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INTRODUCTION 1

This bulletin summarizes the results of 80 years' study of the
fungous diseases of the cultivated cranberry (Vaccinium. macro-
carpon Ait.). At various times during the progress of these investi-
gations results have been published in bulletins of the United States
Department of Agriculture, in bulletins of the experiment stations
with which cooperative investigations were in progress, in scientific
journals, and in the proceedings of the various cranberry growers’
nssociations. An attempt is here made to assemble all this informa-
tion,

In addition to compiling the material already published, the resulis
of recent unpublished work are included. The descriptive list of
fungi includes all that are known to cause diseases of the cranberry
as well as such additional species as have been identified since the
last general publication on cranberry fungi appeared.

As this summary of work on fungous diseases of the cranberry is
designed for reference, the muterial is presented from three more or

1Tt l& a plrasure to acknowledpge the nssistanee recolved during the progress of thia-
work from a large number of thoge commercially inferested in eranberries, both growers
a0d thase ngsocipled with sules oveanizations,  Hpeein! thanks are alse due the authorlitios
of experiment stotlona and the depitrtments of agrieulture in the cranberry-producing
Stlhrcn, 1\avhnsqlc- cordinl cooperation has mede it pessible tp study erunberey disenseg on n
natlonal seale.
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less distinet points of view, represented by scparate sections of the
bulletin. The scctions differ not only in content but in method of
presentation, and are designed for somewhat different classes of
readers. Those who are chiefly interested in cranberry diseases and
their control will read first the pathological section, pages 40 fo 51,
with such references to the other parts a5 may seem worth while. The
section on physiology of rot fungl contmins material of interest
chiefly to students of the physiology, distribution, and ecology of
fungi, and to these concerned with the fungous diseases of fruits.
The taxonomic section is made up chiefly of illustrated descriptions
of fungi known to occur on the cranberry. It is hoped that this will
be useful to those who wish to identify cranberry fungi or related

species.
TAXONOMY

For convenience in reference, the fungi discussed in this bulletin
are divided into three groups——the important fungous rots, those
fungi causing vine diseases, and fungi found on cranberries but not
now know s 10 be of commereial importance. Obviously, this division
is highly artificial.

Group 1 contains fungi which have become recognized as major
causes of fruit rot. These rot fungi have been more intensively
studicd than the others, and the disenssions on physiology and
pathology relate chiefly to them. Group 2 contains fungi known to
wuse vine diseases of cranberries. The fungi in Groups 1 and 2 are
arranped in the order of their importance. The third proup is made
up of fungi found on cranberries, on either leaves or stems of grow-
ing plants, on dead plant parts, or isolated occasionally from decayed
herries, but which are apparently of no commereial importance. The
fungi in (Group 3 are arranged alphabetically under the headings
Ascomycetes, Uredineae, and Fungi Imperfecti. Probably no justifi-
cation 1s needed for including descriptions of such fungi in a bulletin
of this type. Ttmay almost be said that any fungus that grows on a
cultivated host is worthy of study even from a purely practical view-
point. Changed conditions of culture or even 1 new point of view in
the study of disease may wholly change our estimate as to the signifi-
cance of some of these fungi. For example, at the time of the first
publivation on the subject of eranberry diseases (67}, no mention
was made of a fungus which had appeared a few times in cultures
from rotten cranberries and was characterized by an abundant yel-
low mycelial growth.  The extension of our studies of the cranberry
(o inchide the storage period and a more intensive study of northern
cranberry-growing regions has deinonstrated that this, the end-rot
Fungus, 13 commercially the most important fungus now known to
affoct cranberries.

IMPORTANT ROT FUNGI

Godrania cassandreae Peck, 1886 (1, po 502
BYNONY MR
Pyenitlia s Dothiopsiz Hiprifll Polte, 1803 (48, p. 285-286).
Loptothprivgm orgeoeei Shear, 1007 (60, 5, 3171).
Prgicoeenm patrefocicany Bhoar, 1017 (62, G4,
Sipepeipiting wpetiffE (0elhe ) Petrak, T024 (33, po 37300

Siaile pumbers Inoparentbesps veler (o Liteeniure Chted, pe 3240,

.
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TUNGOUS DISEASES OF THE CULTIVATED CRANBELRY 3

Pyenidia—Subglohose to pyriform, rather thick-walled, more or less rough-
ened, tawny to tawny brownish, embedded at first, becoming erumpent or sub-
superficial when mature, sessile or subsessile, simple or irregulariy chambered
forms 160-400 ¢ in diemeter, larger chambered forms 400-450 u; spores elliptic
to fusiform, hyaline or very faintly yellowish in mass, continuous or pseudo-
septate, 818 by 2-8 g, mostly 1012 by 25 »; sporophores simple or branched,
eylindrical or sowewhat tapering above, 2026 by 2 4. (Fig. 1.}

Fiavne 1.-—tedroniz cassendrag, Fusrae D.—CGodronia cogsendrae, apo-
Fycnidial sruge: A, Section of thecinl zroge; A, Apothecia on mum-
yuuugr prenjdinm en crinberry, mled eceanberry, X 6; B, sectlon of
X 45% 7 I3, sectlon ef nearly ngothecjum on cranberry stem, X
metore pyenidivm, % 4316 C, i C, asel apd paraphyses, x 430:
spornpligres, X 4207 T pye- I}, mature and germinating asco.
nospores, A 20: B, sporo- spores, XK 318, After Shear asnd
pbores and spores in eglture Buln (6])

on Melllotus stem, X 4203 B,
gection of pyenidium from corn-

= meal wgnr  cultore, ¥ 43145,
Alter Sbenr (654

Apothecia—Small, on cranberry and Cassandra stems 0.5-0.7 mm. ln di-
ameter, on cranberry fruits (.5-1.8 mm.; sessile or nearly so, depressed, urceo-
late, tawny brown, the hymenium whitish or livid when molist, darker when dary,
margin entire pr slightly dentate-lacerate, almost closed when Jdry; asei eylin-
tirical, 58-117 by 510 g; spores hyalive, filiform, nearly straight, 4-7, mostly
6-T septate when mature, nearly straight, 50-T0 p loug; paraphyses Gliform,
numergus, evceeding the asel, often branching toward the npex, (Fig, 2.)
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Type specimen.—On Cussandrd, calycutate® (64), Karner, N. Y., August, 1885,
in New York State Museuin,

Specimens evemined.—On Vecciniin macrocerpon and Cassendre celyculats
in myeelogical collections, Bureau of Plant Industry} on V. myrtilluz Petrak,
No. 1609,

Cultural chardeters,—On corn-toeal agar in Petri dishes, colonies 12 days old,
observed by transmitted light, are white at the margln, pussing through pale
lemon yellow and yellow chrome to orange citrine at the center, and when older
on glant agar tobes of this medium became La France pluk to Mars orange.*
On sterilized stems of Melilotus atba the growth passes through the same shades
during its eatly development, but finelly becomes popal ved or even garnet
brown ¢ spots. The pyenidial
fruiting stage alove has been pro-
duced in cultures,

Hosts, — Vacclniuim macrocdrpon,
T. vitig-idace, ¥. ozycoccos, V. caee-
pitosin, V. myrtillus, and Qassan-
dra calyoulata,

Geogrophical distribution—Maine,
Alassachusetts, New York, New Jer-
sey, North Caroling, Michigan, Wis-
censin, Oregon, Washington, Alaska,
and Bohemin.

Pathological relation.—'The cause
of end rot, the most important stor-
nge rot of the eranberry, Typically
i lite storage rot.

Guignardir vacclpii Shenr, 1907 (66, . 1151

SYNONTMB:

Described and figures without a
name, B. D. Halsted, 1880 (30,
p. 33-83).

Daseribed and fizured witbhout a
specific npame by C. L. Shear,
1905 (49, p. b, figs. I-4).

Mycosphaerelle oxycocei Dearness
and House, 1928 (13, p. 76).

Pyenidig—Minute, black, mem-
branous, globose, 100-120 u i
Qiameler, with a minute apical,
somefimes slightly prominent os-
tiole, subepidermal, usuzlly hypo-
phyllous, sightly erumpent with
minute ostiole exposed, thickly aml
evenly distributed over surface;
rigrag R-—Guignurdie vaceinii; A, ¢, and D, spores hyaline, cbovoid with apex

l-"y(:n_}dlll. on fruit, SI.EI?-, ‘Illlf]’ .|('a.l’; 1, uul.:ll'.ill]fl frequently truncate, 10.5-135 by

of Sremsatym, 5 8056 Coetlon’ o prith. 5, conrsely gramular, bearing at

s, X 1,000: G, pyenospores, X 1,000, 8Dex 4 rather inconspicuoug curved

After Bhear (6f) appendage consisting of granular

matter embedded in a gelatinous
substunce, about same length ns spore; sporophores simple, 10-15 g long. (Fig,
3, A, B 0D G)

Perithecia—Resemble pyenidia very closely in form, size, and other charuc-
toristios; walls somewhat denser and more opaque than in pyenidia; asei
g-spored, vhloug or somewhit clavate, short stipitate or sessile, 60-80 by 912 «;
gpores hyaline or alightly  yellowish brown when old, short elliptical ov
subrhomboidal, 13-16.5 by -7 p, contents conrsely granular; paraphyses nonc,
(¥ig. 3, &, F.)

2 The paquivnlent of this and other host-plant nnmnes mentioned in thls bulletin, when
they differ from these used 1o Standardized Plunt Names {1}, will be found on_p. 52,

Cmipoway, 11, COLDE STANDARDE AND CULOR NOMENPLATURE. 43 p., lllus.  Washington,
D, C, 1512
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Typo specimen.—No. 1476, C. L. B, on leaves of Faceiniunt mecrocarpon,
near Lakewood, N. T, September 4, 1004,

Cuitiurnl chtracters—Grows readily on corn-meal agir and numerous other
medln, Mycelinm on all meniia tested at first thin, floccose, white, becomiing in
a Tew days bluish gray. I older cultures the mycelium spreads concentrieally
and beceues grayish brown. Pycnldia appear in from 4 to 8 days and mature
Pycnospores in from 12 to 18 days. Pyeoidia form & more or less continuons
layer on the surface of the somewhat felty mycelium. Usually pycenidia alone
are produced In coltures, but cceasional strains ccenr which may preoduce both
prenidin and perithecin.

Host —Vaccinium macrocarpon.

Geogrephicul dietridution—Nova Scotia, Massachusetts, New Tork, New Jer-
sey, West Virginia, Wisconsin, Oregon, and Washington,

Fathological reletions.—Qne of the most important cranberry fungi, causing
blast or blight of fowers apd young froit in New Jersey and early rot of fruit
in storuge in New Jersey and Massachusetis and to a less depree in Wisconsin,
Washingten, and Oregon.

Glomerella eingulata vaccinii Shear, 1913 (%0, . 43)
BYNONTM ¢

Glomerelta rufomaeculans veceindi Shear, 1007 (61, p. 30-35).

Acervuli—8mall, on lenves or deeayed berries, subepidermal, srumpent when
mature; eonidin extruwled in a mass, hyaline or flesh-colored, ablong elliptienl
or sometimes slightly smaller at one end, 12-18 by 4.5-6 g; conidiopbores sim-
ple, tupering upward, 15-20 p long.  (Fig. 4, A, B, )

Peritheoie.~—Known only in culture ; submembranous, globose to slightly pear
shaped, usually somewhat baried in the felty mycelial growth, 250-300 iy asel
8-spored, clavate, sessile or short stipitate, 60-72 by 10-12 & ; ascospores irregu-
larly biseriate, cblong clliptical, ocensionally slightly inequilateral or curved,
hyaline at fivst, pale greenish yellow when fully mature, 9-18 by 575 g;
paraphyses none, (Fig. 4, D, E.)

Type spcoimen—=8lide No, 1447-A, C. L. &, from culture from single as-
cospore. Original source of material was leuves of Faccinium macrocgroon
from New Jetsey.

Cutfural char¢cters—Grows tapidly on corn-men] agar, preduering rather
dense white myeelivm which coventually forms o compact layrr.  Acervuli begin
to appear in three te fonr days at room temperatare.

Host—~Taccinium macrocarpon.

Geagraphkical distribution.—Massachuseits, New Jorsey, Wisconsin, Orogon,
aund Wazhington,

Pathologicel relations—Causes bitter rot of cranberry fruit, which in some
seasons Is an important storage rof in Massacbhusetts and New Jersey: less
commnen ju Wisconsin and in the I"acific coast eranberry district.

Acanthorhyncea vaecinii Shear, 1007 (60, p, 5153

Iniperfect gtage—None Known.

FPerithecia~-Hypophyllous, sentfered, depressed globose to pyriform, subepi-
dermal, 300400 » in dimmneter, ostiole ernmpent; besk iwith black nonseptate
spines 50-70 by 89 p at the base; wall of perithecium membranous, consisting
of a single laye: of cells; asei B-spored, ciavate, short-stipitate, 136-180 by
3048 u; parzphyses stout, septate, ceeasionally branching near ems, 200-340
by 5-8 2 wsrospores biserinte or irregularly uniseriate, hyaline until almosy
mature, pale yellowish brown when mature, oblong elliptical, densely granular,
27-36 by 12-20 p. (Fig. 5.

Type gpecinmen~No. 1493, C. L. 8. on leaves of Faceinium MACrOCarpoy.
West Mills, N. J., September, 1901,

Cultwral charectcrs~—Grows veadily on corn-mesnl agar, forming o rather
cloge white layer. The mycelinm Inter assumes a uniform dirty ochraceous
color, whirh is soon fullowed by the development of tlie dark perithecia, dis-
iribured more or lesy uniformly over the surface of the enlture medium, and
raruy covered by the myceliuin.  Mafure perithecin are produced at room temn-
pernture within 14 to 80 days.

Hogl —TFuccinium mecrocurpon,

Geographical distribution—Nova Scotin, Massachusetts, New Jersey, West
Virgiviy, Wisconsin, Oregon, and Washington,
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Fincre 4, —Clomerella  civgu-
tuta  roecindi; A, Aceryujus
on cranberry leaf, ¥ 48y B,
conidin, X BUUj; C, conidio-
mhores nnd setoe, X 4005 D,
asel, » Wi00, and nscospores,
e 800 B, pecltheefuis, X
0. After Sheoar (61)

4

FIGURR H—dranthorhyncue raceinfis
A, Pervithecium, ¥ 74; DB, asto-
spores, ¥ 04V ., uppressorla ot
ehed to cranberry leaf; D pro-
truding neck of perithecium on jeaf,
¥ d0; It agei and parophyses, X
200 I, permisating appressering.
After Blheay {61}

iz

-

M.L...—;
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Patholegical relalions—The cause of bioteh rot, & common storage roi of
cranberries in New Jersey, lesy important in Magsuchusetts, Wisgconsin, and
the Pacific coust districts,

Diaporthe vaccinli Sheer, 5, i

SYRONYM ;

Pyenidie: Phonapsix riecinii, n. £ nog,

Pyenidia-—Vury in size and shape with the substratum on whir
is grown, from about 0.3-0.5 mm, in diameter on
in corn-menl and potuto-dextrose agar cul-
tures; prenidia o agur cultyres partly em-
bedded, thick-walled, bluck, leathery, usually

Pavke §.~~Diaporthe vaecinii; pho-
mu‘psls stuge: A, l’gc::osparus il
=eplocospores, X 300; B. sporo-

pliorey ‘and section of pyenidinl

wall, X 35603 €, pycnidin on Meli-
lotus stemr, X 217; D, gectlon of
previdium * from  corn-tnenl apur

cuilure, ¥ 21

chambered, rupturing hrregularly to emit
whitish o1 slightly pinkish masses of
=poTes: spores hyuline, 1-celled, long-elliptic,
fypically with two prominent oil globules,
(~11 by 2-3 p; sporophores simpie, taporing
toward apex, somewbat spindle shaped,
about 15-25 u long in young prenidia, some-
wlitt longer in oider pienidia;  scoleco-
spores observed but once, iu culture grown
an boxelder twig, abundant, 14-20 by 1.35 I
PirRe T—Maporthe ceccinii; perl. Wiy hamute,  (Fig. §.)
theeinl atage: A, Section of mrouy Perithecie—In stromatn on, eranborey
O pyrithecls on cranberey Tl rpgit and in culture, but separte and with.
crniy Aan of “",‘{.{t:h"f-f“’ﬁsg;f cuf apy trace of stroma on dead erunberry
astospores, ehd gennineting aseo-  vings: perithecin ou sfems frow buetween
sporey, » UHG burk and woeod, with cccentric meck pro-
truding throngh the barlk, pearly  hemi-
spherleal, 0.3-0.5 by 0.2-0.4 mm,; wall two to severa! celi layers thick, bluck,
carbonons; on deeayed berries perithevia in stromata, with lonyg perithecels] necks
proftruding in wl! divections from Tolds of the sheiveled berry: in corn-menl agar
culftres perithecinl siromgtn yre ptrtly embedded, sbout 1.5-2 mm. in dinm-
eter, with numerous bepks growlng to u length of 0.3 mm: peritheelnl noelks
severnd eells fhiek, heavy-walind, biack, catbonots, copivusly supplied with
apward-directed hates: asxel oblong fusold, stwstle, 37-51 by 88117 g, apex
thickened and plereed by n narrow pores spores rreguluely biseriate, ellipsoid,
olitiise, 2-colled, stightly constrletsd at the septum, ench it typieally bieut-
tulate, 8.8-11.8 by 2434 p.  { [l 7]

T EPTe

X

[g]
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Type specimen—On Vaccinhum macrecarpotn, Ciatsop, Oreg., collected by
H. ¥, Bain, 1924, Deposited in mycological collections, Bureau of Plant
Industry.

Culturul charecters—On corp-meal agar growth ls white, closely appressed
over most of surface, but with & tew small patches of denser white aerial
myceliumn from 1-2 mm. in diameter, which eventually develop into thick,
tough stromalike bodies, black on the exterior, parily embedded in substratmm,
Ir which both pyenidin and, more rarely, perithecia, are formed. DMelilotus
stoms furbish the best medioin for spore production. (Growth ut first is white,
with considerable aerial mycelinm, later darkening and forming large sreas
of binck leathery tissue in the Lark. Pycnospores are produced within one
wepk nt room teraperatnre.

Hosts—Vaceinium macrocarpon and V. orycocces fermedinm.

Ceogruphical &istrivution—inssachugetts, New Jersey, Wisconsin, Oregon,
and Washington,

Genetic relationship belween Phomopsizs and Dieporihe—In 1924 several
single ascospore isolations from Disporthe, both from the stromatic form on
berry aed from separate pecithecial form on stems of Fdeghiivm macrocerpon
and V. oxpcoccos infermediwm, all produced typieal Phomopsis colonies and
pyenospores in cultore, but no perithecia. Out of 150 cultures of Phomopsis
on corn-metl agar made from deenying berrles in the fali of 1923 and held over
winter in ap unheated building in Oregon, 33
per cent produced perithecia by May, 1824,
A fair proportion of these cultures showed
both pyewidie nad perithecia in the same
stromi. Al other attempts to induce peri-
therinl formation in cultore have failed.

Pathological relalions—An importapt couse
of storage rot of crunberries.

Sporonems oxycocei Shear, 1967 {66, p. 208)

Pyenidic—Bxcipoliform, thickened at fhe
base, gradually disappearingabove, avising be-
neath the epidermis and becomming erumpent,
depressed globose, dark brown, gregarious or
secattered, amphigenous, 50100 x in diameter,
sometimes collapsiny, rupturing irrezuliatrly by
Ficree 8.—FHporonca'a ezycocct: A, a slit or triangular split; sporophiores simple,

Yectieal suction from  cranbetey oblong or subglobose, about omefourth fhe

C, epore nnd sperophure X TT0. length of the spore or less; spores hyaline,

Aftor Sheur {61) cyiindricnl, straight, continuous, 15-20 by

38— p; contents homogeneous. (Fig. 8.)

Fype specimen—No. 1484, C. L. 8., {(on siide) on head leaf of Veccinium
maereearpon, Wareham, Mass, H. J. Frankiin collection, AMay, 1906, Alse No,
1485, C. L. 8., Cape Cod, Muss., September, 1006, and No. 1486, C. L. §., Whites-
ville, N. JI., September 2, 1804

Cullural choracters—On corn meal, mycetimin at first whitish, forming &
compaet thin ayer: Inter becoming dark srayish greer and finally dntk gray-
ish brown nnd somewhiat monse-colored.’ Mature pyenidin form about the
stdes of the flask in about one month. Prenidia in culture are ineomplete, con-
sisting of dense, dark pulvinate masses depressed @t cenfer where DYCROSpOTes
are burne, aml somewhat overgrown by Inase hyphae from about the margin,
Growtl on corn-meal agar simitar, but pyenidial produetion sparse, most fre-
quently oceurring about berry tissue from which cnlture is made.

FHogt —-Voapeininm Huerocarpin.,

Ceographical digiribution—>3Massachusetts, New Jersey, Wisconsin, Oregon,
and Washington.

Puthologicul relations.—A rather common cause of storage rot of cranberries
in all eranberry sgections

Couthespora lunata Shenar, 1907 {40, p. M3}

Pyonidia —Reattered, (depressed-pulvinate, slishtly erumpent, 200-375 a in
diametoer, irregularly chambered within and hearing o single prominent osticle,
walls subeoriaeeous, irregalar in thickness; sporofenous hyphace form a dense,
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Yech, Bul. No. 258, Ui, 5, Dept. of Agricuiture

PLATE |

Nisenses of eranberry vinesr A und B, Tip b‘INif?Izt caused by Selerotinia oryeocel; (, rose bloom coused by

Erobaaidium oryeperiy 13, red leaf apot cansed by Erzebasidivm reccinii
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compact, intricate lnyer, ultimate divisions of which are somewhat diehotomous
aud bear the short, elliptic, Inequiiateral or slightly curved, simple, hyaline
apores, which are 7-9 by 235 o (Pig. 9.)

Tyse specimen—No, 1484, ¢, I. S, on fallen leaves from vines of Vaeelnium
macrocarpon. which had heen eut and piled on the margln of a cranberry bog
newr Whitesvitle, N. T, September 2, 1004 ;
alse Noo LERD, A% [, S, on lenves of dead
vines, Warcham, dMass,, September, 19022,

Huoats.—Vaccintune mucrocarpon, V. bra-
chycerd,

Geogruphtical  distribution. — Maxsnehu-
setts, New Jersey, Wisconsin, Oregon, and
Wikhington,

Pethelogicul  relutions—The cause of
black rot of eranberry, Principally a stor-
pge rol, more important in the Pacitic const
angd Wiseonsin districes than elsewhere,

Peplalnzzia guepind vnecinil Shear, 1502
(58, p. 356-557)

HYNONYA:
Pestaloliv vaceinii (Shear) Gubn, 1920
(29, @ 201).

eervnll—Rubepidermal, Beeoming erum-
pent, spursely gcuttered over loaf, 100-950
a5 evnidit clliption], somewbat inequilut-
cral, usually d-septate, 21-25 by 5.5-6.6 4
3 evntrat eells davk colorved, nsuilly guttn-
Inte; septum below the upper ¢ell usoaliy Fi({}";}?ic ?--—_{fﬁ}i‘(‘;’wsﬁrﬂm 1:;:1'1]3‘-:1] ;\d
darker than others; 2 terminal cells hyu- eranberry Tont o x 1257 B, sporosen
line, npieal L with 8 or 4 #liform setne, ous hyphae and wpores, X 1,500.
22-35 u leng, basal cell with byaline ap- Atter dhear (GF]
pendlage G-12 « long,  (Fig. 10.)

As the Tungus matures the epidermis tuptures, aml the sporves colloet in
dark mnsses or spread out and form u thin layer about the acervyli.

Type specimen.—No, 1146, on dead leaves
of Vaccinium macrocerpon kept in o molst
ehamber In a laboralory for about a week.
Collected nt Parkdale, N, T, by C. L. Shear.

Cltural charecters.—Grows readily on
corn-menl ngar, Mycelinm thin, white, at
tength bocoming dense and Auffy around
edges of agnr and on sides of test tube,
Older cultures slightly tinged with pinkish
yellow color. A few consplcuous black
masses of spores exuded on surfece of
agar within 13 days at room tempear-
ature,

fHoxt —TFVaccinium muerocarpon.

Ficuag 10-—Peatalnzzie guepint vae-

cintl A, Acerviluz, % T0¢ B and Geographical distripution—On dend leaves
C, gennlunting x;}:lnros; 1), spores, or isclated from Cruit of crinberry, Massa-
Mounl Alter Bhear (61} chusetts, New York, New Jersey, West Vir-

Einia, Wisconsin, Oregon, and Wishington.
Patholugical refafions—An oceasional cause of storage rot of eranberry in
all eranberry districts.
FUNGI CAUSING DISEASES OF CRANBERRY YINES
Sclerntinla nxyeveel Wor,, 18389 (86, p. 23-39)8

Conidic  {Monilia) —Macrovonidin limgaiferm, continuous, hyaline, 14-24
hy RS2 4, horne i sioiple dichotomously awl trichotomousty branched chaing,

SWEHL the premisdon of 1. 12 Honey, the deseription of this Tungos is taken largely
from his un]mnhlishu-d wpanseript, A Monogeaplt of the North American Moniliold Bpecles
of Belerofindn 1 Manilinia Speeles.  The photograph repreduced \n Plate 2, 4, 1g also taken
from (his monograph, and [he 1usteaows in Piate 2, B and 1), are from photogrephs
Turnlshed by Twelor Tloney.
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an indefinite nwmber of copidia (20 to 30y cowmposing u slogle chaln af
maturity offen having swmall slender fusiform dislunctors between adjuacent
macrovonidin, {Plg. 11, (%) Microconidie small, 2.5-3 x in dlameter, spherien],
commoenly contnining s ceuntrat refractive spet, avising divectly or from

C

Fesiki 18 - Seferstjiia argeeesi! A,
Awel nnd parsphyses, o G400 B,
perngmiting  gscospenes, A 0
£, mature eonfdin showing  dis-
aebors g geemlonging conldln,
- A

short fask-shaped microconidiophores on
ascospores, conidin, or mwyeelium In culfure,

Eotostromn developed Lenenth tho epider-
mis or cnticle on shoois {(uprighits) betore
nnd nf Lhe biossominy poried, less commonly
in the flowers, pedicels and leafstalks, com-
monly forming grayish masses of the conid-
inl fructifteation wiong the swollen recurved
stem of the upright during “ hoolt ¥ or carly
biossum stage of developmount. {PL 1, A
iad B

I'seudoselerotin develop within the fleshy
pericarp of fully grown frults as a result of
blossum infection, whet motuve consisting of
1 move or less treeputarly shaped, hollow,
lattleed or clnthrate entostromn which to
somme exteut simuintes ihe shape of the nor-
nutl fruits, The pseudoselorotinm commonly
remming covered willy fhe host culicle und
vpidermis over winler, and vonsists of a
nek outer riogd and whife medully com-
pmsed of hyphae intermingled with  deasd
host tissoe, giving rise to apotheciu the fol-
fowing or subsequent springs. {(PL 2, A, B,
D, and ph 3, L, N}

Apotheria—One to several (up fo six)
arising from the pseudoscierotivm in a mim-
mied fruit, at maturity long slender stip-
late, cuapulile, 1-6 cm. In helzbf, mpunny
brown to Prout’s brown, becoming duvker,
itmoest black foward the lower portion of the
wtipe: stipe long, slender, smooth, cylindri-
eud, bapoering slightly foward base; rhigoitdnd
luft present, brownish llack, well-developed,
cominenly attnched sl aroumd the stipe,
delicate, ensily dotaebed 3 disk nt flvst ¢losed,
beeoming cyatholt-infandibulitorn:, Inter -
telllormy or recarvedd, up to 1 oem, o diam-
vler, eemunonly 5=4% inm., dejpth 3-7 mm,,
margin very thin (pl. 2, C, 1) asei Sspored,
eylindeic-clavate, 144212 by 95155 g,
spiees rounded, opening by & pore; sores
unequal in sixe, fonr functional spoves lnrge,
avold, ollipsold, continuous, hyuline, 12-22.5
By 6-125 a4 and four smalier undeveloped
<pores which soon disintegrite s distribution
of large spores Wil respect to small ones
in the asens irregulay; large {tunctioning)
spores commonly conlain u gingle central
refraetive spof; paraphy=es fliform, soptate,
sHehtly swollen towasrd the tip, with n
brownish, slmy, resthous matrix surrowwul-
ing the clavate tip, {¥ig. 11, A, B}

Pype Hocality—TFinland ( Woronin, 1888).

Hosts —Vaeeintwm macroearpon, V.o ory-
coweor, V. oafieoceos indermed e,

Oeagruphical distribution-—3alne, Wisconsin, Wasbington, Orvegon, Finland,

Prepzenes ks, Glermsny, Ty,

Puthalogival refotipns.—Cnuses i Bight of plants and el ret or “eotion

Badl ™ sdisense of frates,
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turlgleale, 13, crnnberry apright w b menttbed Deeeles attaetimd (ram Heney ); B, graig of
npasthievi Lo apdimgnon mmess (enag dlooey b (AN natoral stoe)
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Exobasidinm oxyeecri Rost., 1885 {§7, p. 230)

SyronyM:

Egobesidium vaceinii (Fekl) Wor, B. A, Burt, 1915 (11 p. 636, 649).

fycellum stimulates axiilury leaf budg to grow into short shoots with close,

eolarged, distorted, pink or lHghf rose-colored leaves; basidia elongate-clavate,
superficlzl on alfected parts, with four slender sterigmata; spores fusiform,
silghtly curved, hyallne, 14 by 3.5 s, germinating soon after maturity, becoming
14 eeptute, then giving rise to one or more germ tubes producing similar but
smaller conidla, (PL 1, C.}

Type locality —Denmnrk, ot Ozycoccus palustris,

Ilosta—Veccinium wacrocarpon, V. ozycoccos intermnedium, Ozyeoceus
paluatris.

ficographical distribution—XNew Hampshire, Massuchusetts, Oregon, Wash.
ington, Denmark,

LPathologicel relations~—Cnuseg * rose bloom * of eranherry, a disense usvally
of minoer impertance,

Ezobastditm vaccinil (Fokl.) Wer., 1867
{55, ¢, BP-516}

BYNONYTM:

Fyusidiwm vaceinii Fokl, 1B0L (26, p. 251).

Mycelium produces bynecteophied red spots
an leaves; basidie similur t¢ Ezobasidiym
ocyeecei; spores 1417 by 3 p. B, vacoinil
and £ orpeeect ure evidently very closely re-
infed and by some investigators (1) are re-
gurded uy forms of the smee gpecies. The
two gpecies are vavely found in fhe same part
of a hog, und rarely if ever on the same plant,

(PL 1, D,) \
Tupe lveality~—On Voeceinium vltiv-idaed,
Gurmany. {)

Hoxty~—TVaceiniwm maeroearpon and many
other ericaceous plants,

engra phical distribution—\Wilely disirib-
ated in the Urited Stntes and Europe,

Pathotogicel relirHons.—Cnuses red lenf spot
of cranberry, a disease of minor importance, 9

Mycospharrella nigro-maculnps Shear, n, sp.

('onidive. — Rumularic uigro - mgenlang, n.
1. pom, grown In cultare from =ingle ascospore
Irolutions ; conidiophores ascending or erect,
faint yellowish brown, branched, 2-3 g in di-
ameter; conddia borne In chalos, faint yellow-
ish Drown when muarare, globose to elliptie, Flotum 12.—Mycowphocrelle wigro-

. - : laain: Se0-

Tecelled, 26 by 2-35 &, (Fig. 12, C.) macalons: b AT aad sse

Perithevin. — Gresarvions, minute, thickly lug ascospores, X €303 C, co-
seattervil over the sorfnee of definite black nidia, X 1,300

iz formed on stems, borrios, and leaves,
embiedlded, with minute papillate osticle opening to the surface, subglohosc,
G0-105 p Inalfawmeter; walls nembranons, two to severul cells thick, walls of
oater cells thirkened and black, innec walls mueh thinner and lighter in eolor
(pl. 4, B} ; nsel 8-spored, horne on a thick pulvinate mass of hyaline, pseudopa-
renchymatons lissue ar base of perithecinm, sessile, eylindrieal, often somewhat
curved, 23-35 by 3-4.3 »; paraphyses none; ascospores uniseriate or irregularly
biscriate, hyaline, nearly cqually 2-celled, constricted at the septum, upper cell of
slightly greater dismoter, long ellipsoid, 7.5-10 by 1.75-4 & {Fir. 12, A, B.)
Immature perithecia appear in profusion early in the fall on the
black stem and berry lesions and vemain dormant unéil spring.  Asco-
genous fructifieations have not been found on bLerries, but were
readily obtained by collecting diseased vines from the bogs in Janu-
ary, Webruary, and March (in Qregon) and placing them in danip
chaumbers at room temperatuve for a short time.
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Mycosphaerella nigro-macwlans is apparently very closely related
to 8f. punciiformis (Pers.) Schroet. (33, p. 37}, from which it differs
in its slightly narrower asci and ascospores, perithecia confined to
distinct blac[z spots on the host, in its parasitic habit, ard in its
host. A Ramularia, 2. multiplex Pk. (38, p. 99), was deseribed from
leaves of Vaceinium oxycoceos from New York, An examination of
the type of this species, however, shows it to be different from the
conidial form of this Mycosphaerella. The sporophores are hyaline,
much longer and scarcely branched, and the conidia are hyaline
and much more variable in length,

Type specimen—0Oregon, In mycologieal collections, Bureau of Plant Industry.

Cultyrul eharaciers—Growth on corn-menl agar grayish at first, soon becym-
ing dark brown, spreading very slowly by radiating strands of dense hyphoe.
Myeellum mostly embedded In wzar, but o slight, loose aerinl growth ecoutain-
tng eonldiophores woon appears ahove the submerged mycelial strands.

Afosts —Vaecinitm macracarpon, V. arpevceny interviedivn,

Greogruphical  digtribulion—>aine, Massuchuosetts, Wikeonsin, Oregon, anid
Wushington.

Pathological relationg~—Cousistently associated with the black-spot disense
of crunbertry Croits amd stems and thought to be the cunse.

Synehririum vaceinii Thomns, 1880 (8§, p. 279}

Degeriplion—Fungus  atiacks leaves, youbp
stems, dowers, and fruits, forming groat numbers
of small redilish gall-like swellings apon fheir sor-
Tueps; the Tructiliention of the fungus is embedided
near the cepter of these galls; the lomms consists
of a scanty mycelinm producing globose sporanegia,
80-171 p In diameter, with brownish, smooth witlls
and contents c¢olored by chrome-yellaw oil; spo-
rangin foally develon i masy of motile swarm
spores Whirh are sef free by rupture of gporangia
Fisrny 13, —Spnehytrinm cac-  and are distribured hy water.  (Fig. 13.}

elniis A, Gialls oo ]i‘!!.\".‘:!‘ ahl Tupe loeafity—Noew Jersey,

f‘]““':ﬁ]g]ffd gﬂil‘l“_’ml‘?“ e Hosts.— Vaceiniuwm  mucrocarpon, Genllherie
throngh stngle gall, X 65, procutnbens, Ceszandre calyculuts, Ealmic an-
After Shear (61) pustifolie, dzalee viscoso, Clethra aliifolic, Gay-

Tussaein sp.
Geogriplieal digtributlon——New Jersey northward to Newfoundland.
FPuthological relgtions—Causes red-gall disease of crunberry; of errvatic
O eNee.
FPiailacybe agrarielln Atk., var. vaceinii Charles? n. var,

I'ilvas campannlate to expanded, slightly umbonate. margein incurved at first,
slightiy striate, white and silky when very young, olive hrown to dark mouse
pray, 1-1.% ., Avgrnphanous; =ills adnate, somewhat ventricose, eidme whitish
stipe sampe color of plleus or lighfer, hollow, wmyceeloitl ot Dase, 3-89 ¢u, in
leneth ; spores in mnss brown with slizht purplish {inge ander (he microseope,
hizly power, argus brown. sabellipiieal, inequilateral, 7-7.5 by 45 p; cystidia
nunerous, ventricose lanceolate, 445 by 9-11 a.

Two =peries of Psilocybe which occur in muck, bogr, or sphagnum
swamps and to which the eranberry Peiloeybe suggests relationship
are Prifocyhe fuscofulva Pk, (41) and P. limirole (Pk.) Sacc. (37).
. fuseofulva appronches this species quite closely, but is larger, the
lamellae more crowded. the stem reddish brown, and the spores
Iarger. The second species, £. Limionln, nlsp has crowded gills which
when old are einnamon brown in color. The generul color of the
pileus is dark brown,

¢ ldentillpation and degeription of thls fungug by Vernn K, Clharles.

"y

-
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However, the species which this new variety most nearly ap-
proaches is Psilocybe egrarielle Atk. (3}). Through the courtesy of
H. M. Fitzpatrick, of Cornell University, the writer was able to make
an examination of the type material. The microscopic characters are
very similar but sufficiently different to warrant 2 varietal distinction.
The new variety has consistently smaller cystidia and spores.
Microscopic differences to be observed are the less expanded pilens
and olive-brown te dark mouse-gray color as contrasted with the
pale reddish brown or pale rufous of P. agrariella Atk.

Type apecimen—In mycological colleetions, Burean of Plant Industry.

CGeagruphicel distribution~ -Mussnchuseits,

Patholpgicel relatione.—Causes * fairy ring 7 In vranberry bogs, 2 conspicuous
but mloor disense.

CRANBERRY FUNGI OF MINCE IMPORTANCE
ASCOMYCETES
Arachnlatus trachyspermes Bhear, 1902 (57, p, 139}

Conidle—A penleilliumlike conidial form appeared in ull the cultures with
the perithecia, but its genetic relation has net been dewmongtrated by single
uscospore cultures,

Poritheoia—S8nowy whilte, conslsting of slender, thin-walled, unarmed hyphae
forming an anastomosing arachnoid layer ahout e mass ot asel, 320425 i
in diameter; usci borne upen tips of slender, seuntily branched ascogenous
hyphae, globose or subglobose, very thin-
willed, 78 p in d¢lameter ; spores ovoid, ligbt
lemon yellow in mass, echinulate-roughened,
3254 by 225k (Fig.14)

Pype specimen~No. 5798, C. L, 8, in
culture from decayed cranberry from James-
burg, M. J., collected in Scptember, 1901;
slide from cuiture No. 115, C. L. 8., from
New Jersey, 1903,

Cultural charecters —First forms a fine,
thin, white mycelium which i8 soon fol-
lowed by the development ¢f mirpute arcach-
Flovun 14 —Argchniofus trachyape~  00Id snowy-white peritbecihn

#us: &, Perithecly on side of o Host ~—~Vaccinium mucrocarpon,

cultl{l}ﬂ' gﬂﬂk‘ X éou I;.; nid(i‘!l.lu, >§1 Ueographical distribution—New Jeorsey.
00T cosars, % Putkological relations.—Mny couse a rot

2.300 After Bheur (61} of crauberries; rure,

Gibbera compacta {P’k.} Sheoar, n. cotmh,
SryNoNYME;

Venturio compacta Pk, 1873 (88, p. 166},

Sphueria cincinncla Schw. {not Frics), 1832 (54, p. 241).

Sphaerella maculiformiz of Ricker's list, 1902 (j06).

Specimens of this species collected by II I). House on ¢ranberry leaves in
New York State were erroneously Identified by Saceardo (52) as Gibdera
waecinii (Bow.} Fr.

Imperfoct gtage—None known.

Perithecig-—Hypophyllous, usually aggregated in rather dense clusters, oceu-
slonnlly solitary ; spines few, arranged about the ostiole, or more numersus and
seattered over the upper half of perithecinm, 30-G0 by 6 x; asel usualiv swallen
at lower end, semetimes eyliindrical, 48-06 by 0-12 &3 spores very constant in
alze apd shape, uniserlate or erowded, uniseptate with cells geperally unequal,
greenish or olivaceous, 14-18 by 46 u. (Fig. 15.)

Typy specimen—From Snodlake, N Y., in New York State Museum of
Naturgl History,

Hoxts —Vuccinium magrocernet, V. oTycoccos.

(eographicel distribution.—Nova Scotia, Maine, Massuchusetts, New York,
New Jersey, Wisconsin, Oregon, and Washington.

Pathatogical reletions—nrasitlie on eranberry lesvey, fruiting on lower leaf
aurfuce, XNot considered purtleularly harmiul,
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Unomonia setacex (Perg.} Cey, and de Xot, IE83 (13, p 30y
RYNONTA

Sphaeria setaecew Pers,, 3792 {42, p. 25).

Peritheoiu.—Separate, seattered, black, membranouns, depressed-globose, about
©.3-0.6 mrm. ja diameter, growiog benenth cork layers of the burk which is pene-
wrated by the long, slender beok; bealis
central, often 0.750—. mm, long, about 42 p
in diameter at buse, 28-30 g above, hyaline
at tip; asel Sspored, fusiform, abruptly
stipitate, apex thickened, 3040 p long by
{(1.53-10 g broad; spores equually Z-celled,
Liyaline, lopg-{usiform, slizhitly constricted
at the septuip, often slightly curved, in
Tresh specimens frequently bearing a short-
pointed mucilaginous appendage af either
or both ends, 10-34 by 153 u; pars-
physes lacking, Tpon germinating in tap
water the ascospores exhibit & remarkable
tiegree of swelling,  {Fi 16.)

Hosts——Tueeinivm macrovarpon, V. oLy-
coreod frtermedivm, and mauy other de-
ciduous sjcecles,

Geogruphical  distribufion—Enown on
cranberry only from Oregon awdl Wash-
ingron. Commoen By Burope and the United
Stntes ou oiher hoests,

Pathological reladions—Saprephytic on
cranberry stems

Leptosphaeria conjothyrizum (Fekl.) Siec., 1875
49, p. 26)
NYNONYMS !
Perithecia : Sphacria coniothyrinm Foeki,
1869 {27, p. 143},

it L 10 = Gibbere compacte: X wud Pyeniila : Conivdhyrinm fuckelll Sacc.,
1, Perithecta, ~ 1460 I, muitore 518’(3 (30, p .;m)y fuck
meibapoee, 0 OGS O aad B, asel, # Lo NIV, Bl .
13251 K, group of pecitheeln on eruns Pyenidie—0On ¢ranberry Tnown only in

beery ewf, - 140 After Bhear 3D culigres made from ssvospores.  Spores
ovate, fuscous, 2= Iy 1.0-3 p.
Derithecin—Sngde or gregarions, erumpent, depressed-giotaee, 300330 g in
diginoter on ergnberry, papillate; ascl S-spored, eylindrie, siipitaie, $0-115 by
TOo-9 g spores mosily poiveriate, oblong,
typically S-septate, occasionally 1 o 2 sep-
{oafte, more or jess constricied of {he septa,
faseous, 14510 by 45 u; puranhyses
nuinerows, Hliimenlons, sometlnes beanched,
exeeedinge the asei, (Fig I7.)
Husts,—Vureinfgn macrocgrpon and V.
rorimbosuent o Grevon (rare), and oo 4
witde ranme of lists o the United Stades
angd Farope
{rengrapliival o ixtribifion, -1"nited Siare-
and Enropee
Fathatugieal  pefalions - On crauberey
spproplivtie, ~o for s known,

Luphadermium hypophylivm t1n jened 31 Blhear,
. romb,

Y N yaL:
Laphoderurinm oopyeocei (Fr,) Karst, var
hypaphpiioan Th and IT, T80 (Lo, poG3).

. Vigrap 36 —nomonin scioecar Iorl
fimprafeet sbagr . - None Kpown, (Deghun, - 240y nsed,  ascuspores,
Apatbeeig. -Rinbentiealar o introepider- sud permineting uscospares, X 083

muh, ellipeeld, S0 G0 by 950350 w4, dork

eolarcd, at pkyariiy obealing when mwoist by the bending oulward of the

witlls to expose the entive hymeniul layer; a<el 8spored, clavate, 60-80 by

A0, with very long #tipes which vesally make holf or moere of the catire
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ascys; paraphyses usually exceeding the asel in length aud with the apex ellip-
tical to glohose; spores byaline, straight or slightly carved at the end, 25-35
by 1-1.15 . (Fig. 18, A nnil B; pl. 4, A))

The apothecia of this species closely resemble those of Lophoder-
nium oxryeocci in size and general appearance but. unlike those of .
omyeoced or any species of this genus which the writers have examined,
when taken at the right stage of maturity will, if placed in water, cpen
s0 comptetely as to De almost cirentar. with the asci and paraphyses
covering the exposed surface. Inopen-
ing, the side and upper walls of the
apothecium bend outwurd. most of the
movement taking place at the point
where the side wall of the apothecinm
is lenst thickensd, that is, where the
side walls join the lower wall.

A
'--ﬂﬂi;._\f:

C
Frevre 17.—TLepfosphoeric  goniothy- Figrag 18.—TLophadermiunme  hypo-
rinme; A, Dingranatle dgectiun of phytium, cross section of apothe-
perithecla on eranleery stew, < D4 ) civlm, & ¥ B, L. Aypophiliem,
Loasel wmd prcaphyses, < AT, (O, iser. paraphyses, wud spores,
mature  ascosperes, < 4705 JL 4505 C, L. arpeecci, afel, porn-
Prenospores, o« 4N physes, and Hpores, X 450

This species differs from L. oayeocei in the peculiar slender long-
stiped asei, the much shorter spores, and the nearly straight para-
physes with enlarged apex.

This fungus was originally designated as a variety of L. oxycocct
by Dearncss and House Decause in their material it was strictly
hypophyllions. In the material examined, apothecia have been found
on either surface of the leaf or on both surfaces. but examination of
the material on which IDearness and House based their variety showed
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other distinguishing characters which seemed to justify its elevation
to specific rank.

Type specimen—In New York Btate Museum of Natura! History., Collected
by H. I House, Taluwus, Essex County, N, Y, August 4, 1921. Cotype mate-
rial depasited in mycclogieal coflections, Bureau of Plant Industry.

Hosts—Vacoinium wmucrocarpon, V. ozyoocets.

Teographical distribution.—New York, Michigan, Minnesota, Wisconsln, Qre
ron, and Washington. .

Lophodermlum oxycoect (Fr.} Earst.,, 1873 {3, pt. &, p. 25}
SYNONYM:

Hyaterium ozycocous Fries, 1822 (23, p. 588).

fmperfect sfuge—None Known,

Apothecia—Subeuticnlar or intraepidermal, ellipsoild, usually B50—800 by
2503560 u; dark colored, almost blnck, openifng by o longitudin:l siit: asel 8-
spored, clavute, Y00 by 610 4, short stiped; spores hyaline, stralght or very
silghtly corved, 50-80 by 4 p; paruphyses usually longer than ascl, undulate,
usually curved, and sometimes slightly thickened at the end.  (Fig. 18, C.)

Specimens examined —The degeription and figures of this species are taken
Irom materls]l gatbered on Veceinium maecrocarpon at York, Me,, August 15,
1897, by Roland Thaxter. This collection is
in the Ferlow Herbarium of Harvard Uni-
versity, und a portion of it is in the myto-
logicul collections, Bureau of Plant Induastry,

Ersiccati—The material in the following
exslecati hus been examined and found fo
be the same:

Rebhm, H. Ascomyeetes Exsicent! 1085,

Krieger, K. W. Fungl Saxoniel Exsie-
cati 2158,

Jaap, Otto. Fungt Selectt Exsiceati 360.

Hosts —Vaccinium witis-idaee in Burope;
V. mucrocerpon in the United States.

Geogrephical distridbution——Burope aml
New Enrland,

Pathological relations~—Apparently sap-
rophytic or weakly parasitic on leaves,

Melanospore destroenn Shear, 1887 (85, p. 102§}
i e s el

n s wHDOLe ‘st BETNONYM!

:ﬁfﬁ‘éﬁi"*’upgﬁé;,”"?(“'.r,uu"'; D,1 Lécu{;: Anthostemetle destruens Bheur, 1907 (60,

o 2185, After Shenr (61} p. 2133,

Tmperfect stage—None known.

Ferithecie —Membraneus or submembranons, globose, ustially somewhat con-
{racted nbove Into g short browd aeck, ostiolate, 330450 g in dinmeter: asci
s-spored, cxviindric or cylindric-cluvate, subsessile, 150-232 by I4-18 u; spores
dark brown, elliptic, uniserinte, 10-2% by 10.5-12 z; puraphyses none, {Fig.
1

Type specimen—Slide No. 149, €. L. 8, from pure culture No. 450 on corn
mett], fsolated from u diseased cranberry from New Jersey.

Culturel characters.—4 wiite mycelinl Inyer is fivst formed, scon followed
by the development of black perithecia more or less overgrown by the white
filaments of the mycelium,

Host.—Vacpinium macrocarpon.

CGeographicel disgiribulion~——Massachusetts, New Jersey, Wisconsin,

Pathological relations—Infvequently cavses o storage rot of ¢ranberries.

Noevia oxycocel Dearness, I flerh7

Imperfert stage—Debnched l-celled hyaline conltdia, 4-3 by 1-1.0 x are often
found asseciated with the apothecia of this fungus. So for, however, it hns
ot een possile to demonstrate any genetic relation.

Apothecin—Gregarivus, hypophytous, applanate, hyaline to greenizh yellow,
waxy, ropmd, (01-0.2 mm. in dinmoeler, subenticular, then erumpent and sur-

This deserlptivn was preparsd by Bolth ®, Casl,
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rounded by four to &ve trigngular fragments of the ruptared cuticle: asci olz-
vate, rounded af the apex, shorf stipitate, R-spored, 3530 by 50 u: spores
vhifnuely uniseriate to biseriate, oblong-fuscld, hyaline or pale greenish, straight
or slightly curved, i-septate, lower cell narrow and acute, upper wider and
rounder, 8-12 by 1.5-2.6 g; paraphyses nwmerous, fliform, gelatinizing to form
a yellowlsh epithecium, (Fle. 20.)

This species differs from Naevia vestergreniz Rehm (43, p. 163), the
only other species reported on an erieaceous host, in its oceurrence on
the lower surface of the leaf, the spore septation, and the narrower
spores and asci. The septate spores would place thisspeciesin the genus
Diplonaevia Bace., or in Naeviella Clements (Phragmonaevia subgenus
Nacvielin Rehm}, which is distinguished from Diplonaevia by the neg-
ative jodine reaction. Although
the genus Naevin is generally ac-
cepted ashaving unicellnlar spores,
spectes have been described in
which the spores hecome L-septate.

Specimenys Codmined —Denrness spec-
imen No. 4847 on Veecinfum oLycoccos,
eolleeted at Tahawaes, Essex County,
N.X., In 1021, containg no spores, The
nbove deserintion is based on speci-
mens on V. mwcerocarpon collected, re-
snectively, by (. L. Shear at North
Wakedicld, N, H, July 17, 1822, and
by W. AL Sawyer, jr., at Alpena, Mich,
in August, 1923, These specimens bave
bheen deposited lo the pathologicul col-
lections of the Burean of Plant Industry.

Hosta—Vaceinivn macrocarpon, V.
O JEOCEDY.

Cfeagraphicont distribution. —New
IIampshive, New York, snd Michigan.

Poathologirul  refefions. — Sometimes
causes  witehes'-broom aud dewth of

% =

lenves nmd vines, =
FPedzelta iylhrd (1leam.} Shear snd Dodge, Dﬂ %
1021 (63, p. 15-170)
BYNOMY A : Fiotep 20—Xuevin opycorel: A, Heetion
Pyenldbn:  Sporenema prelvinatum gg, ﬂi?gm’f:lim;!n dmimf;‘!lggg;;y )él‘!;f-i 03<
T P . I B, asc . L1005
Shear, 1907 (61, p. 3?.8}‘ {For fur- {, ascosports, ><"i 130(}: D, vonldin
fher synonymy sce 65.) found In associotlon with MNaevia, X
Puenidig —Either epiphyllons or hy- 1100

pphiytions, arising {rom the epidermis,
dAurk brown, puivinate, freguently eollapsing, 300420 g in dinmeter by 100-150 «
thick, chambor simple, ostiole wanting; manner of rupturing aot knewn | spores
inequilnteral or stightly carved, continnous, 6-8 by 2-2.5 u, hyaline or slightly
greenish pellow in muxs 1 sperophoves simple, somewhat enlarged at the base,
tapering, slightly lonezer than the mature spores,  {TFig. 21.}

Apathecia and conidiel stupe {{feinesie {pthri).—Have not been found on
er ey,

Hosty—~—TVugetniom macropurpen and many other plants.  See Shear and
Dipddge, 1921 (651,

Feographicad dixfribution—On cranberry, Masgsachusetts, New Jersey, West
Yirginia, Oregon, and Washiogton,

Pathologica! reletione~—0Oceasionnlly cattses 2 rot of cranherried i stovage.

Paeudophacidium catlunge Knrat., 1885 (35, & 4373
BYNONYMs!
Phaeidiun cellunae Karst, 1871 {3}, p. 253},
Myeuphaeidiclie callunae {Knrat.) Von Hishnel, 1917 (32, p. 3303,

W3 2
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Fiarue 21 —Pericelic lgtheir A, Verti-
o) sectlon of pyenddium on cran-
herry leaf, ¥ 1310 I, maiure spores,
A 1300 O, pyc::ldfu ofi cramberry
lenf, ¥ 40 I, sporophores, x 600
After Bheur (61}

Pyenidia ~—Myrofusictcoum  callunge
Skear, n. f. nom. Separate, scattered,
pustuiar and somewhst erumpent on
stems, 0.8-1.2 mm. long by 0.2-0.5 mm.
wide, carbomous, Irregularly chambered
within, opening hy ome or more pores;
spores hyaline, oblong, I-celled, 5-T hy
255 u, mostly 687 by 3385 s Sec
tions of very young pycrnidia grown ino
culture suggest that spores are borne on
very short evanescent sporophores. (Fig.
22, C.)

Apothecia, — Separate, scattered, de-
pressed-pulvinute, erumpent, arising be-
neath the cork layers in the collenchyma
and phloem tissues of tbhe burk, circular
or elliptie, covered by a thick purpiish
black excipuivm until mature, then rup-
turing Irregularly, 0.5-1.1 mm. long by
0.3-0.7 mm. wide, hypothecium shout

0.2-0,5 mne bigh; nsei &spored, clavate, loug stipttate, 75120 u long by 104 &
troud 5 spores unlserinte or often three or four crowded in upper end of ascus,
i-celled, hyaline, eilipsoid fo cblonp-ellipsoid, sometimes slightly curved, 7.5-
15,0 by 48 x, mostly 5-14 by 0.0 . {Tig. 22, A, B)

Karsten’s original descriptien of
this species does not mention para-
physes, hut Rehm {44, p. 96) says
“paraphyses filiform and ver
sparse.” Von Hohnel (3¢, p. 330
puts this species in his new genus My-
xophacidiella, which, he says, has no
paraphyses. On examinetion Krieg-
er’s Kuropean specimens cited show
no signs of paraphyses, and the same
is true of all the material collected
by the writers in this country.

Hosts. — Callunae  vulgoris, Vaceinium
TR OO,

Geographical disiribution.—Europe, Ore-
won, und Washington,

Genetie peigtionship betireen Paeudopha-
elditing and AMyrofusicoccum,—Single nseo-
spore cultures of P. ealiumge made In
Ororon in 1924 produced the pyenidial form
only, having pyenospores identical with
those of Myxofasieocoum on  cranberry
sromg, Single pyencspore cultures of Myxo-
fusivgreumn tade {n 1625 gove cultures in
all respects identieal with ascospore cud-
tures of P, callunie. The ascogenous stnge
hag never {eveloped in cultures from asco-
|POres Or PYenesporey,

Pualhalogical relations—Saprophytie on
eranborry stems and occasionaily on lenves,

Valsg delicatula C. and E., 1877 (i3, p. I0)

SYNoONYM:
Perithecia: Valsa decidue C. and B, in
Ellis and Bverhart, 1892 {17, p. jJ4:).
Pyenidie —Cgptogpora. delicatula Shear,
n, f, nom. Slngle and seattered or some-
times two or three clustered  together,

Frgore 12 —Paeudophacidium  oaliu-
nae! A, Begtion of apothecium oo
crunberey stem, X 485 B, zsel and
aseoipares, X 2014 perminsting ns-
cospores, X 400; C, scetion Of pye-
nhlium on crunberry slem, X 453
pyenosperen, ¥ 332 permioating
pycoogpore, X 332
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muitilocular, membranous, variable {n size,
sometimes reaching a length of 2 mm., em-
bedded beneuth cork layer which is pene-
traf{ed by the conspienous neck; mecks car-
benons, variabie in Iength, ashout 140 a 1n
diameter gbove, often larger at base. Co-
nidiophores simple or semiverticfllatuly
branched and septate, fruiting bLranches
fusiform. Conidia numerots, minate, bya-
line, 1-celted, narrow, slightly curved, 4-5.5
by 0815 . (Fig 23, A, B, C, D)

Perithecie—Pustules small, orbieuiar or
elongated, <overed with the burk, except
the minute necks which arve clustered fo 5
brown stroma; perithecia shaped like a
Iloranre flaslk., membrapous, the necks
sometitnes exceeding 1 mm. n length,
slender, swqllen abruptly ot the apex; asci
clavate, short stipitate, about 81 by 56 i
uscospores Irreguinrly biseriate, 1-celled,
hyaline, sausnge shaped, 7-9.5 by 23 &;
paraphyses lncking. {Fig 23, B, F, &.)

Type specimen.—EHls, Mo, 2503 (2480).

Hosts—Andromeda sp,, Arbufux nmen-
zlogii, Azulce sp. Gaopiussacia baovala,
Lewcothoe rucemosa, Rhododendron visco-
aum, Vaceinium corymbosum, V. macrocar-
pon, V. pennsylvanicunt.

Geographkical digtribution. — Northern
United States, on erahberry in Massachu-
setts, New Jersey, Oregon, and Washington.

Genetlo relationship beticeen Cylospora
and Valsa~—Has not been proved by cul-
tures, but by sequernce in development and
cloze gssoclation on the host.

Pathological relationa—Apparently sap-
repbytic on eranberry stems.

Bzsiccati—Ellis, North American Fupgi
No. 885, ¢ and b.

Vulsa delicatula C. and B,
(e} On Admdromede racemoss,
{0} Om Vaceinium cerpmbdosum.

MELAMPIORACEAE
Fuceinfastrom myrtllli {(Schum,) Arih., 1508
(2, p. 257)

On cranberry TI: Urediniz hypophyl-
lous, senttered or somewhat pregarious,
small, 0.1-0.2 mm. across, bullate, round,
dehiiscent by small central pore, yellowlish
red fading te pale yellow, long, covered by
sverarching epldermis; peridium hemi-
ypherical, fiem, colis very small, caboldal,
wail uniformly thin, 1 p, osticlar cells
Inrge, ovold, 25-35 « high, wals smooth,
uniformly thick, often nearly obliterating
the lumen ; urediniosperes brondly chovate
or ellipsotd, 13-19 by 16-24 p: wall coler-
less, thin, 1-2 %, minutely echinulate; con-
tents oranpge-yellow wien fresh,

For o deseription of the prenla and
aecin of this fungus on Tsugu and for

G

Fotre 28.—Valag delicotuis, hyenid-

In) wtoge: A, Scction of l;):rcn dium
ol crehberry stem, ¥ 20; B, out-
line sketch swhowlng arrangement of
lecules In single pyenidivm, X 25;
C, sporephores and scctton of pye-
nidlal wall, X 725; D, mature
pyounepores, X 725, perlthecial
stage ; B, gketeh showlng grouplng
of peritliecin on cranberry stem, X
26; F, pection of perithecln on
eranbercy wiem, x 25; G, usel and
mature ascospores, X 723
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the synonyiny, tife history, hosts, and geographical range, see Arthar {2, p.
189-1 10, 878-679}.

Pothnlogical relations.—On cranberry known only from Pocifie coast region,
where it is not nbundant and apparvently is of iittle eronowic importanee,

A
PUNGL IMPERFECTI
Cladoxporium oxycocct Shear, 1907 (62 2. 37) L
Sperophores hypophyllous, simple, septate, flexuous, yellowisl brown, ereef i

or spreading, arranged in small tufts which arise from a small, compact,
gclerptiold hase and ave scattered over the surface eof reddish-brown spots,
which Frequenily become light colored ut the eeoter
when old, 50-100 u long; conldig acrogenous, yellow-
ish browi, one to three on each sporophorve, cylin-
drienl or somewhat clavate when matore, continuous
vr imiseptnte, 15-24 by 3— & (Fig. 24.)

Type speeimen~—No, 1402, C. L. 8, on living lenves
of Veceiniwm macerocarpon, Avichat, Nova Scotia,
Juune 21, 1902,

Hogl —-Vuceininn maerocarpon,

Geographical distribution—Nova Beotls, Missn-
chisetts, Wow Jersey.

Froung 24— ludoaporium Pathologival relations—OF minor importance on

peyeacel; A, Conidigm crinberry leaves.
304, I, conidio: ! ¥

‘phow;; and conidlia fl'f‘rm Dipladia vaceinil Berl, of Roum,, 1887 (16, p. 163}
erunberry lenf, X 690, i
After Shewv (81} Pycnidie—On stems of eranberry, from 210-0500 p

in dinmeter; spores 11.5 20 by 6.5-85 », mostly
13-18 by 6.5-8.5 u, hyalite apd I-celled when very young, scon becoming septate
and brown. (Fig. 25.) 'Mhis specles is readily distinguished from Sphaeropsis
matorum PR, by the very much smaller size and the sepiation ol the pycno-
spores, In this characteristic, that s, the fact that the pyc¢nospores regularly
hecome septate os scon as they are colored rather than remaining l-celled,
Oiplodie veeeinil resembies the form common oft
varipng decldous hosts in the northwestern Unifed
Stuates and in Burope, rather than 8. smulorans 83
found in the eastern Upited States. (Stevens and
Rhear, 82, fig. 1, 4.)

Grographical distribution—Massachusetts, New
Jeyrey, Oregon, YWiashington, Europe,

Ko Faropeau materinl of this speeies g availabie
for comparison, bub the Ameovicun materiol agrees
well with the published desceription of Drplodic
vecrinii,

&
Glocoaporium minus Shenr, 1907 (67, p. 313} y
Acerpili—Amphigenous, subepidermal, ruptur-
ing the epidermis, small, seattere], not on a dell- )

uite spab; conldia forming puale-piukish, plutinous

masses;  oblong-elliptieal or subeylindric, some-  Figums 96, — Lipledia  rue
times ineguilaternl or somewhat elavate, usoally cinit: Pyenespores, Y 830

imttulnte when fresh, 6-9 by 3-4 g: sperophores

=impie, slightly tapering above, one and one-half to {wo times the Tength of

the cenidiz; no setae observerl. (Fig 28.) t
Type specimen—No. 1404, C. L. 8., on fruit of the cranberry, Tucoinium
maerocarpon, from the market, Wushington, B. €, April, 1902; also on c¢ran- -

berey lesves from New Jersey.
Flost——1"goeininpe Maerorarpon,
firographical distribution.—New Jersey.
Pathological relations—Qf rare oceurrence, causing a storage ot of cran- ‘I-

horries,

Helminthosporium inaequnle Shear, 1267 {64, p. 207}

HYNyoNYMS: ¥

Tor o diseassion of the relationships of this funpus and suggestions az to its
synouymy, sec Muvon, 1928 (86, p. 2-11). -
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Deseription—Sterile hyphne effuse, decumben:, much branched, dark brown,
sometimes forming compact strands of 3 to 12 filaments, Fertile hypbae as-
cending or subereet, septate, very variable in length, 6-8 & in dimineter, bearing
both terminal and lateral conidii; conkiia isequiluteral or varved, 3-5 celled,
thick-waliwd, terminal cotly hyaline, vthers deep brown in culor, 22-32 by 11-14
&, central cell wsanlly lavger thau the others pnd
swollen, Broet, siender, somewhat Lrauching, hard,
black, selerotioid bodics are formed in abundance
in old calteres. Those whon trapsplavierd wilt
prodace conidin, but no other form of rructification
hay oeeurred. (e, 275

Lype speclmen,—K1de No., 1498, From pare cuitgre
N, 457-b, ¢, [. 8., isulated Frong pulp of diseased
crnberries from New Jorsey, Novembor, 19,

Callurut charaeters—On storilized corn meal fiesg
#rowrh nearly white, soon issuming a light snoky
color, flnally becoming darl ~noky Lrown, Surface
ol medium eovered with u thick, loose Inyer of mueh-
brapehed hyphao,  Vegotative hyphue Treguentiy
form stramls of severn) Blnments vlosely unitedd.

Hoaxt— 1V aeefviwn RECCHCE o, Kunwn only from
cultipes,

fEvogra pitirud distribuliog—Npw Jursey,

Pallirdugiond refedinns—T<olnted  from desi g
ernnberey s ey,

LATHEE T L S lvrospariam

Phyilosiicts putrefaciens Slear, 1907 68, p. 5073 {’?‘mf;x:c E\' B(. uﬁf::tli‘g;}:.m.t:.-'
PHenidin - Grmsrions, burial or subsuperficial, 1600 After Sheay '(sn

globuse or sulstobose, membranous, dark brown gr

heaely bluek, 75100 « in dinmeler ;) ostiole conspicuous, surrounded by a stightly
clevaied, somewhal irvegalne murgin: spores varinble in shape, ovoid or ovoid-
elliptiv, somtiings inequitateral or sHahddy curved, contingous, Gyadine or Titintly
yellowish i minss, 3.5-3 hy 253 1 sporophores simple, very short. {Fig, 29))

8y /Ea %

B
TR 27 Helmind hosporiam Frarne 28 —faptlosticie 6:&5:‘0{&05-
ottt -, Fortide Dy pluge, il Dyenldimn, < 10 prens
< VdE, nndd spores. X M SPTeE, = DIN) Afrep Slewr
B, aclerotlohi Bocdies_produge d infs

In ol ealines, « 5. After
Rhenr i

Tape specimen- . Rlide No, 1196 from pure cultuee No, 312, (", 1., |, {golsted
froby u disonsid eranberry from Whitesville, N, T, Suptember, 1005,

frullaral elarqeters~The funens st prodnees ot this, white, lloecose myeelinl
tnyer ovor the surine of the areditng, This geadasily bocomes (hicker HE
then produees o fnyor of bluck pyeniidin,
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ITost—Vaceinittm Sl orocar i,
Geographienl distribution—New Jersey and Massuchusetts,
Pathological relations—Causes a rot of mature cranberries; rare,

Plectathrix globasn Shezr, 1902 (38, p. §57)

Evenly effuse or slightly tufted, sterile hyphae scanty, hyaline or subhyaline,
septate; fertile hyphae erect, evenly scattered over the matriz or sometimes in
small gromps, 2-5 septate, hyaline or slightly
colored toward the base, 250-350 by 34
apex ficute with three fo nine short, comical, or
spurlike branches, which are usually nof longer
than the dinmeter of the spores; the lower
sometimes prolonged and dichotomous at the fip;
conidia giobose, hLyaliue, 16-20 g in diameter;
contents homogeneous,

Type spechmen—No, 1108, C. L. §., ir myco-
logical collections, Bureau of Blant Industry, on
Vacointum macrocarpon leaves collected at Park-
dale, N. J. This fungus is very similar to Eide-
st acremonioides (Harz.) Vill. and Olpitrichom.

Host—~Vooolwium smaerocagrpon.,

Ceopgraphical distribution—New Jersey.

Puthalogical reletions—Frobably a saprophyte
on ¢ranherry leaves,

Rhohdaspora oxyeoeci Slear, 1007 (66, p. 31E512)

Pyenidic.—Usnally hypophylious, evenly distrib-
wted over surface, buried, more or less irregularly
FlGony 20.—Rhubdospore oxy-  Gebressed-globose; slightly erumpent, greatest

eocei: &, Section of premild-  dimmeter 150-225 pu; ostigle small, plane; wall

45 %% crﬂ;‘;’fg" ;Orltf;‘f’ anl submembranons, consisting of “two layers, the

spares, | ¥ 1,0%0, After  inner souletimes separated from the outer, escept

Slheur (1) about the ostiole, and collapsing; the epidermal

cells of the host overlying the pyenidla usually
Lluckened ; sporophores branched ; spores byuline, long fusiform, slightly curved,
wlth one to three septn or pseudosepta, 20-26 by 2-3 ». (Fig. 20.}

Pypo specimen.——No. 1479, G. L. 8., on
old leaves of Vactinilm wmacvrocarpon
lylng on the grovnd under a pile of old
vines, Whitesville, N. J., September 2,
1004,

Hoat —Vaceinbinl ngcrocitrion.

Puathologica!  reletiony—As  far  as
Lkuowh gecurs only on old lenves of cran-
berry.

Septorin sheareana Suce, and Tretter, 1933,
{54, ¢ SiLL)

SYNORYM

Septorie langispore Shear, 1907 (60, b.
303) ; not Bondarz, 1906; Voglina, 1007—
08: nor Mivake, 1810,

Pyenidic— Grogavious or somewhat
scattered, globose or <lepressed-globose,

i whil m over by the epi- Fioune 20.—Scpioria shearcena A,
some t erumpent, ¢ ed by 14 Sectlon of prenidlum on eranberry

. 4 H = R 5 .
dermig, ostiolate 150-225 p in Jinmeter; Toar % 1337 B, pyenidin on under
ostiole smally spores hyanline, filiform, gurince, 35 %‘. mature pycoo-
enrverd, frequently S-shapod, sometimes spores, X 200, After Shear (61)

psendoseptate, 150-240 hy 3~ u; when
straightened some are 300 & long; sporophores stmple, narvow, 69 p long.
{Fg. 30}

Type specimen—iNo. 1499, L, L. 8, on shriveled rotten cranberries, Hunters
Milly, N. J., Qctober 14, 19502, Also on fallen erunberry jeaves, No, 1500, C. 1. 8,
sume loeality, Juoe 21, 1ING
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Host.—Vaceinium HUICPGCRr PO,

Geographical distribution.—New Jer.
sey,

Pethological relations, — Rarely at-
tacks cranberry fruit,

Sphaeronema pemorgrm Shear, 1907 (69, p. hirra]

Fyentdig—Gregurious or scittered,
subruperficial, membranous or subcori-
aceous, glohose or subglobose, 120208 .
In dlameter, with an ostiolate neck 7o
150 u Iong: spores oblong-cylindric or
Irequencly ovold or subeiliptic, contin-
ucug, pale greenish yetlow, 5-10 by
3-8 u. (Fig 31

Type specimen~—Slide No. 1495, ), L.
8., from pure culiure No. 141-b, Is0-
inted from disenged cranberry, Vacemm-
ium  macrocarpon, Whitegville, N, J.
Qctober, 1905.

Cullural chuargelers—First forms a
thin white Inyer upon the cuitare me-
dinm, scon followed by the development
of numerous pyentdin seattered over the
surface of the mycelinl Inyer, giving it
a dork sppearance,

Host—Vacrinigm MACIOCH G,

Grographival distribution—N.ow Jer
soy, )
Pathologloal relations—Causes n stor-  FHOURE 31— Sphaeronema pomorum, Pye.

nidinm  frém  cultnre, X 160, and
age rot of cranberry; rare. spores, X 2,200, After fhear (i1}

Sphaeropsis molorum Pl

(Prenlélal stage of Plysalodpore malorum {Pk.} 8hear?
Sywontas:

See Sheur et al, (88} und papers therein cited for a discussion of host reli-
tiohships, life history, nnd distribution of thig Tungus.

Pyenidic.—Spores 10-93 by 0-11 g; l-eelled, brown. Thig fungus, which is
apparently identieat with Sphaeropsis malvrum as found on numerous decidu-
ous hosts in the eastern United States, has been
collected only once on cranberry in Massachu-
setts. (Fig. 32)

The perithecial stage, FPhysaloaporg malorum,
has not been reported on the cranbeiry,

Strasserin oxycoeei Shear, n. comb, (33, 83}

SyvoNyM :
Plagiorhabddus oxyeocel Shear, 1507 {sn, /3
311},

Pyenidia—Seattered, mostly  hypophylious,
Irregularly depressed-globose, embedded in the
tissue of the host, 195-190 K in  dinmeter,
usually  very slightly erumpent with upper
portion mostly covered by a thin, dark, stro-
ientie layer consisting of the modified epidermis ;
wall rather thin below ; interior slmple, or some-
times having o few irremular chambers uniting
Fraunw 32— Sphaeropsiy mate. DG Opening through o single gostlole which is

rum,  Pyenospores, X 20 usually rather prominent; spores hyalipe oy
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faintly greenish yellow in 1mAss, stightly curved or allantoid, 810 by 3 e
hesring 2 slender basal appendage consisting of the sporophore which is ab-
stricted nenr its base; appendage 10-15 by 855 o (Fig, 33.)

Host —Vaccinitm mmacyoeonrpon.

Pathalogicul relations—Roown only on dend leaves.

OTHER SPECIES

Tn addition to the fungi listed above. the following species, in part
listed by Shear (67). bave occasionally been found on cranberry:

Tn cultures from frait: Absidie  sp., Alternuric sp., Aspergillug  sp.
Haaisporiyme gellarum Mol Botrytis sp. Chaetomign  $p., Corgmidin 5.,
Pemativm sp., Fpicorcum Sp., Fwaarium ticinctum {%), Fusarinm sp., Peni-
eitiium spp., Phome sp., Pithiunt sp. Sterigmatacystis sp., Stitbwm sp., Strigos-
phaerie wp., Thiclavig terricole (G, and A.) Emumons (18).

In cultures from rools: Qliveledivm Hignicoium Grove, Sporpwmdy mining,
Prichoderma Eonirgi Oud,

In coitures frowm vimes: Vermicul@rid SD.

On fruit: Corticiwn sambduci Fr, Leptofhyriumn
pomi (Mont.) Sace., Papulvspore sp.

Ou leaves: Chuetominm s, Chondrioderma
simpler Schroet., Discosia arlocreay {Tode} Fr.
Iierosphaerie Taccindl (Schwy O, and I, Afp-
cosphaercile vaceinil {Cke.}, Dospora sD., Raan-
tarie muitiples Pk,

The following species listed by Seymour
(55} have apparently been reported by
mistake.

The following bave been reported through
misidentification:
Sphoerelle maculiformis (F. ex Ty Awd.
Mycosphaerelle owycocci Dearness anil
Houge.
‘Phne Tollowing species are mentiomed throngh
errors in compilation:
Anthostoma pieaceun C, sud E.
Anthostomelle (?) picecea {C. and E.)
Ci Sace.
Sphaerie pieagca ¢ and B
Fravwe 3 oXbsacrin ol Xylosphaeria picacee €. and T
end L Vertlealaeedion of Guignardin bidwellii (BiL) Viala and
War, « 1755 I3, sperapherss Ravaz.
B e W it et {{phacria chucimata %
;.L,..;. R '_‘\nt:i-].'hgnr Venlurin cincinnela {Fr.) Rostr.
1643 Spovoneine epipitylinm Sheay.

PHYSIOLOGY OF THE ROT FUNGI
TIME OF INFECTION

Although the fungi that are found in decayed eranberries are of
greatest importance because of the storage rofs that they cause, and
though some of them never seem to develop in the fruit until late
in the storage season, the evidence (72) indicates that infection occurs
relatively early in the growing season. This is shown by Table 1,
which gives the earliest dates on which various important rot fungi
developed in cultures made from green cranberries in Massachusetts.
Tt is uncertain whether the fungi here reported had actually pene-
trated the epideriis, but the berries placed in the culture tubes had
been treated from 5 to 10 minutes in a solution of mercuric bichloride
in 70 per cent alcoliol and then washed in sterile distilled water,
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Tawue 1~—Furliest dafes on which different fungl known to cawse decay of
cranberrics icere found In cultures of green craRberrivs in Mussachusetis

" - ¥
Namooffangues | )91 | 20 ] 1925 || Name of uungas! { wa | jeme P
| ! !
I 1 .
Qodronin  cawsan- | I ! Penteillium spp E July 13 July &1 niy 13
Be... . oee..o July 13 July & Juiy 18 Demativm ep. ... f___do.___ e.do.__. Do
Clomerelis  ¢lngu- | i Pestalozzin goepini '
Wto voecinil ! July By July 124 veeelnbi... .| Foly 10] July 22 July
Idaporthe vaceinli..: Awg. 2! July 62 . Acnnthorhynchusl
Sporonems oxvececl ! Julyr 21 [+--g0.- . July 19 vaceisfL L. July 28 L. .
Ouignardin vaeeluii. July 29 m--do . July 12 Alternaria sp_.....__ July 13 ' July & July 18

1 3pe pages 43 nerd 44 for » st of comuon numes of tho rots cansed by these fungl.
! I explanstion of the differonce fon thie thine of appearance of L fung, it should be stated that the spring
of 1 woy unusually curly ood werm,

DISSEMIMATION BY WATER

Closely related to the probiem of time of infection is that of man-
ner of dissemination of decay -producing fungi. In all probubility
mary cranberry fungi are distributed Dy the wind, There is evi.
dence, however, that the water used in reflowing bogs, especially
during those reffows in which the vines are entirely submerged, as
in mmseet control, is instrumental in carrying rot fungi. The results
of cultures from eranberry tips taker before and after the June
reflow on four different bogs in Massachisetts (72} ure as follows:
In 1992, 85 por cent of the tips taken before flooding and 67 per
cent after flooding were inferted: in 1923 the percentages were, re-
spectively, 14 and 77,

That the difference between the first set of cultures and the second
in both years is directly due fo the effect of the flooding water seenix
to be proved Ly the fact that no such difference is found in tips talcen
in similar periods from bogs that were not reflowed.

ACIDITY RELATIONS

Although the acidity rolations of the cranberry fungi have not
been carelully studied.’it hus heen found rhat all of the more impor-
tant ones grow on agar media having the wide initial range of pil
virdues 4.4 to 8.2,

A study of the effect of u rot fungus on the cranberry fruit has
been made only In the cuse of the end-rot fungus.  Stevens and
Morse (81, p. 240) summarize the resnlts of their chemical studics
as follows:

The only constituent of be froif suficiently affected by Lhe ot to be mani
fested in the chomilen] analysis is the total sugar. Al the other clunges in

cowiarison with the sonnd frolt ave appareutly due to concentrutivn as a
rorollary to the sugar consumption by the funpgus,

TEMPERATURE RELATIONS =

The rates of growth of cranberry-rot tungi at different tempera-
tures arc of great interest in connection with the development of
the rots they produce in storage. n subject which is considered in
detail on pages 2% and 33, Fignre 34 gives in graphie form the radial

M of the work an which the srapbs g Firure 25 wore based woz done by
Fiigus,
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growth of some of the more important fungi at the end of 10 days
on corn-meal agar at the temperatures 0° C. (82° F.), 2.5° C. (36°
F.),5° C. (41° F.), 10° C. (50° F.),13° C. (59° F.}, 20° C. (68° F.),-
95° C. (77° F.), 28° C. (82.4° F.), and 30° C. {86° ¥.}. The graphs
chow that both Godronia and Sporonema are able to grow s%ightly
at 0° and reach their maxima at about 20° and 15°, respectively,
while such early rot fungi ss Acanthorhyncus, Glomerella, and
Guignardia begin growing between 2.5° and 10° and grow most
rapidly at 25° or above. There is. in general, a sharp increase in
the rate of growth above 10° C. (30° F.), frequently ar-ounting to
100 per cent or more for the 5 degrees between 10° and 13°. God-
ronia is n conspicuous exception to this, its rate of growth at 10°
being 60 per cent of its maximum rate.

1t should be pointed out that Acanthorhyncus and Guignardia are
actually of greatest importance in the warmest cranberry State {New
Jersey}, Glomerell in the warmest and sceond warmest (New Jersey

£S

Rodal growth (centimeters)

Mraarsd

fL R

Atr3an

1 R R

TRARLRNES e awalREER LU0 ENRR olaRDRRER oNweniRRER alwgwlkn
ACA THOSN PALUT Fronle =t bpt CLOMER LA AR
Temperature ¢/

=

PFrerus S4-—Radinl growth of the mere important cranbirey storaze-rot fungi on coro-
m) aEnr af bhe opd of B0 days at bmperatures renging {rom U° o d40¥ ¢, (32° to
G Fy

and Massachusetis ), while Godronia is notably the leading rot fangus
in the colder sections (Wisconsin and the Pacific Northwest) and is
of decidediy less importance in New Jersey. Again. after storage
temperutures drop with the wdvance of the seuson, Godronia becomes
strikingly the most important fungus causing rot in berries. Finally,
it will be noted that 16° C. (50° F.) forms a somewhat natural tem-
perature division, above which the so-called early rots are important
causes of rot and below which Gedronia is the principal fungus to
develop in berries.

RELATIVE ABUNDANCE OF CRANBERRY FUNGI IN DIFFERENT
REGIONS

The known range of cach cranberry fungus is given under Tax-
enomy. The relative abundance of these tungi in the different cran-
berry regions can he intelligently discussed only with reference to
the more important fungi.
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FIELD HOTS

Field rots are common on cranberries only in New Jersey and on
Long Island. N. Y. In Wisconsin and on the Pacific coast practi-
cally the only fungus that has been found to cause field rot is
Selerotiniu oxyeocei, and this, while occasionally lecally sbundant,
has never exceeded a fraction of 1 per cent of the total crop for these
States.

In Massachusetts field vot is met with only under exceptional cir-
cumstances. A few minor varieties such as the Middleboro usually
rot somewhat on the vines, and in certain years even the standard
varieties sometimes show a considerable percentage of rot. When
field rot does appear in Massachusetts it is caused Ey the same fungi
as are found in New Jersey.

In New Jersey, on the other hand, field rot appears regularly on
many bogs unless they are thoroughly sprayed. A dozen samples of
cranberries from different New Jersey bogs chosen at random on
October 1, 1929, showed from 3 to 15 per cent rotten berries, and the
amount of field rot that year was much less than the average. The
more important fungi causing field rots of cranberyies are Guignardia
raccingi, Acanthorhymeus voceinii, and Glomerella cingulata veecinti.
Of these, Guignardia vaceinii is usually the most important.

RELATIVE IMPORTANCE OF DIFFERENT FUNGI AS CAUSES OF STORAGE ROTS

The relative abundance of the various cranberry rot fungi in
“forage is best shown by the results of vompurafive keeping tests
made in Chicago on the crops of 1926, 1927, 1928, and 1920, As
explained in the preliminary reports (77, 76, 79}, the aim of this
4-year test was to discover the actunl amount of vot in the eranberries
from the chief growing areas that was caused by the different fungi
during various periods throughout the storage season.

With minor modifications, the tests for the four years were made
substantially as follows: Three or four standard pavkages of Howes
and an equal number of MeIFarlin were shipped to Chicago from bogs
in Massachusetts, New Jersey, and Wisconsin,  In 1926 and 1927
herries from Oregon were also included.  The TTowes and MeFarlin
variotios were chosen because these are the only ones represented in
all the erunberry regions.

AUl these Ints were stored together in Chicago, and once a month
a4 box of each was opened and 1 peck of sound berries sorted out.
"These sound berries weve then stared in separate containers for two
weeks (four weeks in 1929}, after which the berries were again
corted.  From the spoiled berries obtained from these lots cultures
were niade, and the fungi that developed were identified so fur us
possible.

‘The cranberries were held in commoy storage in a large cranberry
warchouse in Chicago. No effort to control temperatures was made
other than that usually made in such buildings; that is, the windows
were left open during the warmer weather and closed when the
weather became cold enough to indicate risk of freezing. Table 2
gives the approximate range of storage temnperatures during the
ifferent years.
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Pan g 2—Apurocimaete storege temperctures of cranberries at Chicago,
19261929

Alooth

October.. ... .. .. L ; 146
November... .. . . . . . e ! 5544
Decemnber . . o R wan | seas] a0

The results of these tests ghould not be considered as furnishing o
complete picture of the fungi found in decayed cranberries in the
Fnited States, and in particular they should not be taken as indicat-
ing the relative keeping (uuality of cranbervies from the different
regions, for no one bog can safely be taken as representative of any
region.  Morvover, the varieties chosen for the test were selected
because they could be found in all four districts. They are, how-
ever, by uo means of equal importance in all the regions. The
Mclurlin, for example, is of very litile importance in New Jersey,
and the Howes of little impertance in Wiscousin and Oregon.

The results, bowever, apparently do furnish a satisfactory hasis
for comparison of the relative importance of the different rot fungi
in the various regions and of the successive development of these
funei in storage. Taken together, they probably represent a larger
hody of informution regardiing storage rots of eranberries than has
ever been assembled regarding storage rots of any other fruit crop.

In Figure 35 is presented in a condensed form the information
that hes been accumulated during the d-year test. The height of
each rolumn represents the total spoilage up te January 1 in each
lot of Lerries. The proportional parts of spoilage initiated by each
of the five most important fungi and by sterile breakdown are rep-
resented by subdivisions of the colomns. For example. 34 per cent
of the berries in the 1926 sumple of Wisconsin McFarlin spoiled by
January 1, this spoilage being due to the following causes: Sterile
hreakdown, 3 per cent; (Grodronia, 25 per cent: Acanthorhyncus, 1
per cent: Guignardia, 1.5 per cent.

Taking {he country as n whole, end rot {caused by Godronia cas-
sendrae) exceeds all other rot fungl in importance and as a eause
of spoilage is approached only by sterile brealdown.

In the Gregon berrvies, sterile breakdown accounts for the loss of
nbout half of those that spoil before Junuary 1 and Godronia for by
far the greater pottion of the other half,

Wisconsin herries differ from these from Oregon chiefly in the
presenee of Guignardia in appreciable amounts and in the fact that
Godronia is here wore important than sterile breakdown.

As regards Massnchusetts berries, the results agree with those re-
ported by Rudolph and Franklin for Howes in 1916 (48} in indicat-
g that in this State (Zlomerelly is seeond in importunce to end rot.
However, Glomerella, as the graphs show, is rather crratic. heing
important some years and almost lacking during others.  Tn vewrs
when Missachusetts berries keep less well than usual, Glomerella s
oftin abundant.
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New Jersey, as has been frequently pointed out, differs markedly
from the other States. Here end rot assumes second place, being
exceeded by Guignardia, long recognized as a very important cran-
berry fungus. The other early rot fungi, Acanthorhyncus and
(ilomerella, are also important.

BUCCESSION OF FUNG] IN STORAGE

The storage tests in Chicago bring out for the various cranberry-
growing regions a relation shown earlier (48) for Massachusetts,
namely, the succession of rot fungi through the season. Tables 3
to 6 show the frequency with which each fungus appeared in cultures
from rotten berries of both varieties for all four cranberrvy-growing
regions during every year the tests were run. The figures are ex-
pressed in terms of the percentage of all berries from which cultures
were made for each lot,

TanLe 3.—Fungl present in cranberries of the Hower and MeFarlin varieties
frome Oregon, which spoiled between dates indicated, expressed as percentage
of all berries from 1which cultures were made

Qet, 1510 31 Nov. 15 to 30 Dee. 13 to 31

Bafore
Qct. 15, | - R R
Fuzgl 1928 1925 027 1926 1027 1920 1927

H.AMcE] 1. 'MoF.| H. . MeF | H, | McF, ILIM(:E“ m, | MeF! . | MeF.
! ! ;

Acunthorbyoens voceinil .
Alterparlasp. ... ..
Hoteytis 8P eecceaa. .o
Ceuthospora innata___ ..
Temsthom. .. ... .. ..
IMaporthe  vuaeciol  (Fhe-
mopsis) .ea. .- ..
Fusarium sp....
locosporium sp. .. __. 1
Glommerelly ciognlatn  vae-
cimib, .. .. . o :
Giodronis cassandrea {Fusf |
Loccam potrefaciensy. . .
(Htignardin vaceinii. .
Penieilljum 20 ., . !
Penielllinn sp. e
Pestalor:ln guepint
Sporoneinn oxyeocei_ - . vaae
Bterfle. .o veevenns . @
Unidentifled, ... . N .- :

5 this and sneceeeding tables, B, = Howes, and McF. = MceFarlin,

1]
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Taprrw 4—Fungt present in orand
from Wiaoonsin, which spoiled
cenitage of ail berries fromi which cullures 1o

between dat

31

errice of the Howes and McFarlin varieties
ez indicaied, erpressed as per-
ere made

L3

Fungl

Acaathorhyncus,
Alternaria

Bot
Ceut
Demgthun. .
Diaperiba.. .
Fussrium_ ..

Qulgnnrdiy, .
Penteltium 20,
Penfelllium__
Peatalorzin
Sporopemsn.
Hterile... . -

Unldent!fled .. _....._

4
17

Belore Oct. 15 Oot, 25 to 31
Bafore
Nov. 1,
1926 1927 1928 1928 627 1928 1928
H. |MeF.! B [McF.f 2 e 1. ek | & [vier 1 g |M’cF. H. |MceF.

Hov

. 15 10 30

Dec. 15 80 31

Fungl it )

1927

. | MeF.

11,

Acanthorhyneus |
Allernarin___. ]

Botrytls____
Ceuthoapo
Dematium.
THaportha, .
Fuarjom, .
Gloeosporium .
Qlomerells.. .
Cedropla ..., ..
Quignurdia, . .
Paplellflum 20 . .
Paafellilum,_ .. _ |
Pestadozzin. ... .+ .
Sporopemy_, ... ___._
Storlla.___.___ .. ;

Un{de.nl.iﬂed..-.-'[-_._.

| MecF.
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rapLe 5. —Funhgi present in cronberries of the Howes ond fcRerlin verietics
from Massachusetls, which gpoiled befiween defes indicated, czpressed as
percentage of ull berries from twhioh cultures were made

Belore Oct. 15 | O¢t, 13 to 51

l Before

Nov. 1,
1929

Fungl 1976 | 1027 1028 ‘ 1626 1027 1028

. .r‘McF.{ . lh{cF. I !I\I(:F‘!- H, ;MeF. ‘lLE_MﬁcF. I | MeF| H. IM’cI‘.

Acanthorhyneus. .. L. doae oo all]
Alternaria... e e aa e .
Botrytis_... ... .. . ... e iae eamml s o
Cueothosporn,. . e e ea e e
Demptlum. . e e
Dinporthe . ..
Fusarium. .. .
Hoeosporiin. . .
(Homeralla ... .
Uodronln.. ... . .
Gulgoardia. .. .. ..
Penlelllum 2. .. .
Ienlefltum. .. .

- : H ] 'li ! i
Unjdeotffled. . ... ..M H ) Tl __--1...-(,,_._.. 3:

Nov. LT

ov, 15 to 3 Nov, 1 Dee. 15 to 31 Dee. 1.
1030, ‘
1920 10 8 ;199 102

1426 107 1928

Fungl

ALeF, IL {MeF| 2L 13 (LeF.

McF.| I, | MeF. 1, | MeF. H.

Acnntherhyneus . S
Allernarla._ .. .. !

Botrytis
Centhpspo
Dematiym. .

[EPUUTETR SURN SRR [ Iy

' [ 1

Unident
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TabLe §.—Fungi present in cranberrics of the Howes and AeFarlin varieties
from New Jersey, which spoiled between daics indicuted, expressed as per-
centage of all berries from which cultures were made

Before QOct. 16 Ot 185 10 31
Before
Nov, 1,
Fungi 1026 1937 1928 1826 w27 1028 N
pist ;MC'F. M, [McF.Jd i, I MeP. H, {AfcF.| I, {(MoF. . M'cF‘. II, MeF,
Acanthorhyneus—, . ._...| 18 ] 26| 3 iz 281 4 211 3 8
Alerparia...__ ... . 4 1
Dematium.. ... . R
Tnportho, . 1 It}
Fusarium,_ ., .
(oeosporium. . .- . f
Ulomeeelln ... . F ———— 41 B §i
{iadronb. .. 1 k38 T DO a1 21 2 15
{iufgnneding 83 Mls 4} 4] 411 77 42
Feniclllivm & - e 119 121 2 4 -
Feafeilllum, - 3 0] 15 Bil] 1 1 3
Poestalpzzin ..o ] [ 3 S— —— 4 o
Eporgnema__..... [ 1 20 SV N S I ———- 3
Bterllo__..__ .00, [20; 6118 | 13|23 0070 1wy 7
Unidentifled. ... .........] Sr )3 10f 4 B 3.8,
! i i : .
Nov. 15 to Lree. 15 10 31
; Wov. 1 0 Nov. 1 ee, 15 1o 3 Dec, 1
: to 30, to 3i,
! 1926 . 1
Fungi y e 1927 1928 1028 !l 1927 1428
Lo E ¢ | i
1L MeF, UL {McF.| H,  MeF| 3. [areF l{.IMcF.: FL [ MeF, 11, it‘.\rcF. I, [ McF.
Acanthorbynens,” 2 ‘ 2 I 5 1 2 . R 3 I S ! 2 11 2 ! a ——
Alternacia, 21 1} 5
Diaparthe. R S o g
CHocosporlum . RN SO
{Hlomerelln. .. 1 [ ) .
ronla, .. 22 e 4 52 87 11 L 21 49 4
Quignardla_.__.. 45 M|z @1 4 [ ) I 17 B 9 2
Peplefllium 20__, ... '.____. i 1 : 2 |- 4
Eenlellllvm. ... | [ SR 11 R § U O L 3 PO A D1 W . PR I
Pestalozzeln ! 5|| ______ L. A ]____ a 1l.. 13
Sporonenta - P [ A - ; Pl | -
Sterila ... 2 . 8 17 ' 54 a5 34 J 3 i &3 &7 | 48 63 | 67 72
(Tuidentifted . ’ 2 3 } 2 ar !-.-. 10 -“_I' ...... [t SERER k) 10 j.... ......

The same information is summarized for the seven most important
fungi and for sterile breakdown in Figures 36 to 39, except that
in the graphs the storage season is divided into but two periods—
that before November 1 (approximately two months) and the periocd
from November 1 to December 31, Field rot if present is included
in the first period. The vertical line dividing the bars represents
November 1, the solid portion of the bar the rot up to November 1,
and the cpen portion that between November I and December 31,
The graphs are designed to show for each region both the per-
centuge of totul spoilage and the portion of the work done by each
'{)nn{_{us before November i and between November 1 and Decem.

er 31, .

It should be remembered that the figures in Tables 3 to 6 and in
Figures 36 to 39 have no absolute value in terms of actual spoilage
oF berries but represent the relative abundanes of the different fungi
in spoiled berries. For example, thire was a marked difference in
amount of rot in New Jersdy Howes in 1997 as compared with

SOG40 —31——3
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the amount in 1928 or 1929, yet the relative proportion of rotten
berries which contained the end-rot fungus was allj)out the same in
the three years, and on such graphs as these they would appear
equal.

qu the buasis of these findings, it is evident that the cranberry
frait-rot problem in Qregon, Washington, and Wisconsin pertains
¢hiefly to the end-rot fungus {Godronia). In Massachusetts the late
stovage rot is largely end rot, but Guignardia and Diaporthe are of
apprecinble impertance as early rots, and Glomerella is the most
important of the early rots. Not onjy is the Iatfer fungus more
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weeyrrepee of fungl before amgl aiter
Navembee 1 In gpolled ecronberrices from
Oyegon,  The values imlleated repre-
genk, reaneetively, the avernge pereent-
nge of tmes mael fnngus developed in
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important than any other enrly fungus in Massachusetts, but it is
more important in Massachusetts than in any other State.

In New Jersey, on the other hand, while end rot is of some impor-
tance as a late rot, its supremacy is not so marked, and among the
early rots it occupies a minor place. In contrast with conditions in
Massachusetts, Glomerella gecupies third place among the early rots,
heing exceeded by both Guignardia and Acanthorhyncus, as pointed
out B}f Shear in 197 (€71). It should be further noted that these
differences were shown by cranberries of the same varieties in the
different regions. '

Stucly of Tables 3 to 6 and Figures 36 to 39 shows that early in
the storage season the ‘dominant fungi are those that produce the
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field rots, whereas in the latter half of the storage period, approxi-
mately from November 1 on, spoilage is most commonly caused by
the ¢nd-rot fungus or by sterle breakdown.

CLIMATES OF DIFFERENT CRANBERRY SLCTIONS IN RELATION
TO ABUNDANCE OF VARIOUS FUNGI

The mean monthly temperature and precipitation for certain sta-
tions in the different cranberry regions, as published by the United
Ntates Weather Burean, are given mn Table 7. While these data, of
course, do not show all the conditions under which cranberrios are
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Firen 85 - Camparisen of freqneney of  FIGUhE 30—{omparison of frequency of
pceurrence of mngl before nnd after oveirrencr of lunpl before and after

November 1 lp spotied ernnberrles from
New Jersey. e yaluesd  indleatoed
represend, respectlvely, the average per-
vengge of Hmes coeh [ungus developed
Iy all enttures of Howes and Mebar-
Iin kerries wmiade prior to November 1
(salyd pertions of columns) In 1926 to
1R, nehisive, and after Noveunber 1
tieen poetions of columng)

Nygvember 1T in spollud erooberries from
Angsnchnactts, The walues Indieated
represent, respectively, the average per-
centage of times each fungus develope |
in all eultures of L[Iowes amd Melnr-
Ln verries made prier o Nevember 1
{solid portlons of colemps) In 192G to
1029, inclusive, and after Nuvember 1
{open portiong of colums)

grown. they give & fairly complete picture of climatic conditions in
the chief centers of commercial eranberry culture in the United
States.  Lakewood and Indian Mills are near important cranberry
arcas in New Jersey. The towns of Plymouth and Wareham, Mass,,
have large acreages of cranberries. Wisconsin Rapids i near the
Inrgest center of eranberry cultnre in Wisconsin,  North Head and
Astoria are the neavest available stations to the cranberry-growing
reaions of Washington and Ovegon. and while neither one actually
represents conditions on the hogs themselves, the mean temperatures
cortainly mnproximate conditions on the eranbersy bogs nsteh more
nearly than any others uvailable,
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Tapre T—Weun monthly lemperative (SF.) ond precipliation (inches) for
a period of pedrs in the principal cranberry-growing regions of the CUnited
Ntilos

[Data ivoro reports of U, 5, Weather Buresu]

TEMPERATURE
Num- . l l
ber of t ! H
Hiation yenrsl Jan._ j Feh, pMar Apr,© May ) Jung | July | Aug. | Bept. | Ot  Naov, [Dee,
recor: : :
ad J 1
e s v o ) N l. .
lakawood, 3, J a5 | 81,3 | 207 { .0 | 40.4 | 002 6.5 T2B | TELL | BL6 | 55 1) 428 | 3.5
Lydken Mills, N.J 40 13Luldha [40.5] 50,3 0 631 [ 808 [ THT7 [ 726 66.1 ] 58.5 | 42.0 | 348
Plymsouth, bass.._. ACGH] 28,3 | 203 P 35.2 | 45.0 | 854 | 65 L [ 004 | 671 ) 50,5 | BAE | 420 | LS
Enst Warehmn, Mass.| (4 AT 850 | 42,5 HLG | B2V | 60.3] 67.6 | 01,6 | 52.5 | 12.0 | 315
North Hend, Wash. . A1 (A2 1 f AL | S2lAT. 5 609 LB 572 | 7.0 1 6057 AL U 4B.2( 4.1
Adtoris, Oreg. ... TO| 402 p 42,4 [ 45,3 ; 48,1+ 62.0 j 47.5 ) 00,0 | 613 | SRS | @B |47 2] 421
Wiseongin  Ltapid i
e L e iy Mo 226 4.4 562 0t 1, 702 675|605 981 | 420 ) 0.0
] 1
FRECIPITATION
Lakewond, N, J... 251 3.63 ] 4.57 | .3 TOABE :_ BO6 270 3.50) 2.40 ; 487
Indisn Mtil.'i. N.J. A 3824 3.45 c IO, 503 561444 3.0 | 440
Piytouth, Mass. ... AU L5 [ ALD6 3.03 i B4l 3T AW 387 0L} 412
East Worehan, Mass) (1 | 3.05 1 4.08 Y e 1 l 433|280 272 | 423|433
North Head, Wosgh, . 41 | B, 781 7. 45 228 .8 LU 248 41N 44833
Asboria, Oreg. ... O 02 | 0.0 206! L1v, Lanta.43 | 577 {103 .04
Wisconsin  Rapids, i ] l
WIS . e e gLl L3s] o 307 1; LM 3200 480|249} LB | 1L.3d
: i [

! The Ngures or Enst Warehain, 3Iass., are avecages af all thadatuavellableat that point.  Thisineludes
Jure, July, Augnsi, aod Soptamber Jor 10 yenrs, Muy ond Octeber for 16 years, and the remalniog menths
or d or 4 yunrs vach,

Continucd study has convinced the writers that the conditions that
govern the prevalence of the end-rot fungus are, in general, in strik-
ing contrast to those that govern the prevalence of the early-rot
fungi. This relation must be borne in mind not only in studying the
fongi themselves but in the practical handling of the crop. Even
abundant field vot apparently dees not necessarily mean great loss
in storage late in the seuson. Comparative freedom from early vots,
ot the pther hand, is often followed by severe breakdown after No-
vember 15, In practice this amounts to a difference in the belavior
of early und late varieties, but there is little to indicate that the
difference ts really varvietal. It seems rather to relate to the time at
which the berries are sold, as is plainly evidenced by those tests in
which early vacieties ave held late for experimental purposes.

STERILE BREAKDOWN

‘As will be seen from the figures in Tables 3 to 6, there was in all
lots a significant percentage of the spoiled berries which failed to
show fungi. 'The death of these berries is attributed to sterile break-
down or senescence. Sterile breakdown was even more important
after January 1. A detailed discussion of the factors involved in the
increase and control of sterile breakdown would be sut of place here,
hut in general it has been shown that careful handling, adequate
ventilation, and sufficiently low temperatures tend to prolong the life
of the cranberries ag well as to retard the growth of many of the
rot-producing fungl.

4
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In generul, length of frostless season is of less importance for
the cranberry under cultivation than for most crops, as it is to some
extent artificially regulated, sometimes by holding the flowage water
late In the spring and often by reflowing to prevent injury from
either late spring or early fall frosts. Cranberries come info blos-
som in late June or early July in Massachusetts, New Jersey, and
Wisconsin, and the berries normally ripen from the first to the
third week in September, according to variety, in all of these States.
On the Pacific coast the blossom peried is Iong, extending {accord-
ing to variety) from the middle of June to the middle of July, and
the berries mature about September 15, but in exceptional years
they have been known to mature both earlier and later.

¥or the five months from May to September, inclusive, New Jorsey

is warmer and the Pacific coast markedly cooler than the others,
while the mean temperatures for Massachusetts and Wisconsin are
intermediate. The menn rainfall for May and September is simi-
lar in all localities. However, for the intervening months, June,
July, and August, the rainfal] for New Jersey is heavier and that
for C)regon and Washington lighter, whereas Wisconsin and Massa-
chusetts are again intermediate and in close agreement.
_ _The vontrasts in conditions for the period from November to
March are greater. During these months the temperatures in Ore-
gon are much warmer and the precipitation much greater than in
any of the other States, whereas Wisconsin is decidedly eolder and
drier than the other regions. These differences to some extent in-
fluence cultural and control methods and will be discussed later.

A comparison of the temperature data just presented with what
is known of the temperature relations of the fungi from their growth
in pure culture shows certain very interesting correlations. On the
basis of cultures made from rotted cranberries in the Pacific coast
region during the years 1922 to 1925 (4), the resnlts of which agreed
with similar eultures made on Oregon berries stored at Chicago dur-
ing 1926 and 1927, the four specics of greatest importance in that
region are shown to be Godronia cassandrue, Diaporthe waceinii,
Sporenema ozycocei, and Ceuthospora lunate. Three of these fungi,
including the end-rot fungus, which caused the destruction of well
over half of all the cranberries in the storage test, show growth on
cultnre media at 244° or at 6° C. The fourth fungus of this group,
Dinporthe, grows well at 5°. In contrast to the effectiveness in
Washingion and Oregon of cranberry fungi that grow readily at low
temperatuves, those fungi which have higher temperature ranges and
which grow relatively little or none at 5° are rarve. In this connee-
tion it may be noted that the prediction made in 1917 (77), before
the fungi of the region had been carefully studied, that the problem
of fungus control on the west coast would be quite different from
that in the eastern part of the United States, has been abundantly
fulfilled.

In New Jersey, on the other hand, the high-temperature fungi
predontinate, and there alone they are able to compete successfully
with Godrenia cassandrace us the cause of storage rot. Temperature
is nn important factor in determining the abundance of these high-
temperature fungi, for, as the graphs and tables show, climatic tem-
peratures ave higher throughout the growing sesson in New Jevsey
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than in any other cranberry section. This difference is more striking
if one considers only temperatures that can be efficiently utilized b
such fungi as Glomerella and Acanthorhyncus. The area incloseg
{71) between the 50° line and the line of mean temperature for New
Jersey is approximately 50 per cent greater than the areas similarly
inclosedh by the lines of mean temperature for Massachusetts and
Wisconsin, Even this does not fully represent the difference in favor
of the high-temperature fungi.

One of the best-known methods for expressing the relative effi-
ciency of climatic temperatures of different regions with respect to
plant growth is that known as the remainder sammation method;
that is, a simple summation of daily mean temperatures above a zero
point chosen with reference to a particular plant. In an attempt to
express more nearly the actual efficiency of the temperature of the
different cranberry-growing regions with respect to the growth of
high-temperature fungi, remainder summation indexes have been
computed for the growing season, 47° F., the minimum temperature
at which Glomerella cingulata grows readily, being used as a zero
point. These ave as follows: Wisconsin Rapids, Wis., 2,371; Middle-
boro, Mass., 2,555; Indian Mills, N. J., 4,600; North Head, Wash.,
1,806. It will be noted that the temperature efficiency index as com-
puted for such a high-temperature fungus as Glomerelle cingulata is
practically twice as great for the New Jersey station as for either the
VWisconsin or Massachusetts stations. Unquestionably this and other
high-temperature fungi on an average do twice as much damage in
New Jersey as in any of the other localities. -

The correlation between the temperature relations of the fungi
abundant in certain regions and the climatic temperatures of those
regions is so striking that it seems as if there must be some direct
causal connection,

RELATION BETWEEN GROWING-SEASON WEATHER AND KEEPING
QUALITY OF THE CRANBERRY CROP IN MASSACBUSETTS

The rather extensive studies made during the last seven years on
the relation of weather to the keeping quality of the cranberry crop
in Massachusetts have been prepared for separate publication’ It
may be stated here, however, that no relation has yet been found
in this region between rainfall during the growing season and the
keeping quality of the crop. This apples both to total rain and to
frequency of rainfall.

The relation that seems to exist hetween lkeeping quality of the
crop and the temperature of certain critical periods is shown in
Table 8. Temperature is here expressed as a simple summation of
daily mean temperatures minus 50; that is, for the purpose of this
study 50° F. was considered as the zero point. The estimates of
keeping quality from 1912 to 1925, inclusive, are based on reports of
H. 8. (iriffith fo the New England Cranberry Sales Co., published in
the annual reports of that company (28}, which have been deposited
in the libraries of experiment stations in all cranberry-growing
States, as well as in the library of the United States Department of
Agriculture.

P gppvENs, N, I WEATILER [N IBLATION TO THE KEEPING QUALITY OF THE CRANHERIY
CRGE 1Y MANSACIIUERTE  Mapuscript submitbed to Mnrsnehusetts Ag_rtcultuml Experl-
wenl Station; not yeb pubilshed,
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FaBLE B.—&8ize and keeping quality of the cranberry crop of Massachuselfs end
temperature summalions for Wareham, Mass.

Keeplng quality ‘Tampergture summation
Yenr Barrels
Faly Bl AT A e b v
[iin 1,093 335
522 1, 158 208
025 1, 050 345
512 1,084 430
520 1,150 350
528 1,287 240
AL 1,161 219
432 1,165 364
451 1,187 am
585 1,132 482
] 1, 165 380
587 w3 371
473 1,111 303
634 1,125 361
400 1,070 275
403 1,07 358
495 1,314 342
it 1,070 3%

Keeping quality is the result of the interaction of many factors,
such as the prevalence of rot fungi at times favorable for infection,
the resistance of the cranberry to the attacks of these fungi, and the
longevity of the berry itself; that is, its resistance to internal bresk-
down. Our knowledge of all these factors is very Limited, but it is
somewhat more satisfactory regarding the physiclogy of the fungi
than regarding the physiology of the berries then selves.

In view of what is known of the temperature relations of cran-
berry-rot fungi, especislly those that are more destructive during
the early part of the season, it is obvious that high September tem per-
atures such as those that existed in 1915 and 1921 must be unfavorable
to the keeping quality of early berries.

A fairly constant relation seems to exist between the keeping
quality and the climatic temperatures during May and June. (Table
8.} _The Early Black was rated as having poor or very poor keeping
quality every year in which the temperature summations for May
and June excceded 600, except in 1925, when the temperatare was
abnormally high because of a few very hot days, which did not seem
Lo affect the crop very much. On the other hand, the very best years,
1920 and 1928, had temperature summations below 500 for these
months, and in all the years in which the temperature summation for
these months was below 500 the Early Black showed good keeping

uality.
1 As regards the Howes; that is, the late berries, a high May and
June temperature seems always to have been associated with poor
keeping quality, but low spring temperatures were associated with
poor keeping quality for the Howes in 1915 and 1926. In both these
years July and August were unusunlly coel, as indeed they were in
several of the other poor years.

So constantly are {Jﬁgh spring temperatures and low summer tem-
peratures associated with poor keeping quality that it seeins highly
probable that there must be some causal connection. At least these
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relations, when taken in conjunction with inenbator tests, have served
during the Iast seven years to give a very satisfactory indicaticn of
the keeping quality of the crop. , )

FUNGOUS DISEASES OF THE CRANBERRY AND THEIR
CONTROL

VINE DISEASES

The cranberry fungi of greatest economic imEortance are those that
cause fruit rots. Several vine diseases cuused by fungi ure, however,
of suficient importance to warrant mention.

FAIRY RING

{Coused by the fungus Psilocybe agrarielle raceinii, p, 12, and perhaps ather
fungi ulso)

The diseuse here called fairy ring has long been recognized in
Massachusetts and New Jersey. It is especially apt to be found on
old cranberry bogs and has usnally been called ringworm. While
this nunie must be abandoned because it is misleading, it is certainly
a very natural and descriptive term, as the disease in its most notice-
able form causes distinct rings of dead or dying vines which are con-
spicuous from the upland near the bog. The first sign of the disease
is a small area of dead or weak vines in a bog. Dead ureas may, of
course, be due to the work of insects. In the case of the foiry-ring
disease, however, the arca of dead vines advances outward in all
directions at a rate of from 1 to 115 feet per year. When the deac
wren reaches a diameter of from 4 to 6 feet the middle usually be-
comes vi);led over ” with healthy cranberry plants, thus forming
the “ying,

It scems to be well established that these rings are true “fairy
rings ” similar to those long known in lawns and pastures and which
are catised by various fungl (5¢). The death of the vines is caused
by the dense mat of mycelium developed by the fungus. As the
mycelium of the fungus advances outward, the ring increases in size,
and the dying out of the fungous growth of previous Fears permits
the cranberry vines to grow back inside the ring.

The fungus rarely fruits on the bog under patural conditions, but
fruiting bodies are readily produced on sods from certain rings if
the sods ure kept moist and shaded. Or, if a sod is removed from
the active zone in June or early July and the hole shaded and kept
moist, fruiting bodies are often produced along the vertical walls.

The death of the plants is apparently due not to direct injury but
to the fact that the dense mat of mycelium of the fungus cuts off the
water and food supply. For this reason the injury 1s most evident
dering dry seasons and may not be noted during rainy seasons,
Eairy rings ure of small economic importance but attract much atten-
tion because on level bogs free from weeds they are conspicuons.
The udvance of rings may be stopped by ditching, and there is some
indication that copper sulphate applied at the rate of 1 gallon of 5
per cent solution per square foot may stop the advance of the rings.
As noted above, the effect of the disease may be largely hidden by
keeping the boy wet, especially if a little fertilizer 15 adiled to the
discased arca.
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RED GALL
{Cnused by Synchytrivm vaceinii Thomas, p. 12)

The red gall of cranberries is a disease which once seen is very
easily recognized. The disease usually appears just before the blos-
soms open.  The buds, young leaves, and shoots become more or less
covered with small, red, somewhat irregular globulur gulls abeut the
size of small shiot.  The affected shoots produce no fruit,

Red gall is erratie in its occurrence. “"Fhe cases thus far observer
have appeared on a large number of plants on certain bogs during a
partienlar season and have frequently disappeared the next seuson.
The distribution and development of the parasite seem to depend
primaridy upon the water cun%&tions of the bog and the amount and
distribution of the rainfall. The spores of the fungus are adupted
to distribution by water. This disease has been found thus far only
in eastern cranberry bogs and most frequently in New Jersey.

No certain means of prevention is known (63), but fortunately the
discase is not often of such severity as to cause concern.

ROSE BLOOM
(Cansid by Brobusidium osycovei, p. 11)

The disease of cranberry plants known as rose bloom has attracted
an amount of attention out of proportion to its practicsl importance,
owing to the fact that its symptoms are so conspicuous. The disensc
first makes it~ appearance on winter-flowed bogs soon after the water
fas been removed in the spring.,  ‘The buds in the axils of the lenves,
which usually remain dormant, ave attacked by the fungus, which
stimulates growth.  Abnormal lateral shoots bearing enlarged pink
or light rose-colored leaves are the result. (PL 1, C.} These
calored hypertrophied leaves, being somewhat crowded together, bear
a superficial resemblunce to 2 flower. This has led to the use of the
common names, roxe bloom and false blossom. The term * false
Blossom,™ bowever, shonld be restricted to another disease of o very
different eluracter.  (See p. 43.)

Lose bloom is wecasionally abundant in Washingion and Oregon.
It oceurs to same extent almost every year in Massachusetts on Pplants
of the Howes and Matthews variefies. This disease has boen con-
trolled by fivoding the affected bog for from 36 to 40 hours when the
diseared growth reaches almost full size but before spores are dlis-
charged (24, p. 19.2; 22, p. WS-109; 24. p. 151}).

REP LEAF SPOT
tansed by Brebasidiam raceinii, p. 11}

Redl Jeaf spot is caused by u fungus very closely related to the one
producing rose bloom: in fact, some investigators regard them as
merely forws of the same speeies.  The effect upon the plant, how-
ever, i guite different. The red leat spot prodlm-es a more or less
eirealar spot upon the leaf and is usually bright red, especially on the
npper side.  (PL 1, L) On the lower side the spot is paler and
covered with fine spove-bearing filaments of the fungus, giving the
appearance of a dense bloom or powder. Under most favorable
conditious the fungus oveasionally attacks the fruit, causing elevated,
circular, bright red spots on green berries. (P 3,Bund C.} Though
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the fungi producing rose bloom and red leaf spot are so closely
related, the two diseases have been rarely found to occur together.
Oceasionally they may be found on the same bog, but rarely or never
on the same plant.

Red leaf spot has been found in all cranberry-growing sections, but
it usually does pot cavse serious injury. In general, it is most
abundant under conditions of excessive moisture, whether due to fog,
rain, or lack of adequate air drainage. In Washington and Oregon
(4) this disease is commonly assoclated with black spot, described
below, and the two diseases combined occasionally do serious damage.

BLACK SPOT
{Caused by Mycosphuerella nigro-maculans, p. 11)

Blacl spot is a cause of occasional damage in the Pacific Northwest.
It 15 also sometimes found in Wisconsin and other cranberry sections
but not frequently enough to be of economic importance. ~ As noted
above, the disease often appears in association with red spot and
generally occurs under conditions of excessive humidity.

Outbreaks of the disease may appear at any time during the grow-
ing season. The fungus apparently gains entrance through leaves
and attacks the stems about the leaf base, forming elongated black
spots that coalesce and often completely girdle the stem. Girdling
is followed by defoliation and death of the portion of the plant
beyond the aﬁ'ected part. The dead stems become thickly covered
with minute black fungous fruiting bodies which produce spores the
following spring. In severe cases most of the uprights in‘y diseased
area may be liilled.  The same fungus occasionally attacks the fruit,
causing conspicuous sunken black spots. (P18, D.)

It Las been demonstrated that the disease may be controlled by
repeated applications of Bordeanx mixture, but control measures
other than cutting back the trees and brush surrounding the bog to
facilitate air drainage are rarely warranted.

HARD ROT (COTTON BALL) AND TIP BLIGHT
(Cuused by Seleretinia ozycocei, p 9)

The disease known as hard rot or cotton ball and tip blight occurs
in Wisconsin and the Pacific Northwest, but has not been found in
the cranberry sections of the eastern part of the United States, The
tip-blight phase of the disease is unimportant as affecting the well-
being of the bog, since only a very small proportion of plants is ever
attacked, but the fruit-rot phase occasionally assumes serious propor-
tions. The disease has never been known to break cut over an
extensive area, but is confined to small bogs or to certain parts
of larger bogs where the environment apparently favors its
development.

The fungus causing the disease overwinters in the form of
sclerotia in mummied berries. (PL 2, A, B, D, and pl. 3, L, M, N.)
In the spring at about the time cranberry vines start growing the
sclerotin give rise to the sporulating form, which carries the infec-
tion to the current season’s growth. "The first symptom of the disease
to be observed on the plants is the blighting of arowing tips just
befure the blossoming period. (PL 1, A, B.) ~ Affected tips wilt, dry
up, turn brov, and while still attached to the vines are bent into
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characteristic shapes by the development of lateral swollen areas
along the dead stems. " The swollen portions soon become covered
with grayish powdery masses of spores, which serve to infect the
fruit.

Berry infection takes place during the blossoming pericd. Dis-
eased berries appear to grow normally throughout the summer,
showing na external evidence of the fungus, although a white cot-
tony mass of mycelium is developing about the seed, as may be
readily seen upon cutting an infected berry. The rot begins to
develop actively as the berries approach maturity. Instead of col-
oring up naturslly, diseased berries becone o more or less yellowish-
white color, and instead of becoming softened. as in the cuse of most
other fungous rots, the tissues remain rather firm and leuthery, and
the intevior of the berry is densely packed with the white cottony
fungous growth. The appenrance of diseased berries at this stage
is well marked and easily recognized when once seen. (Pl 3, E-N.)
Later in the season the berries shrivel somewhat, harden, and finally
Leconte mummified.

MINOR IMPORTANCE OF FIELD DISEASES CAUSED BY FUNGI

The diseases already discussed are field diseases and may fairly
be classed as minor troubles. That is, while they are sometimes
locally serious and often conspicuous, they have never been kuown
to asswine great commercial importance, "It is doubtful if, all to-
gether, they have during any one vear reduced the cranberry erop
of the United States by 2 per cent,

In general, there are no cranberry diseases that cause serious in-
jury to the plant {as distinguished from the flower and fruit} except
false blosson: and injuries from flooding and frost® This may be
due in purt to the fact that the cranberry accupies a position almost
unique in the horticulture of the United States: that is, it is a native
plant grown chiefly within its natural range and one which has never
as vet been influenced by artificial crossing or, so far as is known,
affected by fungi r'econtfy introduced from outside.

CRANBERRY FRUIT ROTS

From a commercial standpoint the chief problem in the control
of fungous diseases of the cranberry is that of fruit rots. To the
solution of this problem most of the study of cranberry diseases has
been directed. It is only fair to add that, while material progress
has been mude both in knowledge of the diseases and in improved
commercial practices, further study and experiment in this field
should continue to yield valuable results.

Common names have frequently been used in the literature to
designate the rots caused by specific fungi. For convenience. the
nimes of these rots and their respective causal organisms ure listed

2UPhe dlwetse known ns false Lless<otn s well kpown ta be of VOry greial eniuperels ] ime
portanee. Thin dlsonse iy not envaed Uy p fungus and s nat divcussed I (his bulletln,
Informatlon cognrding it Iy vontained In Circuinr 147 176). EnJury to the cranhierry plant
crused by Bouditme waler is buportant and ig belng actively fovestizpted (91, Frose injury
hgs long boey Terpzntzdd us on lmportant cranberry probiem, and the menay of its conrrol
amd the methods of foreensting are too Blehiy developed to pormit even g brief outiine
hepe,  The work of Cox (0 o (e colatlon Detween annding and temperature 1y elassle,
wnid Hie stmelies of Feagklin 124) $n melhods of forecasting minlmun teopersture on
vranbecry bogs constitute an putstnnidlng nebbeyement,
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here End rot, eansed by Godronia cassandrae; early rot, by Grulgnar-
dia vaccines; bitter rot, by Glomerelia cingulata vaceinii; bloteh rot,
by dcanthorhyncus vaceinii; frait rot, by LDieporthe vaceinii; and
black rot, by Ceuthospora lunata. Three rots of this group {early,
bitter, and blotch rots) characteristically develop early in the storage
season or even in the fleld and consequently are sometimes referred
to by the collective term “ early rots.” It should be pointed out, how-
ever, that externally most of these rots are so similar that it is impos-
sible to distinguish them without making artificial coltures from the
spoiled berries and identifying the fungi that develop in the cul-
tures. The junilor writers have examined more than 25400 such
cultures within the last 17 years. By this menns knowledge of the
distribution and relative abundance” of the various fruit vots bas
heen greatly increased. In discussing their control, however, it is
obvinusly desirable to treat the storage rots as a group.

The estimute mude 10 years ago that the annual loss from frnit
rot averages at least 25 per cent {63) of the total crop is probably as
accurate as can be made. A large part of this rof, practically all
except that in New Jersey, occurs after the berries are picked.

From an economie standpoint the storage rots fall into two distinet
classes—those that develop in the grower's warehouse and those that
develop after the berries are shipped. Cranberries are cleaned just
befure they ure shipped. Owing to the great efficiency of cranberry-
cleaning methods, most of the berries which spoil in warehouses are
removed before shipment, this loss being taken directly by the <hip-
pers.  Much more serious, however, from every standpoint. is the
rot that develops in berries in fransit and on the market.

Berries that rot completely in the field merely veduee the erop;
rotx that oceur while the crop is still in the grower’s hands also re-
duce the crop amnd increase the cost of cleaning; rots that occur
after shipping necessitate the further charges of package, freight.
rejections, adjustmients, remilling, and, most serious of all, the dis-
astrous ffect on the demand.

The control of fruit rots ix a comprehensive problem involving
many of the cultural and handiing practices. Since these practices
are already specialized in the different growing regions. largely in
response to differences in climatic and other conditions, and sinee
climatic conditions often place a sharp limitation on the extent to
which such practices can Tie modified, 1t must be clearly understood
af the outset that many of the methods discussed below are not of
equal value in all seetions of the country, but need to be modified in
accordunce with lecal conditions,

DIFFERENCES TN THE CRANBERRY-GROWING REGIONS WHICH ARE OF SIGNIFI-
CANCE IN THE CONTROL OF CRANEERRY DISEASLES

CLIMATIC DIFFERENCES

The chief climatic differences in the cranberry regions of the
United States have atready been pointed ont. Obviously, differences
such as these not only cause marked differences in the disesse prob-
lems but influence the control miethods which are practicable and
profitable, The differences in simmer temperatures and rainfuil have
been diseussed.  Among other factors of great nportance in disease

4
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control may be nientioned the very high rainfull in Washington and
Oregon during October. In case the winter rains set in before the
cranberties are harvested, they may have a marked and disastrous
effect. A rainy harvest period apparently outweighs all other fac-
tors in determining the amount of rot which will oceur in storage,
On the other hand, the October rainfall in Wisconsin is markec%ly
lighter than that of any other cranberry region, and if the latter half
of September is also relatively dry it'is possible to rake berries on
water and dry them out of doors. This has been tried in other cran-
berry-growing regions, but has been found to promote the develop-
ment of rots to & prohibitive degree.

Somewhat less obvious but nevertheless of great importance in
the matter of disease control is the difference in winter temperatures,
The boiz)soils even when nof protected by water never freeze deeply
on the Pacific coast. Soils in dry bogs In Massachusetts almost in-
variably freeze, but by far the gresfer number of large bogs are
submerged during the winter period, and the soil rarely freezes
under water. The same observations apply to New Jersey. In
Wisconsin, on the other hand, bog soils nearly always freeze under
the winter flowage, 2nd often so deeply that special handling is
necessary to draw the frost out of the ground early enough to permit
the vines to start growing at the proper season. %‘0 accomplish this
the water is removed early in the spring, and if by the middle of
May it appears that the ground is not thawing rapidly enough, the
water is raised again until well over the bog surface or sometimes
completely submerging the vines, and is held until all frost has
disappeared from the soil.

DiIFFERENCeS 1N CrLTeRAL CONDITIONS

Few bogs in Oregon and Washington are provided with winter
flowage. Wisconsin has no dry bogs. In New Jersey and Massa-
chusetts the better bogs are submerged during the winter, but there
are some small bogs, especially in Massachusetts, which frequently
bear good crops without any winter protection.

Among other cultural differences may be noted the fact that in
Mussachusetts practically all of the bogs are sanded when planted
and are frequently resanded. In New Jersey bogs are usually
planted without send, but some of them have been resanded. In
Wisconsin bogs are, with a few exceptions, planted without sand,
bat some have been resanded. Oregon and Washington bogs are all
planted with sand but have never been resanded.

VaAnIETAL DIFFERENCES

Approximately 50 per cent (6) of the cranberry crop of Massa-
chusetts is of the variety Early Black and 85 per cent of the Howes
variety. The New Jersey crop is about 30 per cent Howes (8),
somewhst less than 30 per cent “ native Jerseys,” and about 20 per
cent Barly Black. In Wisconsin about 50 per cent of the acreage
{5} is in native berries, about 17 per cent in McIFarlin, and about
12 per cent in Searls and Bennett.” Tn Washington and Oregon (4}
the Melarlin is by far the most important variety.

GG IB - 31— =4
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DrFErExceEs 15 Mankerixe Ponwey

Partly as a result of the differences in varieties just noted, certain
differences jn marketing policy have arisen which are of importance
in relation to disease. During the early part of September ship-
ments of ‘ranberries to points througheut the country consist almost
exclusively of the variety Early Black from Massachusetts and New
Jersey. These berries are thus often subjected to high temperalures
Quring shipment. The late markets throughout the country are sup-
plied with cranberries of the Howes variety, also grown chiefly in
Mussachusetts and New Jersey.

I contrast to this is the situation in Wisconsin, where the berries
ave all marketed within a few weeks preceding Thanksgiving and
lnrgely in the central and north-central parts of the United States.
Cranborries from Oregon and Washington are marketed largely in
the Pacific Coast States.

i CONTROL MEASURES

It has been pointed out that the various cranberry-growing regions
differ so widely in certain respects that control measures vatuable in
one place may be unprofitable elsewhere. A somewhat comparable
conclition exists as regards the crops of different years in the same
cection.  In certain seasons the keeping quality of the erop is so good
that the berries will withstand careless handling and yet reach the
market in salable condition, whereas in other years the Derries are
inherently so weak that they give trouble even if handled with con-
sicerable care. This complicates practical control in two ways. For
rrowers to sustain losses from fruit rots in spite of care in handling
tendls to discourngement and to diseredit careful handiing methods.
On the other hand, when creps are marketed advantageously in spite
of lack of care in handling. the condition tends to encourage care-
lossness. This is pavticularly true after a series of crops of high
keeping (uality. The control measures recommiended below have
been found generally useful, particularly in seasons when the keep-
ing quality is below normal.

SPRAYING

As might be expected from the fact that field rots are common in
New Jersey and on Long Island, but not elsewhere, it is in New
Jersey thaf spraying has been found to be most profitable, On the
other hand, while it has been proved that spraying usually improves
the lkeeping quality of cranberries in Massachusetts, it is very doubt-
ful whether there s sufficient bencfit to warrant the cost of spraying.
In Wisconsin. as in Oregon and Washington, the keeping quality of
the crop is 50 strongly influenced by weather conditions and handling
methods that any benefit from spraying is apt to be obscured hy
other factors.

In the case of spraying, as in many other bhog practices, it rests
with the individual grower to decide on the basis of his own exper:-
ence and that of neighboring growers as to whether a given practice
is profitable for him.  Where early rot is common, however, spraying
is apparently a necessity.

Experiments condueted by the United States Department of Agri-
eulture (39, 61) and also the experieucs of various growers huve
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tletuonstrated that field rots can be satisfactorily prevented and stor-
age rots reduced by thorough spraying with 4-4-14-50 soap-Bor-
deanx mixture. This mixture should be prepared as follows:

Copper sulphate (blus vitriol or bluestone) .______.___ pounds.. 4
Fresh stone lme._.________ PR > ) N |
Water e __ ——-gullons__ 50
Commerclal fish-eil soap.____ - pound__ 1,

The soap should be dissolved in sbout 10 gallons of water and
added after the lime and bluestone have been mixed. Commercial
hysdrated lime may be substituted for stone lime in the above for-
muli provided it 3s fresh and dry, of a floury consistency, entirely
frec from lumps, and if 6 pounds instead of 4 pounds are used.
The soap has been found necessary in order to cause the mixture
to spreail and adhere to the glossy surface of the cranberry fruit
and foliage. Where early rot is serious, at least four applications
of Bordeaux mixture should be made during the season, 150 to 200
gallons heing used to the acre. The first application should be mule
Just before the flowers begin to open, the second when the blossoms
begin to fell, the third two weeks later, and in severe cases a fourth
not later than August 15, as later applications are likely to produce
a staining of the 'Ifruit which may not be washed off before picking.

Bos MaxsgEMENT
LAIE HOLDING OF WINTER FLOWAGE

Aldthough no controlled experiments have been made on the rela-
tion between the amount of fruit rot and late holding of winter
fllowage, such a relation seems to be fairly well established for Massa-
chusetts. In that region it is usual to remove the winter-flowage
water during April. In bogs planted to early varieties which are
subject to early rots marked improvement in, keeping quality often
follows holding the winter-flowage water as late as May 15 or even
June 1, one or sometimes two vears out of threc. These observa-
tions apply merely to Massachusetts, and the method should not be
tried clsewhere without great caution.

FERTILIZER

It scems to be established that on certain soils now planted to
cranberries the addition of fertilizer is necessary to produce a sutis-
factory yield (7). ‘The careful studies of Franklin during the years
1911 to 1919, howerver, indicate that on soils which are already pro-
ducing a fair commercial crop, fertilizer should Le applied with srreal.
cavntion because of the possible increase in_rot which may follow
its use.

Franklin's results are given in detail in the reports of the Mussa-
chusetts Cranberry Substation for the years 1911 to 1919 and need
not Le repeated here. His conclusions may, however, Le quoted:

The average percentag s of loss in the stornge tests [1916] soem to indicate
that the nitrate of soda impairved the keeping quality of the fruit somowbut,
while ny effeer fn this respeet connecred with the use of aeid phosphinte and
sulphiate of potash is apparent [26, p. 30].

AS the talde shows (22, p, 221, the fruit of the fortilized arens this RLILEND
(117) wns, ns n rale, much inferlor in both quantity and keeping guality to
that of the ehecks, this being especlnly marked with the plobs freated with lime
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nosl with the maximam amoeunt of nitrate of sedr, Considering all the experi-
cnce with these plots since they were starred in 1911, it s the writer's judgment
that, {n general, whatever slight advantage in yield has been guined by the
use of the fertilizers lLas Dbeen balanced by the cost of the trestment, the
deterioration in the quallty of the fruit, and the greater ecost of picking due to
the inereased vine prowth,

Table 19 [.22, p. 137] gives the ylelds of the station fertilizer plots by yeurs
und the total ylelds since they were started. Consldering all che experience
with these plots, it seems that the advantage of any slight increase In yield
that may have bheen caused by the fertilizers has becn mueh more than
imlanced by the cost of the treatment, the deterloration in the quality of the
frult, the greater cost of picking due ¥o the increnszed vine growth, and the
incursion of weeds,

What the writers tuke to be an interesting illustration of the
offect of fertilizer on the amount of rot in a New J ersey bog was
brought out by the storage tests rveported earlier. The New Jersey
Howes (fig. 35) were taken from the same bog each year, This bog
had received a heavy application of fertilizer in the sumnmer of 1926
and a light one in the summer of 1927, No fertilizer was applied in
cither 1928 or 1929.

HAnvesTING METHODS

By {far the greater purt of the cranberry crop is now harvested
with scoops or rakes, slthough some berries are still hand picked,
and more recently harvesting machines using gasoline power have
come into use. The rtesults of experiments and the experience of
growers have thoroughly tanght the valve of harvesting berries dry
and of drying them as promptly as possible if it is necessary to
scoop them while still damp. The practice of harvesting berries on
the waier, however, which has been developed in Wisconsin and is
rapidly increasing in popularity in that State, requires separate
consideration.

WATER RAKING

The method of water raking consists in flooding the bog and
raking off the berries as they float on or near the surface of the
witter. The desirability of water raking has been the subject of
controversy for at least 15 years. The opponents of this method
of picking believe that, in general, water-raked berries show less
satisfactory keeping q}tll:llity than similar berries dry raked. The
proponents of the method believe that the low cost of picking, the
fact that no berries are lost in the process, and the comparatively
slight injury to the vines in harvesting more than outweigh any
increase in storage rot which may follow this practice.

The keeping quality of water-raked berries was made the subject
of o special investigatiop (§0) from 1918 to 1920, and further studies
ire being made by the writers at the present time. It must be
admitted that so far the results of controlled experiments which have
heen made chiefly with the Searls variety have shown that water
raking has led to an increase in the amount of rot as compared with
drv raking. This increase is admittedly greater if the berries are
helw fate in the storage season, and it may reach serious proportions
if the fruit is not dried immediately after it is harvested. Without
sttempting at the present time to settle any of the disputed points,
it may be well to point out certain precautions which arve admitted




FUNGOUS DISEASES OF THE CULTIVATED CRANBERRY 49

by all careful observers to be necessary in the successful handling of
water-rgked berries,

If water raking is undertaken, the berries should be under water
as short & time as possible, should be well colored when harvested,
and should be dried as promptly as possible. Small flooding sections
are a distinct advantage, as the berries under such conditions need
be submerged for only a short time. The cooler the flooding water
the better the chance of successful water raking. Clear spring or
brgok water is preferable to dark-colored swamp water. Intelligent
and conscientious assistants to care for the drying of the berries are
absolutely necessary if water raking is to be successfully practiced.
In packing water-raked eranberries any lots which have dried slowl
because of unfavorable weather or other conditions should be kept
seperate and marked or sold separately.

TEMPERMNTURE AT TIME OF PICKING

As regards the keeping quality of the berries, it would undoubtedly
hie better if cranberries were picked on the cooler days and in the late
afternoon, very hot weather being avoided. The time when cran.
herries are picked, however, is determined chiefly by the practieal
necessity of getting the berries harvested in a relatively short time,

HaxprLinoe Meritoss

The results of carefnl experiments (69) extending over g series of
years agree with the experience of growers that bruising, even rela-
tively slight bruising, increases the umount of rot in a given lot of
berries. The increase is, of course, greater in Lerries of the o-called
“ tender ” varieties and in those lots which are most subject to decay.
Because of the general recognition of this fact by growers, the prac-
tices of handling have been much modified during the last 10 or 15
years. Hand sorting of cranberries on moving belts has almost
ratively replaced the older method of rolling over a wooden screen,
gnr]_sepamting machinery has been modified to reduce njury to

orries.

One very desirable change which the introduction of the method
of sorting cranberries on moving belts has made possible is that the
belts can be run through g small, well-lighted, and comfortably warm
room, where the hand sorters work while the separating machinery
ut one end of the belt and the packing at the other end are both out.
side the room and in much lower temperatures. The berrics are thus
exposed to a relatively high temperature for only a fruction of a
minute and do not become warmed up to any extent in the process.

A general practice, and one tending to reduce the rot following the
bruising incident to sorting, is that of holding cranberries “in the
chafl,” just ns they come from the bog, until time for shipment.

SrorAcE
TEM PERATURR

Storage tests and studies of the tempernture relations of the rot
fungi agree in showing that the higher the teruperature to which
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eranberries are subjected the greater the loss from. deeny. The end-
rot fungus, however, is able to prow somewhat even at 32° F. No
facts are at hand regarding the response of the cranberry to uniform
lew temperatures, i, e., cold storage.

VENTILATION

Experiments given in detail in earlier papers (67, 69) show thut
cranberries may actually be smothered by storage in too-close contain-
crs, especially at high temperatures; algo that partial smothering
may result in increased loss from decay. A general recognition of
these faets has been one factor leading to the adoption of ventilated
ene-huif or one-quarter barrel boxes as the standard shipping pack-
age and to the use of ventilated boxes for storage of the fruit before
it iz cleaned for macket.

BTORAGE: HOURBES

As iy the caze with so many cranberry problems; the construction
of storage houses which will most adequately and economically meet
the conditions indicated in the foregoing paragraphs vary greatly
with local conditions. On the Pacific coust the most cheaply con-
strieted building which will keep out the rain serves admirvably as a
warehouse. In Wisconsin, low temperatures frequently occur be-
fore the berries can be shipped and in the huilding of storehouses
adequate provision must be made agninst freezing. On the other
hand, wince at low temperatuves the respiration of cranberries, as
of other fruits, 1s mnch lower, the need of special provision for ven-
tilation is much less. In New Jersey, on the other hand, low tem-
peratures ocent only very late in the storage season, and little special
provision need be made against freezing, Because of the high tem-
peratures in September and carly October, however, adequate ventila-
tion is of first importance. Even in houses constructed withoué
special provision for ventilation something may be accomplished by
piling the boxes so as to permit as much circulation of air as possible
and by keeping windows and doors open except during heavy rains
or on very hot days,  In Massachuseits, the designing of storehotses
nresents some of the problems of both Wisconsin and New Jersey.
Temperatures duving September are frequently high, necessitating
adequate provision for ventilation. On the other hand, not infre-
quently there are many berries in storage in December, when low
temperatures are frequently encountered, and an adequately insulated
houxe is necessary to prevent freczing.  All things considered, these
needs are best met by a well-constructed house with thick walls but
provided with ventilators which can be opened or closed as tempera-
tures demamnd,

As already noted, a very desirable feature in the construction of
any storebolse is such an mrrangement as will permit the room in
which the hand sorting of berries is done to be walled off from the
storage space itself so that this room may be kept comtortably warm
for work without raising the temperature of the berrics in storage.

MARKETING TIIE CrROP

To an extent probably unequaled by any other fruil or vegetable
crop in the United States; the marketing of the cranberry crop is
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purposefully conlrolled to reduce the losses from decay in transit
and on the market.

For the long-distance shipments to western and southern points
through the warm weather of September the very best berries of the
Early Black variety from Massachusetts and New Jersey are selected.

The large-size &o-cnlled “odd™) varieties, many of which are
known to have poorer keeping quality, are marketed chiefly during
the early part of November, when the approaching Thanksgiving
market guarantees their quick sale. The entire Wisconsin ¢rop, much
of which consists of large-size varieties, is sold at this time. In
zeneral, the poor or doubtful lots are sold on near-by large marlets.
Tho late market is supplied almost exclusively with the Howes,
which is the last important variety to ripen.

At present the decision as to the fitness of a given lot of beyrries for
long shipment is made by local inspectors largely on the basis of the
appewrance of the truit at the time it is pacied and the history of
the bog. These inspectors, who have been chosen for their knowl-
edge of eranberries und their experience in the industry, have made
an enviable record for the successful handling of the problem of
selection. The chief wenkness of the system, as the inspectors and
their associates recognize, is the variation in the keeping quality of
berries from year to year and the lack of any adequate basis of com-
parison of difterent lots of berries or any satisfactory test for pre-
icting their keeping quality. With the purpose of supplying this
lack, experiments have been made to determine the keeping quality
of cranberries by incubator tests. These are fully discussed in
uther publications (73, 74). It may be stated here, however, that, ax
used during the last six or seven years in Massachusetts and Wiscon-
sin, the incubator test scems to indicate the weaker lots of fruit with
a high degree of accuracy.

The canning of eranberries has increased to a considerable extent
during the last few years. The chief importance of this new indus-
try as a meuns of reducing losses by spoilage is in offering a profit-
able outlet for the disposition of fruit of excellent eating quality
which is of poor earrying quality. The advantages of keeping this
weak fruit ofl the fresh-fruit market are obvious.

One modification of earlier marketing practices which is gaining
favor in Massachusetts and seems to be particularly adapted to that
region is to hold any lots of early berries which show rot at picking
time until the sounder lots have been shipped. Several advantages
are claimed for this practice, especially tﬁe fact that it permits the
weaker lots to be shipped during the cocler weather of late fall and
that in many cases all the berries affected with early rot will decay
completely in the storage house, permitting the packing of a much
sounder lot of berries for shipment.

SUMMARY

Sixty-nine species of fungi are reported as occurring on the cran-
berry. Technical deseriptions, supplemented in most cases by illus-
trations, are given for the 38 most common species. The descriptions
are arranged in three groups, viz, important rot fungi (8 specices),
fungi causing diseases of cranberry vines {8 species), and cranberry
fangi of minor importance (24 species). The remaining 81 species,
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which are of infrequent occurrence, are listed as having been found,
respectively, in culfures from berries, roots, and vines, on berries, and
on leaves.

The physiology of the cranberry rot fungi is discussed in some
detail, with special reference to time of infection, dissemination
gcidity relstions, temperature relations, and relative abundance ¢
the fungi in different regions, particularly as affected by climatic
conditions.

Six vine diseases caused by fungi are described, and control meth-
ods are given where these are of proved value.

Reference is made to important cranberry diseases which are of
nonfungous origin.

Cranberry fruit rots, which are shown to develop principally in
storage, are discussed in considerable detail. The relation which
fruit-rot control beurs to gemeral cultural practices in different
regions is emphasized. Control measures for the fruit rofs are con-
sidered under the following headings: Spraying, bog management,
harvesting methods, handling methods, storage, and marketing the
crop.

SYNONYMS FOR NAMES OF HOST PLANTS

The names used in the text {and shown at the left below) are those
given by the person first reporting the fungus. The synonyms given
here are from Standardized Plant Names (7). Those marked “S.
P. N are standard. Those marked “Ag” are adopted by the
United States Department of Agriculture.

Andromeda racemosa
Cazsandra calyculatlo
Leycolhde racemosa
Rhododendron viscosum
Vaccinium brackjeera

Eubotrys racemosa Ag.
Chamacdephne calyculaic 8, P, N.
Eubotrys racemostc Ag.

dzalen viscoze S. P. N.
Qaylussacie brachycera 8. P, N.
Vaeriniam mdorocarion GCzycoceos macrocurpus Ag.
Tacrinittm GTHCOCCHS Ozycoccos polustris Ag.
TVaceinium penngilvanicum= Yaccinium angustifolivm Ag.
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