|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




-

CTEEEE
r

Il

Mo
n

Il

I

v 2

32
i
4%

22
e

s, fie

WMICROCOPY RESOLUTION TIST CHART
HATUNA, BLMEAL re AR AN e A

e iz

ol [

L

s e

MICROCQPY RESOLUTION TEST CHART

BATHNAD R AIE E O TTANT M. e,



http:111111.25

Tecewicar Purrerm No. 328 M

Movemser, 1932

UNITED STATES DEPARTMENT OF AGRICULTURE
' WASHINGTON, D. C.

! PEACH BROWN ROT
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Pathologist, vision of Horticultural Crops and Discases, Bureunu of Plant

Imdusiry '_f
rd

Introduetion___.

Varietol susceptibility_ _
The Iungus catsing the disease,

Tazonomic pesitinn

Qecgraphic digtribution

Morphologr

Birains or physivlogic (erms

Hamothallism . I

Growih on artifigisl media . _______.__

Enzyme production

Fugetion of vitamings in the metaholism
of the fangus

Temperatira relations

Relation of hydrogen-ion concenlration
to growth

Viablity of spores

CONTENTS

Page

The fungus cansing the disense—Cratinned,

Host miants ——— . e
Senxsonal Jife history and pulhoge

Seferofinie frusticela_..

Suarvival in winter__

Qeenmones of npathecia

DLiseharga of aseospores.

The blogsorn-blight plinse gfihe diseasa..

Tha fruit-rot and mumsy phase of vhe
fisense .
TT.[lig canket and t\yAht phase of tha
is . -

Laont infection

Relatipn of ingect pests Lo infection. .

Fathologicnl apatomy. .
Control of peach brown rot

Saniiary menasures. ..

Sproying and dusting_

Fumizalion.
Summary

ggrminntio_n of spores

lpation of the [ungus Litersture eited__..

INTRODUCTION

Brown rot is a destructive disease of the peach, Fr<aus persice
Batsch,” and is caused by the fungus Selerotinia fructicola (Wint.)
Rehm, It is often called * peach rot” or ¥ the rot” because, in the
United States, with the occasional exception of Rhizopus rot, it is
the only rot of the peach that is of great importance to producer,
shipper, carriev, commission merchant, retailer, and consumer. All
these at times suffer heavy financial losses because of brown rot.
The disease is also the common rot of the cherry, plum, and other
stone fruits. The apple, pear, and other pome fruits are sometimes
attacked, but in the United States brown rot of these fruits is of
slight importance. Peach brown rot is an important disease in all
the peach-growing sections of the eastern part and particularly the
southeastern part of the United States. It is of less importance in
the Middle West but is often destructive in all peach orchards except
those in arid or semiarid regions.

1 The junior wrlter was transferred from Georgin to Arkansns 1o the fall of 182B, and
the experiments in 1923 were made possible through the ccoperatioz of V. [ Turoer, ot
that time hortieulturist for the Central of Geargla Hailwny. The writers wish to express
thelr gratitude to Mr. Turner for his kindness in coltecting and dispatchlog the cankeres.

2 Belentific nnmes nf host plants follow the usage of Rehder (78).* Common n=mres
follow Standardized Flept Namea ().

" Iigllc numbers jo parentheses refer to Literature Clted, p. 54.

130788°—32 1 T
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The first symptom of the disease on the fruitis the appearance of
a tiny brown spe i that rapidiy develops inte a large spot beneath
which the flesh is ueeply invaded. Soon the whole fruit may be in-
volved if conditions of heat and moisture are fuvorable to rot devel-
opment. The rotting of the tissue produced by the fungus is not of
the soft watery type commonly czused by species of Penicillium and
Rhizopus but is of the solid type similar to the black rot of apple
caused by Physalospora malorum (Pk.) Shear.

Spore cushions or coremia appear on the surface of the rotted area,
frequently within 24 hours after the initial appearance of the dis-
case on the fruit. In a short time most of the surface of the spot is
covered with ashen-gray masses of conidia, which are often, but not
always, grouped in irregular concentric rings. The Invaded fruit
that remains attached to the tree slowly becomes dried and shriveled,
forming what is usually called a mummy.

‘When the blossoms are attacked, they quickly turn brown and die.
The blighted blossoms are not easily dislodged from the twig and
frequently adhere throughout the seasou. They are covered with
masses of conidia, which soon disappear if dry weather prevails;
however, new crops of conidia may be produced throughout the sea-
son after each period of rainy weather,

The formation of twig cankers as the result of the fungus passing
from the floral parts ﬁnrough the peduncles and into the tissues
of the twigs is a frequent sequel to blossom blight. Twig cankers
may also result from the passage of the fungus from infected fruits
through the fruit stems and into the tissiues of the twigs, but more
often the twigs are killed. Twig cankers are easily recognized as
brown, depressed spots at the bases of blighted blossums or stems
of infected fruits

The leaves adjacent to, or in contact with, twig cankers, blighted
blossoms, and rotted fraits are sometimes invaded by the fungus and
become brown, but as a disease of peach foliage brown rot is of
itself not important. The infected leaves have a water-soaled ap-
pearance and are frequently covered with conidial masses. The
fungus may oceur also on leaves that have been injured by other
agencies, particularly the leaf-curl fungi., Fwzoascus (Ze);f;?’maﬂs

(Berk.) Fekl.
HISTORY OF THE DISEASE IN THE UNITED STATES

Most writers on brown rot credit Peck (64) with being the first to
describe the disease as it occurs in the United States and the first to
call attention to its economic importance. Humphrey (46, p. 85)
states: “* * * the chief handbooks of plant diseases pass it
with very brief mention or with none. * * * Here it was first
described by Peck, in 1881, and by Arthur, in 1884.” Quaintance
(70, p. 246) makes a similar statement: “ In the United States, the
disease was fivst described in 1881 by Dr. C. H. Pecls, and in 1884
by Dr. J. C. Arthur.” Substantialiy the same statements are made
by Scott and Ayres (87) and by Ezekiel (54).

Peck (64) was probably the first to give a good description of the
rot and to demonstrate the pathogenicity of the fungus by means of
inoculations. He also discussed the nomenclature of the fungus and
included in his paper illustrations of the diseased fruit. Peck un-
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doubtedly deserves all the credit that writers on the subject of
brown rot have given him. It would be erroneous, however, to infer
that brown rot had not been serious and had not been noted by
varlous writers previous to 1880,

Tilton (96, p. 194), of Bellevoe, near Wilmington, Del., in a letter
to Richard Peters, of Philadelphia, dated November 6, 1807, and pub-
lished in 1813, stated that “a little beetle, called curculio, about the
size of a pea bug, is the insect which punctures the fruit, and oc-
caslons it to fsll off or rut, before it comes to maturity.” Evidently
brown rot followed curculio in 1807, just as it does at the present
fime.

In 1817 Coxe (25) wrote the first American book on fruit grow-
ing. Although peach yellows and fire blight of pear are mentione,
nothing is smd of the rot of peaches. However, in the unpublished
manuscript for the second edition, which is dated May 80, 1829, and
1s in the library of the United States Department vt Agriculture,
the comment “ not subject to rotting ” follows a description of the
Peach variety, Morris’s Large White Rareripe, on page 736.

In 1832 White (99, p. 407), of Athens, (Ga., wrote:

But our greatest obstacle in the euiture of the plum s its temdeney, in con-
mon with several varieties of the pench, nectnrine, and grape, to rot hefore
maturing. In a dry season, no matter how hot it may he, the fruit is net in
much danger. But in a yewr like this, of warm, abumlant, and continual
rain, the cultivator may expect to lose, in fhe ease of tmost varieties, from
halt to three-fourths of his crop, nng of some it may he the whole will decay.
He can guard against this only by selecting the varieties least nilected,

Late in the same year he (00, p. 556) states:

But in seazons like the present, the Ioss of peaches by decay while approach-
ing maturity is more annoying than anytiing else in peach eniture. When
the seasown is warm and wet, very few kinds of penclics will rvipen well, espe-
eially on moist or very rich =goils.

Barvy (7, p. 855), in his book on fruit growing, published in 1854,
states:

Peaches and other sofi fruits shovld be pressed as lightly as possibla, for
anything like u siueeze is certainly followed by decay in the form of a bhrown
spot, and this is the reason why it is exceedingly diffienlt to find a perfectly
sound and at the sume time #ipe peach in our markets.

Kirtland (49) published an excellent description of plum brown
rot 1n 1855 and stated he had known the disease for 80 years. Heo
realized clearly that brown rot is a disease, as the following
quotation shows:

The plum crop, of Iate years, has generully failed in ncrthern Obio. The
result has been chnrged to the curculis, and in muny instances correctly: hut
a fatal disense has been insidiously progressing awmong onr fruit orchirds
which bag done more injury than that insect. The eifect of the twn evils has

not usuglly been discriminated one from the other. Indeed few cultivators
secm to be aware of the prevalence of any such disease,

Not only did Kirtland realize that brown rot was a definite disease,
but he recognized its fungus origin and made an effort to identify
the fungus. In Warder’s book on American Pomology (98, p. 188-
788}, published in 1867, the following is quoted from an address by
Doctor Kirtland before the Ohio Pomological Society :

I have watched carefully the sudden and premature decay of our plum crop,

at the period of its ripening, for the last fifteen years. From hints offered
by the weork of Prof. Mitehell, and several microscepic observations of my
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own, I was induced to publish an article in  The Florist,” of Philadelphin, in
the year 1855, in which I imputed the origin of the disease to the Torula or
some analogous species of parasite fungi. The disease still prevails among
us, and it is sure to destroy all the pluas which escape puncture by the careglio,
It is, however, generally overiooked by pomologists, and its effects are charged
to the depredations of that insect, Similar disease occasionally impairs our
peach and apple crops, to a less extent, Whenever it occurs on either of these
varieties of fruit, the spurs and young wogod blight or canker, and cease to
be fruitful for several years.

The blight of peach here mentioned was probably that caused by
the brown-rot fungus, but the blight of the apple was more likely
that caused by Baecillus amylovorus (Burr.) Trev.

Riley {75, . 52-58),1n 1869 in a discussion of the curculio, states:

* % % Py its punctures it causes the (readed peach-rot to spread, when-
ever that disease is prevalent, though it cannot pessibly be the fivst cause of
the disease. ‘I'he peach-rot is now pretty generally ncinowledged to be n
eontagious disease, of a fungoid nature, and I bLelieve thut the spores of this
fungus, “ a million of which miglit be pug upen the point ol a stick whittled
down to nothing,” attach themseclves more veidily to fruit which has the skin
abrarded, and from which the gum issues, than to whole or unpunctured fruik.
With this belief I made some effort to procure, for the benefit of my readers.
a synopsis of the growth of this fungus, but, alas! I find that nothing but
confusion exists with regard fo it. Upoen applying to my friend, Dv. T, C.
Hilzard, of $t, Louis, a recognized anthority on such subjeets, he furnishad
me with the article whiclh may be found in the Jowrnal of Agricutture of Jan-
uary 1Gth, 1868. I most respectiully declined publishing it in these pnges
knowing that the reader would not be likely to understand what was either
too profound or too befogmed for my own comprehension, and those who re-
nuire o synepsis of this fungus, are referred to that article, Verily we must
conclude that Peach-rot is not yet much understood, it a move clear exposition
of it cannot be givent

Until quite recent times brown rot was accepted by most people
as a thing inherent in the peach and bound to appear in moist
weather as the peach reaches maturity, or as caused by the curculio.
The fungus, when noticed, was apparently accepted as a natural
and normal growth following the rot rather than causing it. A
careful examination of Downing’s (30) book {(edition of 1876) on
fruit growing fails to disclose a reference to peach brown rot,
although the curculio, borer, and yellows are given much atfention.
Even so late as 1889 Smith {97, p. 124) stated:

The peach is well known to he a1 delieate and perishable fruit, but it is not
so generally known through just what agencies this deeay oceurs. * * *
Fruit growers, as o rule, are entirely ignorant of the presence of any fungus,
They do not know the catse of the rot, but ave painfully conscious of the result,

since the latter can e expressed in pecuniary terms. The vet is frequently
koown as " sculd ™ and Is usually aseribed to hot and wet weather * * %

In 1898 Selby (89, p. 218) wrote:

The belief that peaches rof solely Lecause of the weather is often expressed;
bhut while, to be sure, the weather influences the amount of vot, it is only a
conditicon and not the eanse of peach rot.

Brown rot of the peach, therefore, appears to have been an impor-
tant disease for at least a hundred years; but although its true nature
was suspected by a few, it was not generally regavded as a definite
disease until after 1880.

4 In the Journal of Agrienltupre of Jon. 30, 18069, there is a letter fram Tillgnrd protest-
img that his paper hnd been " so utterly and lllegihly defaged * * % ¥ griovous
erritn.” Despite ridieulous typogropbical errors, the paper shows that Hilgurd had
considerable knowledge of the [upgus.




PEACH BROWN ROT

LOSSES CAUSED BY THE DISEASE

In the humid sections of the Fastern and especially the South-
eastern States, brovm rot is 2 menace to the peach crop nearly every
year. Often 1t is the principal topic of conversation as peaches
begin to ripen, for the orchardist w1l knows that at this time moist
weather may favor the development of brown rot to such a degree
that the erop which he has nurtured so carefully for many months
may be destroyed as it reaches maturity.

Were it not for the control methods In common use, many sections
in Tioist years would suffer an almost total loss. In seasons of high
rainfall the writers frequently have seen the eniire crop of in-
dividual orchards destroyed by the disease and the crop of whole
sections reduced by as much as 75 per cent. In such years a large
percentage of the remaining fruits, which are soft and watery and
covered with conidia of the brown-rot fangus washed down on them
from the infected fruits, may rot soon after picking, In regions of
little rainfall peach brown rot is mot present or, if present, is not
important.

mith (91) estimated the loss to peach growers of the Delaware-
Chesapeake Peninsula in 1888 as $400,000. Quaintance (70} con-
sidered the loss to Georgia growers in' 1%0 as somewhere between
$500,000 and $700,000. For the whols of the United States, Scott
and Ayres (87) in 1910 estimated the annual losses caused by brown
rot to be at least $5,000,000. They estimated that with a fair crop
and average brown-rot conditions the loss to Georgia growers ulone
was $1,000,000 annually.

Orton (62, p. 883) in 1904 reported:

Brown rot (Selerotinia fructigena) varvied in severity aceording to the
weather in qifferent sections. The main peach crop of middle Georgia was
nearly free from rot. There was much greaier loss in north Georgia, amonnt-
ing to 15 per cent of the crop. In Maryland plums suffered most, the loss on
varieties like Wickson and Abundance being 30 to 100 per cent, while early
peaches were a complete loss and midseason varietios rotted badly., In the
Northern States the disease occurred nbout as usual whore the erop had not been
destroyed by winter injury. There wus little in Michigan,

In 1905 Orton (63, p. 604) further reported:

Brown rot * * * was on the whole more destructive thanr usual. TIn
Georgin the loss was greater in the seuthern than iu the middle and northern
peach sections of that State, and amounted to one-third of the erop, or S00
carleads, AMaryland, New Jersey, nnd Connecticut suffered severely. In one
instance in Penssylvania 20 carloads were lost. The estimated damage in
Ohio was $250,000. There was Serious injury to the erop in West Virginin,

Two decades later the plant disease survey of the Bureau of Plant
Industry, United States Department of Agriculture,® reported that
in 1924 brown rot reduced the yicld of peaches in the United States
by 2,392,000 bushels, and in 1925 by 692,000 bushels. The average
annual reduction for the years 1917 to 1925, inclusive, approximated
3,200,00C bushels. In 1926 the reduction in yield was estimated at
I:); per cent, or 1,868,000 bushels ; in 1927, it was 5 per cent, or 2,379,000

ushels.

"TUKITED STATES DEPARTMENT OF AGRICULTUKE, TSORFAL O PLaxT INDUSTHY, COOP
LOASES FROM TLANT DISEASLS * ¢ %  Dignk Dikense Bul. Sup. § (19193, 12 (19203,
18 {1521), 24 (1022). Plant Disense Rptr., Sap. 30 (1023}, 3G (1924}, 43 (1923}, 49
(1928}, 56 (1997), 64 (1028). [Mimecgranhed. |
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These estimates, however, do not include the losses due to rot
aftor the peaches have left the hands of the grower. Each year losses
in transit and on the market are large, and frequently enormous.
Peaches from sections where brown rot is prevalent, when shipped
long distances, even in refrigerator cavs, are sure fo suffer from
rot to some extent, especially in years of heavy rainfall, when peaches
contain 2 high percentage of water and conidia of the fungus are
invariably present. Frequently the loss 1s 25 per cent or more.
Then in commission houses, stores, on fruit stands, and finally in
the hands of the consumer, brown rot takes further toll. Beginning
ahout 1908, the losses both in the orchard arnd in the market have
I;f)een greatly reduced by the application of sprays to the developing

raits.

It is probable that most estimates do not include losses from the
blossom-blight phase of the disease, which occastonally may prevent
the setting of & full crop. The writers have seen cases in which 95
ger cent of the blossoms of individual orchards have been Killed

y this phase of the disease.

VARIETAL SUSCEPTIBILITY

The modern commercial varieties of the peach show considerable
resistance {5 brown rot in normal years. One of the reasons why
they bave supplanted the older and often better-flavored varieties
is that they are less susceptible to brown rot in the orchard, in
transit, in the market, and 1n the home,

Because of differences in time of ripening it is impossible to classify
varieties according to their relative susceptibility to the rot phase of
the disease, since in the same season the conditions at the time of
vipening of one variety may be favorable to the development of rot,
and at that of another variety unfavorable. Varieties that are
normally resistant may in seasons of excessive rainfall produce fruit
which, in place of having the usual firmness, is so soft and watery
that it is very susceptible. Frequently the percentage of fruits
punctured by the curculio determines the percentage of fruits
affected with brown ros, vegardless of the vaviety.

Practically all modern commercial varieties are more resistant to
the blossom-blight phase of the disease than are the older ones, bub
all may be quite susceptible under optimum conditions for infection.

THE FUNGUS CAUSING THE DISEASE

TAXONOMIC POBITION

A discussion of the taxonomic position of the fungus causing the
brown-rot disease of peaches in North America should start with
the classification of similar fungi in Europe, because early American
workers were in close contact with European mycologists, used the
European systems of classification, and in o number of cases sub-
mitted their American specimens to European workers for identifi-
cation. Reliance on European mycologists was logical and would
have eliminated the confusion that now exists if, as was thought
until recently, the American organism had been identical with =
previously known Turopean organism,




PEACH BECWN ROT 7

In 1796 Persoon (65) described a fungus causing a rot of fruit in
Europe under the name of T'orule fructigens. In 1801 he (66) de-
cided that it belonged to the genus Monilia and renamed it Monilia
fructigena. Kunze and Schmidt (50) considered that it should be
called Oidéum fructigenum, After considerable discussion by vari-
ous writers, M. fructigena becamne the generally accepted name, al-
though 0. fructigenum was also used.

American mycologists early in the nineteenth century knew that
a fungns was associated with the rot of peaches but apparently were
not interested in considering whether it caused the disease or not.
In fact, one infers that they assumed it to be a saprophyte develop-
ing in the rotted fruit.

De Schweinitz (55, p. 128), in his Synopsis Fungorum Carelinac
Superioris, supposed to have been published in 1822, reports as item
No. 130 “ Torula fructigena. In Persicis frequens.”

In Michener’s collections,® volume 23, sheet 32, there is o specimen
lubeled © Qidiwm fructigenwm Per. in fruct. Pruni. 8. Car. dedet
Ravenel.” Also on sheet 34, “ Qidium fructigenwm Per. in fruct.
putrescent. Pruni, 8. Car. H. W. R.”

The influence of the European workers is clearly shown in the
names ascribed to the fungi collected by these early American in-
vestigators, and even as late as 1913 the American fungus was con-
sidered tc be identical with M onilia fructigena.

In 1851 Bonorden (13) described ancther species occcurring on
fruits in Europe and named it Monilia cinerea. Although it had
been accepted by Saccardo (83, v. 4, p. 84) and by Schrdter (84),
little attention was paid to this name until 1900, when Woronin (117}
showed that the Af. fructigena of Persoon and the M. cinerea of
Bonorden were distinct species.

Eugene Rau, of Bethlehem, Pa., found in May, 1893, in a garden
a decayed peach on which was growing the apothecia of a fungus.
He kept part of this material with his own collection and sent a
part to Winter (704), who described the fungus as a new species
which he named Ciboria fructicola. Saccardo (83, v. 18, p. 4I) ac-
cepted Winter’s new specics and copied Winter’s description in the
Sylloge Pungorum but placed it in the genus Sclerotinia on the au-
therity of Rehm. The name appears in the Sylloge Fungorum as
Sclerotinia fructicola (Wint.) Rehm.

In 1888, five years after Raw’s discovery, Woronin (770) demon-
strated the connection between a Monilia and a Sclerotinia growing
on Vaccinium vitis-idaca. This discovery led Schroter (84) in 1893
to propose that Monilia fructigena and M, cinerca be placed in the
genus Sclerotinia with the names Sclerotinia fructigena and 8.
cinerea, respectively, This is apparently the first time that these two
fruit-rotting fungi were placed in the genus Sclerotinia, and it must
be pointed out that Schréter had no grounds for his assumption other
thon analogy with the fungus on Vaccinium. He either overlooked
Winter’s description of COiboria fructicola or failed to attach any
significance to it.

The next development came in 1902 with the finding by Norton of
apothecia of a species of Sclerotinia developing from peach mum-

9 The Fern Michener colloction of Tungl, in the herbariuw of the Divislon of Mycology
snd Dlgense Survey, Bureau of Plunt Industry, U, 8, Department of Agriculture,
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mies. By cultural work he demonstrated beyond any doubt their
connection with the common Monilia causing a rot of fruits. Since
this Monilia was generally believed to be identical with M, fruc-
tigena, of Burops, Norton (69) named the fungus Sclerotinia
fructigena (Pers.) Norton,

In 1805 Aderhold and Ruhland (I) reported the discovery of a
Sclerotinia which they demonstrated to be the ascogenous stage of
Monilia fructigena. They also declared the American fungus to be
Sclerotinia cinerea, since the Monilia form of the American fungus
and M. cinerea of Europe are so nearly alike. Their description of
8. cineren is based on preserved apothecia from the United States
and on conidial maierial collected in Europe.

In the United States the work of Aderhold and Ruhtand was not
generally accepted, and Sclerotinia fructigens was commonly used
as the name of the peach-rot fungus until about 1913, when Matheny
(56) after studying fresh material from Europe and North America
showed conclusively thai the fungus was quite different from &S.
Fructigena but resembled S. cinerea very clusely, Matheny’s con-
clusions have been verified by Conel (78}, Bartram (9), Jehle (48)
and others who have examined material or grown the fungi in cul-
ture. 8. cinerea was generally accepted as the correct name for the
commnon American fungus, and its identity with the Earopean form
was not guestioned until about 1920.

In 1919 and 1920 Wormald (105) distinguished a number of dif-
ferent forms of Selerotinia cinerex. Cultures of the American form
fruited more readily on artificial media than did the strains occur-
ring in England. Other differences between the Monilia forms were
noted, including differences in enzyme production, in manmer of
growth on artificial media, and in length of germ tubes before
branching. Wormnld regarded the American form as distinct and
referred to it as Monilia cinereqa forma americana.

In 1921 Wormald (706) announced the discovery of a species of
Sclerotinia which he showed to be the perfect stage of Monilia cin-
erea. He accepted the name Sclerotinia cinereq (Bon,) Schroter
for the fungus, the ascogenous stage of which Schroter had never
seen.

In 1923, at the December meeting of the American Phytopatho-
logical Socicty, Norton and Kzekiel (61) proposed the name Sclero-
tinig americane (Wormald) comb. nov. for the American form.
They stated :

The species mentioned can be differentinted maerescopically on potato-glu-
cose agar plates by vaviation in the rate of growth, preduction of conidia and
aerig! hyphae, and shape and elevation of the colony.

At the time Rau made his discovery of apothecia arising from
decayed peaches no connection between Monilia and Sclerotinia
had been recognized or even postulated, so European and American
investigators gave no particnlar attention to his discovery. It was
not until 1909, 21 years after Woronin’s discovery of the connection
between Monilin and Sclerotinia, 16 years after Schriter’s assump-
tion that sclerotinial stages of Monilia fructigena and M. cinerea
existed, and 7 years after Norton’s demonstration of the sclerotinial
stage of the common American fungus, that attention was called to
the fungus collected by Rau and described by Winier. In that year
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Pollock (67, p. 63) pointed out that since Winter’s measurements
of asci and ascospores agreed very closely with those given by Reade
for the ascogenous stage of the American fungus, Winter must have
had that species. He stated:

I the rule of priority is to apply to the species name first associated with
the perfect stage, the correct name of this fungus is Sclerotinia fructicola
{Winter) Rehm instend of Sclerotinia fructigena {Pers.) Norton.

In 1920 Pollock ? again called attention to Selerotinia fructicola,
which seemed to him to be the correct name of the common American
brown-rot fungus, particularly since he now considered the Amer-
ican fungns distinet from European forms.

The writers (77) in 1924 reported that they had examined and
made measurements of cotype specimens of Sclerotinia fructicole
found in Rau’s collections. They showed that the fungus collected
by Rau and described by Winter was morphologically identical with
the species of Sclerotinia commonly found on decayed peaches at
the present time, They stated that if the American form is consid-
ered as a distinet species it should be called Selerotiniu fructicola,
since that name had priority over 8. americana. At that time, how-
ever, since the writers were not convinced that the American form
was sufficiently distinet from the IBuropean to warrant specific ranlk,
they preferred the name 8. cinerea.

Ezekiel (34) in 1924 confirmed and enlarged upon Wormald’s
work. He showed that the American form and Selerotinie cinerca
forma pruni differ as to germ tubes, oxidase production, length of
hyphal cells, rates of growth on artificial media and in inoculated
fruits, and in the manner of growth on artificial media. Many of
these differences had been noted by the writers but were not consid-
ered sufficient to constitute & distinct species, since the American
form itself showed considerable physiologic variation.

Jackson (47) and Posey (69) as early as 1915 and Barss (8) in
1928 called attention to a Monilia attacking fruits on the Pacific
coast which they reported as different from the common one found
there. Barss (8% proposed for it the name M onilia oregonensis Barss
and Posey. Ezekiel (35) in 1925 considered this fungus to be identi-
cal with M. cineres formn pruni of Europe, He grew the different
forms in culture and ghowed the close resemblance in physiologic
behavior between M. ¢inerca of Turope and the Pacific coast form.
The writers in 1927 (¥9) confirmed Ezelkiel’s results. Wormald
(107) also confirmed them, affirming the Pacific coast fungus to be
identical in culture with M. cinerea forma prund. Since the typical
American form and the fungus occurring on the Pacific coast can
be distinguished in nature and in herbariom specimens as weil as
in artificial culture, the writers have receded from their former
position and consider the common American form a distinet species,
but they maintain that, since they have shown its identity with a
fungus first described as Ciboria fructicole, the name Selerotinim
fructicola should be accepted as correct. KEzekiel (35) still prefers
the name 8. gmericane because there is, ab present, no way of dis-

7POLLOCK, J. 1§, IDENTITY AND THE NAMA OF THE SCLEROTINIA CAUSING 'tHE BROWN
ROT OF _BTONB FRUITS TN THE UNITED SBTATES. Pnper read hefore the myeologieal section
of the Botanical Society of America, Chlengo, Dev. 80, 1820, {Uupublished, Informa-
tion zlge given in 2 letter to the scnlor writer.
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tinguishing the apothecial stage of tho commen American fungus
from that of 8. ¢inereq. Wormald {108} has accepted 8. americana,
believing that the earlier name may have applied equally well to
apothecia of 8. e¢inoree. Wormald (709) takes this stand while
pointing out that 8. ¢inerea has been found only in the Pacific coast
section of the United States, which is more than 2,000 miles from
Pennsylvania and is about two-thirds as far from that State as
the latter is from England. It showld also be pointed out that the
apothecial (Sclerotinia) stage of 8. ¢ineren has never been found
in the United States and that failure to find it has thrown some
slight doubt on the accuracy of the determination of the Pacific
coast fungus as &, cingreq. If these statements ave correct, then it
seems inconsistent to accept S. cinereq for the Pacific coast fungus,
and to reject 8. fructicols in favor of 8. americana for the commen
brown-rot fungus.

TFurthermore, it seems illogical to reject the name 8. fructicola as
Ezekiel and Wormald have done on the ground that the technieal
description does not distinguish between S. fructicola and S. cinerea.
When 8. fructicola was described in 1883, there was no description
of the apothecial characters of 8. einerea. The apothecia of the
latter were not found until 1921 {38 years later).® It seems to the
writers that unless the apothecial characters of 8. cineres can be
shown to be different from those of 8. fructicola the question is really
centered about the validity of the name S. cinerea and not about
8. fructicola.

fany American investigators accept Sclerotinia fructicole as the
correct name for the fungus, and Harrvison (40, p. 7115-774), an Aus-
tralian investigator, states:

The first valid name applied fo the aputhecinl stage of the American Brown
Rot fungus should be universally adopted when deseribing that fungus.
Throughout this paper, therefore, the name 8. fructicola {Wint.) Rehm will be
used in preference to 8. gmericana {Woim.) Norten and XHzekiel,

Honey (44) has recently chosen Sclerotinia fructicola as the type
of a new genus, Menilinia, which is to inciude those forms formerly
included in Sclerotinia that have a conidial stage belonging to the
imperfect genus Monilin. Acceptance of this classifiecation would
give the brown-rot fungus the name Monilinia fructicole (Wint.)
Honey. Hino (453}, on the other hand, because of the existence of
intermediate forms, thinks that the genus Sclerotinia should not be
divided.

Granting that the common American fungus belongs to the genus
Sclerotinia, then there are four names—S. fructigena ?Pers.) Schrét.,
K. cineres; (Bon.) Schrit., S. fructicole (Wint.) Rehm, and 8. ameri-
cana { Wormald) Norton and Ezekiel—that must be considered before
deciding on a name. Of these, 8. fructigenz has been shown by
Woromn (110}, Aderhold and Ruhland (7}, Wormald (105), and
others to be a name applied to a European fungus which Pollock
(67), Matheny (56}, Conel (78), Bartram {9), Jehle (48), and
‘Wormald (705) have demonstrated is quite different from any known

8If Selerotinin cinerea is consldered identics] with 8. Ieag, the year wonld be 1904 angd
the interval 21 years {Aderheld ned Rohiand, 1), T, M, Harrison, of the Hnwkesbury
Apriculiural Cellepe, Richmond, New Sonth Wales, Australla, in Mareh, 1932, showarl
the writers an unpublished manuseript 10 which the ident!ty of 8. Jaga ond 8. cinerca
and the priority of the name 8. lage sre demonstrnted. .
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American species. The principal differences noted by them are as
follows:

The conidial fufts de not agree in size, shipe, or color. Those of Selerofinic
fructigene are yellow or buff in color and often grow together to form a smooth
upper surface. Those of the common American form are ashen gray in color,
much smuller, and do not conlesce,

The eonidia of & Ffructipena arve rcgularly and consistently larger than those
of the common American fungus. The former arve short lived, the latter rela-
tively Iong lived.

Although measurements of the asci and ascospores of both ferms eorvespond
very closely, the ascospores of 8. fructigena ave sharply pointed at each end
and are free from oil droplets, wherens those of the American form are rounded
at the end and possess oil droplets.

The American fungns usuoally rots frults moch more rapidly thun does
8. fructigens., -

In artificial culture 8. fructigene and the common American fupgus behave
quite differently.

The writers have grown Sclerotinia fructigens in artificial culture
and have performed inoculation experiments with it.  They also have
examined fruits naturally infected by this fungus. They are in com-
plete agreement with the foregoing statements. It should be added
that the conidial tufts of S. fructigene are mainly composed of my-
celium rather than conidia, whereas those of the American form are
mainly composed of conidia. The conidial chains of the Iatter are
much more easily broken up than are those of the former. All who
have investigated the subject ave agreed that 8. fructigena is a species
quite distinet from any form known to occur in North Americu.

After it had been shown so conclusively that S. fructigens of
Europe is not identical with the common American form, 8. céinerca
became the commonly accepted name for the latter, because the
conidial measurements were approximately the same and because S,
cinerea was supposed to be serious as a disease of stone fruits only.
Comparative studies of the Monilia stages of 3. cinerce from Europe
and of the American fungus, made by Pellock (67), Wormald {105},
Norton and Ezekiel (67), and Roberts and Dunegan (77}, revealed
certain differences between the two organisms; and when Jackson
(47}, Posey (69), Barss (8), and Rudolph (82) concluded that
another brown-rot fungus exists in the United States, the Monilia
stage of which Ezekiel (35} has shown to be similar to, and probably
identical with, that of the true &. cinerea of Furope, it became
evident that the common form could no lenger correctly be called
8. cinerea.

The chief reasons for considering the common American form
distinct from 8. ¢ineren are as follows:

8. cinereq canges princinally a destructive blossom, spur, and twig blight
of both peme and stone fruits rather than a frult rot primarily of stone fruits.

It forms on the blighted parts persistent conidia-producing mycelial cushions
which are quite different from the evinescent fufts of conidial chains produced
on disensed purts by the ecomumen form., From these cushions counidia are
produced mnuinly in late winter ov early spring of the year following infection.
From twig cankers cansed by the common form, tufts of conidin are produced
gpon after the blighit begins to appear, and may continue to be produced on
the cankers at intervals throughout the senson, but are produced rarely in
the late winter or eartly spring of the year follewing infection.

No apothecial stoge of 8. cinerea has been found In the United States,
whereas the apothecial stage of the common form is abundant.

The common Ameriean form usnally rots frults mwneh more rapidly than
does 8. cinereq.
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The lengths of the conidial germ tubes before branching and the manner
of branching are different in the two forms.

The common American form gives a much niore powerful test for the
presence of oxidases than does 8. ginered.

On culture media the common American form usually produces conidia more
readily and grows more rapidly. The margin of its growth is wsusliy even,
whereas that of S. cinereg is nsually scalloped or lobed,

Solerotinia americana can not be accepted as a valid name because
1t 1s antedated by S. fructicola.

8. f?ucmgoZm should be accepted as the correct name for the com-
mon American fungus because it was the first name to be applied
to it. The proposal of the name was accompanied by an ade-
quate description and complied with all the customary ruales of
nomenclature. :

The reasons for considering the apothecia, collected in 1888, and
described as %boria fructicola by Winter in the same year, identical
with the apothecial stage of the common American fungus are as
follows:

The apothecia collected in 1883 developed from sclerotig investing a decayed
peach,

They were found in Pennsylvania, where brown rot is a sevicus disease, and
in May, which in the Intitude of Pennsylvania is within the season for ths
production of apothecia by the fungus.

The crigipal coliection has been examined and found to consist of dried
apothecia and sclerotian. Mensurements of apothecis, ascospores, asci, and
paraphyses from this collection correspond closely with those of the common
brown-rot fongus collected at the present time.

Apothecia of no other species of Sclerotinin which could he confused with
those of the common brown-rot fungus ave known to gecur om fallen-peach
mummies in Pennsylvania or elsewhere in the United States. The apotherinl
stage of the oniy other species of Monilia known to ocenr on peaches in the
United States has never been collected in thig country, even on the Pacifie
coast, which is the only seetion in which the Fangus is known to oegur,

GEOGRAPHIC DISTRIBUTION

The fungus Sclerotinia fructicola, causing the common brown rot
of fruit in the United States, has slso been reported from Canada,
Australia, and New Zealand. Wormald (107, 108) states that he re-
cetved & culture from Holland which was indistinguishable from the
common American form. It is doubtful, he thinks, whether the
common American brown-rot fungus occurs naturally in Europe.

A fungus considered to be identical with §. cinerea, common In
Europe, oceurs on the Pacific coast of the United States and Canada
along with the commeon form, but so far as known does not cause a
serious fruit rot of the peach.

MORPHOLOGY
APOTHECIA

In 1902 Norton (59, p. 93) published an excellent account of the
apothecia, of the fungus. The following description is quoted from
his paper:

The apothecia arise from the familiar sclerotiz in the tisstes of the so-
called mummy fruits benenth the soil or ovcasionaily on the surface in moist
places. Usually several arise from the under side of each fruit and sppear in
a ring arcund it at the surface of the ground, from 1 to 20 appearing nbove
one fruit.

The sinzous stipe is from 5-3 em. long, depending on the length it must
grow to bring the spore-bearing surface anbove the ground, It is from .3-1.5
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mm, thick, The lower part is covered with closely adherent particles of
soil entangled in a mass of slender dark-colored septate rhizoids 1 mm. ot less
in length. These gradually disappear upward, the upper pari of the stipe
being smooth. The color is dark brown below running inte the lighter brown
of the disk sbove. The body of the stipe is made up of someswhat elongated
cells in the center with short dark-colored ecells on the cutside, composing the
cortex which continues around the cutside of the disk and projects at the edges
somewhat beyond the hymenium. The subhymenium is vcmposed of elongated

PEACH BROWN ROT

iptertwined cells much like those in the center of the stipe.

The stipe enlarges into the at first campanu
the top. The disk widens out until
oftenr have the edges forn and recurve
in drying np and is then darker
wide, usually about B8 mm.

deposit of spores.

The structure of the hymenium and the stipe is illustrated in
Plate 1, A and B.

The asci (pl. 1, A) are cylindrical to club-sha
They taper gradually
attachment. The pore,
Dunegan (77), is stained blue with iodine,

apices.

ABCT

in the

lower ha lf

late disk slightly broader below
cap-shaped and finally flat.
d. The disk beeomes again cumpanulute
colored, The expanded disk is from 2-15 mm.
In its lnter stages it is often whitish from a

Older ones

ed with rounded
to the point of

according to Reade (72) and Roberts and

while Aderhold and Rul-

land {7) state that it was not so stained in the material {(apothecia
preserved in spirits received from Norten) that they studied.

ASCOSPORES

The eight monostichous hyaline ascospores found in each ascus

are ellipsoid to oveid in shape with rounded ends. The monos-
tichous arrangement becomes irregular just before the spores are
discharged. The spores contain oil droplets and are nonseptate
while in the ascus but may become 2-celled prior to germination.
(Pl 1, G, and PL 2, C.) Measurements of asel and ascospores by
various investigators are summarized in Table 1.

TapLy 1.—Summary of measurements of ascl and dscoporcs of Selerolinia

fructicola

Investigator

Asel

ASCespores

Remarks

Winter (J)-..

Norton (55} 1.,
Aderhold and

Rublané (1.
Rende (72)__._.
Fallgek (67} .-
Matheny (563

o

Valleau (47} ...
Bortrara (8} ...
Jehla (66}

Roberts (77) ...
Norton (60)___.

Harrison (4&)__
Do...

D 7).
unegan {77}--| 1

Btone fruits.,

PlUm...er -

A by 34

.| 10.4-B.E

Do.

Microns
130-160 hy 8-B.5___..

£0.4-107.6 by 5.0-0.5

125-215 by 7-10
130-170 by 9.2-11.5._
135-190 by 6.0-10.5. .
147-173 by 6.8-108._..
102-106 by 3.5-6.7

136185 by 7.8~10.

152-176 by B-10......
o125~ 150

116-180 by 10
135.0 by 7.8 -

NMicrons
10125 by 4-5.500 -

BT by 33,5 aciaen
6203 by $40.. .

10-15 by 5-8
11.4-14.4 by 57
10.5-14,5 by 5.2-7.5..
BA-14.2hy 574 . _
5.8-8.9 by 2.0-3

101 by 7.
_| 10-16 by BB

fi-15 by 4-8
0.2-15.7 by 4.1-8.1_..

10.5-16.3 hy 5.75-8.2.

130~186 by 5.7-13.3__.
117-161 by 5.7-9.5—..

9514 by 5T-T6...-
6.8-13.1 by 3.4-6.5...

Dried material from
Ran,

Frest materisl.

Praserved material
from Norton,

Frosh materinl.

Fresh Australisn me-
torial,

Presarved maotorisl
from New Zesland.

Fresh materisl.

Rau's dried mnterial.

1 Norton, Ezekiel, and Jehle (80, p. 1£) atatc: ‘*The messurements by Norton (1002) nre abottt one-hall
the zsus) sizes, appatently due to an error in computlog the mugnification.”
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PARAPHYSES

The paraphyses are filiform, hyaline, septate, with rounded, slightly
swollen tips. In general they are unbranched, although branched
ones are occasionally cbserved. They are approximately the same
length as the asci and from 2 to 4 p wide.

CONIDIA

Reade (72) appears to have been the first to give o complete de-
scription of the conidial stage. Me apparently agreed with Hum-
phrey (46} that the conidia should be considered ag chlamydospores,
following Brefeld’s usage of the term for spores not produced in
fructificative fashion on specialized spore-bearing threads. Reade’s
description (72, p. 115) is as follows:

Cliamydospores feonidin] cespituiose, puivinate, seaftercd or in concentric
circles, minute to 2 mm usually 0.5 to 1 mm in dinmeter, ut Arst cinersous,
luter on cherries and plums becoming ochruceous-bufl to Isabelly color (R.}.
on peaches ecru drab to Isabefla color (R}, or naars and apples nequiring a
blackish tinge, lernon-shaped, 102822717 g, mostly 1711 g continuous,
biyaline, in articulate, di- or frichotomously branched chains without disjuneiors,

Matheny (86}, Conel (Z8), and Bartram {9) describe the conidial
tufts as “ashy ” or “ ashen-gray.”

The writers have observed the conidial tufts on a large number
of different hosts. They find the conidial tufis to be ashen Ry
when young, becoming darker to almost hlack with ame. 'The tufts
are easily rubbed off and are not formed from definite mycelial
cushions as are those of Sclerotiniu cinerea and S. fructigena. Meas-
urements of conidia by various investigators reveal considerable
variation in gize. These mensorements ave summarized in Table 2.
The formation of conidia in chains is illustrated in Plate 1, D.

Tants 2—Swummary of mousuremenis of conidia of Sclerelinia fructicola

Autiiriey Pate Hos Measnremenis of conidia
r

. Aficrony
Reade (72) 0 1k Sione frules .1 16-28 by 717,
Polloek {67}, ... ¢ Plum. ... . .. -2 by 06141,
Matheny (56). . m Fageh and plum 1f4 by 0.8,
Conel (28} . .. ... ... R N D 1.3 by 74
Valloaw (Ory oo ... ien e 1Hts Plum. ... ... .. L) 15.85=17 18 by 100R-12,1.
Do oo0 o oo, 915 Applec_ - . ... (153155 by 10.76-30.51.
Bartram (H .o ims Pl . o wee e | I3-18 by G140,
Dunepnn (77 eaeeeea. R | g LK 7.6-10 by 5.7-13,2.
L 922 by 7.5-18,
Wormaeld 07y L o L L. ik ’
8-18 by 6.5-14

. Doyon ... o} 1037 —— 11-24.5 by 8.5-16.
Hurrison (§0)....._..... - R i .| 10.9-2L7 by 6.7-14.5.
I I 1 Quince ___._._.... | 115192 by 3.6-78.5.

MICROCGNIRIA

The microconidial phase was deseribed by Humphrey (44, p. 88)
as follows:

* % * the mycelltmn of the fungus Las given rize to lmmense numbers of
closely-set flask-shaped sterigmata, reminding one of those of Aspergilfius.
Each of these produces ut its oufer or neclr end small globutar spores of about
3 r in diumeter, every one of which contuing n conspicuous oil globuie., One
rirely finds more than one of these sttuched te the steriema, but their vpst
number und the ocvcasional ohservation of scverul still ubited shows that they
must be produced in chuins, Hke Aupergilius Lpores,
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Reade (72, p. 115) states: “ Microconidia formed in cultures on
erminating spores, chlamydospores [conidia] and mycelium, spher-
ical, hyaline, 2 to 4 u, with a central refractive spot.”
Pollock (67, 2. 52) observes:

* * * mycelium from the ascospores also produces flask-shaped conidio-
phores with microconidia, globular bodies 2.5-3 micromillimeters In diometer.
In scme cases these flask-shaped conidioplores grow almwost directly upon the
ascospores ol crowded on a very short germ tuhbe. Dense tufts of these
conidiophores beoring conidia are alse found on the well-Geveloped myceliurm,

Valleau (97, p. 374) states:

The production of the microccnidia was first seen by the writer in n potato-
plug culture of the local fungus nearly a year old. The spores runged from
22 to 2.6 x in diameter, were spherical, and contained a large refractive
globule. They were later found on agur cultures in greut nbundance, in
hanging drops of distilled water, and also in hanging drops of 1 per cent
malie, ¢.062 gallie, 0.062 and 0.25 per cent tannic acids. In the latter cases
the flask-shaped sterigmata could be seen. Chains of from 15 to 20 spores
werg not uncommon. They were also produced in great abundiénre on the
surface of a very young Surprise plum picked and inocnlzted June 8, These
spores ranged in size from 255 » to 8.22 p, averaging for 25 measuromoents
2,72 u. The microconidia produced in the 1 per cent malic-ncid solution
were Jarg. ., ranging from 2.60 to 3.79 g, nieasurcments of 23 spores averaging
314 p.

The writers have observed the production of microconidia on flagk-
shaped conidicphores that had developed from vegetative hyphae,
on germ tubes produced by the germination of ascospores and
conidia, and occasionally directly on ascospores, which apparently
had been discharged and had fallen back on the surface of the
apothecia. The microconidiophores were produced directly from
the ascospore without the intervention of a germ tube.

The flask-shaped microconidiophores have an average length of
about 6 x and an average widch of about 2 p.  They may occur singly
or in compact masses which seem to be arranged in whorls, The
microconidia, which are produced in chains at the tops of the conidi-
ophores, are globose, uniformly 2 to 3 g in diameter, with an oil
drop. (PL 2, A.) In cultures microconidia are frequently pro-
duced in great abundance, and their masses are visible as viscid,
cream-colored droplets on the surface of the medinm. (PL 2, B.)
They may be present in 3-day-eld cultures, but they begin to appear
mn abandance after two weeks. They are usually much more abun-
dant in dextrose-potato agar cultures than in potato agar cultures
without dextrose. In old cultures the droplets may run together to
form a whitish slime over the surface of the culture medinm.

Hino (43) considers the microconidia of species of Sclerotinia to
be degenerated abortive forms of normal macroconidia that have
lost the power of germination and further growth. He claims that
microconidia are a symbol of the genus Sclerotinia hecause they are
to be found in all species under all conditions.

MYCELILAE

The mycelium has received slight attention from most investi-
gators, with the exception of Izekiel (34), who recognized hyphal
characters as an aid in distinguishing Selerotinia fructicola from
8. cinerca. Me described the Lyphae as long, straight, and simply
branched in artificial cultures. The mean length of hyphal cells as
determined by many measurements was 66.2 p.
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SECLERQTIUAL

The sclerotium is a dark-colored, tough, horny, more or less
wrinkled structure which invests the mummied peach and from
which a]gthecm, conidia, and microconidia may be produced. Nor-
ton, Ezekiel, and Jehle {60, p. 6) describe it as
o dense layer of dark, thick, hyphae of the fungus mingled with or su rrounding
tie purtly preserved cells of the fruit. On the outside of the selevotium the
fungus threads are darker and thicker-walled, the inner layers lighter,

Honey (44} gives excellent reasons why this mixture of fungus
and host tissues should be called a pseudosclerotium.

GERM TUEES

The characters of the conidial gern tubes are of value in dis-
tinguishing Sclerotinia fructicola from S. cinerea, as has been
pointed out by Wormald (105) and by Ezekiel (34). 5. fructicola
has long straight germ tubes which do noé branch until they have
attained a length of at least 100 . (PL 2, D.) The germ tubes of
S, cinereq are much shorter and are twisted and bent, Branching
begins soon after the germ tubes are protruded.

OTHER STIRUCTURES

Other structures have been noted by investigators from time to
time, especially when the fungus is grown in artificial cultures. The
thick-walled resting spores mentioned by Humphrey (40} and
Quaintance (70} are often seen and are believed by the writers to
be sclerotial in nature. The oblong bodies observed by Humphrey

(46) budding from many points along certain hyphal threads have
alsobeen observed by the writers. They seem to be aborted conidial

chains.
S8TRAINS OR PHYSIOLOGIC FORMS

Differences in the behavior of strains of the fungus obtained from
different sources have been noted particularly by BEzekiel ($4) and
by Seal (88}. The former has shown that strains of Sclerotinia
fructicola vary in cultural characters, production of cxidase, and
effects on inoculated fruits. He also believes that they show con-
stant variations in the size of conidia, but to the wrifers the dif-
ferences scem too slight to be significant. He also noticed variations
in the shape of apoﬁlecia, to which, however, he did not give much
consideration, since he did not know whether or not they were
constant.

On the basis of differences in growth on potato-dextrose agar,
Ezekiel (34, p. 138) distinguished 6 varieties into which the more
than 30 strains that he studied could be grouped. The varieties are
distinguished by their habit of growth on potato-dextrose agar at
25° C. in tube cultures, and at 15° in plate cultures, as foilows:

Var. I. Tube culture: conidia and microcenidia abundant, hyphae only truce,
no hyphal masses. Cultures flat.
Plate culture: conidiaz very abundant in concentrie circles, hyphae in-
conspicoous, ho hyphal masses,
Var, II. Tube culiure: both hyphae and conidia medium to abundant, hyphal
mmisses rarely if ever present.
Pluate culture: conidin abuudant in concentrie cireles, Hyphae few but
visible wacroscopically.
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¥ar, 1II. Tube culture: hyplne snd conidia medium fo abundant, hyphal mnsses
present,
Plate culture: conidiz abundant in copcentric circles. Hyphal masses
may be present.
Var. IV, Tube culture: conidia trace fo Tew, only ai the top of slant. Hyphal
nasges very abungant,
Plate culture: conidin abundunt in conceniric circles. Hyphal masscs
may be present.
Var, V. Tube culture: conidin very few, if present visible only mieroscopically
and not as pustules. Hyphae abundant, not in hyphal mnusses.
Plate culture: conidin present in concentrie circles in center of colony,
hyphae more abuudant toward the periphery.
Var. Y1. Tube culture; conidia very few, if present visible only microscopicalily
and not as pustules, Hyphae abundant, never in definite hyphal mosses.
Plate culfure: conidiz as in tube culitures, Hyphae abundant, Torming
cencentric circlas. No hyphal masses.

Seal (88, Table 1, p. 282) distinguished at least two physiclogic
forms, which showed constant differences when grown or vavious
substrata and under various environmental conditions. Che two
iorms showed the following phiysiologic characters:

FORM 1

On froits: Slow rot; necrofic area more or less confined to the surface area,
not extending decply infe the fruit; fraiting pustules small, compact, and olive
colored; * * * st first scanty, but after 10 to 15 days dense, compact
* * ¥ | The fruit blackens on decuy.

On artificial mwedia: Sparse productior of aerial mycelium, Speres produeed
abundantly in small, ashy-gray tafts. On prupe gpar and in liguid eultures
only little myceliom produced. Darkens the substrate to o dark brown or
black. On prune agnar spore production very seant,

FORM 2

On fruits: More rapid rot; neerotic arex more or less confined to the surface,
but extending deeper into the flesh of the fruit; froiting pustules larger, less
compict, scatiered, and ash gray to olive in color. Fruiting pustules after 10
to 15 days not so compact, but myeelium more abundantly produced. The
fruit turns brown on deeay, not biack,

On artificial media : Moderately heavy preduction of aerinl mycelium. Spore
production less abundant and in Liedium-sized ashy-gray tufts, On prune
agar and in ligoid cultures mycelial development more abundant. Darkens the
substrate only slightly or not at all. On prune agar spore production more
abundant.

The writers have noted that some strains when grown on 4 per
cent potato agar grow much more rapidly than others. Some pro-
duce conidia abundantly, others very sparsely. Occasionally g form
will be isolated which af first produces conidia sparsely and micro-
conidia in great abundance; Lut after it is grown in culture for
several years, the production of microconidia is greatly decreased.
The writers Isolated a strain of this type from an apple in 1924.
Some strains when grown on beef agar darken the medium very
rapidly; others require two weeks or more. On the other hand, one
strain has been grown for 10 years, and two strains for 7 years con-
tinuously in tube cultures of potato hard agar, with and without
dextrose, all of which have at different times shown the various
combinations of characters that distinguish Ezekiel’s varieties.

HOMOTHALLISM

According to Ezekiel (34), Sclerotinia fructicola is homothallic.
He came to this conclusion because apothecia were developed from

129788°—32—— 2
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peach fruits inoculated with strains arising from single ascosrores,
and because there was no apparent reaction, other than anastomuses,
between strains grown near each other in the same Pefri dish.
Whether the fungus is homothallic or heterothallic would be ex-
tremely difficult to demonstrate conclusively, because no sexual
organs are preduced on artificial media and because one can not be
sure that fruit inoculated with single ascospore cultures may not also
become naturally inocalated with vagrant conidia commonty present
on the surface of peaches and plums.

GROWTH ON ARTIFICIAL MEDIA

In general the fungus may be said to grow readily on a variety
of artificial media, A much-favered medium is 4 per cent potato
agar or potato-dextrose agar. On potato-dextrose agar conidia
are frequently produced in two days, and the entire slant may be
covered with conidial masses in three days. When the dextrose is
omitted growth is slower, but conidial production is much more pro-
fuse and without the production of aerial hyphae.

Another medium, which the aunthors have used extensively, is
potato plugs soaked in 7 per cent malic acid for 48 hours as recom-
mended by Wiltshire {708). The fungus grows readily on the plugs,
with profuse production of conidia and microconidia.

Most, cultures of the fungus grow very rapidly and produce conidia
and microconidia profuseﬁy on the potato agars and to a lesser
extent on all the common media; some, however, grow more slowly
with a comparatively scant production of conidia on the potatc agars
and with Httle or no conidial production on many of the common
media. Some media, such as beef agar, are turned black by the
growth of the fungus. On other media, such as corn-meal agar,
the growth is almost invisible to the unaided eye except at points
where conidiz are produced,

As pointed out by Wormald (#05) and Ezekiel (34), growth char-
acters on artificial media are an aid in differentinting S. fructicola
and S, cinerca forma pruni. In Petri dishes of potato agar the
former grows very rapidly, producing conidia profusely, usually
in concentric zones, whereas 8. cinerea forma pruni grows much
more slowly and produces few or no conidia. The margins cof the
colonies of 8. fructicole are smooth, but those of §. ¢inerea forma
pruni are deeply scalloped.

So far as known, the Sclerotinia stage has not been produced in
artificial enltures except that Reade (72, p. 115} states that the
fungus has been grown on artificial media from ascospores to
ascospores again.

ENZYME PRODUCTION

By use of the gualacum emulsion and pyrogallic acid tests Wor-
mald (706} demonstrated the production of a much greater quantity
of oxidase by Selerotinia fructicola than by 8. cinerea. By use of
the guaiacum emulsion test Ezekiel (84) confirmed Wormald’s re-
sults, but showed that the various strains of 8. fructicola vary greatly
in the readiness with which they produce oxidase.

Cooley (20) found that there was a very slight cytolytic action
with respect to cellulose from the plum, but that cellulose from filter
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paper was readily hydrolyzed when it was the only carbohydrate
available.

In the discussion of enzymes involved in the changes of pectic
substances the classification used by Atkins {6) and by Willaman
{101) will be followed, i. e.:

Pectasi.—Coaguiates soluble pectint £0 o gel in the presence of traces of salts.

Pectinase-—Hydrolyzes soluble pectin and also the gel formoed by pectase to
SUZArs.

géctosinase.—l)issolves the middle lamelln to form soluble peeiin,

Cooley {20) demonstrated the produ.don of pectase by growing
the organism in a solution of pectin obtained from plums. He was
unable, however, to demonstrate that the fungus dissolved the middle
lamelly in tissues of infected fruits and +was unuble to observe any
action by the fungus on calcium peciinate prepared from pectin
obfa’sed from plums. Therefore, there appeared to be no production
of pectosinase.

Valleau (97) noted that the middle lamella is dissolved slightly
in advance of the penetration of the hyphae but was unable to
demonstrate the presence of pectosinase in rotting fruits or to extract
it from a culture of the fungus on apple cider.

Willsman (787} demonstrated the produetion of pectase and
showed that the middle lamells was probably changed to soluble
pectin by the action of pectosinase. The production of pectinase was
postulated but not demonstrated.

Muhleman (58) prepared an active pectosinase® solution by dry-
ing and grinding in sifica the feltlike growth of mycelium produced
on prune juice. He found that a growth of 8 to 5 days gave the most
active pectosinase but that the color of the felts and of the ground
material and not the age of the c¢rop in days or hours should govern
one’s conclusions as to its activities. In the more active prepara-
tions the color of the ground mass was light chocolate. With active
pectosinase preparations disks of green plums, green apples, green
peaches, and ripe tomatoes 0.5 mm thick were macerated in 1.5 to
4 hours.

Hawkins {41}, as a result of studies on the cffecis of the brown-
rot fungus on the composition of the peach, found that the pentosan
content remains the same, the acid content is increased, total sugar
15 decreased, and sucrose is changed to invert sugar. He also found
that the amount of aleohol-insoluble substances that reduce TFeh-
ling’s solution when hydrolyzed with dilute hydrochloric acid
decreases.

Davidson and Willaman (28) prepared pectase and pectinase, but
not protopectinase, from mycelium of Sclerotinia fructicola,

FUNCTION OF VITAMINS IN THE METABOLISM OF THE FUNGHS

Willaman (202} found that the fungus would net grow in a
medium composed of sucrose, various salts, and ssparagine. When
small amounts of plant decoctions, especially those from peaches and
plums, were added to the medium, growth was induced. His experi-
ments indicated that the factor supplied by the plant decoction was
of the nature of a vitamin.

"Ia Mnhleman's imper the preparation !s termed an “ actlve pectinase sclulton.”  Since

the preperation attacked the middle lamellw in frult dlake. the writers are calling it
pectosinase In ageord with the clzssifiention of Atkins and Wllinzman.
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There was some evidence from his experiments that two separate
vitamin factors, one for vegetative growth and one for reproduc-
tion, are involved in the life history of the fungus. However, most
of the experimental evidence he obtained indicated that the existence
of but a single vitamin for the fungus is the more plausible hypothe-
sis, No definite conclusions were reached concerning the identity
of the vitamin involved, but he thought it might possibly be identical
with water-soluble vitamin B.

TEMPERATURE RELATIONS

Many peach growers think that the higher temperatures of sum-
mer are more tavorable to the development of brown rot than are
the average or lower temperatures. They do not consider that when
the maximum for the day is in the 90’s the temperature may be
between 75° and 80° F. during a large part of the 24 hours. This
is the optimum temperature range for the growth of the fungus,
whereas temperntures over 90° are distinctly unfavoruble to its
growth. The writers have had cultares on potato agar die in sum-
mer under the high temperatures (90° to 100°) prevailing in their
laboratories. Sometimes for several days the temperatures would
not full below 90° even at night, when the closed laboratories pre-
vented the entrance of the cooler night air.

Ames (&) showed that the fungus would germinate at 0° C., but
that growth was very slow. The optimum temperature for growth
was 25°, and the thermal death point was about 53°. Comidia {plum
strain) did not germinate at 36°, and after 86 hours at 87° did not
germinate when removed to un optimum tempernture. Conidia

peach strain} did not germinate above 30°.

In experiments by Brooks and Cooley (Z4) the fungus produced
measurable apple rots at 5° C. in one week and at 0° O. in two weeks.
It also grew on corn-meal agar at 0°, making a measurable growth
at the end of the second day. Both on fruit and on artificial media
the optimum for growth was 25°, with some growth at 30°. In
further experiments the same authors (I5) found that the fungus
produced measurzble rots on peaches at 10° in 8 days, at 5° in 6 days,
and at 2.5° in 12 days. “Low temperatures,” they stated (15, p.
465), “ have resulted in relntively iess inhibition of the growth with
Monilia when grown on peaches than when grown on potate-dextrose
agar.” BEzekiel (34) detected no consistent differences in the cardi-
nal temperatures of various strains, the minimum, optimum, and
maximam falling near 3°, 25°, and 33°, respectively, for all.

RELATION OF HYPROGEN-ION CONCENTRATION TO GROWTH

Cooley (20) grew the fnngus in a series of flasks each of which
contained sterilized cherry juice of different but known acidity. He
found that although the fungus wonld grow on n mediwm es acid as
the natural juice of sour chervies, it grew more luxurlantly on a
somewhat less acid medium. On nearly neutral media there was at
first no perceptible growth, but at the end of two weeks there was
nearly as much growth as on the acid media.

Ezekiel {3%) and Norton, Ezelkiel, and Jehle {60} made a special
study of the effect of hydrogen-ion concentration on the production
of apothecia. By partly immersing sclerotia in fluids of various pH
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values and at the same time maintaining other conditions favorable
for apothecial production, they found that the optimum hydrogen-
ion concentration for the growth of apothecia appeared to be near
pH 2.5. Apothecia at this concentration developed more rapidly
and more abundantly than at any of the others. In one series, for
example, apothecia at pH 2.5 were mature and expeiled their
ascospores two days earlier than those at pH 3.8, and these in turn
matured much more rapidly than the checks, the sclerotia of which
were partly immersed in distilled water. With one exception the
limits of growth were pH 1.4 and 6.8, and even at these points the
apothecia did not mature normally.

Dunn (87) grew the fungus in sterilized peach solutions adjusted
to different pH values by the use of n number of acids. With sul-
phuric acid the greatest growth was obtained at pH 2.84, with phos.
phoric acid at pH 3.90, und with formic acid at pH 4.57. In one
series with acetic acid growth was 109 per cent of that of the control
at pH 4.66, while in another series there was no increase over the
control. With butyric and salicylic acids, an increase in active acid-
ity caused no increase in growth over the control for the series. With
increasing hydrogen-ion concentration the pH values of the first
cultures that showed no growth depended on the acids nsed. Thus,
for sulphuric acid the pH value was 1.85, for phosphorie acid 2.20,
for formic acid 3.87, for acetic acid 4.45, for butyric acid 4.5, and for
salicylic acid slightly above 4.64. The values for the fatty acids
were dependent on the initial acidity of the culture solution. As the
acidity increased, the amount of mycelium decreased, and usuaily
there was a marked increase in conicial produrtion until the higher
limits of acidity were reached.

YIABILITY OF SFORES
ASCOSPORES

On March 28, 1921, mature apothecia were placed hymenium down-
ward in clean dry shell vials, une apothecium to a vial, so that the
ascospores were discharged against the bottom ana walls of the
vials. Two days later the dried apothecia were removed. At inter-
vals a small zmount of sterile water was poured into one of the vials,
the walls and bottom scraped, and the water stirved with a glass rod.
The entire amount of water with suspended ascospores was used in
pouring five plates of potato agar. The results are presented in
Table 8. These results indicate that, if kept dry, ascospores may
remain viable for five weeks, but that the percentage of viability
decreases rapidly from the time of maturity.

TapLE 3.—Longevity of ascospores of Sclerotinie fructicole

Colooles of Caolontes ot
Time ufter | B, ructicoln Tlme nlter I8, [ructicola
collection off present in collection of| present in
apothecln noured apothecia | poured
nlates plates

D Dayy
s 3 P

8 - 35
4 - a7
21 ELE - 72
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CONIDIA

Conidia produced naturally in the orchard are often long lived
and able to survive subzero temperatures. Arthur (5) in 1886 ger-
minated conidia from cherry mummies that had hung on a tree all
winter. Galloway (59) in 1889 reported that in May, 1888, he had
germinated conidia from mummies collected in July, 1886. Smith
(92) in 1891 wus able to germinate conidia from dry material 1
year old. Chester (I7) in 1893 noted that conidia on mummies col-
lected in Delaware in December wore larger and thicker walled than
those found in summer. Later in the winter he tested the viability
of conidia collected from the peach, plum, cherry, and quince.
Many failed to germinate, but others preduced vigorous germ tubes.

Cordley (21) found that conidia kept in a dry place for nearly
two years failed to germinate. Conel (I8) was able to germinate
conidia from mumniies eollected as late as March 11, 1913, in north-
crn Illinois, but not so late as April 12. Bartram (9) in 1916 vre-
ported on the effects of low tempernture on the viability of the
conidin. He tested the viability of conidia from plums hanging on
the tree nnd in cultures placed in an open barn. Despite long peri-
ods of subzero temperatures, at times as low as —~32° C., some co-
nidia were viable as late as April 17. Cunningham (24) in New
Zealand noted that conidia produced frem mummies hanging on the
tree during the winter months are slightly thicier walled than those
produced during the growing period and are capable of remaining
viable for several months, thus differing from summer conidis,
which remain viable for enly a short time—six weeks or even less.

The writers can confirm the statement that conidia are shorter
lived during the summer than during the winter. The viability of
conidia is greatly decreased by the unfavorable action of high tem-
peratures. Conidia prodnced on culture media and kept at room
temperature or somewhat higher are about as short lived as those
produced naturally ont of doors in summer. In germination trials
made by the senior writer, cultures about 2 weeks old usually
produced the highest percentage of viable conidia; but in summer,
after a period when the laboratory temperatures were not lower
than $0° F. for several successive days (much of the time about 98°
and sometimes over 100°), it was difficult to find a viable conidium of
any age. Transfers of masses of conidia to fresh media very com-
monly resulted in no growth,

BICROCONIDIA

No information is available concerning the viability of the mi-
croconidia. In fact, Humphrey (46) is the only investigator who
claims to have germinated them, and he did not make any tests with
microconidia of different known ages.

GERMINATION OF SPORES
ASGOSPORES

The ascospores when newly formed germinate readily in four to
six hours, producing usually a single germ tube (pl. 2, C} which later
branches.  Many of the ascospores that fall back on the hymenial
surface of the apothecium germinate in situ, producing the usual
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germ tube, which, however, may soon give rise to the flask-shaped
microconidiophores and microconidia. Sometimes the germ tube
gives rise to these organs directly upon its emergence, and sometimes
the microconidiophores seem to be developed directly from the asco-
spore without the production of a germ tube.

CONIDIA

The conidia germinate readily in distilled water and in most cul-
ture media, Ir. sterile prune juice germination is very rapid, the
germ tubes sometimes appearing within an hour when temperatures
are at or near the optimum. In 24 hours growth is so profuse that
if many conidia are present and germinating it is difficult to follow
the development of individual germ tubes. The germ tube is com-
paratively straight and usnally does not branch until it has become
quite long. (PL 2, D.) IEzekiel (34) gives as typical a length of
113 p before branching, Wormald (705, v. 84, p. 166) states:
“¥ * ¥ Tt is usually at least 200 p in length befgre it begins to
branch, and unlranched germ tubes 630 & and 750 p in length have
been observed.”

Especially in drops of distilled water, and apparently when con-
ditions for germination are not near the optimum, separate germ
tubes have been seen to fuse with each other and with conidia. (PL 2,
E.) Often a number of conidia lying close together will be joined
apparently by the end of o germ tube of one fusing with the end of
another, or by the end of a germ tube fusing with a conidium.

Doran (29) reported that conidia of Seclerotinia fructicola germi-
nate quite as well in sunlight (whether it be divect, diffuse, glass

filtered, or not glass filtered) as in darkness. e concluded that
conidia require precipitated moisture for germination, since none
germinated on a dry slide in a moist chamber, but all those in a drop
of distilied water germinatedl.

MICROCONIDIA

Humphrey (46, p. 856-89) states with regard to microconidia:

When some of these spores are sown on nutrient gelatine they germinate
readily, first swelling to double their former dinmeter, and produce abundant
myeelin (fig. 8. * * * TMhese spores were zlse found fallen from their
attnchments and beginning to germinute (fig, 6, #). * * * While these
spores can germinate without nourisiunent, they suffer no preliminary increase
in size. On prune-gelatine they swell and gerniinate as above described.

Humphrey’s figures bear out his statements to some extent, but it
is possible that the “swollen ” spores may have been conidia rather
than microconidia. Those in his Figure 8 greatly resemble conidia,
but those in his Figure 6, a, appear to be true microconidia.

The writers have repeatedly tried to germinate microconidia in
distilled water and in various nutrient fluids, but without success.
The junior writer has placed masses of microconidia on the stigmas
of fresh peach blossoms, thinking that they might need some special
stimulus for germination. If they germinated, they did not produce
any symptoms of infection on the blossom. ]

Hino (48), working with micreconidia produced by several species
of Sclerotinia, was unsuccessful in hig germination tests except in a
few rave cases. In the one case mentioned in the English résumeé of
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his paper, microconidia of 8. ¢rifoliorus Erikss., produced germ
tubes 4 by 1 p in size but developed no further.

Ramsey (71} states that approximately 10 per cent of his attempts
to germinate microconidia of species of Sclerotinia attacking vege-
tables were successful. From the germinated microconidia he suc-
ceeded in obtaining only two cultures that developed a vegetative
growth which could be recovered.

MESSEMINATION OF THE FUNGUS

In 1868, at 3 meeting of the Ilinois Horticultural Seciety, Freeman
{38} stated that Doctor Hilgard, of St. Louis, at a meeting of the
American Association for the Advancement of Science at hieago,
had declared that the spores of peach rot float in the air, live in the
ground, and thrive under conditions of warmth and meisture, Hil-
gard (42}, in & publication of his own in 1869, stated:

No doubt the subtle germ is widely diffused and most abundantly present oz
every healthy peach, sinee every drop of trickling rain may carry thousands of
moist, rapidly infectious germs from the resosked gum.

Smith (97) stated: “ Rains, winds, birds, insects, ete., all help to
disseminate the spores.” Scoit and Ayres (87, p. 13) stated: “ The
spores are undoubtedly distributed broadcast by the wind, so that the
are in most cases ever present on the fruit * * *” Brooks an
Fisher (16} also consider wind the important agent, with insects also
playing a part. Cunningham (24, p. 88), in New Zealand, after stat-
ing that the conidia are carried to the fruits by winds, insects, or even
birds, gives a specific instance of a bird ** acting as a distributing
agent:

With their beaks, the birds commeniy plerce infected fruits, and turn from
these to¢ henlthy fruits, especially those showing color, such as nectarines, which
in turn they puncture, probably with a view to ascertaining whether they are
edible,

That wind, rain, insects, and birds are factors in the dissemination
of the fungus in the orchard there can be little doubt. Of these,
wind is undoubtedly the most important. One has only to disturb
slightly a half-rotted fruit or a conidia-covered mummy to convince
himsel? that wind is an effective agent of distribution. The myri-
ads of conidia that rise as a dust or smoke are seen to float away in
- the air to be dispersed by the wind and doubtless carried long dis-
tances. The ascospores also are discharged as a dust which is with
apparently equal ease dispersed by the wind.

onidia collect about the periphery of drops of water and are
easily splashed away by the falling of successive drops or are washed
down by currents or trickles. Insects and birds distribute the dis-
ease to some extent by alternate contact with diseased and sound
fruits. The plum curculio may even insert spores when puncturing
sound fruits. The dreaded epiphytotics of brown rot are undoubt-
edly due in the main to the fact that the conidia are so easily and
effectively distributed by air currents. After snch a distribution,

1A gmall Bird known loenlly ot Wernrow, New Zealand, as sllver eye or while eve
{Zoeteropus labcralis Lathem),
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optimum conditions of temperature and moisture as the fruit nears
maturity are certain to bring about an epiphytotic of brown rot.

As pointed out by Quaintance (70}, in the gathering of fruit for
shipment there is & general scattering of conidia. Mummied and
rotten fruits are disturbed, and the pickers’ hands become covered
with conidia, which are rubbed over sound fruits. In this way the
fruit becomes covered with conidia, which may initiate the disease
in the packing shed, in transit, or on the market.

HOST PLANTS

A list of host plants can not be considered complete, since there
has been no atfempt to make a survey of these plants, and can not
be considered accurate, because of the confusion thai has existed
regarding the classification of this and closely related species of
Sclerotinia. Under favorable conditions the fungus is probably able
to infect all drupaceouws and pomaceous species as well as many
other members of th: Rosaceae. The following list has been as-
sembled from the literature and from the writers’ observations.

Chaenomeles japonica Lindl Flowearing guince.
Cydonia oblonga Mill Common quince.
Malus pumila Mill Apple.

Prunus americane Marsh Americen plum.
. americana X P. hortulana

. americana X P. salicine Do.

. angustifolin Marsh Chickasaw plum.
arium L Mazzard.

avium ¥ P. cerasus Cherry.
armeniaca L Apricot.

besseyi Bailey Bessey cherry.
besseyt X P. hortulanc Compass plum,
besseyr X P. pennsylvanica Phum,

besseyi X P. salicing Do.

Sour cherry.
communis Areang Almond.
domestica L Common pium,
Fenzliana Fritsch Almond.

landulose Thunb Flowering almond,
oriulana Bailey Iortulan plum.
instititia L Damson plum.
saponice Thunb Chinese bush cherry.
mume Sieb. and Zuce Japanesc apricot.
munseniane Wight end Hedr Wildgoose plum,
aigra Att Canada plum.
pennsylvanica L Pin chertry.
persice Batsch Peach.
persice var. nugipersica Schneid Nectarine.
pumila 1, Sand chorry.
. pumile X P. pennsylvanica 0.
reverchonti Sarg Hog plum.
L salictng Tandi_ L .. Japanese plun,
Prunus sp Rocky Mountain dwarf cherry.
P tomentosa Thunb Nanking cherry.
P. triloba Lindi Flowering pham,
P. umbellata Ell Southern sloe.
P. virginiane L Common chokecherry.
Pyrus communis L Pear.
Rosa sp Rose.

Comimon blackeap.

Binckberries,

P
P
P
P
P.
P
P,
P.
P
P,
P,
P
P
P.
P
P.
P
B,
P
P,
B,
P.
B,
P,
P,
P
P.
P
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SEASONAL LIFE HISTORY AND PATHOGENICITY OF SCLEROTINIA
FRUCTICOLA

Investigations of the seasonal life history and pathogenicity of the
brown-rot fungus have engaged the attention of many botanists and
plant pathologists since 1880. Previous to that time Hilgard (42),
Kirtland {49}, and probably others, as pointed out earlier in this
bulletin, had some knowledge of the pathogene and its behavior.

For the sake of convenience the discussion of the seasonal life
history and pathogenicity will be grouped under several headings and
subdivisions. It should be clearly realized that such a division is
purely artificial and that the various activities of the fungus proceed
cencurrently or overlap.

SURVIVAL IN WINTER

After it became clearly recognized that the common rot of the
peach was caused by a fungus, plant pathologists began a search for
the means whereby the fungus could survive the unfavorable con-
ditions of winter. ~As a result it has been found that the fungus can
pass the winter in a resting stage (1) on mummies hanging on the
tree, which produce conidia in the early spring and on which also
many conidia produced the previous season may survive, (2) on
mummies lying on or in the ground, many of which may produce the
apothecial stage at blossoming time, and (8) in cankers on twigs and
branches, from which conidie may or may not be produced the fol-
lowing season.

SURVIVAL THROUGH FORMATION OF CONIDIA ON MUMMIES

Arthur (5) appears to have been the first to show that conidia
from mummied fruits of the previous year could act as infection
sources. He germinated conidia from such sources (mummied cher-
ries) and showed that they could cause disease. He states (5,
». 281):

When the fruit is attacked before it is ripe, it usually remains hanging to
the tree through the winter, even till fruit is ripe agaia, and spores of the
fungus ave to be found on it during the whole time.

Similar results with cherry were obtained by Galloway (39).

Smith (97) seems to have been the first to show that peach mum-
mies hanging on the tree produce new crops of conidia in the early
spring that are capable of germinating and causing infection. He
also showed that conidia can survive the winter. These results were
soon confirmed by Humphrey (46) and by Chester (17). Bartram
(9) demonstrated the viability of a fair percentage of conidia that
had passed through winter temperatures as low as —32° C.

Most brown-rot mummies kzcome loosened and drop to the ground
of their own weight or are blown loose by the wind, but there are
always some that remain hanging on the trees through the winter and
early spring.

Since the brown-rot fungus completely invests the outer tissues of
the peach during the formation of the mummy and forms » sclerotial
membrane, it can withstand long periods of adverse environmental
conditions and still produce frurting bodies. Mummies hanging on
the trees produce conidia only, whereas those on the ground produce
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apothecia and rarely, if ever, produce conidia; but Valleau (97)
found that mummied plums that have hung on the tree for one year
stil have the power of producing apothecia when buried in the
ground. Mummies on the ground are frequently the more reliable
source of infection at blossoming time, because many of them retain
sufficient moisture to produce apothecia even in a dry spring.

It is possible to demonstrate the survival of the fungus in mummies
by removing the inner tissue of the mummies under sterile conditions
and obtaining cultures of the fungus from it; but the demonstration
that the fungus is alive is not the essential point. It not only must
remain alive but also must produce spores for it to be considered an
effective agent in the spread of brown rot.

In Georgia the writers observed periods of conmidial production
from mummies hanging on the trees in every month from Sepiember
to February in the years 1921 to 1925. February 17 was the latest
date on which conidial production was observed. The production of
conidia is closely correlated with periods of rainy weather and, as the
above dates indicate, takes place at relatively low temperatures pro-
vided sufficient moisture is present. The percentage of mummies
that produce conidia is at times very high. On November 11, 1921,
95 to 98 per cent of the peach mummies (variety Early Wheeler)
hanging on the trees bore fresh tufts of conidia, (1P1. 2, ¥F.) On
December 31, 117 of a total of 132, or 91 per cent, of the same variety
were producing comidia. On September 18, 1924, 75 per cent of
the Elberta and 69 per cent of the Yellow Hiley mummies out of 2
total of 100 collected from each variety were producing conidia, On
the other hand, in some seasons conidial production by mummies on
the trees is rare. Peach and plum mummies collected by the senior
writer in the winter of 1920 from trees at the Arlington Experiment
Farm, Rosslyn, Va., rarely produced conidia when placed in meist
chambers, although in other years they have usually done so.

Although the writers have examined mummies from most sections
in which brown rot oceurs, they have never observed production of
conidia by mummies on the ground, nor have they been able to induce
conidial production by placing these mummies in moist chambers.
Just why these mummies should not produce conidia as well as asco-
spores is not known,

Tt is evident from the observations of many investigators that the
fungus may remain alive in mummied fruits on the tree and on the
ground and that many of those on the tree are capable of producing
conidia for many months. By late spring, mummies on the tree,
becoming dried, cease to produce conidia and, falling to the ground,
soon disintegrate.

BUEVIVAL THROUGH FORMATION OF APOTHECIA FROM MUMMIES

An important phase in the development of the fungus from over-
wintering sources is the formation of apothecia from the sclerotia
enveloping the mummied fruits that have fallen to the ground.
Norton (59) in 1902 made the most important single contribution to
the life history of this fungus when he showed that these apothecia
represent the ascigerous stage of the brown-rot fungus. For nearly
20 years after Norton’s discovery it was generally accepted that
mummies had to lie on the ground through two winters before
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apothecia were produced; but, as has been shown by Roberts (76),
Ezelael (3%2), and Cunningham (25, 26}, apothecia may develop in
the spring from {:uit that had rotted and fallen to the ground
during the previous summer or autumn. The observations and
experiments of the writers reported later in this bulletin indicate
that in most seasons apothecta are formed in much greater abundance
from rotted fruits that have lain on the ground through only one
winter than from those that have been exposed two or more winters,
However, the importance of the production of apothecia from the
older mummies should not he overlooked. The apothecia from the’
older mummiies aid in reestablishing the fungus in the orchards fol-
lowing seusons in which there are no newly formed mummies because
of the failure of the trees to bear or becaase conditions for infection
are unfavorable.

BURVIVAL IN CANKERS ON TWIGS AXD BRANCHES FROM WIICIT CONIDIA MAT OR
MAY NOT BE PRODUCET THE FOLLOWING BEASON

The status of cankers as carriers of the fungus over winter and
producers of conidia the following season is somewhat uncertain.
That the fungus survives the winter in some of the cankers has been
shown by many investigators, but few have observed the production
of conidia on overwinfering cankers. Smith (97, p. 137) in 1889
stated:

As a rule the fungus produees its conidial tufts much less frequently on stems
than on fruit. Occasiopally I have seen them on branches of the previcus
season’s growth, but generally they fre more shumdlant on tissues only recently
out of the meristemetic condition * * *

Quaintance (70) states that the fungus is eapable of developing

tle spore tufts from blighted fruit spurs-and twigs of the previous
year but does not state that he observed such development in
orchards. Cook (79) in 1919 observed the production of conidia from
cankers of the previous year and considered them as important in
the production of blossom blight. Cunningham (24) also considered
cankers of the previous year important infection centers. Berkeley
(10) reports fllat at St. Catharines, Ontario, in the spring of
1926, many cankers were active and conidia were present on them.
He found active 2-year-old cankers and concluded that possibly
cankers are sources of infection for the blossoms of the following
year.

Only once have the writers observed the formation of conidia
on overwintering cankers, although they have made observations
as opportunity presented over a period of about 10 years. It would
appear that, as compared with mummied fruits, cankers are not of
great importance as overwintering sources of infection, except per-
haps in certain sections where weather conditions faver the continued
development of cankers and conidial production from them. The
formation and persistence of eankers will be discussed subsequently.

OCCURRENCE GF APOTHECIA

As pointed out by Norton (59), the duration of apothecial pro-
duction is about that of the peach flowers. It is interesting to
observe how closely these two periods coincide over g term of years.
In eight years’ (1920-1927) observations at the Arlington Experi-
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ment Farm near Washington, D. G, the time of fuil bloom of
Elberta peaches varied from March 20 to April 21, with apothecial
production showing practically the same variation. Norton, Ezekiel,
and Jehle (60) have also noted that the production of apothecia
coincides with the germination of peach anc{ plum seeds lying under
the trees.

Apothecia may be produced in considerable numbers. McCubbin
(54) found 111 in one cluster and a total of 1,163 clusters under 223
peach trees, an average of 5.1 to the tree. In one peach orchard
there were 26.8 clusters to the tree. Leslie Pierce, of the Bureau of
Plant Industry, has informed the writers that in Indiana in 1927
he found 87 clusters under one peach tree.

The sclerotia investing mummied fruits are quite persistent and
may produce apothecia for muny years, although the crop usually
becomes less with each succeeding year. Pollock (68) found apothe-
cia produced from plum mununies that had lain on the ground for
10 vears. Ezcldel (36), however, has shown that mummies when
buried in the ground, a condition that would ebtain in most
orchards, disintegrate very rapidly.

In the fall of 1921 the writers started a series of experiments at
Fort Valley, Ga., to determine how long apothecial production would
continue. Peach mummies of the 1921 crop were picked from the
trees and buried in sandy clay soil at depths varying from one-half
inch to 3 inches. There were no peach trees in the vicinity, but as 2
safeguard against the accidental introduction of other mummies
wire cages were placed over the different lots of mummies. Apothe-
cia were produced in abundance in the spring of 1922 and in slowly
diminishing nunbers each successive year until the spring of 1928,
when none developed. In these experiments mummies of known ages
(i. e., of the 1921 crop) produced apothecia for six successive years.

Brooks and Tisher {(74) have observed that with prunes and cher-
ries apothecia occur chiefly on mwnmies near the surface of the
soil and are rare or lacking in orchards in which mummies are reg-
ularly plowed nnder. Ezekiel (22) showed that cold is probably w
factor in the production of apothecta, since chilled mummies produce
apothecia 25 weeks after inoculation. He also showed that bury-
ing mummies beneath the surface of the ground inhibits the pro-
duction of apothecia. even if production had started when the mum-
mies were buried. e (32) found that apothecia developed best at
pH 2.5 and made good growth from pH 14 to 5.8, but that even
slight alkalinity inhibited growth.

unningham (206, . 228) in New Zealand considered the following
as favoring apothecial production:

(1) Bhowery wenther accomiunied by warm duys and cool nights.

(2) Depth at which munnies are burjed. e number of apotheecia pro-
duced decreased with the depth of the seil,

(3) Age of mummies. Those of the past senson produced apothecin most
abundantiy,

.{14) S0il conditinns.  Apothecia were more abumdint in compact than in loose
so0il.

In general the observations of the writers are in agreement with
those reviewed nbove. The largest crop of apothecin is, under fav-
orable conditions, produced by mummies 1 year old and it decreases
with age. At the Arlington )E.\:perilnent Farm, a growth of chick-
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weed (Cerastium vulgatwm L.), which begins very early in the sea-
son, has always favored apothecial production, probably because it
prevents the mummics from becoming dry by shading them,

The experiments of the writers in which yearly observations were
made on peacth mummies buried at various depths have indicated
that, as others have found, the best position for apothecial produc-
tion is that in which the mummy is only half buried, the apothecia
arising from the under surface. Munmmies entirely exposed on the
surface of the soil uniformly failed to produce apothecia. (PL 8, A.)
Completely buried mummies may produce apothecia which appear
in abundance at the surface of the soil, but they are frequently de-
stroyed by earthworms, and those that escape destruction often pro-
duce distorted apotheciz. Stipes 6 cm long have been observed aris-
ing from deeply buried mummies.

%uried mummies tend to break up as they increase in age, and
only fragments of the sclerotia remain. %‘hesa fragments still
possess the ability to produce apothecia. (Pl 3, B.) In one instance
a fragment measuring 3.8 by 1.4 ¢m was found on which 15 small
apothecin were produced. In another instance three apothecia of
about average size were produced from 2 bit of sclerotium 1 em
long and 2 mm wide. Apparently there is a fairly definite period
during which mummies must be in the soil before apothecia are
produced. Mummies collected from trees in November and buried
have produced apothecia within 70 days, but mummies collected in
August and kept dry until the following February and then buried
failed to produce apothecia in March. The sclerotia hnd mot been
killed by the drying process, as apothecia developed from them the
following spring. In the vicinity of Washington, D. C., the larvae
of the oriental fruit moth (Grapholitha molesia Busck) in the de-
cayed fruits appear to aid in the disintegration of mummies.

Apothecia have been reported as oceurring on mummied froits of
ost of the drupaceous hosts but appear rarely to be produced from
mummied fruits of pomaceous hosts. The only authentic record of
the production of apothecia from mummied apples appears to be that
of Harrison (40) in Australia. He obtained apothecia from partly
buried apple mummies, and single ascospore cultures from them
were pronounced by Wormald to be identical with cultures of Selero-
tinia fructicola (called by Wormald 8. americana).

DISCHARGE OF ASCOSFORES

The ascospores are discharged by pressure within the ascus, and
the simultaneous discharge of many asei from a single apothecium
produces u dust or cloud easily discernible to the naked eye. This
cischarge may be artificially induced by sudden exposure to light
or by intensitying the light. Petri dishes of potato agar held over
apothecia pufling out clouds of spores are quickly sceded. In a
closed rcom the writers have caught spores in Petri dishes held as
high as 20 inches a2bove the discharging apothecia. At this height,
however, it is probable that ascending air currents played a2 con-
siderable part.

The writers have also measured the distance above the surface
reached by spores discharged from an apothecium inclosed in a
small box when a beam of light played over the surface of the
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apothecium fo reveal the spores, The spore discharge was observed
through a slit in the box, and the height of the discharge was
measured by placing a metric rule behind the apothecium. The plac-
ing of the apothectum in the box counteracted, to a certain extent
at least, the effect of convection currents, and the measurements may
be considered as rough approximations of the actual distances the
spores are shot above the apothecium under the scle influence of
forces in the ascus. The average height of spore discharge in the
31 measurements was 1.7 cm. ’%‘he highest discharge observed was
4.8 cm and the lowest 0.5 cm.

Individual apothecia have been collected which produced clouds
of spores at intervals for as long as seven days.

In order to determine whether asecspores -were prevalent in the
alr, Petri dishes containing potato agar were exposed in a field which
had been an orchard until two years before and in which therc were
scattered clumps of half-buried mummies producing apothecia.
Two dishes placed on the ground and exposed for three minutes
developed eight and two colonies, respectively, of the brown-rot
fungus. Two dishes exposed for three minutes at a height of 4 feet
above the ground each developed one colony of the fungus. So far
as could be ascertained, there was no production of conidia from any
souree, and the colonies were assumed to result from ASCOSpOres.

THE BLOSSOM-BLIGHT PHASE OF THE DISEASE

Arthur (6) observed blossom blight of cherries in 1886 and pro-
duced it artificic'ly by inoeculating cherry blossoms with conidia,
In 1889 Galloway (39) published a detailed description of the dis-
ease and called attention to the importance of the biighted blossoms
as sviirces of infection. Smith (97, 92) in 1889 and again in 1891
called attention to the serious nature of blossom blight in the peach
orchards of the Delaware-Maryland-Virginia Peninsula. Although
Arthur in 1886 had shown that conidin of the brown-rot fungus
could infect cherry blossems, Chester (17) in 1893 seems to be the
first to announce the production of peach-blossom blight by artificial
inoculation, Since that time Quaintance (70), Scott and Ayres
(87), Jehle {48), McCubbin (54}, Cook (19}, McClintock (52, 53),
and others have discussed blossom blight of the peach. Roberts
and Dunegan (78) in 1926 reported on inoculation experiments of
peach blossoms with conidia and ascospores. Both spore forms
proved capable of cansing blossom blight. All purts of the open
flower could be attacked, and infection of the stigma, anthers, petals,
and sepals was observed.

With the infection of blossoms in the spring by conidia or asco-
spores from diseased material that has survived the winter, the
fungns mulkes its first attack of the growing season. The first symp-
tom of infection is a faint discoloration of the part affected, whether
it be the petals, stamens, or stigma. The fungus grows ra idly, and
the entire floral structure is soon brown and shriveled. Masses of
spores are produced on the diseased blossoms. The petals, styles,
and filaments of the blighted blossoms Lecome matted together in
a dry, brittle mass generally bending downward. (PL 3, C.)

The sepuls may be and generally ave involved in the blighting of
the other floral parts, and may be covered with spore tufts when the
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young peach is the size of a pea. Usually, but not always, the in-
fected sepals drop to the ground without the fungus gaining en-
trance to the young fruit.

Galloway {39) reported that blighted cherry blossoms remained
on the trees three or four weels; then, if the weather was wet, they
dropped from the tree; and, being n mass of soft rotted tissue, they
adhered to any part of the tree they tonched. In Georgia many of
the blighted Dlossoms are dislodged by various agencies, but the
writers have not seen cases in which these dislodged blighted blos-
soms per se produced infectiong on either fruit or leaves, nor have
they seen them attached to any portion of the tree. On the contrary,
they have found blossoms remaining attached to the twigs as Jate
as January of the year following their production.

In humid sections blossom blight is usually present to some ex-
tent every year and under favorable conditions may become very
prevalent. Its development is favored by the moist, modcrately
warm weather often encountered at the time peaches are in bloom.
Usually blossom blight is not noticed until fhe blooming season is
nearly over, when the browned flowers begin to attract attention.

While blossom blight may cause severc losses by reducing the
number of flowers capable of developing into fruits, it more fre-
quently cauises severe damage, not so much by reducing the set of
fruit as by establishing in the erchards numerous sources of infection
whicl later make it more difficult to prevent the fruit from rotting.

THE FRUIT-ROT AND MUMMY PHASE OF THE DISEASE

The fruit rot or so-called brown rot of the peach is essentially
a ripe rot, or rot of the maturing fruit, although the fungus may
enter young green peaches through punctures or bruises and cause
vot. There are exceptions fo this stutement. In May, 1924, about
three weeks ufter petul fall and following two weeks of wet weather,
the senior writer observed young fruits, about the size of peas,
which had been killed by brown rot. Ixamination of these fruits
shiowed that infection had come about through conbact with the
closely appressed calyx which had become infected.

Conidia of the fungus are carried over to the maturing fruits
from the Iast year’s inummies, green fruits, blighted blossoms (pl.
4, A, and pl. 3, C), and twig cankers of the current year mainly E .
wind, bui to some extent by rain. Leaves affected by leaf curl
(Ewoascus deformans) are also frequently important as sources of
infection, as has been observed by McCubbin (54) and by Mix (67).
Early in June, 1920, the senior writer exawmined an orchard heavily
infested with leaf curl. Conidial tufts of the brown-rot fungus
were found on nearly every affected leaf examined. It could hardly
be doubted that the fungus would be carried over to the ripening
fruits from these leaves,

Many investigators, including Smith (97) and Chester (17), have
demonstrated that infection can take place through the uninjured
epidermis of fruits but that infection iz easicr and more common
when the surface is bruised or the epidermis punctured. Soft over-
ripe and watery fruits are more easily infected than are the more
solid ones. Most commercial varieties of the peach are not so easily
infected through the unbroken epidermis as are many of the more
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delicate noncommercial varieties. With commercial varieties most
of the infections in the orchard take place through punctures made
by the plum. curculio (Conotrachelus nenuphar Hbst.), the oriental
fruit moth (Grapholitha molesta Busck), and other insect pests, or
through cuts or bruises made by hail or other mechanical agencies.
As shown by Smith (91), the fungus may enter also through lesions
made by the scab fungus (Cladosporium carpophiluim Thiim.).

According to Curtis ‘27), the fungus is able to penetrate the
cuticle of plums, cherrie., nectarines, peaches, and apricots, but the
usnal method of effective entry is, in the case of peaches, through
the hair sockets. She also observed a considerable number of infec-
tions through the stomata. Valleau {47}, experimenting with plums,
found that infection may take place through the uninjured skin at
any time during the development of the plum fruit. The hyphae
enter through the stomata and lenticels. Vurieties show great differ-
ences in resistance to infection, owing to the production of paren-
chymatous plugs which may gill the stomatal eavity, and of lenticels
with layers of corky cells through which the hyphae are unable to
penetrate. Corky cells lining the stomatal cavity merely delay in-
fection. Valleau also states that the rot is n firm rot due to the
mechanical support of the hyphae which completely fill the inter-
ceilular spaces left by the collapse of the host cell walls.

Under favorable conditions the incubation period is very short.
Chester (17) places it at 18 hours. Quaintance (76, p. 856G) states:

Spores iuserted under the skin of a ripening peach with a needle point
developed 1he wsual brown rotten spot, an inch or more in diameter, in 20 hours,
and the production of spore tufts followed 3 hours later, thus miaking the
{:eriud of repreduction from the spore, under very favornble conditiens, nt 23
i0UrE,

Conidina produced on infected fruits may be carried by the wind
or other agencies to other fruits on the same or neighboring trees
and by inf:écting them cause the disease to spread rapidly.

The fruits when thoroughly invested by the ramifications of the
fungus hyphae become dried and may continue to hang on the tree
or may fall to the ground. Many of the peaches that fall to the
ground do so before they are completely rotted, while those left on
the tree frequently remain attached because, since the fruit stem has
been killed by the fungus, no abscission layer is formed. The com-
pletely rotted and shriveled fruits on the tree and on the ground are
the so-called mummies, which are so important in initiating the
disease the following spring through the agency of conidia or
ascospores produced by them.

THE CANKER AND TWIG-BLIGHT PHASE OF THE DISEASE

The formation of twig cankers as the result of the fungus passing
from the floral parts through the peduncle and into the tissues of
the twigs is frequently a sequel to blossom blight. Occasionally
twig cankers result from growth of the fungus through the stem of
decayed fruit and into the twig, but this more often results in a
blight of the twig rather than in the formation of cankers. Although
cankers and blig?).ted twigs do not necessarily occur every year, they
~ are usually present, because the climatic conditions that are favorable

129788°—382——3
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to blossom blight and fruit rot also favor the growth of the fungus
into the twig tissues,

Twig cankers resulting from the growth of the fungus through
the blossom peduncle into the tissues of the twig appear first as
slightly browned, collapsed areas about the base of the peduncle.
(Pl 5,A.) They are roughly elliptical in shape and at first involve
only the portion of the twig adjacent to the blighted blossoms, but
by subsequent growth the %ungus extends up and down the twig
from the original point of entrance. The development of a number
of these cankers was followed in the spring of 1928, and it was
found that they may increase in length as much as 4.1 em in a period
of 30 days during the early spring. (Table 4.) This rate of
growth, however, is not maintained throughout the growing season.

"TABLE d—Tncrense in Iength of brown-rot Heig canlkers in 30 days

Size of canker Size of eanker
Canker No. Increase Canker ¥a. Increase
BIar, 14, { Apr. 14, Mar, 14, | Apr. 14,

1923 1023 1023 1023

Cni e (& cm m cm
a9 58 1.9 2% 0 0.5
19 4.9 3.4 2.4 6.5 4.1
2.2 24 .3 2.6 31 .5
1.& 5.0 4.4 L7 L0 .3
35 5 Sl A L4Q W1

Gum pockets (pl. 5, B, and pl. 8, C) are formed in the tissue by
the fungus, and in rainy periods the gum collects on the surface in
the form of small droplets which may expand into large masses
through the absorption of water by the gum. (PL 8, A and C.}

In rainy seasons the fungus frequently encircles and kills the twig
above the canker by girdling. (PL 5, D.)

As the season advances, the central portion of the canker becomes
bleached in celor and the sunken bark is ruptured by the growth of
callus tissue from the sides, so that, at the end of the growing sea-
S(%l, the Aca)nkers are represented by distorted regions on the twigs.

L6 A.

The callus tissue may cover the cankered area by the end of the
season in which the canker originated, or the tnion may not be
completed until the second growing season. (PL 6, B.) The final
result is the covering of the necrotic area by new tissue and the
formation of novmal tissues following the union of the callus, The .
necrotic region is merely buried under 2 layer of new tissne and
(:Eil;l be demonstrated in after years by cutting through the twigs.

L6, C.

( Almost )all investigators are agreed that the cankers about the
blossoms are the result of the fungus passing from the floral parts
into the tissues of the twigs. Cook (19), in New Jersey, however,
congidered that the cankers were formed at the bases of the buds of
the young shoots and therefore are at the bases of the flower buds
that open the following spring. He found conidia produced on these
cankers in the spring, but he did not give any data as to when and
how these cankers were formed originally. Cook’s description of
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these cankers, his photographs of them and their position, i. e., just
below the buds, suggest that they were cankers caused by arsenical
sprays. These sprays commonly cause necrotic areas to form at the
base of the petioles which appear the following spring as cankers at
the base of the buds and offen involve the buds. It 1s possible that
the brown-rot fungus might gain entrance to the tissues after they
have been ruptureg and produce conidia the following spring. The
writers doubt that the canlters described by Cook were caused by the
brown-rot fungus, although they do not wish te imply that the organ-
ism was not present in them and that such cankers, caused presum-
ably by arsenical injury and subsequently invaded by the brown-rot
1gﬁngus, might not play an important role in the dissemination of the

Ngus.

F%equently the twig to which an infected peach is attached
is invaded and killed. These dead twigs and accompanying cankers
have received considerable attention from investigators of peach
diseases. As early as 1868 the following statement by E. 8. Hull,
a prominent fruit grower of Alton, I1L, appeared in the Transactions
of the Illinois Horticultural Society for that year (45, p. 265):

These [fruits], under certain conditions, rot to such an extent, ecspecially
some of the eavly peaches, as to defoliate and kil all the ipterior branches,
and so impair the vitality of the trees as to render them worthless, and, in
gome instances, to kill them, .

On the plum the killing of spurs and adjoining bark was noted
by Kirtland (49}, who wrote in 1855: “ This malignant and cankery
action will, likewise, extend to the adjoining bark wood and fruit
spurs; and often either entirely destroys their vitality or induces
a sickly condition.” Smith (92), Chester (I7), and others also ob-
served that the fungus by growth through the frait stem and bark
caused. cankers and girdling of the twigs.

Because the brown-rot fungus attacks only the tissues that are

not far beyond the meristematic stage, it seldom if ever causes
cankers by direct infection of twigs or branches of the commonly
planted commercial varieties. Even infection through wounds seems
to be & rare cceurrence. Many of the older varieties were abandoned
because of their suscaptibility to brown rot, and doubtless the shoots
of some of them could become infected as Chester (I7, p. 61) sug-
gested in 1893:
. That infection through the bisom and the fruit is the usual method ean not
be denied, but the fact that trees have been found which bave not blossomed
and yet which show genuinely blighted fwigs Indicates that in some cases
the fungus con find entrance otlier than already indicated. My own observa-
tions on this point lead me fo believe that the tender opening buds of young
shoots offer & favorable harbor for the developing fungus, which subsequently
appears as a wilting of the young leaves and a blighting of the generally
short terminal growths.

Smith (91, p. 131} first stated: “ In the early spring the young
and tender shoots must be infected by spores. Many such shoots
were attacked and killed in 1889.” Later he (92, p. 87) changed his
mind and stated: “ Heretofore I had supposed it capable of pene-
trating through the unbroken cuticle of young shoots, but such
eases must be exceptional.,” Jehle (48) found it easy to inoculate
twigs and branches of all ages through wounds, but concluded that
natural infection of limbs occurs either through diseased blossoms
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or through diseased fruits, Fant (87) concluded that infections
take place through wounds as well as through infected blossoms
and infected fruit.

The writers have not seen in commercial peach orchards a twig
or branch lesion in which the brown-rot fungus was growing that
could not he traced to a blighted blossom or to a mummied fruit.
They have seen blighted twigs of noncommercial varieties that
appeared to have been directly infected through spores.

ehle (48} reported that cankers live over and increase in size
from year to year. Although a callus layer forms about these
cankers each year, it also may become infected., Smith {90} found
lesions on stems producing conidial tufts occasionally during their
second year. MeClintock (52} in Georgia and Cunningham (24)
in New Zealand stated that these stem lesions may produce conidia
during the following spring and consider them important as infec-
tion centers. In Delaware, Manns and Adams (55) reported that
the fungus survived the winter of 1921-22 in 75 per cent of the
cankers on the Carman variety examined, but that there was no evi-
dence of survival in blossom-blight cankers on the Belle and Elberta
varieties. Brooks and Fisher %16’) were unable to find conidia on
cankered limbs of prunes, although a careful search was made.
Berkeley (17) in Canada reported that in the spring of 1926 many
cankers were active and spores were present in them. He also found
active 2-year-old cankers.

It has been the writers’ experience that the fungus frequently does
not live over in blighted twigs and cankers. In March, 1925, at a
time when in northern Virginia mummies were producing conidia
in large numbers, 19 cankers that had formed about these mummies
were collected, and in mo case was there a development of the
brown-rot fungus from the cankers, although it developed readily
{rom the fruit stems. MecClintock (42) in the season of 1929 was
unable to find cenidia produced in such cankers, although he ex-
amined hundreds of them. MeCubbin (54) in Canada was unable to
obtain cultures of the brown-rot fungus from dead twigs and cankers
on which mummies were found, and he concluded after experimenta-
tion that the killing was caused by juice from the rotted peaches
passing into the twigs,

Beginning in 1923 the junior writer investigated the longevity of
twig cankers in Georgia, particularly those following blossom infec-
tions. When the inner tissues of young cankers, collected in April,
were removed under aseptic conditions and placed on potato-dextrose
agar in Petri dishes, pure cultures of the organism were readily
secured. (Pl 6, D.) Similar results were obtained during May.
In August many of the cankers had ruptured, and numerous con-
taminations developed in cultures from the tissue fragments, but the
brown-rot fungus was also obtained in each trial. The experiments
were continued during September, October, and December. In these
months the number of tests in which the brown-rot organism was
not secured increased each month, and in December the organism
was secured from only ome canker in g series of eight tested, No
experiments were performed in 1924, and blossom %Iight was not
severe in 1925 and 1926, so that the twig cankers were not abundant.
Blossom blight was severe again in 1927, and work on a larger scale
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was started with the cankers that developed that year. Since the
earlier work had shown that the organism was alive in a certain
number of cankers until December at least, cankers were not exam-
ined unfil January, 1928, One hundred and five cankers were col-
lected at intervals during January and February before the trees
started to blossom. Fragments of the interior portion of each canker
were removed under asepfic conditions and placed on plates of
potato-dextrose agar. The brown-rot organism was secured from 41
cankers, or 39 per cent of the total number. In each case & record
was kept as to whether the canker was still open or whether the callus
tissne had closed over the original necrotic area. In addifion a
record was kept of the location of the tissue used in each test, whether
from the apical, central, or basal portion of the canker. These data
are summarized in Table 5. A higher percentage of successful isola-
tions of the brown-rot fungus was obtained from tissues taken from
the center of the cankers than frem the apical and basal portions,
and also a higher percentage of isolations was obtained from those
cankers that were not covered by eallus.

TaBLE 3.—Resulls of altempts o isolate Sclerotinia fructicela from different
parts of hwig cankers—Janvary end February, 15928

Cankers from which
Part of canker Cankgrs {utz‘zzsgls was ise-
a

N Numbﬂ Per cmtg
X. -
O?g ter 2% 3

Hase
Negrotic region covered by eallus tssue . i 5
MNecrotic Tegion not covered by callus tissue g

Blossom blight and twig cankers were prevalent in Georgia again
in 1928, and the experiments of the previous year were repeated
during February and March, 1929. TFifty.four cankers were studied
during this period, and the fungus was isolated from seven of them.

In addition to the isolation studies, field observations were made in
1923, 1924, and 1925 for evidence of the production of conidia on
overwintered cankers. No conidia were observed on overwintered
cankers, although production of conidia is not particularly uncom-
mon during the season in which the cankers are initiated. In March,
1928, 100 cankers on the trees of the Hiley variety in an orchard
near Fort Valley, Ga., were selected at random and fagged. These
cankers were the result of blossom infection in 1927. Blossom blight
appeasred in the orchard on March 28, signifying that the fungus
was active, but a careful examination of each canker with a hand
Iens failed to reveal any signs of spore production on the surface of
the cankers,

On April 12, after a rainfall of 214 inches, two spore tufts were
found on one canker. Germination tests showed that the spores
were viable. Additions] examinations were made during the rest of
the season, but spore tufts were not observed on any of the cankers.
The canker which produced conidia on April 12 was of the open
type, i, e., one in which the callus layer had not united.




38 TRCHENICAL BULLETIN 328, U. S. DEPT. OF AGRICULTURE

From these isolation studies, extending over a period of six years,
it seems evident that the fungus remsains alive over winter in a cer-
tain percentage of the twig cankers each year. This faet would be
more important if the field observations during the same period had
not failed to reveal the production of spore tufts (with one excep-
tion) on the cankers. The survival of the fungus in the tissues of
the twig without the %Jroduction of the spores i1s of no importance
s0 far as the spread of the disease is concerned. These conclusions,
based on studies in Georgia and Virginia, may not be applicable to
all peach-growing sections. Under different environmental condi-
tions it is possibfe that the cankers may assume a more important
r6le in the spread of the disease.

LEAF INFECTION

Leaves that have been killed by the brown-rot fungus are commeon
enough, but the number of leaves killed is so slight that the reduc-
tion in total foliar surface is inconsequential. Under optimum con-
ditions for infection, leaves may be attacked and the fungus may be
found fruiting in browm spots which later may be excised. More
frequently the entire leaf is invelved, as when the fungus enters
from a blossom-blight or a mummied-fruit, canker through the peti-
ole, or when a leaf, coming into such close contact with a rotting or
mummied fruit that the exudate from the rot causes it to adhere
closely, becomes infected throughout.

In moist weather the fungus may enter leaves injured by other
agencies, especially by the leaf-curl fungus, £zoascus dzformans.
Like the blighted blossoms, twig cankers, and early-infected fruits,

leaves infected early in the season aid in the dissemination of the
fungus and help to provide an abundance of conidia that may infect
the ripening fruit.

BELATION OF INSECT PESTS TO INFECTION

Although insect pests are probably of little importance in the dis-
semination of the disease, they are of great importance as agents
that produce wounds in the fruit, through which infection readily
takes place. The plum curculio {C'onotrackelus nenuphar Hbst.) s
the most important of these pests, although locally the oriental fruit
moth (Grapholitha molesta Busck) is sometimes of greater impor-
tance. So closely is the curculio associated with peach rot that in
former times growers apparently considered the curculio the cause
of the rot.

In 1869 Riley (75, . 62) in a report on the curculio stated:
“#* % * By its punctures it causes the dreaded peach-rot to spread
whenever that disease is prevalent * * *” In the process of
feeding and laying eggs the curculio makes numerous punctures over
the surface of the peach, and these open wounds furnish ideal entry
for brown-rot spores. When the beetles are numerous, the infection
of these punctures by the brown-rot fungus causes severe damage to
the fruit crop if the weather conditions are favorable. Thiz réle
of the curculio in the spread of brown rot is well known and widely
recognized. Tt is not known whether or not this insect inserts spores
when it punctures the fruit, but it is certain that a coating of fungi-
cide gives little protection to fruits punctured by the plum cureulio.
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When 2 specimen of the plum curculio is examined under suit-
able magnification, it is found to be ideally equipped as a carrier of
brown-rot spores. The segments of the abdomen, the wing elytra,
the femora, tibiae, and tarsi are all covered with closely set bristles
or bristlelike hairs, and it is very obvious that if one of these insects
brushed against spore tufts on the surface of the fruit many spores
would adhere to it.

The first step in testing the truth of these deductions consisted in
allowing plum-curculio beetles to walk over vigorously sporulating
Petri-dish cultures of the brown-rot fungus. The beetles were then
examined under z binocular microscope, and numerous brown-rot
spores were found adhering to the under surface of the abdemen and
to the various segments of the legs. As a further verification, addi-
tional beetles were transferred from the brown-rot cultures to sterile
agar plates. In due time colonies of the brown-rot fungus developed
along the paths in the agar made by the beetles.

In order to make a test under more nearly natural conditions,
beetles confined in large battery jars were allowed to feed on rotting
peaches for 24-hour periods, after which they were transferred to
other jars containing sound peaches. Numercus brown-rot infec-
tions developed on these peaches within 24 hours after the transfer
of the beetles, and the infections developed in practically all cases at
punctures made by them. Jars containing sound peaches to which
no beetles were added were maintained as checks, and these peaches
remained sound long after the fruit in the jars to which the beetles
were added was completely rotted.

A medificatinn of this test consisted in allowing the beetles to feed
for 24 hours on rotting fruit and then transferring them for 24 hours
to a Jar containing nonsprayed peach folinge. The beetles were then
transferred to a jar of ripe peaches. Brown rot developed on these
peaches within 48 hours, showing that spores still adhered to the
- beetles after 24 hours feeding on foliage. The checks behaved as
in the previous experiment. These experiments were carried out in
1922 and repeated with similar results in 1924,

Although these experiments definitely demonstrate that the plum
curculio can serve as a mechanical agent in the dissemination of
brown-rot spores, thic insect, according to O. I. Snapp, entomolowist,
in the Bureau of Entomology, United States Department of Agri-
culture, feeds in the field exclusively on sound peaches. Accordingly
it seems very probable that the plum curculio 1s an effective agent in
the mechanical dissemination of brown-rot spores only in years that
are favorable to the development of the disease when the chances of
brushing against spore masses on rotting fruit are numerous. The
habit of feeding exclusively on sound tissues largely precludes the
Fossibility of the plum curculio being of much importance as a bio-
ogical agent in the spread of the disease by eating brown-rot spores
and passing them intact through its digestive system.

In experiments conducted joinily by the Bureaus of Entomology
and Plant Industry it has been found that in most years about 90
per cent of the brown-rot infections occurring in peach orchards take
place through curculio punctures. In those favored sections In
which the fruit is free from insect punctures, particularly those of
the plum curculio and the oriental fruit moth, brown rot is com-
paratively unimportant as an orchard disease.
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PATHOLOGICAL ANATOMY
FLORAL PARTB

'The mycelium of the brown-rot fungns is intercellular in the petals
and sepals of the peach blossom. Tn both these organs the cells are
50 loosely arranged and the intercellular spaces so numerous that the
mycelinm spreads rapidly through the entire organs. Sections pre-
pared from the style and stigma of artificially inoculated peach
blossoms show that the conidia germinate (pl. 7, A) on the surface
of the stigma and that the germ tubes grow down intercellularly
among the loosely arranged cells of the style in much the same
manner as the pollen tubes. All the parenchymatous tissues of the
ovary may be invaded. (PL 7, B and C.) The mycelium was ob-
served in the spaces between the pollen grains in mature anthers.
Conidia may be produced on the surface of all floral parts,

FRUITS

In peach fruits the fungus is intercellular. (PL 7, D.) It dis-
solves the middle lamella and by occupying much of the space thus
formed separates the cells of the invaded part of the peach from one
another. Galloway (39) found the mycelium intercellular but
states that in some cases it seemed to huve penetrated the cell walls.
Cooley (20) stated that hyphae penetrate the cells of the plum at
any point of contact, but Valleau (97) observed that in the tissues
of plum and apple the hyphae are entirely intercellular, Valleau
also observed that the middle lamella is dissolved slightly in advance
of the penetration of the hyphae. He considers that the absence of

the middle lamella in the tissues of ripe fruits explains the rapidity
with which rot develops in them.

TWIGa

In 1891 Smith (92) presented a brief account of the histology of
pesch-twig cankers caused by the brown.rot fungus, but since that
time, so far as the writers are aware, no detailed histological work
has beenr: done. It is true that Jehle (48), Fant (37), and Cook
{19) have discussed the cankers at some length, but their interest
in them was mainly from an etiologic viewpoint.

Twigs with blighted blossoms and cankers resulting from blossom
infections were collected from trees of the varieties Hiley and
Uneeda at various times during the years 1927 and 1928. Sections
were prepared from these twigs by means of a sliding microtome.
Some of the sections were stained with safranin and light green,
and others were mounted unstained. In the first sections examined
the fungus was growing through the peduncle but had not reached
the tissues of the twig, and the only symptom present was a crescent-
shaped discolored region on one side of the peduncle.

The first symptom of canker formation in the tissues of the twig
1s the presence of a discontinuous narrow brown zone in the region
of the cambium. (Pl 8, A.) The cells in this region are dark
colored, and the walls have collapsed. The discolored zone is dis-
continuous because the cells of the larger pith rays are not affected.
This is clearly illustrated in Plate 8, B. The mycelium of the
fungus has not been observed in the tissues of very young cankers,
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and it is not known whether the discoloration and collapse of the
cells in the region of the cambium is caused by actual penetration of
the cells by the hyphae of the fungus or by enzymes liberated by the
fungus. These early symptoms pass very soon into a condition in
which there is a circle of gum pockets (pl. 8, C) in the region
formerly occupied by the discotored zome. It is very evident that
these gum pockets are merely the aftermath of the killing of the
cells. gVVhile the gum pockets may at times form a band encircling
the xylem, they remain as distinct entities because the cells of the
larger pith rays are not affected. (Pl 8, C.) Smith (92, p. 38)
has described the conditions of the tissue at this period in the de-
velopment of the cankers as follows:

The cambium and soft bast eylinders had disappeared almost completely
with the formation of extensive mn pockets. These pockets were full of the
active mycelium of Afonifie. This also penetrated iuto the cortical parenchyma
tu some extent, and to a lesser degree into the xylem, Proectically speaking,
the wood und the pith aad all the eylinders externil to the soft bast were in-
tact. On unmagnified ¢ross sections a zone of disccloratien was visible below
the wood and the bark. ©On magnifiestion this was found to conslst * % ¥
of 4 gum cuvity contuining myeelium and fragments of tissue and bordered by
irreguiar dark zones, the onc within composed of young wood and vessels Inid
down this spring, and the one without composed of rewnants of soft bast auwd
phlem rays. The bundles of fibers were also changed from n glistening white
to a dirty yellowish brown,

Smith apparently found the mycelium of the fungus in the cortical
parenchyma. The writers have not been so fortunate, but there
can be no doubt that the cells in this region are seriously affected.
There is ho pronounced dissoluticn of the cell walls with formation
of gum poclets, but instead the cells lose their turgidity, and the
walls, instead of being practically hiyaline, are brown and are swollen
to almost twice their normal thickness.

The formation of the extensive gum pockets in the region of the
cambium and the destruction of the cortical parenchyma are the
final episode in the histological changes produced directly by the
fungus. The subsequent changes are associated with the develop-
ment of callus tissue to cover the necrotic region of the twig. A
wound periderm is initiated at each side of the necrotic region and
extends as a sloping, irregular band from the region of the cambium
to the epidermis, (Pl. 9, A.) This periderm is initiated not at
the apparent boundary between the mass of necrotic, disrupted cells
and the healthy tissues, but at some distance from this boundary in
apparently healthy tissues. Microchemical tests to detect a suber-
ization of cells preceding the initintion of a wound periderm gave
negative results. The tests, however, were too few to warrant draw-
ing a definite conelusion on this point.

The regencration of the tissues of the twig presents no striking
novelties and is well described by the following generalized de-
scription of the process taken from Strasburger (94, p. 164) :

In stems of Gymnosperms and Dicotyledons, wounds whiclh extend into the
wooll become surrounded and finally overcapped by an cutgrowth of tissue
nrising front the exposed enmbinm. While the callug tissue is stili In process
of graduully growing over the wounded surface, an outer protective covering of
cork is developed ; at the snme titne a new cumhlum is formed within the eallus
by the differentintion of un inner layer of ceily, contlnuous with the cambluwm
of the stem. When the marging of the over-growing callug tissue ultimutely
meet nnd close togetiter over the wound, the edges of its cambinm unite and
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form a complete cambial layer, continuing the cambium of the stem over the
surface of the wound. The wood formed by this pew cimbium never coalesces
with {he old wood which is brown and dead,

The various stages in the overcapping of the necrofic region are
illustrated in Plate 9, B, C, and D, and Plate 10, A and B.

The histological changes come to an end when the cambium of
the two layers of the callus tissues, which have been gradually ap-
proaching each other, unite. This fusion of the cambium is fol-
lowed by the production of normal rings of wood, and usually by the
end of the second season after the inifiation of the canker 1t is im-
possible to tell from the appearance of the twig surface that a
canker had been present.

Earlier in the discussion it was stated that a ring of gum pockets
may encircle the xylem. These gum pockets persist in the tissues but
cease to enlarge, and new tissunes are laid down exferior to them.
(Pl 10, C.) The cambium that initiates the new tissues probably
originates by a lateral division of the uninjured cambial cells capping
the pith rays.

CONTROL OF PEACH BROWN ROT
SANITARY MEASURES

The removal of mummied fruits, blighted twigs, and all other
parts infected by the fungus was recommended by early investigators
as the sole means of control of peach brown rot. Later, with the
development of spraying, orchard sanitation was recommended only
as 2 supplementary control measure. Smith (9I) advocated the
removal of rotting fruits as soon as they appear in the orchards
and before spores are formed on them. He insisted, however, that
to be successful it must be a community affair, since one neglecied
orchard may furnish spores enough to reinfect all the surrounding
orchards. Quaintance (70} suggested, in addition to removal of
mummies and rotted fruits, the pruning out of blighted spurs and

twigs.

J%flle {48} recommended the removal of mummies early enough to
prevent the growth of the fungus through the stem of the mummy
and into the twig. He also recommended the removal of cankers.
McClintock (52) suggested that cankers be pruned out just after
harvest so that the eankered twigs may be removed from the orchard
along with the rotten fruif collected from the trees and from the
ground. Pollock (68) considered the plowing under of mummies
a doubtful help in control, because he found that the sclerotin from
which apothecia arise could live in the seil for at least 10 years.
On the other hand, MeCubbin (54}, Archibald (4), and Brooks and
Fisher (16} found that plowing greatly reduced apothecial produc-
tion, and they considered it as helpful in control. Ezekiel (33),
as the result of Iaboratory experiments, suggested that liming the
soi] might be helpful in the prevention of apothecial production, but
he did not make orchard tests with lime. Later (36) he found that
mummies disintegrate very rapidiy when buried in the soil, and
accordingly he recommended fall plowing. He also recommended
o loosening of the soil by cnltivation during the pink-bud stage of
the peuch in early spring, since ntuminies disturbed at that time
rarely produce apothecia.
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It is certain that sanitary measures alone will not control any
phase of brown rot, and it is difficult to estimate the benefits of
orchard sanitation. Removal of mummies, however, undoubtedly
has some value in the control of brown rot in its various phases. As
stated by Smith (90}, to be effective, removal of mummies should be
a community affair, because the conidia may be easily borne by the
wind from a neglected orchard to one in which all sources of infec-
tion have been removed in so far as practicable. It is the dissemina-
tion of conidia by the wind that prevents experimentation on the
effectiveness of this method of control. One might consider that the
removal, in so far as practicable, of all infection sources in one
half of an orchard, leaving the other half as a check, should result
in less brown rot in the one half than in the other, but it would be
found that sufficient conidia had been blown into the cleaned half
to start numerous initial infections which would soon become new
infection centers.

The removal of newly infected blossoms, leaves, and twigs is guite
impracticable, as is also the removal before conidia are formed of
newly infected fruits except in small plantings. Frequently grow-
ers instruct pickers to collect all rotted and mummied fruits along
with the sound, thus enormously inereasing the chance of infection
by increasing the namber of conidis on the surface of the fruit. Col-
lection of the rotted fruits is made for the purpose of removing from
the orchard possible sources of infection for the fellowing year, but
1t should not be done at the time when the sound fruits are gathered.
It is, however, both practicable and helpful to remove rotten fruits
directly after picking the crop, to prevent twig infection and canker
formation, besides reducing the number of prospective mummies.
Removal of rotten fruits from trees of early varieties also helps
somewhat in the protection of later varieties by reducing the pumber
of infection sources,

The brown-rot, fungus attacks many species of wild plum, and all
the different phases of the disease described for the peach, viz, blos-
som blight, twig cankers, fruit rot, and mummy formation, may be
observed on these wild hosts. The writers huve observed apothecia
produced in abundance under trees in thickets such as that illus-
trated in Plate 4, B. When blossom blight develops in these thickets,
with the production of myriads of conidia on the blighted blossoms,
it is only too evident that wild plum trees serve as a fertile source of
infections material, both ascospores and conidia, that may be blown
to near-by comumerciul orchards. Since the disease runs its course
unchecked on these wild hosts, it is also evident that dangerous cen-
ters of infection may exist year after year. Spores blown from
these wild plums may initiate brown rot in peach orchards previ-
ously free from the disease.

The writers realize the impossibility of completely eliminating
wild plums and wild-peach seedlings from any given district, but in
sections devoted largely to peach production if is unwise to allow
plum and wild-peach seedling thickets like that shown in Plate 4, B,
to develop near commercial orchards. Here again the problem is one
of concerted community action; and if all the growers cut down the
trees on their own property ut regular intervals, much of the danger
of brown rot from wild plum and peach seedlings is eliminated.




44 TECHENICAL BULLETIN 328, U. S. DEPT. OF AGRICULTURE

Failing in comnunity action, the individual growers should at least
cut down all such frees along fence rows and at the edges of fields
bordering their orchards.

Information on orchard sanitation as o supplementary control of
brown rot may be summarized as follows:

To be most effective it should be & community sffair.

Mummies hanging on the trees should be removed from the orchard as soon
as possible after the crop hias been harvested.

Mummies onr the ground sbould be plowed under or otherwise disposed of
in the fall or in the spring before the blossoms open.

Cankers and dead fwigs should be removed at pruning time for the good
of the irees, but their removal probably is of little help in controlling the
disease,

Wiid-plum frees and peach seedlings mear peacli orchards should be cut
dowsn at regular intervals, and if possibie thickets of wild-plum trees and
peach seedlings should not be allowed to develop in sections devoted to peach
culture,

SPRAYING AND DUSTING

Certain sprays or dusts applied during the growing season control
the brown-rot disease to a greater or lesser extent, depending on. the
season. All other methods of control are supplementary to spraying
or dusting and are useful only in that they make control by sprayin
or dusting more nearly complete or more readily accomplished.
During at least a part of the season the fungicidal sprays or dusts
should be combined with an insecticide for the control of the plumn
curculio. As previously stated, the control of the curculio is im-
portant in the control of brown rot, because, except in years par-
ticularly favorable to the development of the rot, about 90 per cent
of the brown-rot infections in the orchard take place through curculio
punctures.

Sprays applied during the dormant season, even those many times
stronger than the lethal desage for brown-rot spores, have no notice-
able effect in controlling the disease. Manns and Adams (55) found
that from cankers on dormant peach twigs that had been dipped in
strong Bordeaux mixture and dried for 24 hours the fungus pushed
out through the fungicide and produced abundant conidia.

Fungicides such as Bordeaux mixture, potassium sulphide, and
flowers of sulphur had been recommended at times for use on the
peach, but it was not until 1907, when Scott (86) introduced a mix-
ture of sulphur, freshly slaked quicklime, and water, which he
called self-boiled lime-sulphur, that spraying for the control of
brown rot became practical and effective. The fungicides previously
recommended either injured the trees severely or did not control
the disease. Bordeaux mixture, whith at one time had been gen-
erally recommended, was abandoned because even with the minimum
content of copper necessary for the control of brown rot it frequently
injured the foliage of the peach severely and caused defoliation in
the early summer. Seott’s mixture controlled the disease without
causing serious injury to foliage or other parts of the tree. Scott,
after considerable experimentation in orchards, finally decided that
the self-boiled lime-sulphur gave best results when it was composed
of 8 pounds of sulphur and 8 pounds of stone lime to 50 gallons of
water. At fhis strength scab and brown rot were controlled, und
arsenate of lead could be added to the mixture without danger of
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serious injury to the peach. The heat from the slaking of this
quantity of lime was effective in forming an intimate mixture of
sulphur and milk of lime, which remained in suspension for some
time. The sprays now most commonly used are essentially the same
ag Scott’s mixture of sulphur and Lime except that these ingredients
are brought into suspension by the action of a celloid such as casein-
or glue instead of heat.?

With the development of a finely powdered sulphur, about 1912,
and efficient machinery for its application, dusting for the control
of brown rot has yielded good results and 1s widely used. Sulphur
in this form is mixed with hydrated lime and powdered arsenate of
lead to form a mixture which is effective against brown rot, seab, and
curculio, and causes little injury to the peach.

_Discussion of the effectiveness of spraying and dusting with fungi-
cides in the control of brown rof Willl) be divided into two parts: (1)
Effectiveness in the prevention of blossom blight and resulting twig
cankers; (2) effectiveness in the prevention of fruit rot and inci-
dentally of twig and limb infections resulting from fruit rot.

CONTROL OF BLOSSOM BLIGHT

An application of a fungicide just before the blossoms open has
long been recommended for the control of the brown-rot blossom
biight of stone fruits. Galloway (39) recommended it for the con-
trol of cherry-blossom blight and Chester (77) for the control of
peach-blossom blight, Cory (£2) in Maryland, Berkeley (17} in
Canada, and Jehle {(48) in New York have reported good results
from applications made before the peach blossoms open, i. e., when
the pink color of the petals is visible in the still unopen buds. Cun-
ningham (84) in New Zealand recommends two preblossom applica-
tions, the first when the buds begin to swell and the second when
the pink of the petals is first visible. Brooks and Fisher (I6) in
Washington and Oregon reduced the number of blossom infections
of prunes and cherries by a preblossom application, but usually the
application did not result in an increase in the crop of fruit.

Rudolph (135’2) in California found that in severe cases of apricot-
blossom blight caused by Sclerotinia cinerea® it was necessary to
spray the open blossoms as well as the blossom buds with Bordeaux
mixfure to obtain control. Tesche (95) reports reduction of the
apricot-blossom blight by twe preblossom applications of Bordeaux
mixture to which oil had been added as a spreader. Robertson (81)
in British Columbia did not control cherry-blossom blight, caused
presumably by S. cinerea (Monilia oregonensis), with an application
of Bordeaux mixture in April following a pruning out of useless
wood and dead-fruit spurs. ’

Rice (74} in New Zealand reports no effective control of peach-
blossom blight by spraying, and McClintock (52) in Georgia found
that an application of strong lime-sulphur solution applied when
the buds were swelling was of little value in the control of blossom
blight of Early Wheeler {(Bed Bird) peaches.

1t For sgeciﬁe divections for making selt-bolled lime-sulphur and its substitutes see

Farmers' Bul. 1527 (86}).
-7 2Tt s commonly accepted that thlg fungus is present on the Pacific const, &lthough
the apothecia) gtege bas never been observed.
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In the years 1922 to 1924, inclusive, the writers performed ex-
periments designed to test the effectiveness of preblossom spraying
in the control of brewn-rot blessom blight in central Georgia. In
that section blossom blight is normally prevalent only on early va-
rieties, although in seasons particularly favorable to its development
it may be found to a slight extent on all varisties. Even with the
more susceptible early varieties if is only in certain seasons that
control measures are needed. Spray experiments were conducted over
a period of three years, but no satisfactory results were obtained.
In the orchards used there were abundant mummies producing co-
nidia and ascospores, so that there was no lack of infectious material,

The selection of the proper time for applying the spray is an im-
gorhant problem in sprayinﬁ for the control of blossom blight.

ince, s previously shown, all parts of the blossoms are susceptible,
it was thought that a spray applied to open blossoms would be effec-
tive. It was found, however, that it was not possible to find all the
blossoms on all the trees open at anything like the same time. In
1922 only one-half the blossoms were open when the sprays were
applied. In 1923 the time of application was delayed ; but even when
20 per cent of the blossoms had dropped their petals, 13 per cent
were not yet showing pink. In 1924, with an even greater delay,
8 per cent were in 4 stage too small to be protected. The only solu-
tion of the timing problem would be two or three applications during
the blossoming period, which would be so expensive as to be pro-
hibitive. Various materials have been used, but lime-sulphar solu-
tion (83° Bzumé) diluted at the rate of 2 gallons to 50 gallons of
water has given the best results. In 1924 when the sprays were ap-
plied late in the blossoming period the dilute lime-sulphur solution
caused slight injury to the blossoms, and it is quite possible that two
or three applications would cause severe injury. Some of the col-
loidal sulphur sprays could probably be used with safety, but they
would not adhere so well as lime-sulphur solution. Self-boiled lime
sulphur with and without casein lim~ was less effective than lime-
sulphur solution, and a dust composed of finely ground sulphur, 85
per cent, and hydrated limme, 15 per cent, was wholly ineffective,

CONTROUL OF FRUIT ROT

Scott (86) not only worked out a sefe fungicide for use on the
peach jn the growing season but also, in cooperation with Quaintance,
of the Bureau of Entomology, worked out a combined spraying
schedule for the control of the curculio, scab, and brown rot. For
varieties approximating the season of the Eiberta variety this sched-
ule was as follows:

FPirst applicetion—When the calyces or “shucks® are shed, which iz ugually
about 10 days after the petals have fallen, spray with a suspension of arsenate
of lead and milk of lime in water for the control of the curculio.

Second application,—Two weeks after the first applivation, or about four
weeks after the petals have fallen, spray with self-hoiled lime-gulphur te which
arsenafe of lead is added. This application is primarily for the contrpl of
curculie and scab.

Third applicetion.—About one month before the fruit ripens, spray with self-
boiled lime-sulphur for the control of brown ret.

Scott found after long experimentatior: chat earlier treatments
with self-boiled lime-sulphur were unnecessary. He and Ayres (87)
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alse found that the sprayed fruit was less liable to rot in transit and
on the market than the unsprayed. At the present time many inves-
tigators advise earlier applications for the control of brown rot, but
such applications are of doubtful usefulness.

After the introduction of finely ground dusting salphur about 1912
the use of this substance for the control of brown rot began, and it is
now extensively used for that purpose. It has the advantage of
being easily and quickly applied; and applications can he made
shortly before harvest, when the fruit is reaching the stage of great-
est susceptibility to the disease, without the staining of fruit. which
often results from applications of spray made at that time.

The spray or dust schedule recommended for general usc at the
present time follows closely the original schedule devised by Scott
and is as follows:

First application—When calyces or “shucks ” are shedding, whieh is usually
about 10 days afier the falling of the petals—

Spray: Powdered arsenute of lead,” 1 pound (or 2 pounds of the paste), and
the milk of lime from 3 pounds of stone lime or 4 pounds of hydrited lime, with
water sufficient t¢ make 50 gallons; or

Dust: (1) Hydrated lime, 95 per cent; arsenate of lead, 5 per cent; or {2}
sulphur, 80 per cent; arsenate of lead, 5 per cent; hydrated lime, 15 per cent.

Seeond. epplication—Two weeks nfter the first application, or about four
weeks after the petils have fallen—

Spray: Belf-boiled lime-sulphur 8-8-50 (or substitute), to each 50 rallons
of which I pound of powdered arsenate of lead {or 2 pounds of the puste) is
added: or

Dust: Sulphur, 80 per cent; arsenate of lead, 5 per cent; hydrated lime, 15
per cent.

Third application—One month before each variety is expected to ripen—

Spray: Self-boiled lime-sulphur 8-8-50 (or substitute) without the addition
of arsenate of lead; or

Dust: {1) Sulphur, 80 per cent; Lydrated lime, 20 per cent: or (2) sulphur,
80 per cent; arsenate of lead, 5 per cent; hydrated lime, 15 per cent,

For the southeastern part of the United States, including Georgia
and the Gulf States, the following schedule is recommended :

First applicelion.—Immediately after 75 per cent of the petals have failen—

Spray: Powdered arsenate of lead, 1 pound {ur 2 pounds of the naste)}, and
the milk of lime from 3 pounds of stone lime or 4 pounds of hydrited Ume with
water suffcient to muke 50 gallons; or

Dust: (1) Hydrated lime, 95 per cent; arsenate of lead, 5 ner cent; or {2)
sulphur, 80 per cent; ursenate of lead, 5 per cent; hydrated lime, 15 per cent.

Second applicaiion—When calyces or shucks are shedding, which is usually
about 10 days after the folling of the petals—

Spray: Same as for first applicition; or

Dust: Same as for first application,

Third application—Two weeks after the seeond application, or about four
weeks after the first application—

Spray: Self-boiled lime-sulphur §-8-50 (or substitute) ; or

Dust: (1) Sulphur, 80 per cent; hydriated lime, 20 per cent; or (2) sulphur,
80 per cent; arsenate of Iead, 5 per cont; hydrated lime, 13 per cent,

Fouwrth application—One month before each vuriety is expected to ripen—

8pray : Self-boiled lime-suiphur 8-8-50 (or substitute), to each 50 gullons
of which 1 pound of powdered arsenate of lead (or 2 puunds of the paste) is
added; or

Dust: Sulphur, 80 per cent; arsenate of lead, 5 per cent; hydrated lime, 15
per cent™

¥ Directions for the use of arsenute of lead in the control of the curcullo wers furnisbed
by the Bureau of Entomology, U. §. Department of Agriculture.

“For A more complete dlscussion of s};my gchedules, speelfic dlrectlons for maklng
self-bolled llme-snlphur and substitntes [or it, and dust farmmlas, the reader is referred to
Furmers' Bulletin 1527 (&) and Farmers' DBulletln 1357 (n3).
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FUMIGATION

The lethal effects of the vapors of certain substances on bacteria,
fungi, insects, and other forms of life are well known. Their em-
ployment as antiseptics, disinfectants, germicides, and insecticides
has been a common practice for many years. It js not surprising,
therefore, to find a large volume of literature dealing with the sub-
ject. A review of the Iiterature dealing only with the more im-
portant contributions to the subject would far exceed the limits of
this bulletin. It is sufficient to say that the experiments herein re-
ported represent an attenipt to determine the possibility of a success-
ful specific application of the well-known principles of fumigation.

As a result of the accidental discovery that Sclerotinie fructicola
is particularly susceptible to vapors given off by ethyl alcohol, these
experiments were begun with the hope that a substance might be
found whose vapors would be of practical use in the killing of
brown-rot spores and hyphae on peaches and other stone fruits
either in closed compartments at packing houses or in refrigerator
cars during transift. For many years it has been the custom of the
seniov writer after transferring fungus cultures from one tube to
another to moisten the lower portion of the cotton plug above the
new culture with a mixture of chemicals®® used for the killing of
mites. In the writer’s experience this mixture had never affected
in any noticeable way the growth of the new culture, but in the case
of the brown-rot organism culture transfers from 18 different sources
all failed to grow. Dy testing the ingredients of the mixture sepa-
rately it was found that aleohol was the only one that prevented
growth; and since only the vapor of this substance could reach the
fungus, it was assumed that it was responsible for the failure of the
transferred conidia and hyphae to develop. Of the other ingredients
mercuric chloride is well known te be toxic to fungi when in contact
with them, but it does not vaporize sufficiently, at least, to be toxic to
the brown-rot fungus when a solution of it is applied to the culture-
tube plug. The two remaining ingredients, arsenate of lead and
elycerin, when applied fo culture-tube plugs had no effect on
growth.

The choice of substances for use in the experiments followed no
general rules. Some of the essential oils, such as oil of thyme, oil
of enecalyptus, and cil of peppermint, were chosen because of their
well-lmown antiseptic and germicidal properties. Others were used
at the suggestion of G. A. Russell, then of the office of Drug Plant
Investigations, Bureau of Plant Industry. Denzaldehyde was used
on account of the toxicity of aldehydes for plant growth and because
of its cheapness. Copper sulphate was used to ascertain whether or
not it had fungicidal powers when not in contact with conidia or
hyphae. Mercury and aniline are toe toxic to man to be very promis-
ing. The former received a trial because Larson (5Z) had found it
to be toxic to the larvae and eggs of the bean weevil when in the
same jar but not in contact with them. Aniline, acetic acid, carbon
tetrachloride, furfural, and several other chemicals were tried be-
cause it was considered desirable to try readily obtainable substunces

. ’;F;rumla: Alcohol, 95 m!: glyeerin, 50 ml; bickloride of mercury, 2 g'; nisenate of
ead, .

1y (instend of gm.} 15 the pbbreviation recently adeopted by the Government Printing
Oftre foT grom Or ErAITS,




PEACH BROWN ROT 49

of different chemical composition. Tricresol and toluene were tried
only because they are well-kmown germicides. Chloral hydrate was
chosen because of its narcotic properties. Paradichlorobenzene was
introduced by Blakesiee (2} for the control of the peach borer and
has come into general use for that purpose. The toxicity of acetic
acid suggested the use of certain acetates even though they are rela-
tively nonvolatile. Certain commonly used fumigants, sack as sul-
phur dioxide and formaldehyde, were not used, for the reason that
they were known to be injurious to peach fruits.

reliminary experiments tc eliminate from further tests those
liquid substances that did not prevent growth were made by moisten-
ing with 1 to 2 ml of each substance the lower ends of the cotton
plugs of culture tubes to which the fungus had been newly trans-
ferred. Checks were held in 21l cases. The following substances
entireiy prevented growth:

Acetie acid, giacial; alcohol, 93 per cent; aniline ; benzaldehyde: carlon tetra-
chioride; cassia oil; chioral hydrate, suturnted aqueous solution; Fuculppfus
globulus ¢il; cugerol; horsemint (Monwrde punctaia) oil; lemon oil, pressed;
peppermint (Afenthe piperite} oil; safrel; sussafras oil, artiticial; sussufras
oil, natural; thyme oil, light; toluene; tricressol; wormseed oil,

The following substances did not prevent growth:

Cedar oil, light; elove oil; copper sulphate; snturated agueous solution ; lend
arsenite, L g in water 100 mi; mercuric chloride, stiurated aqueous selution;
sodinm salicylate, M/1 aquecus solution.

A crystal of copper sulphate {CuSG0,5H,0) placed in a culture
tube at the foot of the agar siant did not hinder growth until, slowly
dissolving, it permeated the culture medium and finally came into
actual contact with the fungus. Mercury, 0.3 ml, at the foot of agar
slants, entirely prevented growth.

To determiine whether or not growth in cultures could be stopped
after a vigorous beginning, 1 to 2 ml of the following substances
were dropped on the lower ends of plugs of culture tubes containing
2-day-cld growths of the fungus mensuring approximately 1 em
across : Benzaldehyde; lemon oil, distilled ; horsemint oil ; thyme oil,
light. Five days later the slants of the untreated tubes that were
held as checks were entirely covered by the fangus, while there was
no further growth in the treated tubes. Cultures from the latter
tubes showed the fungus to be dead.

In some of the experiments on the effects of exposing conidia to
vapors the substance under trial wus placed in the bottom of the
cavity of a hang-drop slide and the spores were exposed in a hanging
drop on the under surface of a cover glass placed over the cavity.
After the time allowed for exposure had elapsed the cover glass
with its drop confaining the conidia was removed and placed on a
similar slide containing only water, and later examined for germinn-
tion. This method wus abandoned, for the reason that the exposure
of conidia in water was not as they would be exposed in practical
usage, and because some of the vapors would probably be carried
over in the hanging drop when the change to a different slide was
made.

The results obtained by this method, however, agreed very well
with those obtained by the following method, which was finally
adopted as a standard. The fungus was grown on 4 per cent potato

120788°—32———4




50

agar; and when conidia production became profuse, bits of the
medium covered with conidia were removed and placed on ordinary
microscopic slides. These slides were then placed under inverted
battery jars the sides of which had been sprayed with the substance
{liquid) to be tested. Solid or dry substances were scattered about
under the battery jar one and one-half hours before the beginning of
the tests. After the time chosen for exposure had elapsed the conidia
were exposed to the air of the room for a few minufes and then
tested for germination in hanging drops of either distilled water or
sterile prune juice, the lafter giving the more uniform results.
Checks were held in all cases; and unless the percentage of germina-
tion of the nontreated conidia was at least 50, the results were not
considered. Usually the percentage was above 90. Since frials
showed that conidia not germinating in 24 hours did not germinate
at all, results were regularly taken after 24 hours. The results of
these experiments are recorded in Table 6.

TECHNICAL BULLETIN 328, U. 8. DEPT. OF AGRICULTURE

Tapie G—Results of caxposure of conidia of Sclerotinia {ructicola to vapors
of varicus sulstances

Cooidia germingting in 24 hours alter exposure for I—

Moterirl e ——— }-——-“' T
lfhour| ¥ heur | 1 hour | 2hours . 3 hours | J hours | Sbhours
|
i
Per cent] Per ceni | Per cend | Per cent® Per cont | Percent (Per geal
Acetal ... 6-53 0-05 -85 ;

Acetie noid, ploeind ool
Aeetond

Afcohol, ebh¥). . oo raiae e
m-Aminobenzoie acid

Baritin acetote.
PBenzaldetryde. [
Tenrnldebyde, 0.3 ml; in water, 100 mi.
Banznldehyde, 3 mi; in Water, 200 mnl.
Eenwyl actupte .
Beazy! eleobo) oo
Caloinm acelate. _ oo
Corbon tetrachloritde.
Dichlorobenvede. . . cceeocemaaua-

Lthyl sajicyinte. ...,
Eihvieoe chivrehydrin. .
Eihylene dichloride..
Eugenal
Formamide
Furfura)
Isopropnnol_ .
Mercury e ea s
Muothyl acotato,
Methyi salicyhtt
o-Nitrophenol__
p-Nitraphenod._ .
Oit of apricok kernals
Qil of enssin...._ -
il of vloves._. ...
Oll of cedar, light.. ...
Ol of Evcalyptus plohutus. .| 1.
Dil of lomup.
Ol of lemon, distifled ...
Ol of lemaon, pressed ___
Qil of Monards punclala,
Oil of peppermint. .-
Ol of sassafms, outural
Cil of sassafras, artificisl..
Qliotthymo, . ceeeeee v
Ol of American wormseed
Palerogiueinnl ceevaeeoo o
Resorcitol. . coeuaaan
Baftol. . e v v
Saficylaidehydo,

0-100

1m~n'3'|ﬁ _______

1 f'ha Arat number fn each colump denotes Lhe percentage of treated und the second number tho percent-
age of control {nontrenced) conidla germinating.
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Trials with fruits were disappointing because all substances that
were toxic to the conidia of the fungus imparted to the fruit a
flavor and an odor that lessened or destroyed its market value. Many
substances such as acetic acid blackened the fruit in a few minutes,
and most of them injured it to some extent. These injuries masked
the results in rot control, but apparently the rot was checked.

The problem of finding a suecessful fumigant is a difficult one. It
is necessary that the fumigant be toxic to the fungus, noninjurious
to peaches, odorless, tasteless, noninflammable, nontoxic to man, and
relatively cheap.

SUMMARY

The history of the brown-rot disease in the United States reveals
that while the disease was not recognized generally as such until
after 1880, 1% had been reported at least a century age. Its fungous
origin was clearly understood by a number of early investigators.

In the more humid sections of the United States the disease takes
a heavy toll, amounting, in years favorable to its development, to as
much as $5,000,000. Some fruit is lost every year, and losses ocour
while the fruit is in the orchard, in transit, in the markets, and in
the possession of the consmmer.

Practically all the commercial varieties of the peach show some
resistance to brown rot, but it is impossible to evaluate this resistance
definitely on account of differences in periods of ripening under vary-
ing environmental conditions. The early maturing varieties seem to
be more susceptible to blossom blight than those ripening later, but
here again it is difficult to eliminate the environmental factor and
make an adequate comparison of varietal resistance. 1t is true, how-
ever, that the present-day varieties ave more resistant than the older
and often better-flavored varieties and huve supplanted them largely
for this resson.

The taxonomic position of the common brown-rot fungus is re-
viewed in detail, and the writers reaffirm their previous position that
the name Sclerotinia fructicola (Wint.) Rehm is the name that
should be applied to the fungus.

Selerotinia fructicola occurs in the United States, Canada, Aus-
tralia, and New Zenland.

The morphology of the fungus is described, and details of the
structure and characters of the apothecia, asci, paraphyses, asco-
spores, conidia, microconidia, and germ tubes are given. Statements
by previous investigators concerning the morphology of the fungus
are reviewed,

The work of previous investigators on the occurrence of strains or
physiologic forms, homothallisni, growth on artificial media, enzyme
production, and the function of vitamins in the metabolism of the
brown-rot fungus are reviewed, and results of experiments and stud-
ies made by the writers are reported,

The optimum temperature for the growth of the fungus lies be-
tween 75° and 80° E‘ Temperatures over 90° are distinctly un-
favorable to its growth. Although the conidia will germinate af
82°, the fungus grows slowly at low temperatures.

The fungus grows best on an acid medium, but the point at which
Increased acidity stopped growth was found to depend not only on
the hydrogen-ion concentration but also on the acid used. Thus,
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one investigator found the limit for growth was pH 1.85 with
sulphurie acid, pH 2.20 with phosphoric acid, pH 3.87 with formic
acid, pH 4.45 with acetic acid, pH 4.5 with butyric acid, and slightly
above pH 4.64 with salicylic acid. Apothecial production is also
influenced by the hydrogen-ion concentration, with a1 maximum pro-
duction of apothecia ot pH 2.5.

A few ascospores were found to be viable five weeks after their
discharge. The conidia produced naturally in the orchard are able
to survive winter temperatures. Conidia produced during the sum-
mer are shorter lived than those produced in the late fall. High
temperatures lessen the viability of conidia. No information is
available concerning the longevity of the microconidia, since they
have failed to gernunate.

Rain, wind, %irds, insects, and man are factors in the dissemina-
tion of the fungus, and of these the writers consider wind as the
most important. Man can be an important agency in the spread
of the disease on the harvested fruit through improper methods
of pieking and handling the fruit.

A hist of host plants Imown to be susceptible is given in the text,
bubt the list is not considered complete, since there has been no
attempt fo make a survey of these plants and because of the con-
fusion that has existed regarding the classification of the fungus.

The fungus survives the winter in muminied frrits and in cankers.
From these the fungus is propagated in early spring (1) through
the production of conidia on mummies left on the trees, (2) through
the production of apothecia and ascospores from those mummies
that fall to the ground and become partly buried, and (3) in some
sections through the preduction of conidia on twig cankers caused
by the fungus. These three infection sources are discussed in detail.
The overwintering on twig cankers is considered to be of less im-
portance, except in certain limited sections, than the production of
apothecia from partly buried mummies or the formation of conidia
on mummies hanging on the trees.

The pericd of apothecial production from mummied fruits and the
blossoming of peach trees have been found to coinecide very closely
over a period of years. Apothecia may be produced from mummies
or fragments of) muminies for many years, but the number of
mummies that produce apothecia and the number of apothecia pro-
duced slowly diminish annually. Completely buried muwnmies tend
to disintegrate more rapidly than those only partly buried.

Ascospores arve discharged by pressure developed within the ascus
and are shot for varving distances abeve the surface of the ape-
thecium. Aiv currents undoubtedly play a large part in carrying
away the discharpged ascospores.

The blossom-blight, fruit-vot, mummy, canlker, and twig-blight
phases of the diseuse are considered in detail. Infection of the floral
parts either by ascospores or by conidia may couse a reduction in the
size of the ¢rop, but the principal danger to the crop is that the
infected hlossoms may act ag centers for the propagation of conidia
which later infect the fruit as it matures,

Infection of the fruit may take place throngh the uninjured
epidermis (1. e, by way of the stomuta and hair sockets), but in
the orchard the great majority of infections follow punciures of
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the fruit made by the plum curculio, Concotrachelus nenuphar Hbst.
Infection through wounds made by the oriental fruit moth, Grapho-
litha molestq Busck, is also quite common.

Twig canker formation may result from the infection of either
the blossoms or the fruits. The fungus may remain alive over the
winter in twig cankers, but in central Georgia and northern Virginia
the writers have observed copidial production from cankers the
following spring in only one instunce. More profuse production of
conidia on overwintered cankers has been observed by investigators
in certain other sections.

Peach leaves, particularly those injured by the leaf-cur! fungus,
Ezoascus deformans (Berk.) Fekl., occasionally may be infected by
the brown-rot fungus and become infection sources,

Field experiments for the control of brown rot have demonstrated
that the control of the plum curculio and the control of brown rot
are closely correlated because control of the former prevents punc-
tures of the epidermis through which brown-rot infections may take
place. The curculio is well fitted to disseminate the brown-rot
fungus, since its body is clothed with shovt bristles to which brown-
rot spores readily adhere when the insect comes in contact with a
rotted peach. Observations of entomologists indieate that the plum
curculio feeds exclusively on sound fruit, so that direct dissemina-
tion of the fungus would largely be the result of nccidental contact
with a rotted peach. Therefore, in spite of the fact that the plum
curculio is equipped by nature to disseminate brown-rot spores, its
main importance in connection with brown rot is that it makes holes
in the epidermis of the fruit through which the germ tubes of spores
gain entrance to the inner tissues.

The fungus is interceilular in the tissucs of the floral parts and of
the fruit. The writers have heen unsble to demonstrate the myce-
lium of the fungus between the cells in the tissues of the twigs, but
other investigators have observed mycelinm in cavities caused by
the destrnction of the cells of the cortical parenchyma. The changes
produced by the entrance of the fungus into the twig tissues are
discussed in detail. The regeneration of tissues to cover the necrotic
region presents no striking novelties and is illustrated by a series of
photomicrograpbs.

The contrel of the brown-rot disease on the fruit depends largely
upon an adequate and timely use of fungicides, coupled with proper
measures for the control of the plum curculio. Spraying in central
Georgia just as the blossoms were opening has checked blossom
blight, but not enongh to warrant recommendation for that section.
Sanitary measures, such as the removal of diseased fruits, the plow-
ing under of mummies, the pruning out of twig cankers, and the
elimination of extra sources of infectious material, such as wild
plum and seedling peach trees, which harbor the disease, are all of
importance in a general control program. Becanse of the physical
impossibility of completely eliminating all infectious material, these
measures along can not be relied upon to give adequate control of
the disease. Sanitary measures when practiced as a community
project and supplemented by a proper spray program are of as-
sistance in controlling the disease, but the importance of a proper
spray program can not be overemphasized,




54  TECHNICAL BULLETIN 328, U. 5. DEPT. OF AGRICULTURE

Experiments with certain materials that give off vapors toxic to
the brown.rot fungus are reported. Unfortunately, all the materials
experimented with that were toxic to the fungus also imparted to
the fruit a flavor or an odor that lessened or destroyed its marlet
value. A successful fumigant must be foxic to the fungus, nonin-
jurious to the fruit, odorless, tasteless, noninflammable, nontoxic to
an, and of relatively low cost. A material embodying all these
characteristics has not been found.
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