon of the spur usually re-
sults in cénker formation at its base. Thils is not always
true as large cankers often result from spur infection of
this type on the more susceptible varieties. In the pear
however, if condlitions are at all favorable, these spur in-
fections usually result in invasion of the limb which spreads
to the scaffold parts and causes large limb cankers and even
occasionally results in invasion of the trunk.

Twig infection as reported by numerous investlgators
occurs near or at the tip of the twig, at least the symptoms
appear first 1in this region. The further invasion of the
organism involves the basal part of the twig and the bark of
the limb in the lmmedlate vicinlity of the base of the twig.

In many cases the progress of the organism i1s checked at
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thls point at least temporarily and a gquite definite line
appears due to the formation of a large amount of cork by
the host tissue. Often however, the organism is not entire-
ly cut off from the bark tissues by this layer and further
invasion follows, These periodic waves of advancement leave
more or less distinct ringed markings on the bark. These
concentric markings are even more marked often times in the
inner than in the oﬁter bark.

Insect wounds are often found to be the seats of
infection 1n the fruits. Several investlgators have re-
corded this for curculio wounds and I2 such cases were ob-
served in the Huron Farms Company orchard in 1926. No doubt
injuries caused to the fruit by worms llkewlse serve as seats
of infection. Wounds on leaves caused by the wind whipping
them against branches and frults also may serve as sources
of inoculation. Six cases were observed in the spring of
1928 on small Transcendent Crab trees in which leaf injur-
ies of thls type became infected and twlg blight resulted in
all the cases.

Limb injury brought about while pruning or remov-
ing bplight during the growing period have become infected
and injuries brought by pickers to limbs and crotches have se
gserved as a source of entrance of the organism. Wounds on
the trunks from saw cuts, removal of suckers, and injuries
from discs or harrows in cultivated orchards often times

become infected and start trunk cankers. An orchard of pears

near Sodus, Michigan, wnich was examlined in the early summer
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of 1928 proved to have very nearly flve percent of the 2000
trees infected in the trunk and the majority of these cases
could be traced to disc injury on the trunk. Cultivation
too close to the tree is also very likely to wound the roots
and Infectlon through these wounds results in the death of
the tree in ﬁne majority of cases.

Ten, elghteen year old pear trees at the Huron
Farms Company orchard were inoculated at the crown by wound-
ing the tissues 1n this region with a spade, only two or
three wounds were made on the crown of each tree. Two
gallons of a water suspension of the organism was poured a-
round each of these trees. Two of the trees became diseased
through these wounds. Rain drip from infected twigs and
blossom clugters above 1s no doubt the source of inoculum
from which such wounds become infected.

Twig infection, on the whole, has not it seems
been satisfactorily explained. Reports by various invest-
igators of severe twig infections in the absence of any of
the insects which have been reported to disseminate the
causal organism, ralse the question as to what additional
factor or factors may be concerned. Some experimental evi-
dence by Merrill (I8) and Burrill (4) seems to show that
aphids may be a source of spread whlle experiments with
about 4500 green and rosy aphlds on 800 shoots carried out
at the Huron Farmg Company orchard and at the Michlgan State
College orchard have falled to corroborate these results,

only three twlgs having become infected.
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Some inoculations made in the greenhouse during
the early winter of 1927 on plants which had not been wound-
ed and on which no insects could be found produced infection.
The questlion arose as to how these infections had occurred.
The first observed symptoms in these plants was a browning
of the tips and discoloration of the tip leaves of the in-
fected shoots.

From the results of inoculations and the observa-
tions of other investigators it seemed that further investi-
gatlion Into the matter of these leaf infectlons was justified.

Further experiments were therefore carried out to
determine the symptoms and seat of infection in these leaf
leslons. Borsdorf seedling apple trees about tinree years
0ld were used. Other varieties, Ben Davis, Winesap and
Jonathan were used in later experiments with the same results
as the Borsdorf.

The potted seedlings were placed in the inocula-
tion chamber as shown in figure 3. Five or six seedlings
might be inoculated in thls chamber at one time. The plants
were first sprayed by means of the spray attachment in the
Inoculation chamber to wet the leaves thoroughly both on the
upper and lower surface. The organism was then sprayed onto
the under leaf surface in a water guspension by means of a
DeVilbisg atomiger, or small pleces of dlseased tissue about
one millimeter square were placed in the droplets of water
which collected on the under side of the leaves.

Inoculation on the upper slde of the leaves gave



negative results except cases in which the immediate tip of
the serration was included in the drop of water in which the
inoculum was placed.

The plants were kept in the 1noculation chamber
for twenty to twenty-four hours, and the leaves were kept
wet by occaslonally turning on the spray. The attachment was
turned at an angle so that only a fine migt fllled the inoc-
ulation chamber without the force of the gpray touching the
leaves. The plants were then removed to the bench and ex-
amined several times dailly for the appearance of the symp-
toms. The period of 1lncubation varled from two to five days
depending on greenhouse conditions. Temperature seemed to
affect this more than any other factor.

The lesions when they first appear on the leaves
are tiny black specks which are visible only by reflected
light, within three or four hours these specks have increased
several times 1in dlameter and have become water soaked in
appearance. Soon they occupy the area between adjacent
veinlets making an angular spot. Figure 4 represents a leaf
in which the spots have reached the water soaked stage.
Shortly after, the edges of the spot become browned and the
progress of the organism l1s checked as these veinlets are
reached as shown in figure 5. It 1s possible tnat the
arresting of the organism at this point is mechanical as
the intercellular spaces of the tissues surrounding the veins
are very small in comparison to the size of those of the mesc

phyll. Within several hours upon penetration of this tissue,
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the water soaked condition will appear along one of the
veins leading to the midridb and invasion of tane shoot from
the leaves follows. Filgure 6 shows such invasion from two
infected leaves.

Invasion of the snoot has been observed to occur
within 24 hours after leaf infectlon became visible under
greenhouse conditions, and four days 1ls the shortest time
under field conditlons.

Early investigators described fire blignt as a di-
sease primary of the camblum and up to the time of Nixon's
(I9) publication this view was held by most plant_patholo—
glsts. Nixon showed by his work that the organism under
optimum conditions progressed most rapidly in the outer re-
glon of the cortex and that tne invasion of the cambium and
medullary rays occurred last. Mlss Bachmann (2) found that
occasionally the younger xylem elements were invaded also.

Examination of a number of cankers in FPippin and
Thompking King trees at the Michigan State College orchard
apparently bore out the findings of Nixon. The fiandings of
the writer bore out those of Nixon relative to the nature of
the matrix in which the organism ls embedded.

Ageptic cultures were made on August I5 and 19,
1928, by stripping back the bark toward the canker region.
Fifty cultures were made from several twlgs and small
branches. The materlial was taken from the camblum from two
regions; (I) just under thne most advanced polant of the

canker edge, (2) one incia in advance of tne canker edge.



One-third of the cultures from series one and one-tenth of
the cultures from series two developed bacteria which pro-
duced typical lesions when lnoculated into green apples and
pears.

It seems that further investigation along this
line 1is justified if the organism may be present as far as
one 1lnch 1in advance of the vislible canker edge in August
when the cankers were not developing rapidly.

This fact may have an important bearing on the
matter of over-wintering of the organism and may explain
why 1t is pogsible to gecure cultures an inch or so in ad~
vance Of the canker edge in dormant cankers as has been
shown by Brooks (6) and others.

Leaf spot may also result from stomatal infections
as is shown in figure 7. These spots had not developed fur-
tner, three weeks after the appearance of the symptoms.

The results of the lnoculations on Borsdorf and
other seedlings showed no varletal differences and so no
attempt will be made to differentiate between the varieties
in recording the results 1in the followilng tablé which glves
the results of these inoculations as obtained in tne green-

house during the winters of I927 and I928.



TABLE 6

Leaf lnoculation of apple seedlings witnout wounding

DATE OF PLANTS PLANTS PERCENT OF REMARKS
INOCULATION INOCULATED INFECTED INFECTION
1927
March 3 9 7 77
March 7 5 3 60
March I5 3 0 0
March 20 2 2 100
Oct. I7 3 0 0
Oct. 24 I I 100
Oct. 25 4 2 50
Oct. 28 4 2 50
Qct. 29 4 2 50
Qct. 3I 4 0 0
Nov. I I I 100
Nov. 2 4 0 0
Nov. 8 2 2 100 Pure culture
Nov. IO 3 I 53
Nov. I3 o) I 33
Nov. IT7 2 I 50
1928
FPebr. 7 4 2 50
Febr. 8 4 O ©Samples taken for sectioning
Febr. 9 4 2 50
Febr. II 4 2 50
Febr. I8 4 I 25
March I 4 3 75
March 7 5 5 I00
March 8 2 2 100
Marca IO 4 4 100
April I8 3 2 66
April 24 3 I 33 Aphld free
April 30 4 4 100 n
May I 5 4 80 "
May 4 5 4 80 "
May 6 4 3 75 0
May IO 11 7 63.6 "
Total 124 TI

These tables show that an average of 57 percent
of the plants inoculated became infected. The largest
number of infections observed on a single leaf was 28 and

the average number in the different series varied gulte
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widely with different conditions in the greenhouse at the
tlme the plants were in the inoculation chambers.

The green peach aphid was present in considerable
numbers on some plants which were inoculated. However the
wounds produced by these insects in feedlng are very char-
acterlistic and may easily be determined by use of a hand
lens or microscope. Only one case of over 200 lesions ex-
amined was observed in which infection might possibly have
occurred through one of these wounds. A series of inocula-
tions were also made on aphid free plants and are so noted
in table 6.

Field 1inoculations on Transcendent Crab and pear
were made as follows: +the plants to be 1lnoculated were first
sprayed by means of an oscillating spray for varying lengths
of time. The inoculum was put onto the young rapidly growing
twigs in an agueous suspension. One or two drops were used
for each twlg. The spray was then turned on again and allowed
to run over night. These plants were free of aphids and leaf
hoppers at the time the inoculations were made.

The field inoculations have glven very divergent
regults. One set of inoculations, in wnich four small Trans-
cendent Crab trees were used, gave 24 percent positive inocula-
tions of a total of 273 1inoculated twigs. A similar set of
inoculations on three trees wlth 89 susceptible twigs gave .07
percent of positive lnoculations.

Of 200 inoculations on pear twigs only five twigs

became infected. Another set of inoculations of seven pear
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and I7 Transcendent Crab trees gave no positive results ex-
cept where the organism gained entrance through an injury
on the apple leaves, ten such inoculations occurred.

It i1s possible that the treatment before inocula-
tion was the factor influencing tnis divergence in the
results. The plants which gave the highest percentage of
infection were sprayed for five hours before inoculation. In
the experiment the followilng day in wnich less than one per-
cent infection was secured the plants were sprayed for only
one-half hour before being inoculated.

In the last experiment due to the fact that the trip
mechanism of the sprayer falled to work, only three trees were
sprayed very thoroughly before beilng inoculated.

The results, as obtalned for the pear in these ine-
oculations in the field, seem to show that less twig infection
occurs in the pear than in the apple. Field observations for
the three years the work was in progress also corroborated
tnis evidence.

The evidence on 1insect transmission as presented by
the various 1investigators coes not seem adequate to explain
twig infectlon under the varled conditions following wanich it
appears. As has been pointed out twilg infection frequently
occurs in the absence of insecte which are supposed to trans-
mit 1t. It is of course entirely possible and indeed it is
very probable that some of these infectlons take place through
wounds other than insect punctures or bites on tae leaves

and stems.
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Examinatlon of early stages of leaf invasions hnave

shown that infectisn occurs on healthy sound leaves and tnese
infections occur tarougn the stomata of the leaf wnile 1t is
In certain definite stages of development. It seems gulte
likely that this type of infection occurs in a large percent-

age of the observed twig infections in this state.
Examination of Prepared Material

liicrotome sections of the various stages of leaf in-
fection proved that infectlion was without guestion through the
stomata as was suggested by Heald (I5). Figure 8 is a photo-
milcrograph of a cross section through a young leaf. It will
be noted that the sub-stomatal chamber alone is filled with
bacteria. A little later stage of infectlon is shown in
figure 9 which 1s a camera luclda drawing of the surface view
of a spot which has just come to occupy the area beneath two
stomata. Thls appeared as a very small water soaked spot on
the leaf.

Invaslion then proceeds downward through the inter-
cellular spaces of the mesophyll which are quite large as 1is
common in most of the sun type of leaves. It has been no-
tlced that invasion to the petiole frequently only includes
the tlssues on one side of the midrib, which 1s 1itself often
not invaded.

Sections have been observed in which the advancing
edge of the zoogloeal mass 1s wedged shaped and tapers off

quite gradually. The advance ls always along a veln and it
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1s quite possible that the organism moves in this region
because of the fact that more water is avallable. Figure IO
shows the advancing edge of an invading mass of bacteria on
the left side of the vein.

Burrill (5) in I880 writes of twlg infection that
"the leaves however are invaded from the bark, or as it seems
may be the starting point of the infectilon. I have no direct
experiment upon this poilnt but have found infected and dying
leaves on healthy stems." Experiments in which he painted the
underside of the leaves of apple and pear with a suspension
of the organism gave only negative results.

Arthur (I) in 1885 reported that the tips of appar-
ently healthy young pear leaves, became infected when smeared
with a culture of the organism. Stedman (24) in 1893 suggest-
ed that the organisms were carried by wind blown rain or
perhaps by insects to the leaves through the stomata. Duggar
in his text makes the following statement regarding twig in-
fection. "Nevertheless it is also true that infection may
result through growing twlgs, injuries and sometimes perhaps
even water pores may be the seats of infection. In general
however i1t is certainly true that the germs upon the surface
of healthy tissues would not result in the production of di-
sease in those parts."

Heald (I5) in 1915 reported that observations at
North Yakima showed leslons on leaves of Bartlett pear which

were advancing from the edges or tips. Such leslons on the



followlng morning after a rain showed drops of bacterial
exudate. Similar lesions were found a few dzys later 1in

the vicinity of Spokane on apple leaves. Furtner collections
of similar material were made at Walla Walla, Kennewlck and
Prosser from both pear and apple trees. He observes tnat the
region of initial infection "in the majority of cases start
at the margin and are either lateral or terminal, although
central legions have been found in some cases on apple

leaves." Brooks (6) was unable to produce stomatal infection.
Migration of the Organlsm

A study of the migration of the organism in the
leaf and stem tlssue was also made 1in connection with the
production of twlg blight from infections in the leaf. The
findings of Nixon (I9) were corroborated in this study. The
matrlix in which the organisms are embedded 1s Jjelly-like as
Nixon describes it, and more dense apparently than Miss
Bachmann (2) believed 1t to be. She concluded from her
studies that invasion was accompllished by the movement of
the organism in a liquid which she belleved to be withdrawn
from the lumina of the adjacent cells causing tnem to lose
their turgidity.

Stalned microtome sections of infected leaves
showed the organism to be embedded 1in a substance walch
stained very definitely with most of the common stalilns such
as gentian violet, acid fucnsin, eosin, iron alum haema-

toxylon, Delafields haematoxylon, methylene blue, and licht



grun. Nlxon used Fleming's triple stain and the matrix

then stalned a light blue wlth the organisms a dark red
color. He refers to these masses as zoogloea and his inter-
pretation in this respect is probably correct. Beijerinck
(3) and other investlgators have demonstrated that certailn
bacterial organisms can bulld up from the simpler sugars
certaln pectlic-~like compounds and from a.few tests 1t seenms
that the matrix is pectic in nature. Microtome sections of
diseased leaves when stained with Ruthenium Red, a specific
stailn for pectic-like substances, give a positive reaction
in the matrix while other cellulose tissues faill to take

the stain. That diseased twlgs have a decldedly higher sugar
content than normal twigs was shown by the increased reduc-
tion of Fehlings solution with equal amounts of macerated
healthy and diseased tlssues. The tests as made were not
gquantitative nor sgspecifically qualitative but may indicate

in a2 measure at least the nature of the matrlx.
Normal Anatomy of the Apple Leaf

During the experiments on infection of apple seed-
lings 1t was observed that qulite a close correlatlion existed
between the age of the leaf and the degree of susceptibility
to infection and it seemed that a study of the normal ana-
tomy of the apple leaf mlight ald in interpretation of some
of the results obtained by the inoculations.

Superficial microscoplice examination and microtome
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sections showed that the leaf as it emerges from tane bud is
composgsed of a meristematic-like tissue in wnlch tine veinlets
and velns have been differentiated. As it increases in size
the pallsade, mesophyll, and epidermis at tne apex begin to
mature. The lincrease in the size of the cells of the upper
epldermis is accompanied by an increase in tne size of the
palisade cells. On the lower surface stomata are formed by
the dlvision of epidermal cells, and shortly after, the
formation of the intercellular spaces of the mesophyll occurs.
Hydathodes or stomata which are slightly larger as a rule
than the normal stomata may be found on the upper surface of
the leaf at the tips of the serrations. There may be as many
as six or eignt of tnese but usually not more than tnree or
four. These nydathode-like gtructures develop very near to
the end of the vascular strand which terminates in tne serratim
tip.

Figure II shows the maturation of tne tissue at the
tip of a serration which 1s entirely comparable to tne con-
dition observed 1in the leaf tip proper. Stomata are shown in
various stages of development, tne youngest being tne most
distant from the tip. Note the lncrease of size of epidermal
cells in tne region of the mature stomata.

The guard cells as soon as formed 1lncrease rapidly
in size and in so doing tend to bow outward forming a sub-
stomatal cnamber. The subsequent development of the leaf

allows the guard cells to assume the normal position waicia



1s approximately level with the surrounding epidermal cells.

The maturation progresses from the tip of the leaf
and the tlp of the next lower serrations downward, and in-
ward to the base of the leaf. Figure I2 shows a series of
leaves taken from a young shoot. Table 7 gives the length
of leaf, approximate age in days and the region in which
stomata are found in this series of leaves. The determine
ation was made microscopically.

TABLE 7
Leaf Development

NUMBER OF THE LEAF LENGTH OF APPROXIMATE DISTANCE STOMATA

COUNTING FROM LEAF IN MM. AGE IN DAYS FOUND DOWNWARD
TIP DOWNWARD FROM TIP

1 8 I-2 I1/2mm.

2 10 3 Imm.

3 16 4 2 I/4mm.

4 22 T Smm.

5 35 10 I3mm.

6 45 I4 Whole Leaf

The mature reglilon of a young leaf may be quite
accurately determined by the color. The mature region 1ls
dark green, the immature reglon 1ls a greenish yellow color.
The mature region shows microscoplcally, mature stomata and
intercellular spaces in the mesophyll. The lmmature region

is composed of small closely compacted cells walch 1in sectlon

are cubical to slightly round.
This study of the normal anatomy of the apple leaf
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has shown that susceptible leaves may be quite easily de-
termined and thils may aid in practical methods of control as
trees in which no new shoots or young leaves are found may be
regarded as not susceptible to twig infection. The conditions
which cause leaf spot may also be explained by thils study of
the anatomy of the leaf. If stomatal infection occurs on
young leaves winich have not attalned their full size and in
which the intercellular spaces are still small the develop=-
ment of the zoogloeal mass will, because of lack of sufficient
water, be stopped before a veiln of sufficlent size is reached

and the infectlion will never pass the leaf spot stage.
Control Measures

Control measures recommended for fire blight are
sanitation, the use of resistant varletles, and the practice
of proper cultural methods. Exclusion of the organism by
means of gprays has not yet been proved to be of any great
benefit.

Sanitation 1n the form of removal of diseased parts
is at present the most practicable of control metaods for
Michigan. Removal of diseased limbs and cankers may be done
either during the dormant or growing season, or as 1s practic-
ed by some growers, removal of diseased parts durlng both the
dormant and growling seasons.

The time of removal of the diseased parts must
necessarily be determined by the conditions exlsting in the

orchard. It nas been recommended that under lMlichigan con-



diltions removal may, usually best be accomplished when the
trees are pruned during tne dormant season. If few cankers
are known to be present in the orchard, the removal of these
cankers, not only 1s a small matter but also insures the
grower agalinst the possibility of a severe blossom infec-
tion the following spring as often times occurs.

In heavily fertilized orchards occasionally the
gpread of infection following heavy blossom blight becomes
unusually severe and the removal of diseased parts during
the growing season seems desirable but the expense incurred
in doing this is almost prohibitive for the small grower.
This practice has a more imvortant place in pear than in
apple orchards because of the more ravid invasion in the
pear. The possibility of spread by the tools used in remo-
val of the diseased parts 1is much greater in tae case of the
pear than the apple and this means that the operator must ex-
ercise great care in the removal of dlceased parts. With the
exception of very late falls durlng which much precipitation
occurs, late infections in the apvle 1n this state are not of
much lmportance.

The use of resistance stocks, which at present is
still of questionable value due to the scarcity of material
of the variletles recommended, may be of consilderable value
in that the trunk and scaffold parts of the trees will be
saved in case of infection. It is true that even though thnis
part 1s saved, severe 1infection will mean tne loss of tne

greater part of tane top in many cases. Tnhe necessary top
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working will reduce the productiveness of the tree for a
peridd of years.

| The i1ncreased cost of the trees when they are in-
troduced commercially will probably be a factor which will
dlscourage many growers from planting these registant var-
leties. Other such cases have been recorded and there is no
reason to believe tnat tals may be an exception. Reimer's
work does show that some of these varleties hold considerable
promise for use as stocks for root and top working. At pres-
ent no very resistant apple varieties are known which might
be used for the scaffold parts.

The present practice of some growers of using sus-
ceptlble varieties of apples as fillers in the orchard is of
questionable value. This is particularly true of the Crab
aprles and the Yellow Transparent and Tolman Sweet.

The Wealthy and Duchess are very susceptible to
-fire blight once infection occurs. The value of the Wealthy
as an early apple in tnls state however, overbalances to
gome extent 1ts undesirabillity due to its blight suscepti-
billity while on the other hand the Duchess even though
susceptible usually blossoms so early that only in except-

ional cases does 1t become severely infected in the state of

Michigan.

From observations of orchards in the past three
years the advisibility of planting Wagener trees as fillers
18 questioned, as the tree ls very susceptible to infectlion.

Crown and root infectlons were observed Lo have been very
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abundant in the Huron Farms Company orchard on this vari-
ety and the removal of many trees was due to blignt.

It seems advisable to separate pear and apple
plantings as widely as possible so that infection in either
one may not so easlly be spread from one to tine other.

Cultural methods may go far to ald in control of
the disease. Most Michigan orchards unless fertilized or
heavily cultivated do not make much late growth and so are not
subject to late twig infection. Twig cankers from these late
infections in the apple 1t seems are one source of over-
wintering of the organism. Due to the differences 1ﬁ rate of
invasion in apple and pear, the apple rarely becomes infected
in the scaffold and trunk from blossom or twig infection unless
through gspurs or shoots on tnese parts, wialle infection at the
tlps of branches or branch spurs of pear often results in ine-
vasion of the larger limbs and trunk.

Late growth if allowed to develop will serve as a
source for furtner infection and so successive waves of twig
blight will carry active canker formation over into the late
gummer and fall. gQuick early growtn with terminal bud form-
ation of the shoot should aid materially in checking the
spread of the disease. The production of a smaller amount of
growth which 1s subject to tne rapid lnvasion of the organism

would it seems give fewer cankers and less over-wintering.



Dlscussion

A conslderable amount of work remains to be done
on various phases of the fire bligint problem. As has been
polnted out the matter of tne over-wintering of the organ-
lsm has not been investigated thoroughly enough. 1If the
organlsm over-winters in small twigs in a fairly large per-
centage of the cases in any given year it will mean that
much more careful work must be done by the average operator
in removing blighted twigs and cankers from the orchard dur-
ing the dormant season. 01l1ld, apparently dead cankers must
not be left in the tree as they too, as has been shown, may
gerve to aid in over~wintering.

The evidence at hand seems to show that bees and
other nectar seeking lnsects cause more damage through the
spread of blossom infection from tree to tree than do the
other insects wnich afe reported to be of importance.

Meteoric water 1s no doubt much more effective, in
spreading the organisms to both blossoms and twigs from tne
primary infectlons, than any of the insects. The nectaries
of the flowers and the stomata of the young developing
leaves are in a very receptive condition during rainy per-
ijods. As was shown by Gossard and Walton (I2), the blossoms
are not liable to infection 72 nours after polilnation. It
is likewlse true that young leaves reach a stage of develop-
ment at wnich time infections are not produced tarough the

stomata. The leaves however are in a susceptible condition



over a longer period, as a rule, during a normal season
than are the blossoms. Tae production of new growth over
a long period as 1ls the case in excessively rainy springs
and summers, keeps the twigs in a continued susceptible
condition.

Stomatal infection as determined, may ald in the
Interpretation of many cases of twlg infection for which a
‘logical explanation has heretofore been lacking.

Field 1noculations have corroborated the evidence
obtained in the greenhouse concerning stomatal infections.

Twlg iInfection 1t seems results from stomatal in-
fection of the leaf in tnis state. This 1s perhaps due to
the slow growing conditions which are brought about by the
fairly low temperatures during the early part of the grow-
ing season. These tend to hold back the leaf develorment
and so allow for the penetration of tae zoogloeal mass
into the petiole and shoot.

The relationsghip which exists between the age of
leaf and ease of infectlion enables an observer to determine
whether or not the growth produced by any given tree may be

susceptible to infection.
Summary

I. Fire blight 1is one of the most limportant di-
seases of apple, pear and quince 1ln lichigan.
2. Over-wintering of tne causal organlism usually

occurs in the marginal region of the cankers. dowever in



two cases the organism has been found to remain alive from
fall to the following spring in dead tissue as far as twelve
inches back of the canker edge. The percentage of cankers
in which this may occur has not been determined.

3. Dlissemination of the causal organism may be
brought about by a number of different species of insects.
Bees no doubt are a factor in establishing sources of 1in-
fection in the blossoming tree. Rain is no doubt an 1im-
portant factor in spreading the disease to other blossoms
after these primary sources have been established. Attempts
to duplicate twlig infectlion by aphlids as reported by other.
investigators have glven negative results on all but three
of 800 twigs. About 4500 aphids were used in these in-
oculations.

4. Periods of twig infection may be correlated
rather closgsely with rainfall periods.

5. Infection of healthy twigs does occur. KExam-
ination of stained microtome sections of infected leaves
shows that primary infection in tne leaf occurs taroughn
the stomata. Experiments in the greenhouse and in the
field have given 75 to 25 percent of infection respectively
under optimum conditions.

6. Wounds of leaves, fruit, limbs and trunk if
fresh no doubt serve as a considerable source of infection
during rainfall periods.

7. Stomatal infection usually results in twig

blight 1f the infection occurs in very young leaves of



growing twigs. Leaf spot results if the infected leaf is
nearly mature at the time of inoculation.

8. The movement of the organism in the tissue
seems to be one of mass action, the organlsm being con-
fined to the Jelly~like matrix in which they are embedded.
In no case in any of the preparations examined wvere bac-
terlia observed to be in advance of tnis matrix.

9. The most satisfactory control measures for
fire blight consists of, (I) sanitary measures in the elim-
ination of blighted parts, (2) the use of cultural practices
wnich will induce a moderate twig growth, and (3) the use

of resistant varieties as stocks.
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Figure I. Chart of part of the pear
orchard of the Huron Farms Company at
Ann Arbor Michigan. This chart shows
the source of Inoculum for the other
infections in the orchard during the
season of 1926. It also shows the
approximate severity of infection in
the trees in this block.
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Figure 2. Chart of the entire orchard of the

Huron Farms Company at Ann Arbor Michigan¥*
This chart shows the spread of blight in 1927,

from the trees in which blossom clusters were
inoculated.



Figure 3* 1Inoculation chamber. Green-
house inoculations were made in this type
of inoculation chamber.



Figure 4* Early stage of infection produced
by stomatal infection. These spots were
water soaked but not discolored.



Figure 5* Later stage of infection than shown
in figure 4. Note the dark margins of the
spots. This condition follows that shown in
figure 4.



Figure 6* Twig blight produced by leaf infect-
ions. The third and fourth leaves were the
seats of the invasion which progressed into the
twig. Note the discoloration along the veins.



Figure 7. Leaf spot produced by the
fire blight organism. >These spots
had developed no more/ three weeks
after inoculation.

Figure 8. Stained microtome sec-
tions of an infection which had
.Just come to occupy the stomatal
chamber. Note the small size of
the Intercellular spaces in this
region and the globular shape of
the cells in the mesophyll.



Figure 9* A camera lucida
sketch of an early stage
of infection in which
only the region beneath
two stomata had been in-
vaded. -

Figure 10. Invasion of the leaf by the zoogloeal
mass. A portion of the wedge shaped invading
edge is seen along the left side of the bundle
This is one of the large lateral veins.



Figure II. A section of the tip region of
serrations a short distance hack from the
healthy apple leaf. The stomata, five of
along the lower surface of the leaf. The

one of the

tip of a

them* are seen
three at the

left are immature. Note the small intercellular spaces

above them as compared to those above the

two stomata

to the right. The cells of the lower epidermis are
smaller, with the exception of the stomata, than those

of the upper epidermis.
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Figure 12. A series of leaves from the tip
of a young Borsdorf shoot. The relative con-
ditions of maturity of these leaves are

shown in table 7.



