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-THE BACTERIAL SPOT DISEASE OF THE
PEACH AND OTHER STONE FRUITS!
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INTRODUCTION*

The bacterial spot disease caused by Baecterium pruni . F. Smith
was originally described in 1902 by Erwin F. Smith ({0)? as g serious
disease of the Japanese plum (Prunus salicing)® in Michigan. Sub-
sequent investigations revealed that the pathogene was not confined
solely to the plum, but that it was eapable of Igroducing a serious dis-

ease of the peach (Prunus perséca), apricot (Pruracs armeniaca), end
nectarine (Prunus persiog var. nucipersien).
Although the effect of the disease on the suscepiible varieties ef

the plum has curtailed the production of this fruit in many parts of

1The writer wlshen to acknowledge the Invaluable zid rendered by John W. Roberta
thirough his centinued inmterest and gdvlce durleg the course of the invegtigatione zad his
agsistance in the preprration of the manuscript. He also wishes to express his thanks
to W. F. Turser, formetly bortienburist of the Central of Geergla Rallway Co., for
essistance in copducting the orchard surveys and harvestimg the frult on the experi-
mental plots; te hls former coliesgue Lee M, Hutchins, of the U. 8. Peach IMsease Field
Lahoratory, for the permisatom to uge his experimental nursery plentiugs; acd b the
authorities of the College of Agriculture, Yunlversity of Arkarssa, for the use of the
Iaborntories of the department of piant pathology, where certnin phases of the Investigae-
tions were completed during the period 1928 ko 1930, In eddition he wishes to e=press
his apprecistion for permission freely fmnted by Lynr McKenzie, of Montezume, and
Joba W. Woolfolk, of Fort Valier, Gg., fo make ohservetions and to conduct experimeuts
in thelr peach orebards.

2 Italic numbers In paventheges refec to Literature Clfed, p. 51

*In this bulietin Briley's {7) botanleal nomenclature bas besn used.

T3122° =82l
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the country, it is mainly as a malady of the peach that the bacterial
spot disease has attracted attention within the last decade.

The rapid expansion of the fruit industry bas resulted in the plant-
ing of peach trees in many sections of the country in which conditions
are particularly favorable io the bacterial spet diseage. The ex-
pansion of the fruit industry also has increased competition between
various production centers, and indirectly it has focused the atten-
tion of the fruit growers on any agency, such as this disease, that
reduces the quality and marketability of the fruit.

The investigations of the disease from the {ime of its discovery
until 1920 dealt mainly with the study of the pathogene. With the
exception of the work of Roberts {37) in Arkansas during the years
1913 to 1913, inclusive, little attention was devoted to devising meth-
ods of controlling the disease in the orckard. In recent years the
investigational work has changed somewhat in its manner of ap-
proach, and control experiments have been initiated by a number of
investigators in different portions of the country.

Notwithstanding the excellent work that has been done, many
questions of importance concerning the behavior of the causal organ-
ism have remained unsolved. FPossibly the most important of these
is the manner in which the causal organism survives the winter
season. Mention also may be made of other points, such as the man-
ner in which the pathogene spreads from tree to tree, the accurate
identification of the various symptoms, the evaluation of the com-
mercial injury, and even certain of the characters of the pathogene
when isolated and grown in pure culture.

The investigations described in the following pages discuss the
disease on the peach with but incidental references to the activities
of the pathogene on other hosts. Emphasis has been placed particu-
larly on the investigation of those points, enumerated above, upon
which detailed information was either lacking or incomplete.

NAMFES APPLIED TO THE DISEASE AND TQ THE PATHOGENE

The name “ black spot” was used by Smith (42, 43, /4) in his early
papers to designate the disease on the plum. This name, while it ig
particularly descriptive of the symptoms on plum fruit, can not
properly be agplied to the diseass on the peach both because the
symptoms produced on the peach are not “black spots,” at least in
tﬁe sense of this term when applied to the plum, and salso hecause
the name “black spot” has been used for many years ss a synonym
of peach scab.*

ther names that have been apfilied to the disease on the peach are
bacterial spot, bacteriosis, shot hole, bacterial shot hole, and bacterial
crack. With the exception of bagcterial spot and bacteriosis, these
names are open to the objection that they characterize only certain
phases of the disease,

The name bacteriosis has been widely used, but the writer feels
that it is an unfortunate term, indicating merely a bacteriel attack,
and, as such, is too inclusive. Crown gall® on peach, for example,
could just as properly be called bacteriosis.

< Cauped by Oladosperium carpophiluir Thiim,
¥ Ceused by Becterium tumefeolera Sm. end Town.
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. .Since the disease on the various hosts is caused by the same organ-

ism, although the symptoms vary, a name is desired that will be
© descriptive of the disease in all ifs manifestations. The writer con-
siders that the name “bacterial spot,” apg:arently first mentioned in
the literatuva by Roberts (37), is particularly Stfing, and it will be
used as the name of the disease throughout this bulletin.

The pathogene causing the bacterial spot disease was originally
named seudgommas prund by Smith (40). In 1905 he substituted
the ﬁaneric name Bacterium Cohn emend. for the generic. name
Pseudomonas Migula as the result of his studies on the classification
of the bacteria, and the organism was renamed Bacterium prumi.

No further changes were made in the nomenclature of the organism
until 1923, when Bergey’s Manual of Determinative Bacteriology (8
appeared. In this classification all the plant pathogenes were groupe
together in the geners Erwinia and Phytomonas of the tribe Erwin-
1ae, family Bacteriacese.. The bacterial spot organism was placed
in the genus Phytomonas,

At the present time the organism may be called either Pseudomonas
pruni BE. F. Smith, Bacteriwm pruni E. F. Smith, or Phytomonas
pruni (E. B, Smith) Bergey et al., depending upon the classification
followed. The writer is using the name Bacterium pruni as the name
of the organism.

HISTORICAL REVIEW

The published studies on the bacterial spot disease represent the
work of a number of investigators both in this country and abroad.
Only those papers deseribing the discovery of the organism and the
demonstration of its pathogenicity will be discussed here, while those
dealing with special phases of the disease will be reviswed in their
appropriate places,

The bacterial spot disease was first described by E. F. Smith in
& paper delivered at the Washington meetings of the American Asso-
cigtion for the Advancement of Science in 1902, A brief résumé of
the paper appeared in Science in 1903. In this paper Smith (0}
discussed a disease of Japanese plum leaves and fruit that had made
its appearance in central Michigan. The cause of this disease was
a yellow bacterium which he named Pseudomonas pruni. This or-
ganism, he found, entered the uninjured plant through the stomata.
The sgm toms of fthe disease on the foliage and green fruits wers
described, together with some notes on the growth of the orgamism
on culture media. This discussion apparently constituted the tech-
nical description of the newly found organism.

Later, in 1908, Smith (/1) called attention to the fact that bac-
terial infection of plants by way of the stomate was not at all
infrequent. He cited, among other diseases, the leaf spot of plum
and stressed the fact that “sections through very young stages of
spots * * * show the epidermis unbroken and the enclosed bac-
terial masses lying in such relation to the stomata as at once to
su%est such infection.”

1808 Clinton (70) noted sn unnamed bacterisl disease of peach
leaves from Pomfret, Conn.

In 1804, st the Philadelphia meetings of the American Associa-
tion for the Advancement of Science, Smith (42) described addi-
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tional experiments which substantiated his earlier statements that
the bacterium entered the uninjured tissues of the plum through
stomata. Numerous infections were secured Ly spraying suspensions
of the organism on leaves and young fruit. Inoculations made two
or three weeks prior to the ripening of the plums were not success-
ful, and Smith concluded, for this and other reasons, that the disease
was principaily one of meristematic tissues.

The bacterial spot organism is mentioned in several places in the
first volume of Smith’s classic work {43), which appeared in 1805.
Drawings showing its effects on plum fruit and leaf tissue and one
photograph (pl. 18, p. 148} of tyﬁical spots produced on the Halo
plum In Michigan are included with the discussion. Outside of thase
rather incidental references the disease is not discussed in the book.

In the 1904-1906 report of the Delaware Agricultural Experiment
Station, Jackson (20) discussed briefly & plum. disease in that State
eslled by the growers “bacteriosis.” The disease was described as
forming cankers in the young branches. Bacterial cultures were
secured from the diseased aress and were used in inoculation experi-
ments. Success was obtained with 4 out of 14 inoculations, and the
original organism was reisolated. The disezse was not definitely
decided fo be of bacterial origin, although the preliminary evidence
indicated that it was. No deseription of the organism was appended
to the report, but it is quite possible that the disease in question was
the one gmith had previously described.

Chinton {11) in 1905 identified the organism causing a disease of
plums in Connecticut ss Baoterium pruni and suggested that possi-

bly the bacterial disease of peach leaves he had mentioned in 1903
might be caused by the same organism as the plum disease. In 1909
Clinton (72) identified the bacterial disease of peach leaves as that
caused by Bact. pruné, and he also published an excellent ilustra-
tion of if. /

Another early reference of interest is the report by Heald (74,
p. 3238}, in 1906, of a twig canker of plums in Nebraska., The
symptoms as deseribed by him seem fairly characteristic of the dis-
ense, but it is not possible to decide definitely from the brief note
that the organism was Bacleraum prun.

Smith (£4) read a paper before the Society of American Bacteri-
ologists in December, 1908, in which he reported the production of
spots on the leaves of a peach tree standing in the open following the
spraying of the leaves with a suspension of the pathogene isolated
from plum. The spots produced in this experiment were identical,
according to Smith, with those naturally occurring on the peach, and
he felt that “ there can be no doubt that the leaf spot of the peach is
identical with that of the black spot of the plum, both being due to
'Bacterium pruni.”

These experiments were the first cross inoculations of peach leaves
with cultures of the organism derived from the plum.

In 1908 Rorer (34) discussed a bacterial disesse of the peach. He
stated that O’Gara had found a disease on peach foliage in Georgia
that he thought might be of bacterial origin, and that the same
trouble had been observed m 1905 by W, M, coft. Rorer himself in-
vestigated the disease in 1906-07. He isolated a motile yellow organ-
ism from young leaf spofs in 1906, and in 1907, using this organism,
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was able to reproduce the disease on the leaves. As a result of these
_inoculations he concluded that the leaf-spot disease of peach was
bacterial in nsature.

Rorer described spots on the young twigs from which he isolated 2
bacterium apparently identical with that obtained from the leaves.
He also observed a spot on the fruit that he considered to be caused
by this organism. Attempts to isolate the organism from the fruit
spots were not successful, but sections showed masses of bacteria
present in the tissues.

Rorer grew the plum and peach organisms side by side in culture
and found they had the same cultural reactions. These facts, together
with the similar symptoms on the two hosts and the results of the in-
oculation experiments, indicated strongly that the two orgsnisms
were the same species, and he felt it was safe to assume that the or-
ganism causing the peach leaf, twig, and fruit spots was Bacterium

Trumne.

Heald and Wolf (75) reported the presence of a bacterial disease
on plum twigs in the vicinity of San Antonio, Tex., in 1912. From
their descripiion of the symptoms it seems likely that they were deal-
iniwith the disease caused by Bacteriwm A

ewis {25), also working in Texas, published in 1912 an account
of a bacterial canker of plum twigs. The organism was isolated from
the cankers, and when suspensions were sprayed upon young plum
trees abundant leaf spots developed. Isolations from these leaf spots
yielded cultures of an organism similar to the one originally isolated
from the twig cankers. Although many leaf spots developed, only a
few cankers were produced on the twigs. The cankers that developed
resembled those oceurring in the field under natural conditions. Fur-
ther inoculations were made by puncturing the twigs witk a sterile
needle and then introducing bacteria into the wounds. This procedure
resulted in the production of twig cankers onr both plum and peach.

The fact that the organism isolated from plum twigs could cause
spots on the leaves led Lewis to reexamine the orchard from which

e twigs were obtained. Leaf spots were found in abundance and
also a few fruit spots. A yellow organism was isolated from both of
these sources and grown side by side with the organism originally
isolated from the cankers. Their cultural characteristics were simi-
Iar; and since these agreed in all respects with those of the original
description of Bacterium pruni, Lewis felt certain that the plum
osrggllllism he had isolated was none other than Bact. pruni E. F.

mith.

Rolfs {8) in 1915 presented the first monographic study of the
disease, It 1s in this paper entitled “A Bacterial Disease of Stone
Fruits” that we find the first detailed description of the growih
of the organism on various media. Likewise, it is in this paper
that we have the first attempts to describe in detail the seasonal life
history of the organism and the first mention of the cankers as car-
riera of the disease from one season to another. The apricot and
neciarine are added to the peach and plum as susceptible species,
and the symptoms on the leaves, twigs, and fruit of all four of these
fruits are discussed. The patholo'gicaf histology, incubation period,
effect of environmental factors, and other points are touched, In
short, his paper is a true monograph of the disease, although certain
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of his conclusions, in the light of fecent investigations, need modi-
fication, and his discussion of the seasonal life history of the organ-
jsm can be amplified so that a more exact understanding of the
behavior of the organism is gained.

In 1918 McCubbin {29) observed an outbreak of the disease in

. the peach orchards of Ontario, Canada. Severe defoliation sccurred

on the Elberta variety and to s Jesser extent on the J. H. Hale
variety. Bacterial lesions were observed on about 20 per cent of the
twigs of the current year, and bacterial exudate was observed on
the older leaf spots. A microscopic examinabion of the diseased
tissues revealed hollow cavities filled with masses of bacteria.
 In 1917 Sackett (86) discovered a bacterial disease of the Wragg
cherry (Prunus cerasus) which he thought was caused by Bacierium
prumi. He reported upon this disease from time to time (37), finally
conoluding in 1925 (97, RBpt. 38) that the organism was not Zact.
prund but & form which he named Phyfomonds cerasi wraggi.

Ishiyams {(79) reported in 1922 that he was unable to secure
stomatal infection of the almond {Prunus communds) with an organ-
ism he determined as Bacteriwm pruni, He stated that negative
results were obtained repeatedly and doubted Smith’s conclusion that
the organism gains entrance to the host through the stomata. He
felt that the organism was & wound parasite,

THE DISEASE

SYMETOMS

The disease occurs on the leaves, twigs, and fruit, and produces
characteristic symptoms dxstmguisi\ing it from other disesses of
peaches and plums.

LEAVES

The first indication of the disease on peach leaves is the appear-
ance of circular, pale-green (almost white} spots 0.5 to 1.0 mm. in
diameter on the upper surface of the leaves. These spots, which
Rolfs (838) termed * grey specks,” cccur singly or in groups, and
are frequently very numerous at the tip of the leaf, but may occur
scattered over the entire surface of the blade,

The color of these small circular spots soon changes from the very
pale green of the original spot to light brown. The color of the tis-
sue immediately surrounding the brown area fades to a light yellow-
ish green. This band of light yellowish green tissue forms a halo
{pl. 1, A) about the brown tissue in the center of the spot.

The next symptom to appesr is the development of a * water-

. sonked ” area (pl. 1, C) involving the entire spof, including the light-

green halo. The tissue is probably water-soaked in the true sense
of the term, as this symptom has been observed only following heavy
rains or heavy dews.

The symptoms just described are rather evanescent and give place
very soon to those which have been widely observed, namely, small,
purple to purplish brown spots from 1 to 5 mm. in diameter. (PL 2,
A.) These spots are generally angular in shage and the injury
- seems to be confined largely to the sreas include between the very
small veins, A microscopical examination of sections from these
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Lih A, Hoen & Co.. Inc.

SYMPTOMS OF BACTER(UM PRUNI INFECTIONS ON THE PEACH

A-—Twig with ap overwinlered canker and fyult and leaf spots, The canker reanlted [rom infection
during the seasen of 1924, and the fruit and leal spots were the result of infectlons in 1925, Elhertn
variety, collected at Barrar's Lane, Ga., May 30, 1025, B.—deedlog twig showing lestans resniting
trom ortificlal inoculatlons mads May 8, 1925, at Fort Valley, Ga, The twig was removed from the

tree on May 30, 1535

Palnted by Jo Mutbon Bhull
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" spots confirms this observation, as only rarely was the organism
observed to spread beyond the vascular units of the small veins.

The indivigual spots are rather small, but adjacent spots may fuse
and involve rather extensive sreas of the leaf surface. The tissues
killed by the organism become darker in color, dry ouf, and tear
away from the healthy tissues, producing the so-called shot-hole
effect, which is a typical symptom of the advanced stages of the dis-
ease on the leaf. en the fusion of adjacent spots and the subse-
quent dropping out of the dead tissues occurs at the tip or slong the
m&r}glins of the leaf a very ragged appearance results.

The spois resulting from the infections of the leaves by Bacterivm
pruni have been con%use(i with leaf injuries resulting from arsenical
sprays and with s widespread leaf-spot and shot-hole disease that
seems to be physiologica! 1n nature.

It is difficult to establish criteria for the rapid and accurate sepa-
ration of young spots caused by the bacterial pathogene and small
spots resuﬁing from arsenical injury. The presence of the halo or
Light-green ares about the bacterial spot is probably ite most dis-
tinguishing characteristic. In general the arsenical injury spots are
rounded to irregular in outline and present a more or less zonate
or target-board appearance. They also are accompanied frequently
by scorched leaf margins and small cankers about the leaf axils.

The presence of bacterial exudats on the older spots facilitates the
identification of the disease in the field. This exudate oceurs on the
under surface of the leaf in the form of either globular droplets
{observed onl rarel{y) or thin whitish membranelike scales, closely
appressed to the surface of the leaf. These membranelike scales are
the result of the drying out of the mass of bacteria after it has exuded
from the necrotic tissues. The presence of these scales ean be detected
by their slightly upturned margins or by the smooth glassy appear-
ance of the spot. Frequently the membranelike scale is free save a
smal] ares in the center. At times the exudate can be detected on
the upper surface of the leaves, but the writer has never seen it as
pronounced there as on the under surface,

The spot caused by Bactertum pruni can be distinguished from the
one supposed to be physiological in nature by the fact that the mar-
fins of the latter are more or less fimbriate. In the so-called physio-

ogical spot there seems to be s production of anthocyan pigment
which, instead of becoming concentrated into a solid area, is diffused -
along the tiny veins. Itis this diffused character of the discoloration
that produces the fimbriate margins,

The symptoms of the disease on plum leaves are more definite and
ronounced than on peach leaves. This is particularly true of the
water-sonked ¥ appearance of the spot on the under surface of the

leaf and also of the presence of bacterial exudate. The writer has
seen cases on the plum where there were as many as 10 individual
membranelike scales on the under surface of a small leaf.

A leaf spot caused by a species of Cocecomyces {Cylindrosporium)
at times may be confused with the bacterial spot disease, but the pres-
ence of the fungus hyphae and usually the conidia on the spot shonld
remove any doubt as to the true pature of the causal organism.

Arsenical burning on plum lesves, although more ?ikely to be
marginal, presents the same difficulties that it does with the peach,
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and positive identification can be raade at times only with the aid of
the microseope. '

The writer has observed Bacterium pruni leaf spots on the nectarine
{ Prunus persica var. nucipersica), the apricot (P. armenizca}, and
P. davidigna, and the symptoms are similar to those already
described for the peach and plum. However, an opportunity was not
available to study these hosts as intensively as the peach and plum,
so there is o posstbility that certain variations have been overlooked.

FRUIT

The symptors produced on peach fruit are twofold in nature—pri-
mary, those which appear directly after the invasion of the tissue by
the ‘organism, and secondary, subsequent changes in the primary
lesions produaced by the peac{ itself as the result of growth. Both
types are symptoms of the disease, but, strictly speaking, those in the
sectond category are really indirect, as Smith (45, p. 46) has pointed
out.

The first macroscopic indication of the disease on the fruit is a cir-
cular, faint-brown spot on the surface of the skin. The spot is gen-
erally 0.5 to 1.0 mm. in dismeter and is not readily discernible with-
out the aid of 2 lens. As the spot enlarges the center becomes slightly
darker snd sunken, and frequently the margin appears “water-
soaked.” (PL 8, A and B.)

The spots themselves are not limited to any special area on the
surface of the fruits nor does any arez seem to be particularly favor-
able for their development. In this respect the disease is decidedly
different from peach ‘scab,® where the stem end is the favored site for
infection. The spots may be isolated or they may oceur in groups; in
the latter case tﬁey very frequently coalesce and involve extensive
areas.

As z geperal rule, primary symptoms appear only while the fruit is
smell, although in seasops favorable to the spread of the disease
primary symptoms may be found on the fruit even at harvest time.

The ‘secondary symptorms, as mentioned before, result from the
stresses and strains set up as the fruits increase in size. For the pur-
pose of discussion they may be divided into several different types.

Small-crack type—This is & very commmon type (pl. 4, A, and pl. 2, A) found
throughout the season. The secondary symptoms seem to be confined malnly to
the development of small, shallow eracks, In genersl, the appearance aof the
fruit is not seriously marred.

Coglesced-crack type—~This type (pl. 4, B) is very obvlousty derived from the
small-crack type by the coalescing of the individual erncks. In this group there
is considerable variation in the severity of the injury, ranging from a few cracks
whick de not materially injure the appearance of the fruit to cases in whieh
large arens are checked and cracked and the fruit is rendered worthlesd,

Island iype—~—The small cracks form circular aggregations {pl. 4, C) with
remnants of the original tissue remaining as * islands ” in the central portion of
the affected areas.

Mtellate type.—The cracks in this rather wncommon type (pl 4, D} coalesce
more or less at right angles to form star-shaped lesions.

Pin-point type—In this type (pl. 5, A), which is quite disdinet from those
just deseribed, the cracks are very small (generally less than ¢.5 mm. long).
Each erack when prosent on the blush surface of the fruit is surrounded by a
cirzular Mght-green halo that gives the surface a motitled nppearance. The

o Couseid by Cladosporium carpophilum Thilm,
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PRIMARY SYMPTOMS OF BACTERIUM PRUNE INFECTION ON PEACH FRUNT
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SECONDARY SYMPTOMS OF BACTERIUM FRUN| INFECTIONS 0N PEACH FruNT
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SECONDARY SYAMITOMS JF BACTERIUM PRUNI G PEACH FrRUIT
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. spots may cohlesce, but the majority remain distinet. The kalo about the spot

causes it superficially to resemble young spots caused by the peach-scab fangus.
This type iz partienlarly common on the earlier-maturing varieties, smch asg
Carman and Early Rose, but it may oceur on ail varietles and was observed
frequently on the Elberts in Arkansas in 1929.

Gum-fine type—QOccasionglly gum exudes from the diseased ilssmes, causing
the spot to be confused with injuries caused by chewing inseets, If the gum
iz lifted away carefully the identity of the spot generaliy can be determined.
The copicus preduction of gum such as is illustrated in Plate 5, B and G,
aithongh found on certain varieties of clingstone peaches, is rather exceptional
for most other varieties of the peach, the vast majority of ithe spets remaining
free from pum throughout the season.

There are certain other symptoms on the fruit which are of con-
siderable aid in identifying the spots. One is the production of
exudate from the young spots. (PL 8, Cand D.) This phenomenon
has been noted occasionally on spots 2.0 mm. in diameter, but is much
more comimon on slightly larger spots. The exudate is slightly viscid
under conditions of high humidity, yellowish in color, and dries into
small hornlike projections. Occasionally there s & small bit of epi-
dermis resting on top of the mass of exudate which would indicate
that the epidermis was torn away by the pressure of the mass of
bacteria below it. This exudate serves as inoculum for subseguent
infections which occur every season, but are more numerous in rsiny
seasons when conditions are exceptionally favorable. When these
secondary infections oceur, spots of varying ages and stages of
development are present on the fruit, ranging from the merely dis-
coloreg areas (primary symptoms) of very recent infections to large
cracks (secondary symptoms} where the older spots have coalesced
and the tissues have been ruptured by the growth of the fruii.

The fruit spots, particularly those more advanced, are so char-
acteristic that there is little likelihood of the disease being confused
with other troubles to which peach fruit is subject. However, as
mentioned before, the small spots at the stage when the first cracks
begin to appear on the peach may be confused with scab spots. This
is partienlarly true of the pin-point type if the spots occur on the red
or blush surface of Early Rose or Georgia Belle fruit. Peach scab.
however, is very superficial, and the true identity of the bacterial
spots can be determined if the epidermis is scraped away and the
necrotic area in. the tissues revealed.

Mild cases of arsenical injury to the fruit possibly might be con-
fused with the young spots caused by the pathogene, especially the
pin-point type. The symptoms resulting from severe arsenical injury
are very distinet and can be distinguished readily from Bacteriwm
pruni spots.

The writer has seen one nstance i which the injury to fruit re-
sulting from copper dust applied fo peach trees might be confused
with the pin-point type of infection,

TWIGE

Rorer (34) was the first investigator to report the occurrence of
Bacterium pruni lesions on peach twigs. In the course of his studies
he observed cankers on the twigs of the current season’s growth gnd
obtained cultures of the orgenism from them,

73122°-32 2
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Rolfs (33, p. 353) stated that the twig lesions usually appear dur-
ing the month of May or June. According tohim,“* * * the first
visible indication of ‘& ecanker s the appearance on the young shoots
of a water-soaked spot surrcunding a lenticel.” He, too, was success-
ful in obtaining cultures of the organism from the diseased fissues.
- Roberts (37) mentions the occurrence of twig cankers and gives a
brief description of their external appearance.

Notwithstanding the work of these investigators, considerable con-
fusion still exists concerning the cankers on peach twigs. This prob-
ably is due to the fact that they are much scarcer than the work of
Rorzer and of Rolfs would indicate, and also to the fact that arsenical
injuries and other spots, especially a reddish nonparasitic spot, fre-
quently have been identified erroneously as true bacterial-spot
cankers.

The youngest lesions the writer has observed have been water-
soaked areas on the twigs. They involved more than one stoma and
were not considered the first stage of canker development. Slightly
older lesions were brown to purple black in color, only slightly sunken
in the center, circular to elliptical in shape, with water-soaked mar-
gins. {PL 6, A} They were not confined to any one side of the twig
or to a particular location, but occurred at and between the nodes.
The true nature of these lesions was established by isolating the
organism from the diseased tissue and proving its pathogenicity in
subsequent Inoculation experiments.

A further stage in their development was observed later in the sea-
son when cankers 10 mm. long, elliptical, with their long axes parallel
to the long axis of the twig, were noted. The epidermis in the center
of the diseased area was ruptured, and gum was oozing from the ne-
crotic tissues. The individual cankers had started to coalesce, form-
ing elongated areas of blackened and sunken tissues. While increasa
in size mainly was parailel to the long axis, there also was a tendency
for the lesion to spread sidewise and encircle the twig. No case was
observed in which the twig was girdled corpletely by a single canker
but practically the same result was achieved by the lateral fusion of
adjacent cankers.

each twigs are yellowish green to green during the early part of
the growing season, and consequently the dark lesions are quite con-
spicuous on them. Toward the end of the growing season, however,
the twigs become dark green and the bacterial canﬁers are no longer
conspicuous.

In the literature there is very little mention of the appearance of
twig cankers during their second season. They are not common in
(Georgia orchards, but & few have been found each year after an
intensive search for them. These overwintered cankers are ellipti-
cal in shape and black in color. The bark is ruptured, and in some
cases considerable gum oozes from the diseased area. Those ob-
served ranged from 8 to 24 mm. long and from 2 to 7 mm. wide.
Their general appearance is shown in Plate 6, B, and Plate 2, A.

ECONOMIC TMPORTANCE

The economic losses resulting from ocutbreaks of Bacterium pruni
may be divided into three categories:

-
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(1) The devitalizatlon of the tree, with it mapifold consequences as the
resnlt of defoliation.

(2} Eilling of twigs,

{3) Damage to the fruit edch season as the result of direct infection.

The average orchardist is inclined to consider the third effect as
the one of paramount importance. It must be admitted that this
direct injury is more tangible, but in all probability the devitaliza-
tion of the tree is of equal if not greater importance.

DEVIDATIZATION OF TREE

The devitalization of the tree is brought about by the continued
dropping of infected leaves throughout the growing season. The
extent of this drain on the vitality of the tree is well illustrated in
the following observations reported by Gardner, of the Indiana
AgriculturalrExperiment Station, to the Bureau of Plant Industry,
United States Department of Agriculture:?

Mr. H. E. Newland ascertained the rate of defoliastion on 18 representative
trees in these plots daring the 9-day period between July 26 and August 3,
1923, and found that single trees !ost as many as 1,226, 1,340, 1,538, and even
1,848 leaves during the period mentioned. The lowest figure was 314, The
average dnily rate of leaf fall varied froix 32 to 200 per tree, a condition which
is really appalling apd illustrates well the destructiveness of this dizease,

It is very diffienlt to measure quantitatively the after effects pro-
duced by defoliation, but various forms of winter injury and reduc-
tion in the size of the crop as the result of improperly nourished
buds are frequent aftermaths of severe outbreaks of the disease. It
is not to be inferred that these necessarily attend every outbreak,
;Jut l’&hey have been observed from time to time in widely separated
ccalities.

RILLING QF TWIGS

On the peach the injury to twig growth resulting from the forma-
tion of cankers is of minor importance, but on susceptible varieties
of plum the organism frequently causes severe damage by girdling
the young, developing twigs.

DAMAGE TO FRUIT

The injury to the peach fruit may be as low as 2 per cent on indi-
vidusl trees in seasons unfavorable to the development of the disease,
while in an exceptionally favorable season it may reach 100 per cent
on wezak trees and range from 33 to 76 per cent on average trees.
These figures are based on actual counts made in Georgia orchards.
Although they can not be applied to more northern orchards, they
give some indication of the variability of the disease and how serious
it may become in scmne seasons.

In 1925 the disease was not prevalent in the Fort Valley section of
Georgia, and the percentage of infected fruit on the individual trees
(Table 1) ranged from 2 to 21. In 1926 the disease was present
in an aggravated form, and the figures in Table © clearly indicate

T Orrox, (. R, and Woop, I. I, DISEASES GF FRUIT AND NTUT CROPS IN THE UNITED
BTATER EN 1023, [I, 8. Debt. Agr., Bur. Plunt Induy, I"lant {Mgeasge Survey Bul, Sup. 33:
5147, 1524, [MImeogrophed,] :
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the incresse in the prevalence of the disease as compared with 1925,
The difference in the number of infected fruits on the average trees
and ths weak trees (Table 2) is also quite proncunced. In 1927 the
percentage of infected fruit was about midway between that of the
1925 and 1926 seasons, It varied from 14 to 56 per cent. (Table 3.)
These figures do not represent the commercial loss to the growers,
because part of the infected fruit was injured only slightly and could
be marketed.

TirLE 1.—Number and pereentege of Blberte frudf infected with Ruclerium
pruni in ¢ peach orchard ai Barrons Lane, Ga., {n 1925

rfr‘]':ﬁ‘ Infected Tound Tree No, Tr'gﬁ] Tnfocted Bound

Number|Numb:r| Per of.| Number: : Number| Number | M mher
s} 11 2 713 o8 ) 9 g il
B 7 53
3 10
i) 11 a8
14 3 ]

El

TABLE 2 —Number ond percentnge of BElberta fruil infected with Bacteriwm.
prusti in a peech orchard having average irecy ¢f Fort Velley, Ga., end in a
peach orchard having weak treez at Byron, Ga., in 1926

Coodition| mgey Condition

nn](:!q 21 bty Tnfected Sonnd an%_ trea %f Infected Sound
0. a,

Number| Niember N umber . [|¥Weak--Con.| Number| Number N mber
510 336 G 124 4 B, 2 22 100 4]

4158
213
267
128

=T R Nl

%]

TarLyn 3.—-Number and pereentage of Hlberte fruil infected with Baoterium
prumni fit ¢ peach orohard at Burrons Lane, Ga,, in 1927 on everdge irees

?r':’tﬁ] Infected Bourd ?rﬁatl Tofected Sound

Nitmber . | IViesber 3 Number, . | Number,
578 35 355 82 &12 417 305

In estimating the commercial demage many economie factors, such
os the grades pscked during the season, grades maintained by the
individual grower, and the demend for the fruit, must be considered,
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but ean not be evaluated properly. For example, in 1926 Georgia had
a_tremendous crop of peaches (17,963 cars). The markets were
giutted and sluggish; consequently, the high percentage of infected
fruit did not cause the monetary loss that it did in 1929 when the
crop was short (5,298 cars) and Racterium prumé again prevalent.

Taking these points into consideration the writer considers it prae-
tieally impossible to measure in dolars and cents the loss resulting
from the infection of the fruit. Orchard counts such as tabulated
here give a comparative indication of the extent of the infection from
year to year.

Another and neglected phase of the fruit injury which should be
pointed out is that peaches severely injured by the pathogene do not
make good canning stock. The injury to the fruit by the organism
is of such a nature that great difficulty arises when the fruit is peeled
by treatment with lye. In this process the skin is readily removed
from a normal peacg, legving a smooth surface, but when a severely
infected pesch is treated similarly a very inferior product results.
The skin about the spots does not peel readily, and when it does peel
the surface of the peach is left pitted. Such a product is unsatisfac-
tory and this has led canners to reject fruit showing heavy infesta-
tion. This results in further loss to the grower, who s thus unable to
salvage in some years a considerable portion of the infected fruit.

Plums are frequently more severely damaged than peaches. No
counts were made, as only an occasional orchard of the susceptible
varieties of plum is to be f)c,)und in Georgia at the present time, Some
indication of the damage to the plum can be gleaned from the fact

that in the early years of the present century pTums Were grown very
extensively in central Georgia only to fall prey to the ravages of
Bacteriwm pruni. What was at the time an important and extensive
industry is now represented by a few scattered plantings.

GEQGEAPHIC IMSTRIBUTION

The bacterial spot disease has been reported definitely from the
United States, Canada, and Japan. Bacterial leaf spots and twi
cankers on plum and cherry have been reported from England ang
the Continent by various investigators (4, 48, 49), but the causal
organisms are different from Bacterium pruni. The same conditions
appear to be true of a prune leaf spot in South Africa, according to
information reseived from P. Van Der Bijl, of the JUniw,rsity of
Stellenbosch. {he disease has not been reported from the fruit-grow-
ing regions of Australia.

R. H. Porter,” of the University of Nanking, China, mentioned
the occurrence of a leaf spot of peach in the vicimt¥ of N anking that
resembles the spot caused by Bacterium pruni. No isolations were
made, however, so the identity of the causal agent is in doubt.

It is not known in which of these sections the disease originated.
Either North America or Asia might be the native home of Bae-
terium prund, but it has become so widely distributed and occurs on
so many hosts that it would be difficult or impossible to determine its
original home.

* PoRTER, R. I1. A PRELIMIMART REPGST OF SURVEYS FOR PLANT DIFEAAES [N EAAT CHINA.
T. 8. Dept. .. Bur, Plant Indgs, Plent Disease Burvey Buf, Sup, 46: 53-186, 1926.
{Mimeograpbed.]
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In the United States the bacterial spot disease has been found on
various hosts in an area extending approximately from 30° to 45°
north latitude and from 71° to 100° west longitude. Within this
sres there is great variation in such ecological factors as tempera-
ture, precipitation, and topography, and it is only natural that the
disease varies from year to year in any one particular locality.

Throughout its entire range the disease has a fendency to become
'most prevalent in those regions where the soils are lacking in fer-
tility and the trees are in a weakened condition, or in hilly sections
wher]e the trees on the hilltops suffer from the lack of food ma-
terials.

The sand-hill section of North Curolina and South Caroling is
probably the region where the disease attains its greatest importance.
This is due to the fact that the Carolina growers, to avoid competi-
tion with the Georgla orchards, have had to plant two of the most
susceptible conumercial varieties, Elberta and J. H. Hale,? in a sec-
tion where conditions are particularly favorable to the developmernt
of the disease. A somewhat similar condition exists in southern
Indiana and Ilinois, where the disense is a serious problem prac-
tically every year. ’

The fact that the disease is most destructive to trees in a low state
of vigor has been observed many times and served as a basis for the
first control work carried out by Roberts (37} n 1913 to 1915.

The disease has never been reported from the large fruit sections
west of the Rocky Mountains.

The distribution of the disease in the United States is shown in
Figure 1,

HOSTS

The organism causing the bacterial spot disease has been reported
as occurring only on species of the genus Prunus, In 1981, however
Kuwatsuka (28) demonstrated that Sorbus joponica could be infected
with the production of galls ai the site of the 1noculation, but no such
disease of 8. japonice 15 known to occur naturally. He was unsuc-
cessful in his attempts to infect the following genera of the Rosacene:
Amelanchier {1}, Chaenomeles (2}, Crataegus (1), Cydonia (2%,
Eriobotrya (1), Kerria (1), Malus (3), Photinia. (2), Pyrus (2},
Ra hicg.e is (1), Rosa (4), Rubus (b}, Spiraea (2), and Stephan-
endra {1).

The disease has been reported in Towa on Prunus besseyd, on culti-
vated cherries, and on an unidentified species called the Rocky
Mcuntain dwarf cherry; on Prunus umbellgie in Florida; and on
cultivated cherries in New York. It is unfortunate that the reports
of the disease on these hosts have not been confirmed by isclations
and cross inoenlations to peach and plum to establish definitely the
identity of the causal organism.

¢ In normnl sensons ENe comparatively reslstapt Hitey would ripen in the Caroitnas
nbout the time the bulk of the Elberta erop wus belng sfilpped from Georgin, The Hiley
Leing n white-fieshed varlety generally does not commund a aatisfactory price when foreed
to compete In the pamme mariet with the yellow-ieahed Elberin.
m“ 'I;hfé é:umhers in purenthesrs following the genera ludicate the number of specles
aculated,
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In 1928 the writer had the opportunity of observing the infection,
under natural conditions, of & new host. The plant in question,
Prumus dowidiang, an Aslatic species, was grown af Fort Valley, Ga,,
by Lee M. Hutchins, of the United States Peach Disease Field Labor-
atory, from seed imported directly from China, and was set out, as an
experimental planting, in a block adjoined on two sides by large
blocks of Elberta trees in which the bacterial spot disease was known
to oceur. On June 6 numerous spots, similar to those produced by
Bactertum pruni on peach leaves, were observed on the leaves of
P. davidiane. (Pl. 1, D.} Cankers, which were more conspic-
nous than these produced on the peach, were observed ab the same

IFaorp 1. —The distribution of Baeterinm pruni in the Doited States. 'The organism
ntrd the dlsense It produces hnve been reporied from every State marked witir a dot

time on the twigs. (PL 1, B.} A yellow bacterial organism was
isolated from these leaf spots and twig cankers, and when inoculated
into peach leaves and twigs it produced typical sympioms of the
bacterial spot disease. This organismm was grown slso on various
culture media, and its veactions were identical to those of Bact.
prund isolated Tfrom the peach and plum. It was concluded, as the re-
sult of these cross-inoculation experiments and the laboratory studies
that the organisip isolated from P. devidiana was Baet. pruns
E. F. Smith. The disease was found again in 1929 on this host
and the symptoms were identical with those observed in 1928,
The known susceptible species are given in Table 4, with certain
other pertinent data,

~
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TABLE 4.—Lisl of plants suscepiible v Bagterium pruni

SBcientific name Common nalte Investigator

Prinus selicion

Prunus persice

Prunus ay lara,

Prunus persies var, nucipersica
Prunus avium ... ...
Prupus hoergerisna. emem
Prupus cpass
Prunus donarium sub sp. clogans var. giabrr_
Prunus domestica.

Plon,
Chinese hush cherry___
S TG, Japazese apricot..
Prugos mame var microcarna
‘Prunus mume var. bungo.
Borbns leponleas__ - ] -
Prunus communis imond \
Prunus gavidiana eooe 1 CoDumegsn. ...

YARIETAL SUSCEPTIBILITY

The different varieties of peaches, plums, apricots, and nectarines
show considerable variation in their susceptibility to the attacks of
the pathogene. The plums show the greatest variation, according
to Rolfs (33), who prepared a comprehensive study of this phase of
the disease. The European and American varieties exhibit a marked
resistance te the disease, while the Japanese varieties are extremely
susceptible.

In Georgia the organism frequently kills many twigs of the Jap-
anese varieties through the formation of girdling cankers, Tue

orchard ng: in Figure 2 illustrafes this condition in a plum orchard

at Byron, Ga., where year after year the new growth was severely
affected by the organism. The plum was an unidentified variety
of the Japanese group, and although the leaves and twigs were very
susceptible the disease was never observed on the fruit. The be-
havior of the disease in this particular orchard was observed for
four years and, while the growth of the trees was affected seriously,
very few succumbed to the disease.

A plum, also of the Japanese group, observed early in the spring
of 1829 near De Jueen, Ark., exhibited almost the reverse of the
condition in the Georgia orchard. In this tree the fruit was very
severely attacked (pl. 6, C and D), while the leaves and twigs were
on’}g miidly affecte(ll).

he disease has been observed on trees of all the commercial varie-
ties of peaches grown in Georgia. The fruit of early-maturing
varieties is harvested before the spots have time to develop into the
Jarge cracks and fissures so charvacteristic of the disease on the El-
berta and J. H. Hule varieties, but typical symptoms appear on the
leaves and occasionally twig cankers have been observeci The frait
of the varieties Elberta and J. H. Hale is most severely affected
by the disease in practically all localities in Georgia. These two
varieties are quite susceptible to the disease, and their ripening sea-
son is late enough so that there is ample time for the development of
advaneed symptoms us well ag numerous secondary infections.

The writer has never found the twig-canker phase of the disease
to be very sbundant in the commercial orchargs of Georgia, Ten-
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nesses, North Carolina, South Carolina, Indiapa, and Arkansas.
In fact, as will be brought out later, true cankers are exceedingly
scarce and difficult to find.

PATHOLOGICAL HI3TOLOGY

Sreith (42), Lewis (25), and Rolfs (92} have discussed the path-
ological histology of the disease with particular reference to the

© TREE WITH I—5 TW/ES DEAD.

@ TREE WITH 6 —1/5 TH/ES LEALL,

O 7REE WITH INE-FOLRTH T0 ONE-IALF
THE TOTAL NUMBER OF TW/ES DEAD.

@ TREE WITH MORE THAN ONE-HALF THE
TOTAL NUMBER OF TH/GS CEAL.

O TREE SHOWING NO DEAD TH/FS,

Fiauae 2.-—0Orehard map showlng the extent of twig killing

due to the formation of Bacterium pruni canZers in &

glnm orchard at Byron, Ga. The sutvey was mede
eptember 4, 1924

plum. Adams (3) has commented on the histology of plum-twig
cankers. The discussion which follows will concern the histology
of the disease on the peach.

METHODS

Material was killed, embedded, and sectioned in the usual manner.
Killing solutions in which the reagents were dissolved or mixed with
large quantities of water were avoided, to prevent as much as pos-
sible the washing of the bacteria from the tisswes, A mixture of

78122°—82——3
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bichloride of mercury (3 gms.) and glacdial sebtic acid (8 ml) in
- 70 per cent alcobol (100 ml.) was found to be very satisfactory, and
bacterial coze on the surface of the fruit remained in sitit through
the entire process of killing, embedding, and staining. No 4diffi-
culties were encountered with the peach-leaf material, but the epi-
dermal hairs on the surface of the fruit mads it difficult to prepare
satisfactory mounts for photomicrographs. Fresh materisl of the
twig cankers was cut on a sliding microtome. Masses of bacteria
weore observed readily in unstained material -mounnted directly from
the knife, but genetally were washed out ‘during the staining process,
even though the sections tere transferred from the knife to 95 per
cent aleohol. B _ .

Carbol fuchsin was the most satisfactory stain, particularly if the
€xcess was removed with ulcohol and & eounter stain of light green
or orange G in clove oil applied. The diseased tissues retained the
carbol fuchsin and could bs-distinguished readily fromsurrounding
healthy tissues. Lee and Weller (24) have used a very similar
technic with satisfactory results in their studies on the red-stripe
disease of sugarcane. garbol fuchsin to which a trace of gentian
viclet had been added was also used in the study of the leaf tissues.

IEAF SPOTS . .

A microscoplc examination of sections prepared from peach leaves
reveals leaf-tissue structure of the normal type. The upper epi-
dermal cells are lar%e and rather irregular in oufline. A palisade
parenchyma is clearly distinguished, consisting regularly of two or
three layers of eIon%ate, more or less cylindrical cells, with their
long axes perpendicular to the leaf surface. The columnsr arrange-
ment graduelly becomes indistinet below the second layer as the
cells mer%e with the cells of the spongy parenchyma. The latter
consists of 8 very loosely arra,p%ed: network of cells generally slightly
longer than broad, extending between the lower epidermis and the
cells of the third layer of the palisade parenchyma.

The cells of the lower epidermis as a rule are somewhat smaller
than those of the upper epidermis, The important feature of the
lower epidermis is, of course, the presence of stomata.

The tissue structure changes abruptly when the veins are reached.
If the vein is a large one the palisade layer and the spongy paren-
chyma are completely obliterated, and their place is occupied by the
vascular units surrounded by a sheath of parenciymsa cells. Those
in the upper portion of the leaf, replacing the palisade cells, are
somewhat larger than those which replace the spongy parenchyma
tissue. There is a gradation from the condition described for the
Iarge veins to one wﬁere the vascular element of the very small veins
ig surrounded with a single sheath of small parenchyma cells, and
the normal structure of the palisade and -spongy parenchyma is
hardly disturbed. A very common condition, howsever, is that in
which the spongy psrenchyma is obliterated and its place taken by
a compneb mass of parenchyma cells while the palisade parenchyma
is not disturbed. ' _

In the discussion of the symptoms of this disease on the Ieaves it
was pointed out that the first macroseopic symptom observed is the
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resenice of a small spot in which the green color of the leaf has
faded. Sections prepared from material killed and fixed at this
period of development show the substomatal chamber and the cavities
n the spongy parenchyma completely filled with bacteria. (Pl 7,
B and D.) There is some indication that the cells of the spongy
parenchyma have been pushed apart, but this action is not pro-
nounced. In the palisade parenchyma, however, the cells are clearly
being pushed apart by long wedge-shaped masses of bacteria. The
cells in both regmns are only slightly plasmolyzed and are just begin-
ning to show the effects of the presence of the organism. The chloro-
plasts in the palisade cells apparently are affected as their reaction
to stains differs from that of the chloroplasts in normal cells. This
change in the nature of the chloroplasts explains the early msero-
scopic symptoms (1. e., slightly lighter green areas) mentioned above.
slightly older spots the celﬁs, in %oth the sponygy parenchyma
and the palisade parenchyma, show clearly the effects of the presence
of the organism. The contents of the cells have become disorganized,
the chloroplasts have practically disappeared, and the protoplasm
has pulled away from the cell walls,

At this stage in the development of the spot the cell walls are
intact, and the bacteria are entirely intercellular. The pushing apart
of the cells by the bacterin causes an increase in thickness of the leaf,
as indicated in Table 5, which is a series of measurements of the dis-
{;ance between the upper and lower epidermis in heslthy and diseased

EAVES.

Tarrp 5.—Increase in (Re thicknessz of peach leaves as the result of the presence
of Bacterium pruni in the figsues

- ‘Phickness Thickness y Thicknpss
Thickness 2l of invaded {| TOIkTess of | o invaded || Thickness of | of o vaded
area arca area

Micons Microns Microns Aficrons Aicrans

133. 0 150,40 148.2 129. 2 153.5
153.4 135.8 1330 1501
1520 148. 2
158 1 3 AV, 134.1 JAv. 1514

It is ipteresting to consider at this point the effect of the bacteria
on the tissues and how they bring about the death of the cells, The
most obvious effect is the splithing apart of the celis through the
dissolution of the middle lamella. This getion postulstes the isola-
tion of single cells and prevents the interchange of food materials—a
thing in itself that a priori would be sufficient cause for the subse-
quent disintegration and death of the cells. However, before this
splitting and 1solation of the cells takes place there is another effect
which the writer feels is perhaps the primary reason for the death
of the tissue, Il)la,rticularly n the spongy parenchyms.

In the healthy tissues these cells are af?orded an abundant supply
of oxygen and water vapor through the connection with the stomata.
When the bacteria invade thy tissues and fill the large interceilular
cavitles the supply of oxygen is cut off, or at least very materially
reduced, and the hypothesis is advanced that the cells are actuall
killed by asphyxziation. Rosen (85) working independently, althougi
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" at the same lahomtorj?.as. the writer, recently has advanced this hy-

pothesis in connection with his studies of the fire-blight organism.**

- Complete disorganization of the leaf tissues in the 1nfected region
ensues very soon after the bacteria have separated the individual
celis. The cell contents become completely plasmolyzed, the cell walls
collapse, and some of the walls becoming ruptured, the bacteria
enter the cells, Because of the complete collapse of the tissues (pl..
7, B), the infected area, instead of being thicker than the adjacent
healthy part of the leaf, now becomes thinner. It is difficult to
_ prtg{pare sections of the advanced stages, as the dead tissues crumple
and teer, producing very unsatisfactory results. The necrotic areas,
unlegs they fall out (sgot-hole effect) are invaded by saprophytic
fungi, and the pathological picture is further complicated by their
- presence.

During the spring and esrly summer the shot-hole effect in the
leaves seems to ba due to a passive breaking away of the deed tissue
without the formation of a special separation tissue about the area
kilied by the causal organism. It has been pointed out that the
spread of the organism within the leaf is delimited by the vascular
units of the small veins, and the points of separation between the
dead and living tissues occur adjacent to these vascular units.

Duggar (13, p. 63}, in his study of the shot-hole effect, observed
the same passive breaking away of the dead tissues. He deseribed the
process as follows:

I anticipated finding some pnusual cellular development along the line of:
abseission, but free-hand sections of varicus stages indicnte that advantage is
taken of the nermal leaf development. The cells which make up the minutest

ramifications of the velnlets seem to afford a2 place through which & break
most readily cceurs with least injury to delicate paris adlacent.

Toward the end of the growing season the pathogene occasionally
does not invade all the tissues between the veins. In these cases the
intercellular spaces in the uninvaded spongy parenchyma are com-
pletely occluded by the resumption of cell division, and a layer of
cork cells forms a barrier between the dead tissues on the one side
and the healthy tissues on the other. The break, which frees the
dead tissue, oceurs at the cork layer which is left as a protective layer
covering the healthy tissues. Tﬁe meristimatic activities, which pro-
duce the acclusion of the intercellular spaces, stop abruptly when
the vaseular uni$ of s vein is reached, so that even in the late sum-
mer the activities of the pathogene still are delimited by the small
veins.

Samuel (39), in a study of the infection of almond leaves by
Clasterosporivm carpopkilum &Lev.) Aderh. in South Australia,
observed that in the spring snd early summer the infections were
sbscissed practically always, but thet in the latter part of the sum-
mer abscission may not occur. Even in the latter case he found
that certain cellular changes occurred, involving the suberization
and lignification of the cell walls. Apparently he did not encounter,
to any extent at least, the passive breaking away of the tissue with
the utilization of the vascular units and the cells immediately sur-
rounding them as barriers to protect the healthy tissues.

1 Baclllus amylovorue (Burr) Trev.
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FRUIT SPOTH : _
. A radial section of the outer portion of a peach fruit reveals a
" very irregular epidermis, consisting of single horizontally elongated
cells and cushions of several small cells separated at unequal intervals
by the basal portions of the epidermal hairs. The outer margin of
" the epidermis is covered with & moderately thick cuticle which dips
up and down following the irregular contour of the cells, The inner
margin is rather uniform, the bases of the hairs, the bases of the
elongated cells, and the lower cells of the cushions in the main being’
at one genersl level.
. The epidermal structure is broken at irregular intervals by the
stomata which, in the varieties studied (¥iberta, J. H. Hale, Car-
man, and Early Rose), occur in depressions between the horizontally
elongated cells or between the cushions of small cells. .
3 The hypodermis is not very clearly differentinted, but may be said
" fo extend downward 6 to 10 cell layers: The cells directly under
the epidermis are much flattened, but the succeeding layers become
more and more isodiametric until they merge with the large paren-
chyma cells of the pulp tissue. This gsion of the two tissue systems
is very gradual, and it is difficult to indicate in a given section whers
one ends and the other bhegins.

Vascular bundles are scattered through the pulp tfissue, but they
never have been observed in that portion invaged by the organism
and need not be considered in this discussion.

The writer has been unable to produce infections by spraying or
otherwise inoculating the peach fruit with pure cultures of the
pathogene, and, therefore, has been unable to observe the entrance of -
{he bacteria throngh the stomata and the initisi stages of infection.
The earliest stage observed is that in which masses of bacteria are
collected in the intercellular spaces below the epidermis in the viein-
ity of the stomata. (FL 7, A, 8.) The hyprdermal cells in this sarly
stage of the disease are not visibly affected; however, by tbe time
the bacteria have completely surrounded the cells the protoplastic
contents may be seen as a p{,asmolyzed: mass at one side of the cell.
The walls soon collapse and a distinct eavity is formed. (PL 7, A.)

- This cavity is confined to the bypodermis and may extend from just
beneath the epidermis to o depth of 8 or 10 cell layers, or it may be
shallow and involve only 3 or 4 cell layers. '

Ths cells of the epidermis while apparently affected, as indicated
by a change in staining reaction, do not collapse but remain as a thin
membrane over the bacterial cavity. Eventually the epidermis is
ruptured either by the stretching of the fissue in growth or by the
upward pressure of the mass of becteria which then exudes through
the rupture. The writer is inclined to believe the latter interpretation
is the correct one, ss small bits of epidermal tissue have been
_observed at the top of the “ hornlike ” mass of dried bacteria which
has oozed from the cavity.

The epidermis before it ig ruptured probably protects the bacteris
from desiceation and the toxic action of sunlight ; after it is raptured
the period of sctive cell destruction comes to an end. The baeteria
almost completely djssﬁapear- from the cavitg' proper, but can be
detected between the cells forming the sides of the cavity,
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A periderm is initiated in the vicinity of the cavity, snd s layer of
-wound cork, starting at the epidermis on one side and passing
‘disgonally through the hypodermis and under the cavity and up
to the epidermis on the other side, surrounds the affectsd region.
This layer of wound cork effectively prevents the desiccation of the
healthy cells below the cavity. A wumber of noninfected cells are
present in the occluded region, but they are not _atbsequently attacked
by the bscteria. In view of the rapid and total cell destruckion
brought sbout in forming the initial cavity, it is remarkable that
secondary cavities are not formed in the noninfected tissue remaining
in the occluded region.

When the bacteria emerge and the period of rapid cell destruction
is ended, the macroscopic appearance of the spot is merely that of
a slight depression in the surface of the fruit with a small rupture
in the epidermis. The ronghened surface of the spots and the ex-
tensive cracking that frequently develops are both secondary effects
of the disesse. The roughened surface oceurs in part because the
remnants of the collapsed hypodermal cells are forced to the surface
with the increase in dismeter of the fruit, and the cracking because
of the failure of the cells of the wound cork to expand at 2 rate
commensurate with that of the surrounding tissne. It is these later
stages which make the disease of such economic importance, since
the appearance of the fruit is so strikingly marred. The bacteria, of
course, initiate the whole train of events by killing the small pocket
‘of tissue, but the cracking and the irregular surface are aftermaths
brought about by the subsequent growth of the host.

IWIG CANKERS

The study of the histology of twig cankers has been hampered
by the difficulties involved in obtaining authentic material.

A cross section of a young prach twig revesls nothing unusual in
the type of stem structure. The epidermis, covered by the cuticle,
is one cell thick and js broken at intervals by the stomata which are
placed below the genera] level of the epidermis. The tissue beneath
the epidermis consists of a variable number of layers of parenchyma
cells, loosely arranged, and with definite intercellular Spaces con-
nected to the substomatal chambers. Embedded in the parenchyms
at irregular intervals are cells contaiming masses presumably of
caleium oxalate erystals. The cortical parenchyma is separated from
the vascular tissue by a band of contiguous groups of thick-walled
bast fibers, which very effectively confines the ctivities of the patho-
gene to the corticel parenchyma; and only rarely does the pathogene
gain entrance to the phloem region by destroying the parenchyma
cells befween the groups of fibers,

Although actuaﬁp{;netmtion of the stomata of the young twigs has
not been observed, masses of bacteria have been seen just under the
stomats in such a position that their path of entrance is clearly
indicated.,

The organism, after it gains entrance to the twig tissues, occupies
the intercellular spaces in the parenchyma tissue just below the
stomats. The walls of the cells in the invaded region become thick-

~ened and brown in color and many of the cells are filled with a
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‘brown, . gummy substance. Those cells collapse in which the walls
are not setually ruptured, and the walls are pressed together as
though they were. under .a pressure radislly. Bacteria can be ob-
served in.those cells where the walls have been ruptured, and eventu-
ally distinet eavities are formed in the tissues by the breaking down
of the cells. Whether the cavity results from the actual destruction
and decomposition of the cellular material by the bacteria or is
merely the result of the pressure exerted by the mass of multiplying
bacteria is not tlear.

The bacterial cavities may be just beneath the epidermis, in
which case the structure of the stem is not seriously disrupted.
Often, however, the cavities are formed more deeply in the tissues,
at times being adjacent to the ring of bast fibers. The invaded
region is soon separated from the healthy tissue of the stem by the
initiation of o wound periderm which extends from the epidermis
on one side of the region diagonally through the cortical parenchyma
to the epidermis on the other side.

Since the pathogene is confined almost without exception to the
cortical parenchyma and the vascular system is scarcely affected,
it is easy to understond why wilting and killing of peach twigs
rarely accompanies the formation of these cankers. ]?n the plum
the situation is quite different, in that the bacterial cankers occur
not only in the cortical parenchyma but also in the region of the
phloem, thus seriously interfering with the translocation of food
materials. A possible explanation of this difference in behavior may
lie in the fact that the groups of bast fibers in the peach twig prac-
tically are in contact with each other, while in the plum they are
separated from each other by three or four cells parenchymatous in
nature, affording, through the increased number of intercellular
spaces, o means of entrance to the vascular cylinder.

THE PATHOGENE
ORIGINAL DESCRIPTION OF THE ORGANISH

The original description of the organism was published by Smith
(40) in 1908 as = species of Pseudomonas, and is reproduced here in
inll:

The orgonism is distinetly yellow and growa readily in ordinary culture
media, bonitlon, milk, potate, agar, ete. It was easily obtalned in pure culture
from small spots. In agar-plate cultures it looks much like P. campestris, but
is readily distinguished by its feebler growth on potato end by its bebavior in
Uschinsky's solution, which is converted by it from a limpid fluid to ope 43
viscid ag egg albumen. The bacteria are small o medivm size and occur
singly, in pairs, or short chains, They are motile by means of ope to several
polar fiagelle. The thermal death point is approximately 51° C. Gelatin is
pot liquefied rapidly. Litmus in milk iz redoeced, but finally refurns to its
former color, Casein fs §7owly precipitated and finally redissoived. No gns is
nroduced from any medinm.

The essential characteristics of the organism are mentioned in the
above description, but it is to be regretted that Smith did not am-
plify this description at a later date. However, two of the most
ymportant characteristics, i. e., growth on Uschinsky’s solution and
failure to produce gas on any medium, are given in this description.

Rolfs (39), in his monograph on the disease, discussed the mor-
phological and cultural characters in much greater detail. With
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the exception of the discussion of acid production on carboh drate’
media, the writer agrees with Rolfs’s ogservations on the behavior
of the ox(‘ga-nism in culture. Accordingly, the bacteriological studies
presented in the following pages are not to be construed as criticisms
of the earlier work, but rather as confirmatory evidence.

SOURCES OF TRE CULTURES

During the period 1925-1928 cultures were obtained from 23 dif-
ferent sources and grown in the laboratory on various media, Seven
of these cultures were obtained from Delaware through the courtesy
of J. ¥. Adams, and one culture was obtained from Erwin F, Smith.
Theb othe;'s were isolated from different sources by the writer,
(Table 6.

TAMLE 6—8ources of Baoterium pruge cultures used in the besterfologivcal
studiey

Isplation Dain Bonrees of cultures Locality

S Apr. 30,1085 .. Smn&] apot on Elberta peack

May 4, 1026, . 9.

Nacrotic spot on
Emall spot on E}
-| 8mall spoi on Elberts

on
do

--} Exudete on plum jen
8pot. on Elberta

MORPHOLOGY
The organism is a short rod, with rounded ends usually occurring

singly, although cccasionally in pairs. Smears from young infec-
tions on peaches yielded bacteris measuring 0.84 ¢o 174 long and
from 0.2p to 0.8, wide. The majority of the organisms were L4u to
L7u Ioni and 0.6p to 0.8s wide. Smears from dextrose agar cultures
yielded bacteria which measured 0.8 to 1.04 long and 0.2x to 0.4
wide, although 2 few were seen that were as large as those present in
the smears made from the fruit.

Smith (}0) and Rolfs (83) found the organism to be motile b
means of obe to several polar flagella. Motility in the writer's cul-
tures has been observed very clearly a number of times with a dark
field objective. Flagella have been demonstrated by the Casares-Gil
method and by the method devised by Rosen.2® Ib1‘1'16 writer never
has observed more than one polar flagellum attached to an organism
in any of his preparations,

No spores have been observed on any of the smears. Attempts to
demonstrate the presence of spores by the chromic-acid-staining
method gave negative results,

™ This method, although unpoblliabed, was ureq through the courtesy of H. B. Rosen, who
demongtrated the proe: 2 to the writer,
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Capsules were observed in cultures 9 days old, stained according
to Moore’s technie. _

The organism is stained readily with aqueous methylene biue,
Ziehl's carbol fuchsin, and saturated alcoholic gentian violet.

Rolfs (33) considered the organism to be Gram-negative although
the results in manv of his tests were not sharp and decisive. The
writer tested five different isolations with Hucker’s ammonium oxa-
late modification and in !l cases the erystal violet was completely lost
when the smears were flooded with 95 per ent alcohol or acetone.
According to these results the organism is Gram-negative.

CULTURAL CHARACTERS

DEXTROSE ACAR STANTS

On dextrose agar (pH 6.4) growth was visible after 24 hours as 2
colorless filiform line following the path of the needle. At the end
of three days the bacterial mass had started to spread over the sur-
face of the agar, After eight days the growth was sbundant, smooth,
light cadmium ® in color, broadly filiform, glistening, translucent,
and convex to capitate. No odor was present and the agar was not
discolored. When viewed through transmitted light the center of
the culture was darker thas the margins. The bacterial mass had
started to flow to the base of the slant and the mass was stresled
with currents ” or bands of licht and dark color. Growth com- .
pletely covered the slant in 28 days.

DEXTROSE AGAR STARS

In stab cultures on desxtrose agar (pH 6.4) growth was slower in
appearing than on the slants of the same agar. After three days it
was distinetly visible as 2 tinely Leaded line following the path of
the needle halfway to the base of the tube. A small circular colony
was present on the surface at the point of inoculation. After eight
days the growth was distinetly echinulate but had not extended to
the base of the tube slong the path of the needle. Af the end of 28
days the grawth was still echinulate, the agar was not discolored. and
there were no signs of liquefaction of the medium. The agar at the
surface was completely covered. and the organism had reached the
bottom of the tube along the path of the needle.

BEEF-ETTRACT AGAR SLANTS

Growth appeared after 24 hours on beef-extract agar (pH 7.4}
as a faint colorless line following the path of the needle. After
four days it was clearly discernible as a filiform line following the
Bat’n of the needle and widening at the base of the slant where the

acterial mass was slowly collecting. The growth was rather
scanty, smooth. empire yellow in color, slimy to viseid, and trans-
lucent. No odor was present, and the agar was not discolored. The
center of the bacterial mass was Jarker, giving the mass a mottled
appearance when viewed by transmitted light.

13Phe following publication was used as the bpsls of color determinations in thesa
- £,

stydies 1 RIDEWAY, COLDI STANDARDSE AND COLOR NOMENCLATURE, 43 p., ilue. Wagh-
Ington, B <, 1913,

3125 — B2t
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At the end of 28 days the-character of the growth had changed
very little. It was decidedly viscid and light cadmium in color but
halt-lynot spread over the sgar to any extent. The bacterial mass did
not cover the surface of the slant at the end of 40 days. This was
markedly different from the growth on dextrose agar, where the
bacteria had covered the entire surface of the slant in 28 days.

BEEF-EXTEACT AGAR STABS

In stab cultures of beef-extract agar (pH 7.4) growth was slow
in appearing. At the end of four days a fliform growth followed
the path of the needle halfway down the stab, A small circular
colony was present on the surface abont the point of inoculation.
Bacterial growth reached the bottom of the tube after 11 days, and
as the cultire aged the growth became echinulate in character. No
discoloration or liquefaction of the agar was observed,

BEEF-EXTRACT AGAR PLATES

Colonies on plates of beef-extract agar (pH 7.4) were just visible
after 48 hours at laboratory temperatures (24° to 26° C.). The
eolonies were white in color with a faint tinge of yellow. When
gxamined under a binocular microscope the surface colonies were
slightly raised, circular to oval in shape with an entire margin and
finely granular internal contents. A clear, almost colorless, band
surrounded the outer margin of the larger colonies. Buried colonies
were spindle or discus shaped.

The colonies assumed a definite yellow color at the end of three
days. At the end of 14 days the colonies on the surface measured
1.5 to & mm. in diameter. They were apricot yellow in color, circular
to oval in shape, convex in elevation, with a smooth surface, and the
internal structure was finely granular. The edges of the colonies were
entire. Buried colonies were generally less than 1 mm. in diameter,
apricot yellow in color, spindle to oval in shape, and generally both
buried and surface colonies were translucent. There was no discolor-
ation of the medium.

REEF-EXTRACT BROTH

On beef-extract broth (pH 6.9) a faint clouding of the medium
was visible after inoculation. In 48 hours the clouding was marked
throughout the medium, and there was a faint trace of surface

rowth in the form of a membrane. By the end of the ninth day
there was a marked surface growth which settled to the base of the
tube as white flocculent sediment when the tubes were agitated. The
broth was translucent but not transparent, and no odor had de-
veloped. The broth was changed to a viscons fluid with a consistency
much like egg aibumen in periods varying from 28 to 40 days after
inoculation.

DESTROSE® DBROTH

The organism produced very similar reactions in dextrose broth
(beef-extract broth plus 1 per cent Bacto dextrose). This medium
was also converted into s viscous fluid,
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POTATS CYLINTEBRS

Growth wag fairly abundant after two days. It followed the path
of the needle over the slanted surface of the cylinder and was wet,
raised, smooth, glistening, and between lemon chrome and lemon
yellow in color. The tissue of {he inoculated potato cylinders was
slightly discolored at the end of three days. At the end of five days
the bacterial mass had flowed down the slanted portion of the cylin-
der and was spreading over the rest of it. At the end of 13 days the
growth had practically covered the entire cylinder. A& the end of
32 days the %acteria ad spread over the surface of the cylinders
forming a thin film, with a slight metallic luster. The lodine test
for starch was as strong in the inoculated as in the nopinoculated
cylinders, indicating the absence of any diastatic action.

SODIUAL TAUROCHOLATE AGAR

Sodium taurocholate agar was prepared aecording to the direc-
tions of Patel (302 with the exception that Bacto peptone was sub-
stituted for Witte’s peptone. Growth was visible after 48 hours at
25° C. and in three days had developed slmost as rapidly as on dex-
trose agar inoculated at the same time. At the end of 30 days there
was little difference between the growth of the pathogene on sodium
taurocholate agar and on dextrose agar. The crystal violet in the
medium was decomposed almost completely. Growth on sedium
taurocheolate agar was more vigorons than on beef-extract agar. The
growth of Bacterium pruni, 3 gram-negative organism, was not in-
hibited by the crystal violet while the growth of a gram-positive
;}Jxl'lglgglgi_itsrg {(Staphylococeus sp.) used for comparison was completely

thited.
TSCHINSKY'S SOLUTION

A faint clouding of Uschinsky’s solution was present after four
days. No ring or pellicle formed in young cultures, but as the culture
incrensed in age these began to appear. The medium became transiu-
cent, and a yellowish precipitate collected on the bottom of the tubes.
The solution was not viscous at the end of 25 days, but on older
cultures (214 months) it becamne viscous like the white of egg.

The solution used in these experiments had the following formula :

Sodium chleride, Nadl
Caleinm chioride, CaCl
Magnesium suiphate, Mg8Q0,
Dipotassium phosphate, K.HPQ,
Ammoninm lactate, NELCTLO,
Sodium asparaginate, NoCH:0sN:
Glycerin, CyH.(OH),
All the ingredients except the glycerin were dissolved in a liter of
warm distilled water and then the glycerin was ndded. The solu-
tion was steamed for 20 minutes al 100° C.. then filtered through
paper, tubed, and sterilized 10 minutes at 110° C. )
Variations in the procedure of preparing Uschinsky’s solution have
considerable effect on the resultant solution, and the above procedure
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was strictly adhered to after first trials. In preliminary tests a
different procedure was followed, and the solution would not support
the growth of the organism.

COHN'S SOLUTION

Growth on Colin’s solution was very weak, being confined to a very
faint clouding of the liquid. There was no other ‘development,

FPHYSIDLOGY

LIQUEFACTION OF GELATIN

Growth was vigorous on slants of Bacto gelatin (pH 6.5). Lique-
faction was evident along the path of the needle after 42 hours, and
by the end of 5 days a narrow trough-shaped depression had de-
veloped. Bacteria were carried to the base of the slant with the
products of liquefaction, and as the cnlture grew older the slant was
completely separated from the gelatin in the lower portion of the tube.
Finally ail the material originally in the slanted area was liquefied,
and the bacteria rested as a yellowish mass (color between light cad-
mium and lemon chrome) on the unslanted portion of the medium
with the liquid above it. The process of liquefaction continued,
although the rate diminished as the volume of liquid above the
bacterial mass increased.

All the gelatin was liquefied after 85 days in most of the tubes.
At this time a bacterial mass, apricot yvellow in color, had collected
at the bottom of the tube. The liquid produced by the action of the
bacteria on the gelatin was elear.

In stab cultures of Bacto gelatin (pH 6.5) growth was just visible
at the end of 48 hours and was very evident at the end of five days.
Liquefaction had commenced in the upper portion but was not evi-
dent in the lower half of the tubes. The growth was first napiform
in character, althongh ne liquefaction was evident along the path
of the needle in the lower portion of the tube. From napiform
the growth slowly changed to infundibuliform, and finally a strati-
form character was reached in all tubes. At this time a bacterial
mass, light cadmium to lemon chrome in colov, rested on the still
solid gelatin with a Iayer of clear liquid above it. The process of
liquefaction proceeded slowly with the rate decrensing as the layer
of liquid increased. At the end of 35 days one-half of the gelatin
had been liquefied, and the bacterial mass, now apricot yellow, rested
on the solid gelatin. The liqiid above this was still clear. Growth
stopped at this stage, due probably to lack of sufficient oxygen, and
no further liquefaction was observed after an additional 12 days.

REACTIONS IN MILK

Bacto dehydrated millkk was nsed in these tests. The medinm was
sterilized on three siceessive days for 15 minutes at 100° C. Thera
was slight trace of clearing (whey formation) in the tubes 48 hours
after inoculation. In four days there was a cleaved zone at the tops
of the tubes 1 to 2 mm. deep in )} the tubes, and at the end of seven
days the cleared zone was 5 to 10 mm, deep, A curd was not formed.
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Jodidi {£2) has demonsirated that Bacterium prumi elaborated
proteolytic enzymes when grown in milk, and these enzymes prob-
ably produce an immedisate dissolution (peptonization) of the casein
and prevent the formation of a curd. Jodidi (27) also found that
tyrosine, leucine, and a mixture of the higher faity acids (myristic,
palmitie, and stearic) were some of the preducts formed by the
growth of Baet, pruni in skim milk. These maferials occur as
erystals and globular aggregates in the culture media. Reduction
of litmus began within 3 days and in the writer’s cultures was com-
plete in 12 days. In some of Rolfs’s (33) eultures the litmus was not
completely reduced at the end of 45 days.

AMMONTA FRODUCTION

Strips of filter paper saturated with freshly prepared Nessler's
solution and hung over 9-day-old beef-extract broth cultures became
slightly brown within a few minutes and were completely browuned
in 18 hours, denoting the production of ammonia.

HYDROGEX SULI'HIDE PRODUCTION

Strips of filter paper saturated with lead acetate solution did not
develop black color when hung over beef extract broth cultures,
indicating that hydrogen sulphide was not being produced. The
tests were continued for 18 hours with negative results.

BEDTCTION . OF NITRATES

Cultures on Bacto nitrate agar were {ested on the first, second,
and fourth days for nitrate reduction with sulphanilic acid and
alpha-naphthylamine. The results were negative. There was no
indication of ges formation in any of the tubes. Noninoculated
tubes also were tested and gave negative reactions,

INDOL PRODUCTION FROM TRYPTOPHANE BROTH

Cultures on Bacto tryptophane broth {(pH 6.6) were tested at the
end of 14 and 28 days with both the vanillin and the Ehrlich test.

The vanillin tests gave a positive reaction in practically all cases,
but the results from the Ehrlich test generally were inconclusive,
Noninoculated tubes of broth when tested by the vanillin method
gave negative reaction for indol but positive for tryptophane,

HEYDEROLYSIE OF STARCH

Streak cultures on plates of soluble potato-starch agar (pH 6.4)
were flooded with a saturated solution of iodine in 50 per cent aicohol.
One isolation was found to have no action on the starch, while
wnother isolation showed a very faint halo, indicating that the starch
was being acted upon. The eultures were i4 days old when tested,

RELATION TO FREE OXYOEN

Dextrose-agar shake cultures developed a yellow layer of bacterial
growth at the top of the agar. No colonies were visible below the
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surface, but it was felt that the turbidity of the agar might mask
.any small colonies present. However, if such colonies were present
below the surface of the agar they failed to develop to any appreci-
able size, as none could be detected in the tube st the end of 70 days.

The experiment was repeated, using nutrient gelatin to avoid the
turbidity of agar, and the resulis were the same. Growth was
present only at the surface. Since the organism liquefies pelutin, the
surface layer of growth wwas soon covered with the products of this
liquefaction. The liquefaction continued very slowly after the bac-
terial layer was covered with liquid, indicating that the organism
flourishes best when it has access to free oxygen,

PRODUCTION 0F HYDROXYL IONS FROM PEPTONE AND BEEF EXTRACT

This phenomenon was observed in the course of some experiments
to test Rolfs’s (87) statement that the organisin breaks down carbo-
hLiydrates and produces acid.

The experiments involved the use of dehydrated Bacto Andrade
indicator agar, a commercial product of the following compesition
Bactve beef extract 3.0 parts.
Bacte peptone. 3.0 parts.
Sugar, 100 parts,

Bacto agar 12,0 purts.
Andrade indicator —— C. 0275 part.
Sodivm hydrexide, NaQll - U 8.

Thirty grams of the agar powder was dissolved in 1 liter of
distilled water,

The following sugars were tested: Sucrose, dextrose, lactoss,
maltose, and mannite.

The fact that sugars themselves may be broken down by hydrolysis
during sterilization, as pointed out by Wolf (47), was disregarded
in these preliminary experiments, since any pronounced hydrolysis
and acid formation would be revealed by the change in color of the
indicator in the medimm and conld be taken into consideration at the
beginning of the experiment. The various media were faintly pink
in color after sterilization. indicating that they were slightly acid in
reaction. Noninoculated tubes were included as checks with each
type of media,

Growth on the wvarious sugar inedia was visible 24 hours after
inoculation. In the case of the sucrose, dextrose, and maltose media
the bacterial mass flowed down the slant and collected in a yellow
viseid mass st the base, Growth was not so ebundant on the lactose
und mannife media; the bacterial mass was confined to the slant
throughout the entire experiment and did not collect at the base.

There was no evidence of gas production in any of the media, and
the color of the indicator did not change from the faint pink to red
as would have occurred if there had been production of neid. In
fact, at the end of the experiment the inoculated tubes were less pink
than the check tubes, indicating that instead of acid production there
was the production of alkall from some source,

The experiments were repeated seversl times, always with the same
results. The amount of carbohydrate was increased from 1 per cent
to 2 per cent and finally to 8 per cent, but even with the increased
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amount of carbohydrate available there was no evidence of acid
production.

Different isolations of the organism were used in the tests, includ-
ing one obtained from Erwin F, Smith. The pathogenicity of
all the izolations had been established by inoculation experiments,
eliminating any doubt that the true organism was being unsed.

The experiments just discussed were carried out in soda-lime glass
test tubes. It has been demonstrated that this type of glass is a
fruitful source of alkali ions, and a portion of the next supply of
medium prepared was tubed in pyrex ulass test tubes.

The initial reaction of the medium in the mex tubes was pH 6.6
and in the soda lime tubes pH 6.8. At the end of 20 days the hydro-
gen-ion concentration of the inoculated medium and the noninoculated
medinm in hoth types of glass was determined colorimetrically.

It is evident from these results {Table 7) that the glassware used
was responsible for very little of the pronounced swing to the alka-
line range of the scale. This experiment also definitely confirmed
the previous experiments and demonstrated why the red color of the
actd range of the indicator did not appesr.

TurLe 7—The effcot of type of glussioare on the hydrogen-ion concentration of
lectose medinm not inoculated and inoculated 1oith Bacterium pruni

Tnitiat |Besction

Type of glnsy Treatment of medinm reastion at opd of

al
Not inoculated
Pwex.-------—--------—--------{%nogww il
. ot inoculpl mm—
Soda lime Enoeulsted with Bret. prunl ... ...

.
.G
. 8
. 8

t The upper and lower limits are glven,  In both cases the majority of cultures were pIT 7.6 or 8.0,

The next experiment demonstrated clearly that the peptone and
beef extract were the source of tho hydroxyl ions. In this experi-
ment the organism was grown in solutions of these two materials.
Growth was vigorous on the peptone solufion but was scanty on the
beef extract solution. The swing of the reaction to the alkaline side
is clearly demonstrated in Table 8.

TapLy 8—The production of hydroxyl iong from solutions inoculated with
Bacteriiun prund

Hydrogen-ion oon- Nwdropen-ion con-
centratinn centrntion
Sojutlon and eul- - Solution and cut-
ture No, i ture No.

At Aftor M Alter 9 At lAfter HAlter 0
start [ days | days staet days

From peplone: From beel exiroct:
3075 306

popEas
Lo b3 S0 L33
LR
AR LN Y
SEeNa
= ErTIAIN OR

1 ¥e growth [ these tubes,
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The results of these experiments and others of like nature demon-
strate that the organism sttacks peptone and beef extract with the
production of hydroxyl ions. Likewise, the experiments demonstrate
the fallacy of using solutions contsining these two materials as a
basal solution for carbohydrate fermentation tests with Bacterium
prunt.

p; FERMENTATION OF CARDBOEYDEATES

Rolfs (32), as mentioned before, stated that the organism broke
down certain carbohydrates with the production of acid.

St. John-Brooks, Nain, and Rhodes {38) did not observe acid
production by Basteriusn pruni on carbohydrate medium in their
experiments,

he writer has shown that the copious production of hydroxyl ions
from peptone and beef extract masks the acid production, if it is
present at ali, in the ordinary media.

The ammonium phosphate medium recommended in the Manual of
Methods of the Society of American Bacteriologists (46) is very
satisfactory for the demonstration of the utilization of various car-
bohydrates by Bacterium pruni and the resuitant production of acid.
To prevent as much as possible the hydrolysis of the carbohydrates,
the material to be tested was sterilized separately in a 20 per cent
solation at 10 pounds pressure for 10 minutes. Wolf (47) has dem-
onstrated that this procedure largely eliminates the hydrolysis of the
carbohydrates,

The reaction of the aimnmonium phosphate medium with agar added
(1.5 per cent) was brought to the neutral point and the solution
sterilized at 15 pounds pressmve for 15 minutes. A sufficient quan-
tity of the 20 per cent carbohydrate solution was added to the cooled
but still liguid ammonium phosphate medium to make a 2 per cent
carbohydrate solution, anc'F the resultant mixture was tubed and
slanted under aseptic conditions into previously sterilized pyrex test
tubes. One milliliter of a 1.6 per cent alcoholic solution of brom
cresol purple was added to each liter of medium. AIl the tubes were
incnbated for o period of 48 hours at 23° to 26° C, before inoculation,
as an added precaution against contamination,

The following carbohydrates were tested:

Monosnccharides
Pentoses
Arabinose
Xylose
Rhnmnnose
Hexoses
Dextrose
Levulose
Galactose
Mannose
Disaccharides
Sucrose
Lactose
Mnltose
Trisaccharides
Raflinose
Melezitose

In testing each carbohydrate, except sucrose, at least 15 different

isolations of the organism were used, and noninoculated tubes of the
media were held as checks.
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Bacterium pruni grew vigorously on the monosaccharide media
bub made very poor growth on the disaccharide and trisaccharide
media. With the monosaccharide media best growth was obtained
on the four hexoses, and a somewhat less vigorous growth was ob-
tained on the three pentoses. The cultures on all these carbohydrate
media were kept under observation for 21 days. The first indica-
tion of acid production was noted in three to five days after inocula-
tion. At the end of the experiment (after 21 days) the color of
the indicator was yellow, indicating a change in hydrogen-ion con-
centration from 7.0%* to pH 54 or below. Acid production was
observed with all the materials tested. The reaction in the case-
of rhamnose, sucrose, maltose, lactose, raffinose, and melezitose was
not so pronounced as with arabinose, xylose, dextrose, levulose,
galactose, and mannose.

No signs of gas production were detected in any of the tubes
throughout the experiment.

ENZYAE PRODUCTION

Rolfs (33) found that the organism attacks pure sucrose and
produces invert sugar. The writer has observed the same phenom-
enon in his carbohydrate stadies. Cultures of ammonium phos-
phate medium with 2 per cent Difco sucrose were inoculated +with
various isolations of the organism. At the end of 21 day 5 ml. of
the solution were withdrawn from the flasks and tested with freshly
prepared Fehling’s sulution. Every culture gave a positive reaction
for invert sugar, while the noninoculated medium held as a check
gave negative results. The inversion of sucrose indicates the presence
of the enzyme invertase.

Jodidi {27, 22) has studied the chemistry of the changes occur-
ring in skim milk inoculated with Bacterium pruni and has demon-
strated that proteolytic and lipolytic enzymes are present among
the produects of the growth of the organism on milk.

EFFECT OF SUNLIGHT

The effect of sunlight on the organism was determined by the
standard method of exposing Petri dishes resting on cakes of ice
to suniight for varying periods. Heavily seeded dextrose agar was
used, and one-half of each Petri dish was shielded from the sun’s
rays by covering it with heavy black paper. The toxic action of
the sun’s rays was not apparent on the plates exposed for five min-
utes in any of the tests. The results on the plates exposed for 10
minutes were somewhat variable, but positive effects were noted in
the 15, 20, 80, and 45 minute exposures. The number of colonies
that developed in the exposed portion of the Petri dish gradually
diminished until on the 30-minute exposure growth was inhibited
almost completely in all the tests. No colonies ever developed on
the exposed portion of the plates subjected to action of the sun for
45 minutes. _

This i3 appteximately the concontration at the beglnning of the tests, but It worled
betwreen 7.2 and 6.6 with the individual betchea of medln. :
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BEBIBTARCE 10 DABICCATION

. Drops of an aqueous suspension of the organism were placed, under
-aseptic conditions, on sterile cover slips in sterile Petri dishes. The
~ Petri dishes containing the incculated cover slips were placed in a

light-tight container, Af fixed intervals one cover slip was removed
with a sterile forceps and dropped in = tube of sterile broth and the
tube placed in an incubator. If the broth became cloudy, denoting
bacterial growth, dilution plates were poured from it to make cer-
tain that the cloudiness was due to the growth of Bacterium pruni
and not some contsminating organism. Using this technic, the
organism was recovered from cover slips that had been dried for
2,4,5,6,7, 8,9, 10, and 13 days, but no growth occurred from cover
. slips held for 15, 18, or 20 days. The dilution plates which were

poured in all these tests made possible the positive identification of
Bact, pruni as the cause of the clouding of the broth,

LONGEVITY

Cultures on beef-exfract agar kept at laboratory temperature
{24° to 26° C.) were still viable after 90 days. In one case growth
was obtained from a culture 146 days old, but cultures older than this
failed to develop when placed on beef-cxtract agar slants.

THERMAL DEATH POINT AND GERERAL TIMPERATURE RELATIONS

The thermeal death point of the organism was found by Smith (49)
to be approximately 51° C. Rolfs (33) found in his preliminary ex-
periments that it ranged between 49° and 54° C. He finally con-
clnded that 51° C. was very close to the exact figure, since growth
occurred several times in cultures held at that temperature for 10
minutes while at 52° C. no growth was obtained.

The organism. grows most vigorously between 24° and 28° C., the
range which Rolfs considered the optimum temperature. ~

The color of the colonies, normally yellow, becomes paler as the
femperature at which they are grown is increased. The room tem-
peratures in the Fort Valley, Gu., laboratory were regularly high
enough during the summer to proéuce this effect, which also could
be produced at will during the winter by incubating the cultures at
temperatures between 80° to 35° C.

The maximum temperature for growth was found by Rolfs (33)
to be 87° C. A definite defermination of the minimum femperaturs
has not beer made.

INDHX NUMBER
" ''The index number of Bacterium prumi iz 5020-31105-x222, The
reactions indiested in this number are ﬂuped according to the de-

scriptive chart of the Society of erican Bacteriologists of
December 28, 1924,

RELATION TOQ OTHER QRGANISMS CAUSING ANALOGOUS DISEASLS

The mode of enfrance into the host fissue (i, e., through the sto-
mata)} and the resuliant symptoms, particularly on the leaves, would
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" indicate thet Bacterium pruni might show relationship with certain
. other phytopathogenic organisms.
" Smith” (45} in 1920 considered that the members of the “yellow
?roup,” Buacteitum campestre, Bact. citri, Bact. phaseoli, Bact. Fug-
landis, Bact. malvacearum, and Bact. tronslucens, were Imors or less
related to each other. In fact, he felt that possibly some of them
were identical, for he stated: ““ Indeed, some of these names are per-
* haps synonymous, but this can be settled only by many cross inoeu-
lations and much further study.” '
 The problem of the interrelationghip of these organisms has been
at.tackeﬁ in recent years from the serological stendpoint. St. John-
Brooks, Nain, and Rhodes (38) in England and Link (26, 27, 28)
and his coworkers in this country have subjected many of these -
_ organisms, including Bacterium prumt, to serological tests.
riefly stated, the serological test consists in treating homogeneous
suspensions of an organism with its specific serum. The bacteria
develop flakelike clumps, i. e., a,g%}utinate when treated with the
sera, ‘The results, to be veliable, s ould be positive even when the
specific serum is diluted as much as 1 to 10,000.

Caltures of the organism are grown on standard agar for varying
periods (48 hours to 4 days). Suspensions are made of the or%;,?ism
in saline solution (0.85 per cent) and are either tested for a known
bacterial count or brought to an approximate density by comparin
with one another. This suspension known as the an’mgen treateg
with phenol to kill the organism or not treated, accor ing to the
desires of the investigator, is then injected into a laboratory animal,
generally a rabbit, at varying intervals and in varying amounts.
Ten days after the last injection the animal is bled from the heart
and the serum is prepared by removing the corpuscles from the
blood. This serum, which is stored under aseptic conditions, is
termed the antiserum, and it is diluted with varying amounts of
saline solution by a series of progressive dilutions resultin in a
final series 1 to 5,1 to 10, 1 to 20, and so on up to 1 to 10, 204 or higher,

Tive milliliters of the diluted antiserum and a similar quantity of
the antigen are thoroughly mixed together, incubated for 1 hour at
37° C., and then placed in » refrigerator for 12 hours. At the end of
this period readings are taken. A complete clearing of the tube
means strong agglutination. It should be understood that there are
minor variations in the method, but this is a general outline of the
procedure.

Closely related organisms are frequently agglutinated in the low
dilutions by antisera other than their own. Link and Sharp (27),
for example, found that Bacteriwm phaseoli and Baot. flacoum-
faciens were agglutinated by the antiserum of Bact. compestre in
dilution of 1 to b, 1 to 10, 1 to 20, bul Bact. campesire was aggluti-
nated by its own antiserum dilution of 1 to 7,680.

Bacterium prumi when investigated in England was not a ghuti-
nated by the antisera of other members of the ellow group. Similar
results are reported by Link and Link (26) In which there was no
agglutination of Bact. pruni antigen even in dilutions as low as 1
to 10 when tested against the antisera of Bact. campestre, Bact.
malvacearum, Bact. phaseoli, Buct. phaseoli sojense, smooth and
-rough strains, Bact. flaccwmfaciens, Bact, medicaginig var. phaseo-
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licola, and Bact. tumiefaciens. Thess organisms were not tested
against the antiserum of Bact. pruni by Link and Link, but such tests
were made by St. John-Brooks, Nain, and Rhodes (38) and Bact,
- prunt was agglutinated only by its own antiserum, and the other
organisms investigated were not agglutinated by the antiserum of
Baot. pruni. These results in the light of present-day interpretations
of serological tests lead them to conclude that Bact. prumi is not
serologically related to the other members of the yellow group.
Link, Edgecomnbe, and Godkin (28) have modified this conclusion
as the result of further studies which indicated that Bact. pruni is
very slightly related serologically to Bact. cucurbitee and Bact.
transiucens. var, undulosum,

PATHOGENICITY

The Fatho nicity of Bacterium pruni has been demonstrated con-
clusively by gemith (42, 44), Lewis (25), Rorer (34), and Rolfs (83).
Smith inoculated sn isolation from plum into plum and peach;
Rorer used an isolation from. peach to reinoculate peach; Lewis used
an isolation from plum to inoculate peach and plum; and Rolfs used
an isolation from plum to inoculate plum, peach, apricot, and nec-
tarine. Reisolations from these four hosts were used the following
year in cross-inocilation expe-iments, which were successful.

Smith obtained infections on the leaves and young plum fruit
simply by spraying the orgardsm suspended in water on the leaves
and fruif of the host plant. These experiments were most successful
when the inoculation was made during a rainstorm, or when the in-
oculated plants were kept moist for 24 fo 48 honrs after inoculation.
He observed that under field conditions the number of leaf spots pro-
duced by spraying the leaves with aqueous suspensions of the organ-
ism was much smaller than one would expect considering the number
of organisms used. If, however, the host was kept in a saturated
atmosphere after the inoculation, a grester number of spots would
appear. Rorer, who used the same technic in his studies of the
disease on the peach, observed the same phenomenon, i. e., disparity
of number of leaf spots produced as co npared with the number of
organisms used.

ewis also produced spofs on ptum leaves simply by spraying them
with a suspension of the organisti, and also found that a few cankers
developed on the twigs. He produced cankers on plum and peach
twigs very readily by puncturing the twigs with a sterile needle and
then introducing the organism into the puncture.

Rolfs inoculated his experimental plants by spraying, by rubbing
the parts to be inoculated between the fingers moistened with a sus-
pension of the organism, and by injecting an aqueous suspension of
the organism into the tissues with a hypodermic syringe. Successful
results were obtained with all three procedures,

In Georgia the writer experienced difficulty in obtaining infections
by spraying aqueous suspensions of the pathogene on the leaves and
twigs. The “iceless refrigerator” descrihed by Hunt {77) was used
in the early experiments,%)ut even this device under Georgia condi-
tions did not keep the leaves in a saturated atmosphere long enough
for numerous infections to develop. A few leaf spots developed when
suspensions of the organism were sprayed on peach trees during light
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rains. Infections of peach leaves were obtained under similar condi-
tions when the leaves were rubbed between the fingers previously
moistened with a suspension of the organism.

Most of the incculastions were periormed by injecting an aqueous
suspension of the organism into the twigs (pl. 2, B) and leaves with a
hypodermic syringe. This method is not strictly comparable with the
method in which natural infections take place (i. e., through the
stomata), but by actually placing the bacteria- within the tissues, the
effect of environmental conditions upon the entrance of the bacteria
js more or less nullified. This is a feature not to be overlooked when
facilities for producing favorable environmental conditions are want-

£.

1f the hypodermic needle is drawn gently along the under surface
of the leaf, it is possible to produce a series of punctures which do not
rupture the upper epidermis. Leaf inoculations of this type give
rise to a series of coalesced spots following the path of the needle.
These spots are similar, except for their lack of isolation, to those
produced by spraying the organism on the leaf.

The writer has tried to produce infections on the peach fruit a
number of times without success. The failure of these experiments,
which were limited in number, probably is due to the hirsute char-
acter of the fruit, which makes it extremely difficult to duplicate
exliperimentally the conditions under- which natural infections take

ace,

P The pathogene was reisolated from the leaf spots and twig cankers,
compared in culture with the original isolation of the organism, and
subsequently reinoculated and reisolated, thus fulfilling Koch’s postu-
lates.  In all cases the symptoms on the host and the characters in
culturs were the same as those produced. by the original culture used
in the primary inoculations. :

OVERWINTERING

The survival of the pathogene from one season to another is gen-
erally believed to be connected intimately with the presence or absence
of twig cankers.

Early workers, Heald (74}, Jackson (£0), Lewis (25), and Rorer
(34), all reported the occurrence of twig cankers on plum and peach,
presumably caused by the activities of Bacteriwm pruni. Appar-
ently they did not investigate the réle these cankers play in the sea-
sonal life history of the organism, and the first reference to the
manner in which the organism overwinters is {o be found in Rolfs’s
monoigraph (33).

Rolfs considered that the cankers were of paramount importancs
in the problem of overwintering of the organism, for he stated (33,

P 413):

Buoterium pruni, so far ag is known, passes its entire life cycle in nature
within the tissue of the host. * * * Cunkers oo the twigs and llmbs are the
principal sources of Infection In the spring. Trees bearing twlgs on which
ineculations result in the development of well-formed cankers, are invariably
the first to develop leaf spot abundantly the following yeair. Young trees which
guffer severely from repeated outbreaks of the shot-hole condition usually show
many twig cankers, Twig cankers are also constantly assoclated with early
epring outbreaks on older trees. * * *
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These statements by Rolfs have been accepted widely lgr plant
pathologists, although, as pointed out by Anderson (6), he does not
state in his monograph that he isolated the bacteria from over-
wintered twig canlers resulting from natura] infections. )

Kuwatsuka (23) in 1919 was successful in isolating the organism
from an overwintered plum canker, and Adams (3) reported in 1926
that he had isolated the organism from overwintered plum cankers.
Later, Adams (4) reported that he had isolated the organism from
peach-twig cankers during October and November, 1928, and Jan-
uary, March, and May, 1929. ]

Anderson (6), after failing in several hundred attempts to obtain
the organism from cankers on dormant peach twigs, searched for
other sources of overwintered inoculum. Ha succeeded in isolating
the organism from overwintered leaf spots during 192425 and in
subsequent inoculation experiments demonstrated that the isolations
were pathogenic. As a result of these studies he concluded that in
Hlinois the pathogene passes the winter in the fallen leaves rather
than in twig cankers.

Adams (2, p. 51) has commented on Anderson’s theory in so far
as it applied to the behavior of the disease in Delaware orchards as
follows:

Anderson * * * has shown that hacteria may overwinter fn the dead
leaves of the peach under Illinois conditions but advances no proof as to the
method of distribution for infection in the spring. The rapid disintegration
ulong with our ezrly and frequent cnltlvation would lend little support to this
contention under our conditions but must be entertained as a possibility untit
proved otherwise. While Anderson has failed to isolgte hacteria from the
cankers no proof is advanced that he was actually working with typieal
cinkers,

In justice to Anderson it should be stated that isolation of the
organism from overwintered leaves is a distinct contribution to our
knowledge of the seasonal life history of the organism, but at pres-
ent there is no proof that bacteria from these leaves initiate infec-
tions the following spring.

Rolfs (93) observed that the bacteria may enter the tissues of the
buds, and he stated that infected buds are often responsible for out-
brealks the followin spring. He isolated the causal organism from
the center of 11 buds of a fotal of 50 buds collected in August from
peach twigs on which the leaves were seriously infected by the
organism.

derson (6) and Adams () were not successful in their attempts
to isolate the organism from ‘overwintered buds, although Adams
felt that some of the early infections in Delaware in 1925 were
associated with diseased buds,

Working in Georgia, the writer first attempted to overwinter the
organism in cankers produced by artificial inoculations. Rolfs re.
ported that the disease invariably appeared on the leaves about such
cankers earlier the following spring than it did elsewhere in his
experimental plots. The writer produced cankers on the twigs by
artificial inoculstions earlfy in the spring, during the summer, and
in the fall over & period of severa] years, but no mfections appeared
on the leaves about these cankers the followin spring.

While this work was in progress a series o observations starting
in 1925 were made in an orchard near Montezuma, Ga., for the
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purpose of obtaining further information on the overwintering of
the pathogene. This orchard had suffered severe losses from RBac-
terium pruni every year, and it was thought that a detailed examina-
tion of a limited number of trees early each spring might shed some
11%}:“; on the problem. Selection was made at random of a block of
Eiberta trees consisting of seven adjacent rows, four heing 20 trees
deep and three 10 trees deep. The off varieties and missing trees
brought the theoretical total of 110 trees down to 103.

ORSERVATIONS IN 1823

The tress were examined from time to time as the new growth
began to develop, and on April 29, 1925, the presence of the disease
on the leaves and fruit was detected in distinct regions in the trees.
By examining carefully all the limbs in the region where the infec-
tion appeared, 2 twig canker generally could be located in this part
of the tree. 'The most striking feature was that the canker, when
once located, was seen to be at the apex of a conical region of infec-
tion in the trec. The bacteria had been washed to the limbs below
and produced. the primary infections on the young leaves and fruit.
No infected fruit or leaves were found above the canker. These cone-
shaped regions below cankers have been reported in connection with
fire-blight disease of apple by A. N. Brooks (9) and the hitter-rot
disease of apples by a number of investigators.

Tach tree in the block was examined carefully for the presence
or absence of cankers associated with outbreaks of the disease, and
the results of this survey are presented in Table 9.

M anLp 5.—Resulis of a survey made April 28, 1925, showing an apparent correle-
tion of outbrenks of the bacterial-spot diseaaewith grerwiniered folg eankers

Tiems of comparisen Total

examlned - -
Bacterial-spot intections observed. .. -
‘Bacterial-spot infections sssociated with twig cunkers abserved . oo
Bacterial-spot infectiona appareatty oot assooiated with twig cankers observed
Bacterial-spot inlections ossociated with twig cankers- ..

These regions of infection were found on various sides of the trees.
In general there was only one region in each tree.

TTnfortunately, attempts to isolate the organism from these cankers
were unsuccesstul, and this much-needed evidence to complete the
proof of their identity could not be obtained. Nevertheless, the
subsequent behayior of the disease during the season, which was a
dry one, clearly indicated that the original inoculum had come from
the canlers, and they were considered overwintered cankers even
tholl.llgh definite proof through isolations of the pathogene was
lacking.

Obsgr?ations made at harvest time showed that the infected leaves
and fruit were still in definitely delimited regions. The dry weather
had practically checked furtger spread of the pathogene. This
localization of the disessed region was so marked that unskilled
Jaborers, who were assisting in the harvesting of the fruit and who
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had no conception of the disease whatsoever, remarked upon the fact.
The trees accordingly presented throughout the sesson ezcellent
examples of drip infection from overwintered sources of incculum.

It should be pointed out that these cankers were not located until
the infections appeared on the leaves and fruit. These infections,
if found early enough—i. e., before there is any secondary spread of
the disease-—indicate the portion of the tree that should be examined
intensively for the original source of infection. Without this the
task of finding the cankers resolves itself into a discouraging and
time-consumirg examination of every twig and branch on the tree,
and their scarcity makes it seem very improbable that they could be
located in the dormant season,

In addition it is quite possible that the cankers which survive the
winter are not conspicuous until the bacteria emerge in the spring.
At any rate the writer has spent days searching for them in the
dormant season without success, only to find them with comparative
ease after the first leaf and fruit infections appeared,

ODSEEVATIONS IN 1026

The early spring temperatures were lower in 1926 than in 1925,
and the first survey of the selected block o7 trees was not made until
May 3, four days later than the date of the observations made in
1925, because it was thought the development of the disease would be
retarded by the lower temperatures. This assumption was found to
be incorrect. The disease had progressed beyond the localized drip-
infection stage and had spread to all sides of the trees. Twig cankers
could not be found, but this was not surprising because without the
localized drip infections fo act as guides it is practically a hopeless
task, as explained before. There had been a number of rainy days
with high winds, and the bacteria, as they oozed from the cankers,
apparently were blown throughout the trees.

s a result of searches made during the balance of the 1926
seasor a few cankers on the 1926 wood were found early in the season
and the organism isolated from them. Subsequent inoculation ex-
periments demonstrated the pathogenicity of these isolations and
their identity with Bacterium prund.

Since no cankers were found at the end of the season after the
leaves had fallen, no information was gained concerning the macro-
scopic appearance of the cankers at the beginning of winter.

OBEERVATIONS IN 1827

The block of Elberta trees that had been under observation for
the two preceding years was examined carefully in February and
52 necrotic areas which were thought to be bacterinl-spot cankers
were marked with tegs in an attempt to ses if cankers could be
located in advance of the appearance of the disease on the leaves
end fruit. The results were negative, since it was impossible to
co;iela,te the outbreak of the disease with the presence of the alleged
cankers,

The block was examined on April 12 and the development of the dis-
ease was found to be at a stage midway between that reached on the

1
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date of the first observation in 1995 and that of the first observation in
1926, In most trees the disease had spread through the tree and
o cankers could be found, but occasionally a tree would be ohserved
with a cone-shaped region of infected leaves and fruit with a canker
at the apex. These cases were not so clear-cub as the 1925 observa-
tions. Similar drip infections associated with twig cankers were ob-
served in several other orchards at this time. Aftempts to culture
the organism from these cankers again resulted in failure.

Cankers on peach and plum taigs, which resembled closely those
roduced in the inoculation experiments, were collected late in the
all (November), and efforts were made {o isolate the orfanism from

them. No cultures of Baoteriwm pruni were secured from any of
the cankers, but in the case of the seach the negative results may
indicate only that the cankers used were not irue bacterial-spot
cankers. The cankers on the plum twigs, however, were considered
true bacterial-spot cankers.

OBBERVATIONS IN 1328

Tn 1928 the work was transferred from the orchard near Monte-
zuma, Ga., to orchards in the vicinity of Fort Valley, Ga., as many
trees in the original block under observation near Monteznms had
died from winter injury, or were removed because of the phony dis-
ease.® This high moriality made the block no longer suitable for
other studies of the disease which were being made concurrently with
the search for cankers in which the pathogene passed the winter.

The observations in 1925 and 1927 favored the theory that the
organism overwintered in the twig cankers, but definite proof in the
form of cultures from these cankers was lacking. The work in 1928
was, therefore, centered about the isolation of the organism from
overwintering cankers. Early in May young spots were ohserved on
the leaves, and by searching carefully in the immediate vieinity of
those leaves a canier generally was located on an adjacent twig. All
suspicious looking cankers were brought fo the laboratory, and
attempts were made to isolate the organism from them, using the
following technic:

Praviously cleaned glass slides were dipped in 95 per cent &leohol and the
adhering alechol ignited. While still hot o previcusly flamed glass cell was
placed on the slide, When the siide was eool the cell was lifted for & moment,
and o drop of sterile tap water waa placed in the center of the area covered by
the eell, which was then replaced.

The epidermis of the conker was cut away with 2 sharp, sterile scalpel, and
small frogments of the cortical tissue were removed aseptically and placed in
the drep of sterite water. The tissue fragments were left in the drop of water
for n few minutes, and then the cell was removed for an instant and the drop
examined under 8 binoculsr microscope. If masses of bacteriu had cozed out
into the water, the fragment was removed from the drop with a sterile needie
and the cell again placed over the drop. Plates of dextrose agar prepared in
advance and sllowed to solidify were placed on the stage of the hinocular
mieroscope. The cell was Mfted up and pertions of the drop removed with small
sterile platinum loops were streaked across the surface of the solid agar., Bac-

16 An tnfectlous disease of unknrown cause, In which the affected tree develops shortened
juternoden, maony laternl twigy, and inrge, Snttened, dark-green legves, giving the appefr-
poee of compnet, depse growth with very henlthy follage. Ench year there is ¢ notalle
and progressive decresnse fp ihc avernge size nnd yleld of frult, whick is likely to be
distiactly poorer io fisvor then normzl fruit, though slghtly hotter in color, Eveatus]ly
the infected treea fall to produce any commercisl crop.—Hutching {18}.
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terial growth generally appeared within 24 to 48 Rours, and the pathogenicity
of those colonies which resembled Bacterium pruni was tested by inoculation
exTeriments.

The writer holds no particular brief for this technic other than
that it makes possible the elimination at the start of all those cankers
which do not Srield bacteria of some sort, whether Bactersum pruni or
merely secondary organisms in the dead tissues. In experiment No.
7 the organism was isolated from two cankers using the usual
technic of poured plates.

Thirty cankers were examined during the period May 11 to June 14,
and the organism, as demonstrated by subsequent inoculation experi-
ments, was secured from six of them.

A summary of these experiments is presented in Table 10, and the
following notes briefly describe those cankers from which the
organism was isolated ;

Ezperiment No. 1——This was not a definite canker but merely a neerotic spot
about 2 bud on 1927 wood, The organism was isolated from the tissies Just
beneath the epiderinis,

EBaperiment No. 2——(a) In this case the twig was swollen and cracked by a
canker extending from the third to the fourth pode below the apex of the 1927
wood. The organism was isolated from the inner tissues. R

() The terminal of the 1927 growth in thig twig was blackeneéd and dead.
Bacteria were not found just beneath the epidermis, but were present deeper
in the cortical tissue,

Beperiment No. 6—The canker on this twig began just below the apex of the
1927 growth and extended downward & distance of 10 em., involving five nodes,
Loogitudinal slits were present on 11l sides of the twig and there way some
evidence of callus formation just below the epidermis, The affecied aren was
sunken, and was brown to purplsh brown in color. Bacteria were not found
just under the epidermis but in several pockets deeper in the cortex,

Bezperiment No. 7.—(e) The outer surface of the twig was flssured and
cracked by a canker 4.5 cm. long, beginning at the fifth nede below the apex of
the 1827 growth. The organism was secured from the Inner cortical tissues.

(b) The canker was 4.5 em. long and extended downward from the ninth
node below the apex of the 1827 growtl. Fissures or crocks were absent in
this canker, and the bacteria were found just beneath the epidermis, Frag-
ments from Doth cankers of experiment No. 7, as mentioned before, were
dropped in tubes of sterile dextrose broth and dliution plates poured.

Tasre 10—Suntmary of the bacterial-spot twig canker isolation eZPErIments
in 1928

Nnmber of Numlt‘el' of
cankers cankers

B{:{;%!l?::suf from which | Experiment from which

Hsed Beeteriom No. Bacterium

pruni was pruni was
chiafned obtained

Experimont
No,

May 31 1
.| June 1 7
Fune 14 10

3a

These studies conducted during the years 1925 to 1928 indicate
that twig cankers are the source of the overwintered inoculum in
Georgia. Higgins (76) slso believes that the twig cankers are the
most 1mportant source of spring infections in Georgia.

Although no infection cones were observed in 1926 and the patho-
gene might, have been distributed by the wind, the writer is of the
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opinion that the initial ohservations were not made early enough
to observe the infection comes. 'The disease appeared earlier than
normal, with conditions, including several rainstorms accompanied
by high winds, favoring & rapid spread. Under these conditions the
infection cones are soon oblitersted and the disease is distributed
generally throughout the tree.

These studies also indicate that it is not necessary for many
cankers to survive the winter to insure the perpetuation of the dis-
ease from year to year. In the spring of 1925 there was generally
but one canker to a tree, and a number of trees were without cankers.
"The same condition was observed in 1927, while in the spring of 1928
as many as five cankers were observed in a tree.

The cankers on peach twigs seem fo be more prevalent in Dela-
ware than in Georgla, according to the recent observations of Adams
{4). In September, 1928, he examined three Elberta orchards in
Delaware for twig cankers—** * * that were conspicuous to the
eye on the new growth up to a height of five feet from the ground.”
On trees that had been severely affected by the disease for three years
he found an average of 35 cankers in the ares examined on each tree.
On trees that were affected seriously for the first time in 1928 ke
found an average of 10 cankers to each tree.

Adams did not state how many of these cankers survived the
winter and initiated infection the following spring, so his observa-
tions, unfortunately, can not be compared with those made by the
writer.

DISSEMINATION OF BACTERIUM PRUNI

The ares included in the infection cones generally is too exten-
sive to be accounted for by a mere passive cozing and dripping of
the bacteria from the overwintered sources. Field observations indi-
cate that the inoculum causing the primary infections is spread by
raindrops striking the bacterial coze and rebounding from the twigs
in scattered bacteria-charged droplets.

Secondary infections can be established by the splash from rain-
drops rebounding from fruit and possibly leaf spots oozing bac-
teria. The exudate is generally on the lower side of the leaf, how-
ever, and the chances here for this type of dissemination do not seem
to be so great as in the case of the fruit spots.

Phe writer feels that dew is of primary importance in the dis-
semination of the bacteria which exude from the leaf spots. Fre-
quently a leaf is observed on which there is a series of spots almost
in a straight line down the biade. This condition is probably the
{es.llet of a drop of dew charged with bacteria running down the

eaf,

Wind as well as rain must be considered an important agent In the
spread of the pathogene, Drops of rain and dew charged with bac-
teria can be blown from one portion of the tree to another or even
to an adjacent tree. The effectiveness of the wind is in direct propor-
tion to its velocity, since the higher the velocity the greater distance
the drop may be carried. The drop will also break into a greatfer
number of droplets when it is being carried by a wind of high ve-
locity. During dry weather the wind is probably a minor agent
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in the spread of the disease, as the other conditions are not favorable
for infection.

Rolis (88) felt that insects played a réle in the dissemination of
the organism, The possibility of this is not denied, but the writer
has seen no evidence of inséct transmission in his studies of the
disease.

Turning now from this rather speculative discussion of the agen-
cies concerned in the dissemination of the disease, some observations
on the actual spread of the disease will be presented.

Mention has been made of the detaile surveys that were made
for @ number of years in a block of Elberta trees at Montezuma,
Ga. The results obtained in 1926, a season very favorable to the
spread of the disease, are presented in Table 11, and 2 graphic dem-
onstration of the spread is shown in Figure 8.
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TamE 1i—Inecreese in number of irees infected with Beeterium pruni

Increass ln—

Nuwmber
Infected

Number | Per cene

May 18, 20 18

June 30 - 40 48 29
- 86 & a7

Table 11 shows the number of trees bearing infected fruit on
different dates. Fruit spots were used, as they can be identified
rapidly and positively, while young leaf spois may be confused
with other troubles. The increase in the number of trees showing
fruit jnfections is Interesting in itself, but in making a survey a
record was kept of the location of each tree showing the disease,
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From this record it is possible {0 ascertsin to 2 certain degree the
relationship of the earllier infections and the new cases. On June
30, 29 new cases were observed, and of these, 17 trees were adjacent
to-those that were observed infected on May 18, On July 13, 37
additional cages were observed, and of these, 29 trees were adjacent
to those previously observed to be infected. The importance of the
original infections is shown clearly, since more than one-half of the
new cases in both observations were adjacent to trees previously
infected. In the observations of July 13 over three-fourths of the
new infections were adjacent to the previously infected trees.

These results were obtained in a year (1926) when conditions fa~
vorable to the spread of the disease prevailed throughout the grow-
ing season. In the previous year the growing season was abnormally
dry except a brief peried in April when the initial infections were
established. The disease did not spread from free fo tree fo sny
extent as the result of the unfavorable conditions. In 1927 the
spread of the disease was very rapid the early part of the season, and
64 per cent of the trees were Igat:md infected on April 25, as contrasted
with 19 j:_per cent on May 18 in 1926, and 54 per cent for the entire
season of 1925,

The detailed discussion of the spread of the disease in 1926 is
merely to explain how the disesse behaved under a certain set of
environmental conditions. These conditions vary from year to year,
and the time of the initial appearance and subsequent spread of the
disease necessarily varies in accordance with them.,

EFFECT OF ENVIRONMENTAL CONDITIONS

The environmental conditions play important roles in the dissem-
ination and development of bacterial plant diseases. Smith (45) in
a general discussion of the subject has pointed out that “ excessive
ramfall, shading, high winds, wet earth, and heavy dews” furnish
conditions that are ideal for the rapid dissemination of the patho-
]%fngs causing these diseases, especially when the air temperature is

%n abundance of moisture is probably the most important factor
affecting the dissemination of Bactersuwm pruni. Field observations
by investigators in different portions of the country have led to the
conclusion that the yearly fluctuations of the severity of the disease
can be attributed largely to fluctuations in the amount of precipi-
tation. Periods of excessive rainfall are accompanied by cloudy
skies which shut-off fo a certain extent the sun’s rays, and the flms
of water on the parts to be infected do not evaporate so rapidiy
as they would under conditions of bright sunlight. Shading pro-
duced by the foliage of the trees themselves has much the same
effect. This is very clearly demonstrated on & clear day following
& hesvy dew. The writer frequently has observed that the leaves
on the west side of the tree were damp with dew at 10 o’clock m
the morning, while those on the east side under a bright sun were
completely dry. This condition frequently brings about a localiza-
tion of the disease on the west side of the free. It is quite possible
in view of the toxic effect of the sun’s rays on the pathogene on
culture media that a similar effect exists iIn nature, and shading
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reduces the number of bacteria that are killed by the toxic action
of the sun’s rays.

The effect of high winds has been mentioned previously, and it is
suflicient fo say here that a high wind accompanied by rain can
blow the bacteria through the frees and completely overcome the
effect of shading in contributing to the prevalence of the disease
on the west side of the trees,

Temperature is also an important factor and clearly influences
the time of the initial appearance of the disease in the spring and its
subsequent development. Unfortunately, accurate records are not
available, and the 1nitinl appearance of the disease can not be corre-
lated so clearly with temperature as is possible with a ple scab,®
peach-leaf curl,” and the apple bitter-rot disease’® In 8eorgia the
disease appears during the period from April 10 to April 30, and it
18 evident that the temperatures normally reach s point favorable to
the organism every year during this period and eliminate any wide
variation in the time of appearance. The conditions are different
in other %)ortions of the country, and Rolfs (33) observed a varia-
tion in the time of the appearance of the disease from April to
August. In Arkansas, during the year 1929, the low temperatures
during April and May had a marked influence on the disease. Rain-
fall was excessive, and it was accompanied by many cloudy days,
yet the disease did not become common in the orchards until June.

Kuwatsuka (23) made the interesting observation in 1921 that his
inoculation experiments using 2-year-old potted plants were more
successful when the pots were standing in pans of water, so that the
soil was nearly saturated, than when the plants were wilting or held
at the lowest water suppiy consistent with keeping the plants alive.
This effect was probably due to the fact that the stomata were closed
in the wilted or dry plants and the pathogene was unable to enter
through them.

INCUBATION PERIOD

Smith (42) observed that small spots were visible on plum leaves
seven days after spraying the leaves with a suspension of the organ-
ism. In his experiments with peach leaves he {44) did not give any
definite data, but stated: “ The result of this experiment was the
eppearance after & mumber of days of several thousands of typical
leaf spots.”

Rolfs (33) found that in his experiments the incubation period
varied from 7 to 15 days in warm weather, but in cold weather the
period was prolonged to between 20 and 25 days. These results were
obtained when leaves and fruit were moistened with a suspension of
the bacteria. In the case of the twigs where the organism was ac-
tually introduced into the tissue, he found that the first symptoms
appeared in from 4 to 10 days.

The incubation period varied from 5 to 12 days in the writer’s
experiments, reported in Table 12. The inoculation experiments from
which these data were derived were all of the type in which the
suspensions of the organism were introduced into the tissue with a

©Cagaed by Venturiz ingegnalis (Cke.) Wint.
F Cavsel by Broaacus deforsning {Berk,) Fekl.

1
3 Coused by Qlomerclle cingulula {Ston.) Spauld, nnd Schrenk
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hypodermic needle. The results obtained were comparable with those
reported by Rolfs when he used a similar technie,

MasLy 12.—Duration of the incubalion period in inoculation experiments with
Bacterium pruni

Iney-
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June 1, 1926.
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The experiments in which the leaves were either sprayed or rubbed
between the fingers moistened with a suspension of the organism
were not particularly successful under Georgia conditions. In one
experiment, pesch leaves were sprayed with a suspension of the
organism on March 25, 1926, and the first symptoms were not ob-
served until April 16, indicating an incubation period of 22 days.

To summarize the resulis of the various investigations, the incu-

bation period appears to be rather prolonged in cool weather and
may be as much as 25 days in duration. The period is shortened in
warm weather and varies from 7 to 15 days. In those experiments
in which the organism was injected into the fissue the imcubation
period in some cases was as short as 4 or 5 days.

DURATION OF INFECTION PERIOD

Observations have shown that the fruits of susceptible varieties
are liable to infection at practically any time with the possible ex-
ception of a brief period early in their development (i. e., before the
calyxes have split off the young fruit).

he writer can not agree with Higgins {76) who stated that the
fruit probably was immune to infection after it was half grown.
A careful examination of the fruit over a series of years has shown
that infection is possible throughout the period of fruit development.
In fact, very young spots exuding bacteria have been observed on
mature fruit of the Elberta variety in Georgiaz in July, one week
before it was harvested. In Indiana the writer has observed bacteria
oozing from young spots on mature Klberta fruits in August. In
Arkansas, bacterial ooze has been observed on mature Elberta
peaches which had been harvested.

Infection is clearly correlated with proper temperature and mois-
ture conditions, and negative departure (i. e., low temperatures or
the absence of precipitation) from the optimum conditions often
produces periods of considerable duration in which no infection takes
place. The 1925 season in Georgia, which was abnormally dry, was
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-an excellent illustration of this. Conditions such as these can easily
- lead one to think that the fruit acquires an immunity after = certain
period in its development, when in reality the absence of infections
1s due to unfavorsble environmenial conditions,

Leaf spots in the early stages of their development have been
observed throughout the growing season, but as there is 8 continual
dropping of old leaves and a continual production of new ones, it
may be quite possible that the leaves can be infected only during
certain stages of their development. It is not known whether or not
4 leaf formed in April could be infected in August or October if it
remained on the tree,

The evidence from inoculation experiments indicates that the twigs
are most susceptible when the tissues are quite young and succulent.
The organism makes very little progress when introduced into cu=.
rent-year twigs in October during periods when the temperature and
precipitation are favorable to the organism as shown y its ready
development on leaves inoculated at the same time. There is no
evidence that twigs are capable of being infected after their first

ear,
7 The infection period persists, in the case of the fruit, until
maturity is reached. In the case of the lesves it may or may not be
confined to certain periods, while in the ecase of the twigs the evi-
dence gt hand indicates that it is of relatively short duration,

CONTROI MEASURES

It is hoped that the discussion in the previous pages of some of the
more obscure symptoms of the bacterial spot disease will aid in its
control by facilitating its early recognition in the orchards. Men-
tion may be made of the relation between the development of success-
tful control measures and such features in the seasonal life history of
the pathogene as the production of inoculum throughout the growing
season and the relative scarcity of twig cankers. The almost continu.
ous production of inoculum indicates ve clearly that a prolonged
schedule of control measures is in order, while the relative scarcity of
the twig cankers largely precludes the possibility of controlling the
disease through a program based on their elimination.

The first extensive control experiments were conducted by Roberts
(81) in Arkansas during the years 1813 to 1915. In these experi-
ménts due cognizance was taken of the fact, established by numerous
field observations, that the disease was more severe on wenk trees and
in orchards that had not been properly pruned, fertilized, or culti-
vated. Roberts obtained satisfactory commercinl control of the dis-
ease by improving the vigor of the trees, through the use of nitrate
of soda, and through pruning and cultivation. As a result of these
experiments he made the following statement concerning the control
of the disease:

Bxperimenty earrled on hy the writer and others indleale that the dises. e
may be kept in check in southern peach orchards by proper pruning, cultlvy .
tion, and especinlly fertilization, Nitrate of sode was by far the most efficient,
fertilizer used. Treeg In which 5 high atate of vigor and heaith is maintained
are commercially resistant to the disease.

These recommendations have been satisfactory in sections where
the disease was not severe and where the character of the soil was
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such that improvement can be rapidly accornplished. In many sec-
‘tions (particularly the newer peach sections) soil improvement was
slow and expensive, and the discase had gained such a foothold that
it seemed - desirable to develop, if possible, additional control meas-
ures, particularly some form of spray solution that would control
the disease.

Various investigators have tested a large number of com ounds
in the past five years, but practically all have been eliminated either
because they showed little or no si%ns of control or because they
caused severe injury to the peach. The extreme susceptibility of the
peach leaves, fruit, and twigs to spray injury has made the develop-
ment of a satisfactory spray an extremely difficult task.

One of the most promising sprays for the control of this disease
is the zine-lime spray developed by Roberts and Pierce (3Z). Va-
rious combinations of this spray (Which in its latest formula consists
of 4 pounds of zinc sulphate and 4 pounds of hydrated Lime to 50
%sllons of water) have been used by Roberts and Pierce in southern

diana every year since 1925 and by the writer in northwestern Ar-
kansas in 1929 and 1930. The flpra-y does not eliminate the disease
completely, but the number and size of the spots {particularly on

the %:uit) are reduced and a2 larger percentage of the fruit is mer-
chantable on the trees sprayed with it. The amount of defoliation
is reduced, and the general vigor of the trees is improved through
this reduction in defolistion and through a stimulation produced by
the sprays. Measurements have shown that the lesves on the trees
sprayed with the zinelime spray are larger than on the unsprayed
trees and they are deeper green in color. p

‘While this spray does not eliminate the disease completely the
results obtained with it are promising and it is hoped that further
experimentation will produce a combination that will reduce the
ravages of the disease to 2 minimum.

SUMMARY

Bacterium pruni, the canse of the bacterial spot disease of stone
fruits, was first described in 1902

The organism has been reported from the United States, Canads,
and Japan, and possibly may oceur in China.

In the United States the disease has been observed over a wide
area east of the Rocky Mountains, but has never been reported from
the fruit-growing sections of the far West and Northwest.

The organism causes the disease oniy on members of the genus
Prunus. Sorbus japonice has been infected artificially by Kuwat-
suka in Japan, but the resulting symptoms are not typical.

The disease is of economic importance because it (1) l[))rings about a
devitalization of the tree through defoliation, (2) kills the twigs, and
(8) lowers the marketability of the fruit by injuring its appearance.

The symptoms of the disease on peach leaves, fruit, and bwigs
have been described in detail. On tﬁe fruit the symptoms of eco-
nomic importance are secondary in nature, resulting from the growth
of the tissues after injury by the pathogene has ceased. These sec-
gndary symptoms are grouped in an arbitrury descriptive classi-

cation,
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The pathological histology of the disease on the pesch is discussed.
The organism is intercelluiar in the early stages of infection, but
finally the cell walls are ruptured and bacteria can be found within
the remnants of the cells. In the leaf and fruit spots only paren-
ehymatous tissue is attacked, while in the twigs occasionalfy the
Ehloem is invaded. The ultimate result of the invasion of the tissue

y the bacteria is the formation of a cavity in which all semblance
of the normal tissue structure is lost. The necrotic ares is isolated
from the healthy fruit and twig tissues b{ 2 layer of wound cork,

The discussion of the morphology and p ysiology of the organism
agrees In the main with the results of previous investigators. The
production of hydroxyl ions from media containing peptone or beef
exiract is demonstrated, and media containing these ingredients are
not satisfactory for the study of acid preduction by the organism.
Twelve carbohydrates were fested, using a standard synthetic me-
dium. The organism was able to ferment the carbohydrates without
the production of gas, and produced an acid reaction in the media.
The organism grew vigorously on monosaccharides, but made very
poor growth on disaccharides and trisaccharides.

The recent serological work with phytopathogenic bacteria is re-
viewed. According to these tfests the organism is related only
slightly to other members of the so-called “yellow group,” in spite
of the analogies in mode ¢f entrance and resultant symptoms.

The occurrence of twig cankers and their relation to the over-
wintering of the organism is discussed in detasil. Evidence ig ad-
vanced to show that in three seasons the initial outbreaks of the
disease in Georgia peach orchards could be correlated with the
presence of overwintered twig cankers. The organism was isolated
from a limited number of these cankers, No evidence was obtained
to show that the organism overwinters in the fallen leaves.

Field observations indicate thai the organism is spread through the
agency of wind, rain, and dew. The actual spread of the disease based
on the results of several orchard surveys is discussed. In a block of
102 trees the number of infected trees increased from 20 on May 18
to 49 on June 30 and 86 on July 18, 1926. On each of the last two
dates more than 50 per cent of the trees infected were adjacent to
frees previously infected. The rate of spread of the Jisease depends
largely upon the environmental conditions and will necessarily vary
from year to year.

Fruit of the susceptible varieties of peach is liable to infection any
time during its development after the calyzes have dro ped off. TUn-
favorable environmental conditions will produce periogs of consider-
able duration in which no infection takes place and may lead to the
belief, considered erroneous, that the fruit acquires a degree of im-
munity at a certain stage in its develo}g;ment. The twigs are suscep-
tible when young and succulent, but the evidence indicates they can
not be infected after the tissues mature.

In portions of the United States where the disease is not severe and
the soil is relatively fertile the disease can be kept under commercial
control through the use of fertilizers, particnlarly nitrate of soda, and
proper pruning and cultivation, There are man sections, however
where these measures have failed to give satis actory control, and
various investigators have devised sprays to be used in combating the
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Jdisease. The zinelime combination is such a spray and seems to be
one of the most promising that has been developed #or this purpese.
While the disease is not eliminated through the use of this spray, the
amount of defoliation is reduced, and a larger percentage of the fruit
is merchantable on the trees sprayed with 1t.
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