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Pathologist, Forest Insect and Disease Laboratory, 

Hortheastern Forest Experiment Station, Forest Service, U. 5. 

Department of Agriculture, New Haven, Conn, fhe writer 

expresses her appreciation to Drs. L. B, Wehmeyer and W. W. Diehl 

for advice seaue the nyeloglaa phase of the study; to Mr. L. 

Holm of Uppsala, Sweden, for information about the type material 

of Valsa_kunzei; and to Miss Edith K. Cash for the Latin descriptions. 

Sane variety designated as Valsa kunzei var. kunzei (typical) 

agrees closely with the Latin description of V. kunzei Fr. in 

Sacoardo's Syll. Fung. 1: 139, 1882; also, the variety Cytospora 

kungei var. kungei (typical) corresponds with the Latin description 

of C. kunzei Sace. in Syll. Fung. 3: 270, 1884. 
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Summary.--The species of Cytospora thet is found commonly 

on cankers on various species of spruce, and its related Valsa 

stage, were studied in comparison with species of Cytospora and 

Valsa associated with cankers on other coniferous hosts. Pyenidia 

and perithecia from cankers on Abies balsamea, Pseudotsuga 

menziesii, Larix decidua, Tsuga canadensis, Picea abies, P. pungens, 

Py glauca, P. orientalis, P. rubens, Pinus strobus, and P. 

wallichiana and from cultures on artificial media and sterilized 

twigs were studied microscopically. Pycnidial stromata were 

sich niiy variable on any one host. Characteristics of perithecial 

stromata were more constant and were used for diagnostic purposes. 

The fungus, on all coniferous hosts, corresponded with Valsa 

kunzei, and, on the basis of stromatal variations, three varieties 

and their corresponding pyenidial stages are described: Valsa kwnzei 

var. kunzei var nov., typical, on Abies balsamea, Pseudotsuga 

menziesii, Larix decidua, and TIsuga canadensis; V. kunzgei var. 

piceae var. nov. on Picea abies, P. glauca, P. pungens, P. orientalis, 

and P. rubens; V. kunzei var. superficialis comb. nov. on Pinus 

strobus and P. wallichiane. Cultural characteristics also indicated 

varietal differences. 



yittomimon f 

wx | mid 

wer oe ont wae 

sok af tadd siogzoty) to eefoeqa ell--.\y res 

heteley avi bas ,ooutqe to safeege evottey so etedaso so 

oe 
bmg stogeoty) to aeelvegs dtiw noaitsqaoo af belbute etow ,ogets 

,atacn avorsttacoo tedto no eteinso dtiw betafsosas safsY 
tee te 

sauutobues’ ,seneatad soidA mo atediso sort sinedtixeg Sus 
“eeteeeeatt heme eam serra tn 

woaoerwe .f ,weics aspst .plensbanse saueT 5b Eoeb x iad pitas tsnom 
ee ee ey 

bens, SP See etek One Bi beaflineds bana aAkbon [sft 

eee OPI Oath mano dan Sse rome ian apne ger y herenc WR ie seats 

Die .~aveerte esol .sgoduy Jo .ekisdne pao. 4% psosaly es 
SOS atone shies ania paiement nab Fer ONE eR 

tices oo seetuting mort Ane eansinoil low 
etal 

we [efbinoyl ._ilssicoorsorpin betbuste etew ag ivd 

By citekteyvostens .teod eso yos oo eldainavy ylemeittxe 

oidzofinsih 10% beer stew, bis ¢gretanoo otem etew adamorte 

eeisY ddiw bebsoaastiod steed evosotices [fs mo .avgau't edT 

fernusad ge fs 

Itoivey serd? ysrobtaitevy fstamotts to atesd oft no whos ,fosaue 
semen ee cree nnn 

theditseeb ets aeyete fe tbinaya saitbrogesri0e theme bos 

savetobiort Aomap led 2ekda fo Leoteye ..voH sev fesnud stay 

tay fesord .¥ igiensbanno Aue. has «aubioob xk xia’ citesizesm 
ea rermeeminenn stn Ratna mani: Cave 

wWiistasi¢go 4 
RA he es nn ee comes 

aan, Ko 
re ten mn 

dbateokori coal 

Poe wetter Men 

Brean 2S psousls |. ok «bo tde seotl no vot wie peeks 
ocepeaniee <i vn 1 ame wa Stovieaiaar rete eer one 

Ton .dwoo aiistoliseges .tav fesnia ov pamédus oT bine 
SPIT ae NN ee PR en ET on 

2 softs inotosrsdo IsisdipO Vanetdaltiow t base seeoute 
SRNR Ae EPR” Me OR ENN cme I 

+8 O0KSTS 'Tih tateiisey 

i 
MT 

F 



‘Inoculations with isolates of Valsa kunzei representing 

each of the nrusitionioe swore made on nursery trees of Picea pungens, P. © 

abies, P. glauca, Pseudotsuga menziesii, Abies fraseri, Larix 

decidua, Tsuga canedensis, and Pinus strobus. Positive results 

were obtained only with V. kunzei var, piceae on Picea species and 

in 3 inoculations on Pseudotsuga menziesii. 

lxserinents in sureying SRB spruce trees affected 

with the canker bad in cutting out infected bark indicated that 

the Letter method ii effective, but not practical for controlling 

large cankers. Spraying with Bordeaux failed to give sufficient 

coverage to prevent inpetlon of twigs and eit Unfavorable 

enviroment seems to predispose the various aenkfercus hests to 

infection. Mievefare, the selection of site and of the species 

best adapted to the site is important in eatadli shine plantations 

of the more susceptible conifers. 
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Among the fungi most commonly reported on trunks and 

branches of conifers are species of Cytospora and uwedelated 

perfect forms in the genus Valsa. These species are variously 

listed as occurring on cankers, dead branches or trunks, or 

following dieback by some other cause. Cytospora cankers are 

common on species of spruce in the eastern United States and the 

disease has been under observation by the writer for some years. 

A brief comparative study of isolates of this Cytospore on 

spruce and of an associated species of Valsa, with isolates of 

Cytospora and Valsa from other conifers has been made, to determine 

whether cross infection emong the conifers may occur. Cultural 

‘aedstarl tics and the results of cross inoculations have 

indicated that the isolates studied can be divided into three 

groups which differ only slightly from ane another. These results, 

including a discussion of the identity of the species, and 

experiments on control, are described briefly in this paper. 

Hosts and distribution.--Gilgut (5, 6) reported Cytospora 

kunzei Sace. as the cause of canker on Colorado blue spruce (Picea 

pungens Engelm.) and Norway spruce (P. abies (L.) Karst.) in 

Massachusetts. It was also reported by the writer in 1937 (15) on 

P. pungens from Vermont, Rhode Island, Connecticut, New York, New 

Jersey, Pennsylvania, Merylend, and innesots; on P. abies from 

Rhode Island, New York, Pennsylvania, and Illinois; on P. glauca 

(Moench. ) Voss from Massachusetts; P. rubens Sarg. from Maine; and 

P. orientalis (L.) Link from New York and Pennsylvania. 
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On other conifers, various species of Cytospora heve been 

feported as associated with cankers, but their parasitism has 

been tested on nly @ few hosts. Zentmyer (19) described a new 

‘form of Cytospore cenisia Sacc. (C. cenisia littorialis) as a 

‘pathogen on branches and trunke of Cupressus sempervirens stricta 

‘Ait. in’Calirornia, causing serious injury and death of trees 

weakened by unfavorable environment. Wright (18) reported 

Cytospora abietis Sacc. as the cause of cankers on forest trees of 

Avies concolor (Gord. & Glend.) Lindl. and A. magnifica A. Murr. in 

‘the northern Sierre Nevada, when the trees were weakened by 

‘environmental factors. Baxter (2) found cankers on plentation trees 

of Himalayan pine (Pinus wellichiana A. B. Jackson) in the Saginaw 

Forest, Michigan, on which fruiting bodies of a fungus identified 

as Valsa superficialis Nits. and its Cytospora stage were abundant. 

Girdling cankers at the nodes caused dieback and death of the trees. 

In 1930 a canker was described (1) on European larch (Larix 

decidua M11.) growing in a poor site in a forest reservation in 

Saratoga County, New York. From cankers on these trees collected 

by the writer in 1936, and from European larches in other localities 

in New York, Massachusetts, and Pennsylvania, a species of Cytospora 

and an associated Valsa were isolated and studied. 
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From oankers, or branches killed by girdling cankers, 

on ornamental, plantation, or forest trees, species of Valsa 

and cuheeners were isolated and. studied pgs Pseudoteuge 

moni eeii Gite.) Franco in mae Hampshire, Fornant, ilassechusetts, 

Penneylvanie, and Washington; Abies balsanea ei) Mill. in Maine 

nad, Vermont Tenge canadensis (ue) carr. in New Hampshire and 

Connestiouts Pinus strobvs kes in nine, Bomneatt.ouk, New York, 

and Virginias P wallichiana in Maryland; Picea. abies in 

Hassechasot ts and Gonnesti.outs Ps glauca pm Connecticut; P. 

orientalis in Connecticut ant Penny AOE 63: Ps pungens in 

Gomnectiout, New York, and Now dag and P, rubens in Maine 

and New Hanpehire. 
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Synptoms.~-Tho disease symptoms on the several hosts 

included in the study, varied slightly as follows: 

"Spruce, ==0n blue, white, and oriental spruces, the cankers 

oceur prinei pelly on the lower ‘branches, frequently starting - 

dl ‘the base ‘of & small haiabes “If a branch becomes girdled by 

a canker, oun causes brown “Plage.” The disease progresses: 

slowly ane. trees are rarely killed, though seriously disfi sured. 

On red ‘ond Horry spruces, trunk cankers are more common than 

brench conkers, yer the death of entire trees may result, Excessive 

nani arpa is charmeteriatia of infection on all spruces, and 

indicates the locus of infection. Superficially, the fruiting © 

bodies of, the fungus and the limits of the cankered areas-are not 

evident. When the resin and outer bark are peeieg off, the brown 

discoloration of the infected inner bark and cambium is port sos is 

end the small black Cytospora pycnidia are visible with a& hand pa 

particularly at the outer margins of the resinous areas In moi at 

Snel) black. erumpent bdsktina wetini. tt Me Sea on 

branches that have been killed recently by girdling cankers, or on 

old cankers associated with the Cytospora, as reported by Marsden (12); 
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» Buropean laroh.--“oth branch and stem cankers ere found on 

European laroh, and serious injury or death of young trees may 

result. The, area of infeotion is more clearly defined than on 

spruce. The bark.of young branch or trunk» cankers is: slightly 

. depressed.and is smoother then that of healthy portions. The 

margins of the cankers gredually become raised, the bark crecks, 

and. aallus.is formed. .Qlder brench cankers have heevily callused 

margins and may become.hypertrophied by excessive callus growth. 

Resin flow is not ae. excessive as on spruce, but is conspicuous, 

particularly on the smooth bark near the margins of the canker. 

Douglas fir.--Young branch and trunk cankers develop slowly 

and are more or lese depressed with smooth bark, gradually becoming 

oracked and callused at the margins. Cytospora fruiting bodies 

form.as gmeall erumpent pustules scattered over the infected areas. 

Infected trees ere disfigured, but usually are not killed, unless 

infection is accompanied by unfavorable growing conditions. Resin 

flow is not excessive, but an older cankers a thin deposit of resin 

may cover most of the bark. A species of Valsa is found on dead 

brenches that have been killed by girdling cankers. 
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Balseh fit.--Branch or trunk cankers are slightly depressed 

with eallused margins and thin scattered spots of resin, Fruiting 

bodies of Cytoepora ‘are commonly noticeeble es erumpent pustules, 

with’ sport tendrils exuding in moist weather. A Species of Valsa may 

pe féund on small twigs killed by developing cankers or in the bark 

of dead branches. Trees weakened by unfavorable site or other 

oir bitheabar*radtire “been to be particularly subject to infection 

and the death of infected trees may result from injury by a 

combination of such factors. 

Rastern Kemlock.=-Both branch and trumk cankers resemble those 

on Douglas fir, but resin flow ig usually more excessive. On large 

carkers resin may ¢over the bark and drip onto the lower branches 

or flow down the trunk. The bark of the cankers is smooth, depressed, 

cracked at the margins With callus. Cankers with numerous Cytospora 

fruiting Bodies frequently develop around branch stubs left fron 

pruning." A'species of Valsa is found on dead bratiches. The disease ~ 

is rarely extensive or serious except on pruned trees in hedge rows. — 
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Eastern white pine.--Branch or trunk eankers are relatively 

inconspicuous, with little or no resin flow. The bark of the 

infected’ area is smooth, reddish-brown, slightly raised at the 

margin, sometimes with callus. Cytospora fruiting bodies are 

moderately abundant on the cankers, and also may be found among 

the conspicuous pustules:of the Valsa stage on dead lateral twigs 

and branches. Infection seems to occur only on trees weakened by 

other factors,’ and the fungus itself rarely causes, extensive injury. 

ve “Hinalayen pine.--Branch eankers are small and inconspicuous 

with ay tak ovacked and gallused at the margin. Trunk cankers 

usually occur at a node, at first with smooth slightly devressed 

bark; in older cankers the bark becomes cracked and flaky, with 

gome gallus at the margins. Dieback or death of young trees may 

result from trunk infection. Small erumpent Cytospora fruiting 

bodies are moderately abundant on the young cankers and conspicuous 

pustules of the Valsa stage occur on older cankers and dead branches. 

Identity of the species of Valsa and Cytospora.--In attempting 

to identify the fungi isolated from the various conifers, and to. 

‘determine their possible relation to one another, it was found that 

“the morphological characters of the Cytospora stage were not 

sufficiently distinctive to indicate thet mc..@ than one species was 

involved. The'size of the stromata and the size and number of the 

-pyenidial locules in a stroma varied over a wide range on any one 

host. When compared with similar renges on other hosts, the differences 

were too slight to be considered as species distinctions. 
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Moreover, the size and the shape of the conidia were. 

similer in the pycnidia on all hosts. On certain hosts, 

particularly beleam fir and white pine, pycnidial stromata that 

had formed: near perithecial stromata were outlined in the cortex 

by a dark marginal line which delimited the perithecial stromata. 

This manginel line, however, was usually indistinct or lacking 

when the pycnidial stromata oceurred alone. The perithecial 

stromata on the coniferous hosts showed certain distinctive and 

more constant characters and were used in a conparative 

morphological study. 

| “Moraden (11) reported the isolation of a velae, from cankers 

on “Phoea abies and P _pangons, which was identified by Wehmeyer as 

Valea ieonzet (Fr.) Fr, The peritheoial stromata in the collections 

fron the various coniferous ithabigg in this study were atta 

closely vee hh @ Phin 

four other species of Valsa have been reported in the United 

States on one or more of these hosts: V. abietis Fr., V. curreyi 

Nite., V. pini Alb. & Schw. ex Fr., and V. superficialis Nits. Of 

these, only V. superficialis, reported on Pinus strubus and 

P. wallichiana, seemed to correspond with any of the isolates studied. 

Sections of the perithecial stromata from all the hosts showed that 

the perithecia were surrounded by stromatic tissues and that 2 more 

or less pronounced dark marginal zone of tissue delimited the size 

of the stroma. 
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This development.of stroma and marginal zone is characteristic 

of the, Valsa subgenus Leucostoma Nits. (12) which includes V. kunzei Re Se MERE RRYA — Sl tae 

and V. superficialis. Von Hohnel (7) described Leucostoma. as a 

genus separate from Valea, on the basis of stromal development. 

Wehmeyer (17) also considered Leucostoma as a genus. with perithecia 

surrounded by stromatic tissue which has a delimiting zone line. 

However, the writer has retained the genus name Valsa, until such 

time as the relation between it and Leucostoma is more definitely 

established. 

» The asei.and ascospores on all hosts studied were similar 

and corresponded in form, and size range from those described for 

Valsa kimzei and V. Aupeethatehe ss The number of peresanene in a 

apenas and be. shape i size of the th A aa stromata alec 

were comparatively uniform, but ‘showed ne variations emong the 

different hosts as well as ‘among various aellecticis: Pron ‘the same 

Bio 
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In Abies balsamea, Pseudotsuga menziesii, Larix decidua, 

and Tsuga canadensis, the marginal zone line develops before the 

peritheoiea become mature, and arises in the A vilb vivetik layers of 

the periderm.’ In a vertical section through the perithecial stromata, 

‘this bldck line is visible with a hand lens, and is conspicuous in 

a microtome section (Fig. 1). The periderm is split by the 

developing stroma, and the innermost periderm cells become a part 

of the gone line which curves closely around the bases of the 

perithecia. The zone line may extend through the periderm for some 

distance between the separate stromata, curving inward to border a 

series of several peritheoial or pycnidial stromata. 

‘Around the nerd santa, the stromatic tissue includes portions 

of the decomposing bark prs ge but develops datwnrd into a compact 

iesil waeulee stroma that soon becomes penetrated by the necks and 

the ostioles of the perithecia. Superficially this stromatic tissue 

may be noticeable as a greyish-white dise. This form of perithecial 

stroma corresponds with that of Valsa kunzei described by Wehmeyer (16) 

on Thuja plicata Don. 
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This fungus was originally described by Fries (9) as 

‘Sphaeria kunzei “in cortice Abietis frequens." He referred to 

a specimen of it, mumber 153 in the exsiccati of Schmidt and 

Kunze (13), designated as Sphaeria pini Alb. and Sehw. pini, 

on bark of Pinus picea, which is now known as Abies alba Mill. 

In another reference (3), he stated that the fungus occurred 

*sntewnios Pini piceaé; etiam in Abiete," indicating that he had 

found it-on both A, alba and Picea abies. In 1849 Fries (4) 

transferred S. kunzei to his genus Valsa, as V. kunzei. In the 

present study, the fungus wey balsamea seemed to correspond 

with the deseription of the type specimen of V. kunzei. Therefore, 

the fungus in the collections from A, balsamea, Pseudotsuga 

menziesii, Larix decidua, and Tsuga canadensis, from New England, 

is designated as typical of V. kunzei. 
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On species’ of Picea (P. abies, P. glaves, P. pungens ) 

the delimiting ‘gone line is relatively indefinite and inconspicuous, 

and frequently forms as en irregular broken band of tissue in the 

cortex slightly below the perithecia when they are fully mature 

(Fig. 2). Because of its variability, the sone line sometimes is 

not noticeablé except by microscopic examination of microtome 

sections. The area between the zone line,and the bases of the 

perithecia is filled with decomposed cells of the innermost layer 

of the peériderm and closely matted mycelium in and around. the 

cortex celle. Stromatic tissue surrounds the upper portion of the 

perithecia, and through it the long perithecial necks penetrate to 

the bark surface. The cushion-like stromata rarely protrude 

conspicuously above the flaky bark, but sometimes they forma __ 

superficial greyish disd with numerous ostioles. Although this form 

of stroma ‘varies slightly fran that on Abies balsamea and other 

hosts, the differences do not seem to be sufficient for designating 

the fungus as & separate species of Valsa., The fungus is therefore 

considered to be a variety of Valsa kunzei on Picea abies, P. pungens, 

CPS glauca, P, orientalis, and. P, rubens, in. the collections studied 

from New England, New York, New Jersey, Pennsylvania, Maryland, and 

Tllinois. ~ 
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On Pinus strobus and P. wallichiana, the marginal zone is 

conspicuous but is usually located irregularly in the cortex some 

distance below the bases of the perithecia (Figs 3). ° Although it 

is first formed in the periderm, it curves deeply into the cortex 

as, an unbroken line, and the perithecia are formed in the outer 

cortex... The zone line may extend through the cortex for some 

distance, bordering the a enena ke of several clusters of. perithecia. 

“ danae stronatic tissue develops around the pereeigee and the 

oe eee See It 1a panels orumpent with a euperficial 

yellowish~srey dise which bepemes ano Sn ASL ONS, when penetrated 

nc the slender protruding necks of the numerous per hacia. A 

compari son with the perithecia on the other coniferous hosts failed 

to ae any Shedstore of specitie significance. The descriptions 

of Valse superficialis (8, 16) indicate: that the fungus in the 

collections on Pinus. strobus and P) wallichiana in this study 

corresponds with that species. However, the location of the © 

marginal line in the cortex is the characteristic by which the 

stromata in these collections differsfrom those on the other 

cont ferous hosts studied. Therefore, this fungus also is similar 

to Valsa kunzei and has been considered as a variety of the species 

in collections from New Engiend, New York, Maryland, and Virginia. 
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It,is evident, therefore, that there is considerable 

similarity in the development of the stromata on the various 

hosts. However, slight dicrerennas indicate the three types of 

stromal development are involved which are used as the basis 

for distinguishing three varieties of the species Valsa kunzei 

as follows: ... 

1) Valea kunzei var. kunzei var. nov. (typical )*.--Syn: 

Sphaeria pini ¢ pini Schm, & Kunz. Deuts. Schwammé 7:1-6. No. 153. 

eo | 
Sphaeria kunzei Fr. In Kunz. & Sohm., Myk. Hefte 2: 45, 1825; also 

Syst. Myc, 2% $89. 1625, 

Valsa kunzei Fr. Summa Veg. Scend,, pe 411, 1849. 

syobaae medium to large, scattered, pustulate, with circular 

greyish disc sometimes inconspicuous, penetrated by small black 

ostioles; perithecia nunerous, oval, with long converging necks, 

surrounded by strometic tissue, sometimes with decomposed bark 

oells in the stroma; wide dark marginal band of tissue limiting 

the size of the stroma, and separating it from the cortex, curving 

closely around the bases of the perithecia, sometimes bordering 

several clusters of perithecia; asci narrow, elavate, sessile, 8=spored, 

24450 5 x 4-5)\3 ascosproes eylindric, curved, hyaline, continuous, 

5=9 x le 5 pe 
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‘Pyonidial stage: Cytospora kunzei var. kunzei var. nov. 

»» (typical).3 . Syn. Cytospora kunzei ‘Sacc., Syll. Pung. 39 °270..": 

01 884. » Stromata conoid, solitary or grouped, 143 mu. at the base, 

» yellowish grey or dark grey disc at the top usually conspicuous, 

‘( with ‘one wentral opening; multilocular, pyonidial locules irregular. 

in ‘size and ‘shape, more or less radielly arranged; dense hynenial 

 leyer ‘of filamentous conidiophoress; conidia continuous, hyaline, 

curved, 46 x As nerrow dark marginal band of tissue delimiting 

pytnidial stromata that are scattered among perithecial stromata; 

indistinet or lacking when pyonidial stromata occur alone, 

On Abies balsamea, Pseudotsuga menziessi, Larix decidus, 

Tauga canadensis, from collections in New England. — 

SS 

2) Velse unos ver. pieeae ver. nov. , Stronate oes a 

pita vel acerecste, diene ciroulari fusco-griseo rare : 

phoebe ye ol ontielis magni s atris oaesri tosis perforato pracditas 

yerkneate munerota, ovelia vel compressa, oollis longis 

“convergentibus 1 ‘munite, stronate evdevoluto plerunque myoelio laxe 

“Antertexto e et cellulis cortiois disintegranti bus composite, circum 

Yee peritheeiorum densiori, elnetas aant narginali fuses anna te 

pr ed bases perithectorun, interdum ‘ee itane et indefinite, 

yr sever. Sym in gertice. ‘eens, asci ancusti oclavati sessiles 

octospori EAnSOn x 4-5)3 ascosporae cylindracae curvatae hyalinae 

continuae ee 1.5p3 asci ascosporaeque varietatae typicae similes. 
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Status pyonidichs: Cytospora kuizei var, piteas var. ‘nov. : 

Stromeata late conoidea, basi 3-4 mi, lata, disco fusco-griséo apice 

oré uno centrali aperienti praedita; multilocularii lockli pyenidici 

magnitudine formaque variebiles laébyrinthiformes plus minusve rediatim 

dispositi; strato hymeniali dénso conidiophororum filamentosorum 

vestiti; conidia eontinud, hyaline, ourveta, “a~6y'x Ups teenie texturae 

marginal? aneuste fusca stromatem limitanti in corticée infra loculos 

pyonidicés intimos interdum evolute, plerumque intermittent et 

indefinita. A verietate typice: stronatibus latioribus et taenia 

marginali irregulari indefinite differt. ~ 

wise Rane, solitary or grouped, circular greyish disc 

rarely prominent, ostioles large, black clustered; perithecia numerous, 

oval, or flattened by crowding, with lone converging necks} surrounded 

by poorly developed stroma, usually composed of loosely matted 

mycelium and decomposing bark cells; merging into denser stromal tissue 

around perithecial necks; narrow iui marginel band of stromatic tissue 

developed irregularly in the cortex sl guiies below shin bases of the 

pink viata: scouts sense and poorly defined; asci narrow, 

clavate, sessile, 8=spored, 24=80 px 4—Bix3 ascospores cylindric, 

curved, hyaline, continuous, iil li 1.5)5 asoi and ascospores 

resembling those of the type variety. 
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Pyenidiel stage: Cytospore kunzei var. piceas ver. NOV. ¢ 

Stromata broadly conoid, 3-4 mn. at the base, dark grey disc at 

the top with one central opening; sa sagighaan cassie chikaasana locules 

irregular in ‘tice and shape, latyrinthiform, more or lens radially 

arrengedi dense hymeni.e) layer of filamentous ; condi ophores; ouaiate 

continuous, | doeldue,: curved, 4-6)+ x los narrow aaels inal gine band 

of tissue delimiting stroma . ooeasionally devel oping irregularly in 

the vortex slightly below hie ‘Awnornens pyenidial locules, usually 

intermittent and poorly defined. Variety differs from the type 

variety in the. broader ‘atranata and the poorly defined irreguler 

marginal | bend of dgsue. 

os Picea abies, P Me tp + pungens, P. orientalis, 

P. subenss fron collections in al England, New York, New Jersey, 

and Wanevi venta, 

ibaa of Laddhbende one and pyonidial stages on Picea 

glauca, Morris, tay, have been’ deposited in the ational “Fungus 

Coltections, Beltevilie, Marylands 
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5) Valsa kunzei var. superficialis comb. nov., Syn.: Valsa 

superficialis Wits. Pyren, Germ. p. 232. 1870. 

Stronate large, solitary or confluent, circular yellowish- 

Histo dine around Syanpen’ ostioles which are large, black, and 

olustereds perithecia numerous, oval or flattened by crowding, with 

long necks surrounded by dense stromatic tissue; narrow dark continuous 

irregular marginal band of tissue forming at first in the deka, but: 

aurvine deeply into the cortex below the perithecia, frequently 

bordering the stromata of several clusters of perithecia; tissue between 

marginal line and bases of perithecia composed of mycelium and decomposing 

bark cells; asci and ascospores as in type varioty. 

Pyontatit shaun Cytospora kunzei var. superficialis comb. 

nove Sym. t Gytoapore rat all lage HBhn. Mitt. Bat Tech. Hochsch. 

Wien 5s 5915. 1928, 

Stromata broadly conoid, 4<6 mm. at the base, yellowish<grey 

dise at the top usually conspicuous, with one central opening; 

multilocular, pycnidial locules irregular in size and shape, 

labyrinthiforms dense hymenial layer of filamentous conidiophores; 

conidia gontinuous, hyaline, curved, bid it: Lis narrow black marginal 

band of tissue in the cortex delimiting the pyenidial stromata frequently 

present, particularly when perithecial and pyenidial stromata occur in 

proximity. 

On Pinus strobus and P. wallichiana from collections in 

New England, New York, Maryland, Virginia, and Michigan. 
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Cultural study.--Isolates for the study of the cultural. 

characteristics of the Valsa and Cytospora stages on thelmsts given 

in table 1.were grown on ager medium and on sterilized twigs of the 

host speciesor a closely. related species. In.certain collections 

of the Valsa. stage, the ascospores could not be readily separated from 

one,.another for monospeore.cultures. therefore, from 411 Valse 

collections, asci in a water suspension were cultured on ager plates 

and .monoasci containing germinating ascospores were then isolated. 

From. the Cytospora stage in the various collections, isolations 

were. from monospores._ All isolates produced mature pycnidia of the 

Cytospora stage on ps Ml ih, tp partion te When grown on _ 

Leonien's, nutrient medium (10) the mycelium and p yenidia showed 

distinet and constant characters according to the hosts of the original 

isolates, These distinctions were not so clearly defined or constant 

on malt or potato dextrose media. The cultures from the. monoascu 

Nalsa isolates resembled closely the monospore Cytospora cultures from 

the same collection... jwhen only the Valsa_or the Cytospora stage was 

present, in.a collection, the isolates were carefully studied to 

determine whether all isolates from a host were identical in growth 

eharacters. 
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Small blocks of mycelium and pycnidia of selected isolates 

were transferred to sterilized twigs in flesks. The fruiting 

bodies that were developed on the twigs were much more stromatic and 

more ‘variable than those produced in nature. Frequently a dense 

growth of superificial mycelium or a superficial stromatic mass 

formed around the ostioles. From a comparative series of agar 

cultures and of twig cultures, the isolates were grouped into three 

types, ‘representing the three varieties of Valsa kunzei. 

| 19 Valea kunzei ver kunzei. All isolates from Abies balsamea, 

Larix endive: Paeuditnach methiontl, and Tauga canadensis. On 

Laadant sé nutrient medium: mycelium white or cream colored, appressed 

to sltghtly fluffy, pyentdial HirabAR Wikis ke cray or black with 

white hyphae at the top; relatively small and fairly numerous, cream 

or yellowish spore tendrils axidig. No perithecia formed in cultures. 

On sterilized twice of the viehastive hestes white superficial 

myceliums small erumpent pyenidial stromata and numerous stromatic 

perithecia; black marginal zone line formed closely below both 

pyenidial and perithecial stromata. 
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2) Valse kunzei var. piceae.=--All isolates from species of 

Picea, On Leoniean's nutrient medium: mycelium at first white or 

eream colored, darkening to tawny or brown, appressed forming a 

dense mats; pycnidial stromata at first olivaceous darkening to 

brownish black; rare but very large and stromatic; cream or amber 

colored spore tendrils exuding. No perithecia formed in cultures. 

On. sterilized twigs of Picea abies: yaythée nyebliue scanty or 

lacking on bark of twigs; large erumpent stromatic pycnidia with 

dense brown nycelium around ostioles. No perithecial stromata 

formed. A dark brown or black marginal zone line was formed 

occasionally slightly below the pycnidial stroma. 

3) Valse kunzei var. superficialis.--All isolates from Pinus 

strobus and Pinus wallichiana. On Leonian's nutrient medium: . 

mycelium white but appressed closely to the surface of the medium, 

samen darkening to cream or tan; pyonidial stromata white at first, 

becoming grey or black but white at the top; small and numerous ; 

exuding spore tendrils amber colored. No perithecia formed. On 

pei tbcdk twigs of Pinus strobus and Larix decidua: . surface mycelium 

scanty or lacking on bark of twigs inoculated with isolates from 

P, strobus; with small or medium-sized scattered pycnidial and 

perithecial stromata; dark marginal zone line in the cortex below the 

perithecial stromata identical with that produced in nature, and also 

present below pycnidial stromata. The one isolate from Pinus wallichiana 

produced a slight amount of brownish mycelium with large pycnidial 

stromata and black marginal zone line in the cortex, but no perithecia. 
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Tnoculations.--The relation of thé Cytospora isolates 

from spruce with those from other conifers was tested by 

inoculations on nursery trees of eight species of conifers, including 

Picea pungens, P. abies, P. glauca, Pseudotsuga menziesii, Larix 

decidua, Pinus strobus, Tsuga canadensis, and Abies fraseri. Poir. 

Whar neo ul um consisted of wale gli and heals Cytospora 

pycnidia fron agar cultures obtained by iesiations from Picea abies, 

+ pungens, Ps ot Abies balsamea, Larix decidua, Pseudotsuga 

menziesii, Pinus strobus, and Tsuga pment All inoculations 

were made by cutting with a sterilized scalpel a small triangular 

section of bark and cambium on a branch. This section was turned 

back from the wood sufficiently to allow the insertion of a small 

piece kf taquietwe, The warts was then pressed back against this 

inoculum and the part inoculated was wrapped with wet cotton and 

waxed paper. A total of 288 inoculations were made on the. various 

‘conifers. Check inoculations were made in the seme manner but with 

the insertion of sterile agar without mycelium. The wrappings were 

‘removed efter 2 weeks. During the growing’ season all check inoculations 

healed with callus and showed no indication of infection. 

An inoculation was considered to be positive only if a panker 

was formed and an organi am ic eeisadetonis ehaed of tha origina? t#oulum 

ii pedgeLurted In a few baweutacinens ep ee ri was 

produced bevai the wound and the fungus could not be reisolated. 

Therefore, these results were rated as negative. 
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Positive results were obtained only from inoculations with 

isolates from Picea abies, P, orientalis, and P. glauca on Picea species 

and on ‘Pseudotsuga menziesii (table 2). Characteristic cankers with 

excessive resin exudate end Cytospora fruiting bodies were obtained on 

the species of spruce and from three inoculations on Douglas fir with 

the isolate from Picea pungens. In seven other similar inoculations 

on Douglas fir, small cankers developed with resin ekudata, but soon 

became dallused and healed over in a year's time. The fousue could 

not Ue veiweLated from these inoculations. No perithecia were formed 

in assoolation with aia’ pyanhale on any of the cankers and therefore 

no Ae eirik nwitlea of the variety of Valsa kunzei could be made from 

che haa Cultures of the isolated organism, however, resembled those 

of V. kunzei var. piceae, rather than of ¥. kwnzei var. kunzei. 

Infection of conifers by species of Cytospora has been 

generally considered to occur only on trees weakened by some other 

factor, such as unfavorable site, drouth, frost, or fire injury. 

Many of the trees from which the collections were made had been 

sub jected to these or gimi lar adverse dendttiens, In contrast the 

trees used ear eile inoculations were young healthy trees, most of them 

growing in a favorable site. Therefore, the vigor of the trees might 

explain the failure oF wake of the inoculations. The Cytospora from 

spruce, however, seems to be a more active wound parasite on its 

specific hosts, and also may infect Douglas fir, 
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Control of Cytospora on spruce.--lhe prevalence of Cytospora 

eankers on ornamental blue spruces and the unsightliness of affeated 

trees has caused considerable demend for an efficient method of 

control (14). Several methods were tried experimentally to determine 

whether satisfactory results might be obtained. 

Diseased trees of white and blue spruce in a large planting 

were selected for the experiments. All dead branches were pruned out 

and destroyed. In April 1938, Cytospora cenkers on living branches 

were treated by four methods 1) Thirteen large cankers on 6 trees 

were painted with a thick coat of a mixture of Bordeaux and linseed 

peli 2) Two eankers on another tree were scraped, removing the outer 

bark in which the fruiting bodies were imbedded, and no Bordeaux was 

applied; 3) Three cankers on 2 trees were treated by carefully cutting 

out all bark and cambium in the cankered area and scraping off the 

margins of the cankers, and no Bordeaux was applied; 4) One canker 

was treated as in method 3 and painted with the Bordeaux paste. 

In the spring of 1939, the results of these treatments were 

as follows: 1) Seven of the treated branches painted with Bordeaux had 

died, with fruiting bodies of Cytospora and Valsa abundant below the 

Bordeaux and beyond the treated areas;. 2) One canker from which the 

bark was soraped had girdled the branch, causing its deaths -3) and 

4) Branches with cankers from which the diseased bark was removed were 

healthy with no evidence of spread of the fungus, and callus was rapidly 

covering the exposed wood. The callus on the two cankers without Bordeaux 

eventually completely covered the treated areas and the branches remained 

healthy. All branches treated by methods 1 and 2 died during the summer 

of 1940. 
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A seoond series of cankers on 6 additional trees were treated 

in June 1941 by cutting out the bark and cambimm of the affected 

areas. . One canker per tree. was selected. The lengths of. the cuts 

required to remove infected bark were 19, 10-1/2, 6-1/2,°6, 5-1/2 

and 3-1/2 inches. The widths of the cuts at the widest part were 

2, 1-1/2, 1-1/4, 2-1/4, 1-1/2 inches and 1 inch, respectively. 

Rapid callus formation occurred in all cases and the branches 

remained alive into the following growing season. No further 

observations were made until the spring of 1946 at whigh tine only 

the branch with the smallest treated canker was still healthy; the 

romainitie branahes had died, apparently from new infections and 

girdling cankers that ea ecourred between the treated areas and 

the branoh tips. 

In May 1941, four slightly infected trees were selected for 

sprey experiments. After the dead or noticeably infected branches 

were ly, tcighn out, all renaining small twig cankers were tagged. One 

tree *: was left untreated and the others were sprayed thoroughly with 

a 44-50 Pavdeanx mixture, to whiak casein had been added as a 

aor endee, The aoray wh applied partioularly to the branches, from 

the woae velorasl. Two additional applications were made at tld 

incurendas The following spring it was found that ae small cankers 

had increased re size and new ls peo were pesca, on the treated 

tres. ag well as on the untreated. 
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It is evident that none of the above methods are satisfactory 

or practical for the control of the disease. The infection in small 

individual branch cankers may be controlled by cutting out the 

affected bark, but in most cases this method would be difficult and 

impractical on ornamental or plantation trees, 

P baundiansonh total of 53 pul leetlnne ef wenkhes and dead 

reais with fruiting bodies of Valsa and Cytospora from ornamental 

trees of the various coniferous hosts and from forest trees, both 

planted and naturally reproduced, were examined and compared 

microscopically. Each of the collections in which the Valsa stage 

was present was Classified in the corresponding variety of V. kunzei. 

Those having only the Ctyospora stage were closely fee yett 

with similar collections in which both Valsa and Cytospora were 

sreaent eter similarly classified. Although each of these collections 

“i listed in one of the three pee of V. kunzei as described, 

this dees not ‘odd ote that this species only is present on the 

coniferous hosts in the eastern United States. Other species, such as 

V. abietis, V. cenisia De Not., V. pini, and V. ourreyi have been 

reported in the eastern United States on these same hosts, but their 

parasitism is not definitely known. WNitschke (12) assigned these species 

to Euvalsa, a subgenus of Valsa, which is distinguished from V. kunzei 

by a different type of stromal development and the lack of a delimiting 

zone line. A study of a larger number of collections from conifers in 

many localities would be necessary to determine definitely the 

interrelation of these Valsa species. 
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The results of th» inoculations indicated that the variety 

of Valsa kunzei on species of spruce is an active wound parasite 

causing canker and dieback. Although it may infect Vouglas fir, 

it.does not.seem to be serious on that host. Young healthy trees 

of fir,.pine, larch, and hemlock were not susceptible, and also 

failed to become infected by isolates of the varieties of V. kunzei 

from these hosts. 

Bless planting, exposure to Panne or other unfavorable 

olimatio sendi tions, poor soil, pte drought, seem to be predisposing 

factors for susceptibility in ornamental blue spruce plantings. 

Fureat plantation trees of Norway, white, and red spruce, and of 

European larch, under similar unfavorable conditions are frequently 

susceptible. The formation of trunk cankers results in serious 

injury and slow death of the trees. Infection on balsam fir, 

Douglas fir, hemlock, and pine rarely causes serious injury. 

Theretore the pranenge of Vy kunzei on any of these coniferous hosts 

may be indicative of unfavorable growing conditions. 
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Spraying of entire trees, treatment of cankers with fungicides 

or by the removal of all infected tissue, proved ineffective or’ 

cupece tena in controlling infection by Valsa ie vie. piceae on 

sit aisthuteh ns trees of white and blue spruce. The only effective method 

of arresting the spread of the disease in ornamental troes ig the 

prompt removal of all infected twigs or branches as soon as possible 

after infeotion is detected. Infected plantation trees of the more 

susceptible species should be removed and destroyed. In the 

‘eealilivdant of plantinge of Haseepttble int Seen, careful selection 

of site and of the species best adapted to the site is important to 

insure the meet faverahla growing gendi tions, and thus lessen the 

possibility of infection. 

Forest Insect and Disease Laboratory 

Northeastern Forest Experiment Station 

Forest Service, U. S. Dept. Agriculture 

New Haven, Conn. 
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Table 1.-~-Origin ef the isolations used in the cultural study 

of Valsa kunzei on coniferous hosts 

Stage of fungus isolated from each collection 

en Both Valsa and Cytospora Valse only | Cytospora only 

Abies balsamea... Me. = 1 Me.=2, Vt.-1 

Larix decidua Massel, NoY.-1 

Pseudotsuga menziesii  NeHe=1 . |  Mase.-1 Vteel 

Tsuga canadensis | NeH.-1 Conn.-1 

Picea pungens Conn.-1l N.Y.-1,Ned.-1 

Picea abies , Mass.=1 - Gonn.<2,Mass.-1 

Picea glauca Conn. -1 

Pisea orientalis Conn.-1, Pa.=2 

Picea rubens Me.-2, N.eHe-2 

Pinus strobus N.Y.-1 Me.-2,Conn.-1 Va.-1l 

Pinus wallichiana Md.=1 

®Numerals indicate nhumber of collections studied from each state. 
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“Teble 2.--Results of inoculations on species of Picea and on 

Pseudotsuga menziesii with isoletes of Valsa kunzei 

from Picea species 

Source of inoculum 

Picea abies Picea orientalis Picea pungens 
Species inoculated 

Inocu- Infeoe Inocu- Infec= Inocu- Infec~ 
lations tions lations tions lations tions 

Picea abies 3 1 9 5 14 9 

Picea glauca 2 0) 0 13 10 

Picea pungens 2 2 0) 0 13 13 

Pseudotsuga menziesii 2 @) 1 0 13 3 
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Fig. 1. Valsa Kunzei var. kunzei on Abies balsamea. Young stroma 

showing black zone line of tissue below perithecia delimiting the 

size of the stroma. 

Fig. 2. Valsa kunzei var. piceae on Picea glauca. Old well-developed 

stroma, delimited by wide dark irregular bend of tissue. _ 

Fig. 3. Velsa kunzei var. superficialis on Pinus strobug. Large 

cushion-like stroma, with narrow black delimiting line of tissue 

in the cortex. — 

"Magni fications x 75 
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Figure 2. Valsa kunzei var. piceae on Picea glauca. Old well 

developed stroma, delimited by wide dark irregular 

band of tissue. 
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Valsa kunzei var. superficialis on Pinus strobus. Large 

cushion-like stroma, with narrow bleck delimiting line of 

tissue in cortex. 
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