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Introduct

For several years a needle blight disease hes been known to be present
and to be effecting ornemental pines in north central Cklahomea, During the
1950-51 season this disease was particulsrly serious, almost completely defoli-
ating the trees. It has been found primerily affecting Western yellow pine
(Pinus ponderosa Laws) end Austrien pine (I. migra Arn. ver. sustrisca A.

& G.). According to relisble reports and the diseased specimens received

in our lsboratories, the disease is common in Oklehoma and in several neig-
hboring Stetes, In Oklahoma diseased specimens from Ponge City, Bartlesville,
Cklahoma City, Tulse, &nd Stillwater were collected and exemined.

The first signs of infection appesr as small eircular spots on the
needle. The spots are yellow or tan in ecoler, two to three millimeters in
dismeter, and are sharply delimited by the normal green of the needle. Gred-
uslly the spots turn brown and & girdling of the needle is effected., A
single needle may heve several such brown regions giving the needle & banded
appearence., The distal portion of the infected needles become echlorotic and
eventually neerotic. Throughout the winter, spring, snd carly summer the
basal portions of infected, brown tipped needles remein green, Towerd the
end of /fugust and extending through September and October these basal por-
tions of infected needles becume necrotie and the dead needles fsll from the
tree (Fig. 1).

Typieally the disease first eppears on the needles of the lower-most
braneghes. Trees in this condition appear s though the lower needles had
been scorehed or burned. The disesse appears to progress graduslly upwerd
through the trees as & resulti of repeeted seasons of infection. The foliage
of such trees is sparse because only the current seasons needles remain om

the tree. DNeedles formed in previous seasons, th&at normally should remein



Fig. 1. Showing the extent of spotting and the stages in the development
of the needle blight disease. At the left is a healthy needle followed
to the right by a lightly spotted needle, a heavily spotted needle, a
needle partially blighted and those which are completely blighted.



en the tree for about ihree years, drop during their second sutmer due to the
effects of the disesse, On weny infected trees thet have apperently been
defolisted for seversl copseputive seasons, tho needlex are sbmoimelly short.
This is probebly due to laek of food reserves resulting fron reduced phoiosw
yobhetic setivity duving the growing season.

Prelisdnurey mderescopic sxaminsiions of discused needles s&aﬁe& funpus
wyeelivn in the mesopbyll tissue of the nsedles but no aﬁcrulaﬁing strucivres.
Consauuently the identificetion ¢f the causal oregsniom cowld net be delinitely
determined.

The present study wes orgamized to: (1) Identify, if possible, the
fungus or fungl ecausing the needle blighting, () to isclete and study these

fungi in pure gulitwre ond {(3) to attempt control messures in the field.



Literature Heview

Sinee the d4isesssd needles collectsd duvismg the fall ef 1830 lseked
ftui%ing structures upen which to bose identifiestion, & literciure raview of
&1l of the needle inhebiting fungi wes instigtted. Pine nesdle blights were
Pound %o be coused by seversl fungi es well as & varisty of svironnmendal
sonditions.

Zpoulding {12} reported Segptoris spadiesc Fetterson and Charles,

oecurring in the enstern United Siztes gnd tsusineg ¢ white pine noedle blight
similar bo the brown spol disenss of longlesf pine.

Yatermen {13) reported Jphaeropsis ollisi Sece. s ceusing the stuntiog

of new growth and e browning of pine needles, Zueil blaek pyvenidis cecurred
&t the base of the blighted needles, particularly within the leef sheath.
¥yeelium grew down into the twizs which usuolly &ied bsck o the firzt nodes
where eankers often formed. Various sther nswmes have boen assigned to the

eausal fungus of this disesse, most of which are in the geners &

Piplodis.
Vorious necdle ¢veb dizcages of eonifers ere caused by @ pusher of

different but elosely related fseomyestes. These fungi are ossily recognized

by their slengeted, dork, izps glosey black hysisrothasias

The brown spol needle blight eaused by Beirriie scliecle (Desrn.) Zig.
is a destructive neodle &iszesss of longlesl pime (Fisus pelustris Viel.).

The disense also cecowrs on £3 other guseies of pines but iz not considered
jmportont on these species. "Sromn 2pot” coours in the Sowth twroushout the
genersl renge of lonples? pine.

The laporfeet singe of the brown spod fungus wes first deseribed by

De Thuwsen in 1878 (11) o8 Crypbosporium aeicolws {Thum.). Sydow in 1922 (11},

wawere of sariler deseriptions by De Thumen and 3a¢ear&g, deseribed



Iecanosticts pinl Syd. &5 the csusal fungus. Later he changed the nere to

Lecunesticte meicola {Thum.) Syd.

In 1939, Siggers reported the reletionship botwvesn the senidiszl stegs

L

5.

lecencsticte seigola ond the escomyeste [ligcesirons gelenls Dearn. He then

trensferred the perfect stege to Seirrhis seiecola {Desrn.} fig. &8 one of the

subepiderssl, hyaline spored Fhyllschorlacott.

Inccusistencies exist in the descriptive literaturs of the brown spot
fungus. This fumgus is ¢hereeterized by olivageovs sonidis produsged frosm
strepotn =hich &re subepiderssl and covered st meturity sxeept for & linesr
81it. “he lesions] nesdle sres ocoscocisted with & siragss is slvays brown st
mdturity. In sewersl instances fupgl which profueced hysline gpores in highly
sruspent strosate had bheen closgsified as the brows spot Tungus. The lesional

preas ilimedistely surrcunding these stropotic frriting strugtwres ususlly

turaet o Glstinetive reddish color i moturity,
Siggers {11) deseribes the prodable resson for the gonfusicr of these
two separcte fungi. & collection of infected Ionderost pine necdles nade by

Shetiuek &t Crofine, ideho hed hysline conidis end reddish lesioms, In 1920,

this fungus was deseribved by Faccerde as fotimothyriun vercinsium Tsce.

letey, Dydow examined specimens from Shetituck®s collection and grouped this

fungus with the brown spot fungus beecunse both Torm

& linsar strossts,
dothidescecus in structure, with goieuler spores.
Hedgoock {(8) refoprad to the "red spol” disesse of pines g sssogiated

with Septoria soipole (lecenosticte seiecla). lLater, Hedgoock published in

faver of the compon term "brown spot”. Iamttrel (7} deseribed reddisk bromm

gpots sesceioted with Selrrhi icole on Ponderose pipe in Disgouri.
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Siggers (11] exawired specimens frow the myeolozicel collections of the

Buresu of Mant Indusiry, Soils, ond jerieuliursl inglinesring, which were



elassilfied uws leconosticta seicola or synonyms thereol, He found nine ecllec-

tiens which were untensble ss Jeccnostiete aciccla under ihe deseription

priginelly osteblished by Sydowe Nest of these syocimens weve elther on

P. pomderosa or P, pigre ver. gusiriecs acd ineluded ihe Sottuck colleciion

g5 well ag one of Hedgeoek™s sollections, These spocinens had highly erus-~
pont stronets, hyaline sporss and & roddish east in the lesional areas.

fulbary {6) deseribed Dethistzoma pini Hal. as the fungus ezusing &

nesdle blight of Austrien pine {(Ffinus pigre /rn. ver. susirizes A, & G.) ino
northern [1linois. This feongue wes desceribed s havimg & highly eruipent
dothidesceous gtreme and hyaline spores. Hulbory found spore development
gegurring cnly in the spring, the Duspus existed the rowminder of the segson
in the myeelial stage wiihin the mesophyll of needle tissus,

Following Hulbery’s deseription of P. pini, Siggers sent Hulbery six of

the colleetions whieh he had found mot fitting the deseription of lecznoaticte

gejcoln, FHulbary identified these as bolng infected with D. pini, the fungus
he hed deseribed on dustrien plne in noriherp Illincis. %he six ¢ollections
were on Fimns flexillis Jawmoes, Jaterloo State Forest, Chio; ¥, nigrs /irn. ver.
suskrises A. & G., Springfield, Ohio; Mismd, Oklehoma, and Charles Sity, Iowe;
¥, nigra var. gulabrica Sehnelid., “aterleo State Forest, Chio; and X. resinoss
#1%,, Hocking County, Uhio.

28 penticned before, when the present sbddy was iosticeted, ne sporule
sting structures were found on the disscged needles, Fren the general SpPOEET
snge of the spots it cppeared thet the dipeese ¢ausing frouvble in Uklshoms
must elosely resechled thot feseribed by Hulbery ss & needle blight of pines

enused by U, plai Sul.



Paterials and Fethods
B e e ot

Identitication and developmentel stuGies

Hecouse sporulsting freiting structures were nolt pressont on the disensed
needles vhen the investigetion began, atienpls mere rade to induce sporulation
of ths cousal crganism. Discesed nesadle nelleciions from various perts of the
State rore et out to overginter under natural condliions, but where bhey
sould be periodicelly exsmined.

Fitty needles from esch oolleciion wers plésed betwoen two 8" X &"
pleces of window seresn. The soreen pleces wers erisccrossed and the projee-
ting ends bent boek to holl the piecos togetiher. Zaeh "coge™ was tegmed with
an sluwndnen label md popged to the ground with hoavy uives stuck through the

aoreen and into the ground.

isoletions and growth studies

Durias the £all =nd winter periods, when conidis were moit beimg produced

on the neodles, the fungus weg fzoloted by tissus Tpagaent iseletions., Erssh

%

¥

moterinl woes alveys zvailable from 5 nunber of sourcesd. ¥Heedle sections two
to thres millireters in lepgth were pleced in &pproxizately one percent scdium
hypoehlerite solution for one to two minutes, then rineed in sterile dis%illed

weter, and pilzged in sierile polate dextroge sger plutes., OCeoticns of itissue

S

eut from diseased needles varied from pieces vhich involved only nearctie
greons nedr the site of infectionm to those odjscent but below the iafcetion
zoints yet sti11) greon. The enttizg end hendling instrocents used sere froge
uwently dipped in 98¢ pereoeat alechol #nd flumed.

While potato dextrese sger wes used in nost isclstion studies, pine

needle decoetion sger, syube gger, nulrient sger snd corn mesl ager vere also
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ineladed in the growilh studies. The ingredisnis of thsese oulture rediz were

za followns:
Potate dextrose sgar:

17 grems s i s - ; BEEY

EH DTG v o s v e 5 s 5 20 22 2 e o s , ~GeXt1058

EGU grariSemem— e o . e e o ot s sliced potetoes
1000 S0 pmmsmsomm s st st = o mmmmeewd gtilled weter

¥ine neefle deccotion sgers

s

17 eromGee e e S i s e e D
TR Y NU—— : ~mseewnesDing needle juice
1000 e om e e e s : S—— ~-Sintilled water

o

4

Prone ecgar:

20 grenfee - ; o v as s - agay
40 grams . ‘ —_— = - : PIVNGS
2000 ¢t. o e : v ; et s mwmemm3 15511104 weter

Dutriont spep:

17 grertes - - : ' . i o o B ST
10 EPERSwm—s . - R —mnasDEPLORE
R e S o i g i i o boel extrect
10G0 en wwmms - — o e distilled water

Corn menl agar:

17 B YLATEG e — ‘ . b e e agar
B0 eremns . S : S e EOTT TBal
1000 8 ymmemmcsmmemcsnan S s . mnemmemQistilled water

A% the first signs of conidial development, éisensed needles were plesed
in moist chambers gonsisting of daump filter peper in petri plates. These
wore kept in an incubstor with e controlled temperoture of 31° ¢. This pro-
eedore hagtensd the maturstion of conifis whieh were used for single spore
iscleations. &fter four or five deys in the moist chesber the larger strenetic
structures eontaining pature conidis were picked fron e infected peedles,
pleced botween sterile gless slides and erushed., The crusbed fungus tissue
wes then rubbed gently over the surface of fouwr persent woter ager ia potri

pletes. OSingls conidis mere picked from the water sgar surfzee wsing finely



drawn glass neelles ond & 90K sterloseoplc microscope, and pleeed in sterile

poteto dextrose agar ploies, ¢ glags needles were kopt aterile by cuiekly

Gipping in & beaker of beliling weter. 411 isclations were made in an

inoeuletion ehamber.

The offset of temperzture upon ihe growih of the fonsus on wwrious ¢ule
turé medis were studied, To eaeh petri plate contsining ope of the five culw-
ture medie, & loopiul of & conidisl end myeslisl suspension in sterile wzter
was odded, This suspension woa prepsred by breaking up, in @ sterile water
blenk, pileces of suliure thot had been growing on poleto dextrose sger. The
tube of incoulum wec well shaken belween ezeh itronsfer zo 83 $0 give a3
nearly &s possible an even disiributicon of genidia.

The tempersteres at yhich the cultures wers incubsted for the growth

. o o .
studiss were 16°, 21°, 269, 31, end 25° ¢, AL pH determinations of the

culture media wore made on & Beckmen ¥ motler.

Exsmination of diseased maverisl

To follow the devolopment of the sporuleting sirscitures of the fungns,
discased nesdles vore ssttioned st weelly intervels for nisrcocopic axsmin-
stion. 7The settioning wmew dore by homd with & razer blede on & block of soft
wood. The seotions were placed in & drop of mounting fluid {ive pereent
potessiwe noetate 300 nd., glyeerin 120 ml.; and 95 percent othyl elechol

180 ml.) on & slide apd gently heated 1o evepcroete the alechel, & =ell

rlece of glyserin Jelly {zeleiin seven grams, Gistilled woter 42 ml.,
glveerin 49 nl., @nd phenol erystols one grem) wes pleecd on the drop 2nd
hested gently uwntil 1t pelted. &8 1% relted & cover slin wes plseed on top
80 the melting matericls spreed out under the cover slip. 4&fter eooling the

mounte were ringed with Jansde balsem to prevent drying.
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In eviture Jothistrome pind Torue o relatively hard, bLleck, ccapeat
aelony whish &@e‘s net sproed outl over the surfazes of the culture medium, bui
ingtesd tends te yise anbove this surface by the forsatien of successive layers
of etropatic tissus. Thege sirvemstie tissus colonies were seotioned and
oxopined to study eonidisl development. To prepare the fungus sulivre mater-
isl for sestioning, sn ¥.i,A. solution (formselin, sloohol, ond scetic acid)
was used 28 the Xilline omd fixing agent. ‘1ho tissue was then run through &
butyl slechol~toluens sordes, end anbedded In poareffin. Seotioning wes done

on 2 rotery wiorctome set at 16 microms. The tissue was not stained.

Inppnlstion studies

In preperstion for inceulstion experiments with Dothistroms pini twoeyesr

old Finus nigra var. gustrises Seedlings were obiuined frowm the Cklshomsm

4. & M. Sollege Foregtry pwsery nd trovsplanted inte fowr ineh pots in the
Zreenhouss. The temporetore in the greenhouse was muinteined between 60° and
7% F.

I prepsring the eonidis) incegylus, one %o two monith old cultures weore
usef. The funzus eulbures were pleced in a Vering blendor with 250 ¢e. of
water and pecerated for two minntes, By spreying the inoculwn on & elide 11
wes found to contelin gn sversge of 180 to 188 conddis por low power Pisld of
the t&i@fmsaaypsz. She conidiel inceulun was gproyed on the heslthy needles wi ti‘h
& smell &mmmexﬁ After the Tolioge wes vell covered with the inoeulusm,
ruter-oroof plastic begs contelnipg moistened paper towels were alipped over
the inoculated feliege ond tied securely to the sbem, Over this & brown peper
btz was placed $o try to avoid excessive heot build up within the plastie

bag.  After 48 hnours the begs were rezcved.
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leying bsdly diszecsed needles, which were sporulsting, smong the heslthy
needles inside the plasiie bag. The seue woeedure of covering the inceu~-
lated folisge wiih bages to mainisin Rish meisture eonditions was followed &g
with the conidisl suspension inoeulstions. The bags in this experinzent, howe
ever, were tllowed to resain on the incoulatsd branches wnd seedlings for
fram one %o thres weeks before removel.

Incculation trials using these mothods were yode both on the potied
seedlings cnd on healihy branch terminels on larger trees growing in the

Tield,

Gontrol studles

In early 4April e mieroseopic oxeminaiion of diseased needles roevesied
signs of conidiel dovsloprent, so the spray sonirel progral was startzd
fpril L3, 1851. Five plots of trees consisting of olther P, nigre var.

sustrice, » »p@ﬂagms&. o both, were sprayed ot approximsiely tevo week inter-

-
.

vals from April 13%h to July 15th. Flot 1, located et tle south end of the
Hezen estete, one mile north of Stillweter, contuined 40 mixed Ponderose ang
Austrion pine trees renging Pfrow five to 16 yesrs of age. Flot 2, located
nesr the ceuter of the Hugen esiate, contained 47 Ponderese pine t{rees
spproximetely ten o 18 yesrs old. Flot 3, lucated at the norih end of ﬁzxé
Hezen estete, contained 72 Fondeross end Austrien pine trees approxine tely
Pive o 18 vears old, Slot ¢, logated elong the road throush $he weat farm
of Skleboms £, & U. Jolisge, aspproximately one mile west of Stillwater,
contained 76 Fondeross pine trees approximatoly 18 to 18 feef tall. Flot B,
situated in & nursery row on the weet famm of Uklshess A. & H. College conte
gined 18 Zusiries pine tress 18 18 feet toll. 211 of the sproyed trees

showed verying degrees of provious seeson infeetion with Dothistroms pini.
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Tithin the plots, ssvetions were sed up by evaluating the severity of the
proceding seasen diseess on individual trees. Deeh iree wus ¢loasified as to
seveﬁ‘ﬁy of discase by over~all sight estisetions. The trees were then
grouped into sections so &8 to include, 88 evenly &8 possible, the suxe
smount of disesse in ecach segtion.

The spray metericls used were Fermete (76 percent fervie dimethyl
dithicgerbenate} msnufectured by L. I. du Femt de Nemours & Uo., Velmington,
Del., Puritized Agriculiursl Spray (& percent Fhenyl mercuri triethancl
ermonivn lactabe) menufactured by Oellowhur (hemical Corp., New York,

Wew York, and Bordeaux mixture (8-8~100)}. Persate wes applisd at the rate of
1 1/2 1bs. por 100 gels. of weter mnd Furetized at the rate of 1 1/8 pinte
per 100 gels. of water.

A IBO gel. eapeecity John Desn spreyer wes uscd throughout the progrem,
This equipnent operated &t 400 to 450 lbs. pressure, and .tm spray sun could

be regulated to give & concontraited stresm or & fire mist.
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Resulta

identification and developmenial studies

Identification of the fanguc esuslng this needle blight of orntmentel
pines wes baseld on morphelogical charseters of the developing fruiting strug-
tures as studied in cross sections through disessed needles. 4 weekly
extmivetion of disessed needles whizh hed beor set out o weether, snd thoge
which were still asttached fto the trees, was pede sterting Februsry 15, 1681,
infected nesdles atill partly green opnd attashed to the freess revealed the
first visible signs of fungus fxiting siruetures about Vereh lst. These
appecred &5 swall swellings wuoually in the cenfter of dissclored losions.

sture stromste

Cross seeiions through this sres showed the swellings to be ligs
origimating in the hypedermal tisesue of the peedles; eseh stroma was composed
of compoel byphee in a8 pslissde-like oprangenent. UGrowih of the étrcmata
seened to be by oubwerd, wniform extension of the individuel hypha. By

YHoareh 15th the sirometic tissue had inereused ip size until it Torced the
rost epidermel tisgsue to rupture. Thils host tissue chnreeteristicelly
rerainsd attzceihnd o the onter surlfuce of the stronms, possibly indiezting @
sticky consistency of the stromntic tissue., By March 2824 the cells at the
ouber margins of meny of the stromate had begun to derken sand to develop
thickensd walls.

The first eigos of looule forpatior within the body of the stromeds were
chaorved on April Sth. 3By fpril 184k the looules showsd signs of conidiel
developsent. Buring this tise, shile the atrows te were continuelly enlarging,
the outer morgins becume mogressively darker ss though an wnewen orust were
forming @8 & covering Tor the lmner locules. UConidicl nurbers inereased

progressively in ihe slresdy formed locules., By May Srd the cuter stromatie

L2



surfooes wore Tound begluning tn_ruptﬁr&, liverating the numercus eonidie
which lineé the entire imner surfuge of the lceulss (Fig. 2).

Altheugh the time of leeuls fometion and conidisl develomment =ad
relesse wos similer in most discesod needles, sore stroms ta did not develep
ag f28t &s others, However, it is estimeted thaet cconidiel nusbers were at a
high peak twe oF three months after the stromets were Tound rupturing through
the epidermis. At this time the conidis wers hysliue, atreight Lo eliantoid,
charseteristicnlly thvee zentate, end 14 to B4 microns £ & to 3.5 microns,

Shundent eonidis were 54111 present on July S4h but by July 20%h had
dissppesred from most of the locules. Although the nurber of conidls ip the
Yooules declined progregsively throughout July, & relatively few conidis
remaized or were nevwly produced in the loeules. These recaining copidis were
e Ionger hysline tut had turansd & distinetive olivececus coleor,. This color
change say be an indloeticon of the physiclogicrl metuzrity of the comidia,
Parther evidepee on this point 1s presented in the isclation studies.

with the forther Gecline of conidial numbers through Sugust, bhe nesdle
lesions hegsn to ehenge from brovn to s redfish eclor, and the palisade-
like body of the stromeste began to disintegrate into en unargéniz@d mass of
think-gslled, reddishecclored cells. detively sporuleting atrometic loeules
were found in some of thw needles seoctioned in late Jfugust, These isstenves
wore Tew and 1t is probable thetl these lete maturing strometis were relatively
wnimporiant in the over-sll dissese pileturs. These stremate eoculd, howerver,
nroduce cnough eonidie to Poree on extension of the sprey pericd snd thus
eomplicate the control messures,

The imrortent charszoters upon which Eﬁlbazy {6) besed the deseription

of Dothistroms pini Msl. were (1) the origin of the stromats in the hypo-

deruel arca of discased needles; (2] their hishly erumpent pature st meturity;



Fig. £.

4 oross section through three stromata showing
their highly erumpent nature, their sporiferous
locules and the cheracteristie elinging of the
host epidermal tissue to the outer surface of
the stromata,

15
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(3} the dothidencsous structure of the stromata with their light brown sepe
tate hyphae forming peslisade~like bodies; (4) the derkening or "erusting”™ of
the merginel celis of thﬁ.s%romata; {(£) the formetiom of locules whieh become
iined over their entire inner surfsce with hysline, ellaétaxd conidie. Since
these cherecteristies gre identicsl with those found in this investigstien,

thie present orgenism was identified es Dothistrome pini Bul.

Identifieation of D. pini wes confirmed by ¥, V. Ziggers from disessed

negdlies whieh weres sent o him. He also confirmed the identificaiion of

Sgirrhie aci§@1g {Deern.) S5ig. ss the causal funpus of & needle spot Cfound
on ooe of the trees under observation in this study.

The development of Dothistrams pini in needles vwhich were collected end
set out to weather, &s deserived in ths meterials end methods, was consider-
ably different from thet in discesed needles vhich rensined stiached to the

5

trec. Disensed needles were oollested in late Septenmber end Cctcber gnd
"set out™ in early Hovesber. By larch lst meture, highly erumpsnt stromste
with reddishk lesionel ereas hed developed on the detached needles shile only
gmell Immeture sircumste wore found on a1l of the &tt&cheﬁ.neeﬁles exemired,
The reddish cast of the lesicnel &reess om stteched needles did not beeome
evident wntil after the pesk of conidisl produstion and duripy the pericd of
apparent deoline of the fruiting cordition, Sections mede through debteched
needlos on Mereh £2nd reveeled musorous small locules nesr the outer mergins
of the highly erumpent stromute. These small locules were not conidisl
bearing. |

folf and Barboyr (18] deseribed nen~sporifercus loculss imbedded in
sironats of nesdles infeeted with Seirrhic agicols, These locules were of iwo

types, spermogonisl end sarpogonisl, the latter becowing brensformed inte

. meture perithseis within six to elgnt weeks after thelr formation.
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The smell, non-sporiferous loeules coboerved in this investigestion seaned
to be of two norphologically distinet types. Une type was spersogonial in
charsster and conitained smell spermatis-like boldies. The contents of the
othoer locules were naver clesrly determined. Ho perfect stoge hes sver besn
found in comnselion with D. pini.

Conidis beering locules were not formed within the strozote on Getached
noedlas exeept in o fow instanszss. Fhen they wers Tforned the development of
these conidis clomely paralleled thet oo sitached needles, Toward the begin-
ning of July the large highly ervmpent stroﬁmta‘hegan vertisl disintesration.
Cften the ijnner body of the strome will completely disappesr leaving the outer
rin of stroms and leeulss, By July 20th meny of the stromets bed slmest

eompletely disintepreted with only ranants of Tthoe basel portions remeining,

Isclations snd growth studies

I% wos very difficult to isolate D. pini by surface sterilizing diseesed
reedles and placing fregwents of diseosed tissus in ager plates. In elmost
every instence Zlternaria spp. reapldly covered the eulture mediss £ fow
attenpts, however, were susgessful and the Tungus weg isolated in pure euliure
by this method. Potoite dexirose sger wes used iz zost of these isolstions,

Ixeept for eclory, the conidis preduced in these cultures were mornh-
elogieally sizdlsr e the conidis produced in the evrmmpent stromate on
disesged needlies. The conidis in the euliure plaies were olivaccous almost
Prom the beginning while ¢onidie produced on the diseased newdles were hysline
for sevebal weeks, later turning derk. Single hysline conidis from diseased
needles feiled fo grow on ariificiel euliwe medis. Purther these hysline

-gonidiz suspended in sterile weler iwm henging drop slides did not germinete,

It is probeble that these esrly-prodused conidiz, while atill hyslins, are
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Loy

vhysiologically immature., For this resson disetzed neellss were incubated at
28° to 30° ¢, in moist ohambers 1o encourage spore raturstion. Four to five
days of this trestument caused the oruspent sizcumatic fungus tissue to increcse
greatly ino size, and the conidis within tae inner locules te turn frem hysline
to sn oliveeceous colow. These golored ¢onidie were isolated individuzlly snd
placed in potato dextrose gger plates. After sn incubation period of siz ic
seven days at 28° 4o 30° Ge, minuie wycelisl colonies mers produvcel. The
amell colonies were white to light grey in color sl slishily reised. By i4

to 16 deys after isolation, the colonies hed turmed greyisi black ond hed
ingressed 4o 13 or 14 mm. in diswmeder., If the young colonies are transferred
to bottle slents, with air dight teps and & good supply of culture medium,
individusl eolonies mey grovw to three or four centimeters in dismeter und be
reised sbove the ageyr surfsee & gentizeter or mers. Ikiure golonies of

D, pini ere dork bleck, hemisphoricsl with & rough cuter surface. Ro mycelial
growih is visible around the colonies {(Fig. 3).

Golonies three to eight weeks old vere killed and fixod in F. f. fe, TuR
through & butyl elechel-ilolusne Sories and imbedded in peraffin. Liderciame
sections showed the centers of the eolonies Yo be made up of 1lizht colered
myeeliun govered by s laver of derker stroxetice tissue 2ontaining nusercus
poekets of conidis. Conidie produesd in euliure sxre stralght to sllentoid,
glivaesous and borne in locule-like depressions similoer do the looulss found
within the stroncis on discased peedles. OCuliures which grew from single
aenidisl isolations were {enbicel with those colonies produecd from disessed
tissue iscluilions.

Bulbery (6), working with B. pini, steted thet $he oultures of this fungus
on ertifieial media Teiled io profuce spore besring strustures. lio descripe

tion of the Tungus cvlenies or the melthods used in lsclations appesred in



Fig. 3.

Fotato dextrose agar bottle slant with large, two
month old colonies of D, pini, Note how high the
upper surface of the colony is raised above the
culture medium. No mycelium is visible on the
culture medium around the colony.

19
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Table 1. Iffects of tenpersiure and wedim on colony cize of D. pini after
21 deys inoubation. Shown es average diametor of colonies in millineters,
Zpeh Tigure iz an svercge of two trials.

21
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i1l imeters
nedig ¥

fverege eolony size in o
Ingubation on esch ol the fellosing
tempereture
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162 C. o 0 0
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28° g, 2 11 10.5
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¥ ELlb. Fotato dextrose ager pHd 5.8

Fod Frune agear P 4.8
Fine nesdle degogtion ager pH 4.3
Corn meal ager R 6.8
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=

3
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Henging drop preperetions of eonidie susyended in sterile water were
pleged in incubstors at tempermiurcs of 16°, 21°,,: 269 , 31°, and 35° ¢. ‘he
gonidial suspensions wore proparsd by erushing snall pieces of U, pimi
guliures in & sterilse water blenk. This expsriment wees repeetsd twice with
fduplicaie slides st etoh tewpersiure. The slides wers checked for gerninstion
et approximately 12 hour intervals.

The first svidenge of spore germinstion wes seon with & swelling of the
eonidia {Fig. 4). &t 26° to 51° C. swelling eonidie were very numerous &after
£4 hours incubaticn. Gorminetion 41d not teke ploce however, until approxe
iretely 48 hours sfter the conidlis were pleesd in the Insubstion ehanbers,

4% 169 sna 21° 6. some swelling wes chzerved sfter about 36 hours, but gerpe
ination 414 net ccour until efter approximetely 72 hours. 4% 35% ¢. me
swelling or germination was observed.

The resulte from the zermipation studics ecrrelated anlsely with the
growth. studies. Both gernination and growth were best et 26° and 31° ¢,
Germination at 219 O, w&s» approxims tely 24 hours slower then at 26° C., but
1t ﬁqu&l pereentege of spores gorninated., A% 35° ¢. no growth cecurrTad,
vrobably due to lack of spore germinetion. At 16% C. germination of some of
the oonidie was observed after 72 hours. MHowever, ne growih cceurred on ihe
sgoer pletes ot this tenperature, indicsting that, while the spores might

germinate, zrowith of the mycelium would be inhibited.

Artifieisl Inceulstion

The first gttempis to eriifisislly incculs te heslihy pine needlen vere

initiated on 4pril 17ih. Heedles badly infected with Dothisgtroms pini were

usod &85 the gource of funzus inceulum. The discassd needles vere leid among

the hewlthy needles of the branch tersinels and these ferpinsle were then



Fig. 4.
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Steges in the germination of eonidia of D, pini,.
The spore at the left hes not yet begun to swell,
The two center spores show successive stages in
the swelling process and at the right is a
germine ted conidium,



ecvered with plostic bogs conteining moist peper t@wéls. Coutrol terminals
wers trested similerly exeept thet the disessed needles were not spplied.

A% the beginning of this sxperizest fhe conidie within the Iocenles
Gl the disessed needles werc hyoline. With the hich hunddity within the
plagtioc bage, these conidis mmiured within fouwr or five daye es they did when
nesdles were pulb in molszt cnembers. The old disessed pesdles and the bogs
ware rezoved efter 21 deys and 211 of the nsedles on the inceulaicd broneh
terninnls which showed signs of spotting or Blighiing were«cgantéé. Yeedle
infeoticn counts were mede on sy Bth, 10ih, 28zd, July 15th, end fugwst 20th
to determine whether or not there would be any development of spot lesions,.

Of the seven terminals inmcenlated Tive beesme pertielly infected. A11
five ueve on anéﬁreaa vine snd included terminsls 3, 4, B, 6, mnd 7 iﬁ
tsble 2, The needles which hepsme infected sppesred to be only those in
sonteet with the disessed needles. Ho infection cecurred on elther of the
incouleted Austrism pine terminels. It is posgible that some sirains of
fustrien pine are to zome extent resistant to D. pini. In the field it hss
been obEETVEE on several o0S&SiCHS that, vhere two Ausirisn pines era groving
tlese fogelher one nigy be bodly inlesied while the otier tros develops fevy ox
no digessed neeﬁlﬁs, The control terminsls numbured 8, @, and lé shoved no
gigns of infection.

Table £ shows the nusber of infscted needles per incsuleied teminal.
In no csse 444 all of the needles on & single terminsl ba&oma.infecteﬂ, only
}%%@se whiehvwez@ in eontaet with the diseusel nesdlen. Vhother ifufecition on

 3new noedles resulis frop direet mycalisl contast or by goarminating conidis

is pot known. Eo inersass in the nunber of spotted needles oeourred after
the first reeord wes teken on iey 8th.

The second salt of artificial inceulation trials using discésed needles
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Table E. Showing the numbesr ef infeated needles rer tezminel which vere
inceulsated by pleeing discased nesdles suong bealthy nesdles. Holst chomber
begs wara loft on for E1 deys.

Infected nesdles per teminal
Terminal Speties 2t each of stated detes:
righer of ires _
GuBufil B-l3=Bl  HeBGeBl  7-185-81 S-80-&1

Ko, YiGe Y. No. Ho.

fustrisn 0 0 0

do 0 G £4]
FPonderose 2% 25
o 28 <8

do
do
do
Austrisn
Fondearosea
[:3%)

35
24
47

f B o &Y BT
QODQ%&Q‘J‘N‘!O@
. f BA B D NS .
lcoo38883co
g

coob R
lreIRERY

LollwRo
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ineludad 12 Fonderoas ping bormingls, Yhree of which served @z goanircls. Uhe
heslthy texpinels were inceulated s previonsly deseribed., The inveulatlons
vers node Hay 843 and The bage were rameved at intervals vwurying from ong to
three woeks aftsr appliestion, Table 3 shoks the ausber of needles which
became Infeoted on soch inovulsted terminasl., 4= mueh infeciion oceurrsd on
thoge berminela op which the beags were allowed to remain for one week s On
those ghich were coversd Tor two or three wecks. This indieztes that anm

expogure period of one weckh or less is suiliclont o produce ifvfection of

healtky needles incculsted by dhis mebbel. ITonger periocds of enclosure within
the wotsr-proot bage only inerceses the possibility of Imjury ic the lerminels,

Fo inersese in numbsr of infeoted peedles ey terndnsal cecurred ofter the

bags were rewoved, nor did any of the control terminels show any signs of

infastion.
Attenpte were mede to inoculete soell fustrian pineg seedliags by spreedlng

'y

disaused nesdles over their folisge. Heterw-proof plestic hegs eontsining
moist paper towels were also used te cover these plents. These poited scede
lings were begged ey 8th, nine irecs bveling lncculated and three serving &

>

eoatiols. The bags were removed fron foup of the potied trees &t successive

weokly intervals on iwy 15th, 28rd, end S50%h. There wes no sign of infeoticn
~on eny ef the pesdles when the bogs were reomoved nor did sny develop later,
Cenidial snd mycelisl suspersion inceuloiion itrisls were pade June lst
ughﬁ June 15%h on heelthy, mature Fonderosg pine terminels and on potted
f%astr;an pine seedlings, Une to two wenth old culiures of B. pini were
ﬁjmaaeﬂateﬁ in 2 Wariaz Blendor for twe nminudes, Tho resulting suspensicn was

grroved on the healtby Tolicpze with & muell ate

er, The spreyeld teraminsls
and seelilings were then oovered with the plastie zad brown paper bogs. The

£

gonidisa ip the suspsnsion wore olivesecus snd cacsble of germinstion es



Teble 3. Fious ponderces berminels inceouloted by plecing diseaged needles

on heslthy noedies inside woter-proof plastie begs.
infected nesdles per imcculsied terminal.

gnd beps removed from ¥
1&th, Z2pd, snd LOth.

Shewing the nugher of
Terminels were inosulated May 8ih

our terminale ot 2ucosssive woelkly intervals on oy
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indicated in henging dvop geruminetion siiﬁes. 521 bups vere revoved after
48 houre, ©f the 2C tersinale srd 12 seedlings lnceulated, nome ever showed
gny poeitive aigns of infection.

Sonsiderable injury %o the needles of the Ponfoross pine ternminels
ogeurred in all of thoze leter inceuletion itriels. This injury nede infection
reedicgs diffioult or izpessible in most esses and may have been due %o
excessive hest during the wersm days of Junme., This type of injury 418 not

cegur during the earlier imcevlation trials in April end Uay.

Sonitrel studies

Beoeuae this needle blight disesses sppesred fo be caused by J. pini,
fungicide spplicetions for control were ptarted before the stody of the
identification aund secgonsl developuwent of the orgenism were completed. The
First signe of conidizl ésvolopyont on diseesed needles were obaerved in

exprly Zoril und the sprey control progren wes siapted April 159th, Pordesux

sixbupe, Fermete, and Puretized Agrienlivrel Spray wers ehosen for the irst

s

grascn, ag represeniative tyges of fungleides. These vore applied ot ths
following concentrations: Bordesux mixture B-3-100, Femsate 1,5 1bs, per 100
gals. of water, aod Furatized 1.0 pints per 200 gals. of walter. Du Foat
Sticker and Spresder wes used with 81l sprey materizle 2% the rais of 1/3 of
& pint psr 100 gels., of spray. OIpesy applicotions weore made when possible, ek
:ggﬁrmximately tno wesk intervels.

This spray countrol work wes divided inte five plots. FPlots 1, &, and 8

“fere locetod on tho Hapon estats one nile north of Stillwzter snd sontained

189 trses, mostly Pondereosa pine epproximetely ten feet tall, but with scme
soebtered fugtrien pine seedlinge one to three feet tell. Flet 4 weg loceted

ont nile west of Millveter on the &, & ¥, Perm and consisted of 76 Torderosa



pine trees opproxzimately 20 feot tall., Tlot § wes alse 1@@&%@@ on the

be & M. ferm byt in & narsery row snd containmed 18 fusirisn pine apprexise
stely 80 feet %zll., Jech plot wos divided into four seetions, one ssetion for
eseh of the sproy moterisls end cne for control. Jections were sel up by
eveinating the severity of the disesge frow the preceding gesson &s deseribed
sarlisr. 4s shomn in table 4, in plot 1 the trees spreyed with Dordesux
mixture aversged one pereent of the now noeedles spotted, those with Femeile
four percent, Furetized Agriculiursl Spray seven percent, and the unsprayed
eonirels 86 porpent. This plot gonsisted of 48 irees, most of which were
Ponderesa pine but with some scelitersd smull lfustrisn pines. The emount of
infection wes ususlly high on these apsll trees vwhere thelr foliege was nesy
the ground, The econirols in this plot were situated on & hill shich was open
to prevailing winds whieh would heve conslderable dryirg effect. The trees
gprayed with Fermste, Puoratized, snd Sordesux mixture were eseh growing on
lower terraces in thait order. 23 & presult these treey were less cxposed to
the drying winds, couseguently coenditions for infection were probably bsiter.

Teble 5 for plet £ dhows that trees sprayed with Bordesux mixture had
four poreent Ifafuetion of the vew nesdles, those aprayed with Fermete two
percent, Furetized four voreent and the unspreysd gontrols 40 poreent, The
41 trese in this plet wéra lennted in & grassy eres vhich wes shielded by
| herdwood trees. The trees in the center of this plot weTe s¢ encelosed that
the dsres would remuin wet for seversl dsys efter 2 rain.

The tress in plot 3 (Table &) sprayed with Fordesux mixture avereged iwo
pergent of the new needles spotted, those sprayed with Fermute 12 percent,
with Puratized five poreent, apd the unspreyed contrels 68 pergent. This
plot was lovaied in an snclosed eres and contained both snell fustrisn pine

geediings sud ten feobt Pondeross pings. There wos cenziderable yndergrownih
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of zrems which of%en weo gz %all 28 the aspall trees thauselves. Hoth the
ssetion spraved with Bordecux mixture and the one sprayed with Versate cone
teined seversl of the small Zustrien pines,. The percentage of spoited
nepdies on the gesdlings sprayed with PBopdesux nixture was considerebly legs
then those spreyed with Permete (Teble 6). The controls avereged 62 percent
of the needles infected even thouph 8ll these trees ware tull Fondercss
pines, Fermete sppeoared the least effective of the fungicides in this plet,
but it shonid be aotell thed eight of the 1Y trees in the Fermate sprayed
geoction were srall Sustrisc pimes shich norswlly showsd & gresier dezroe of
infeetion then the lerger Fendercst pine troes.

Plots 1, 8, snd 3 received eight spyoy sppliestions. 7The Tirst spray
wags applisd April l4th and the othérs on sush of the following detes:

&pril 28%h, Yey Sth, 18%th, 26th, June 9ib, E3vrd, and July Zist.

Flut 4 wesg loested in & different ores snd all of these trees wers
exposed to nearly the sire environmental conditions, These trees were
gnreyed sizx times: Spril 2Gth, Day 3rd, 1%th, 28th, June 9th, snd July 7Tth.
Toe Furetized was not &pplied on Moy 19%h beesuse of rajn, The resultls of
this plet (Weble 7} shovw thet the tress sprayed with Pordeenx mizture devel-
oped a@prexim&t@l“'twa yercent infeciion on the now needles. Those sprayed
with PFersate four peveent, Furetized four percent end the unaprayed eentiols
hod 58 pereent infected.

Sprey plot B wes sdjecert to plot 4 bul in & pursery row vhere wet
westber mads 1t impossikle to sprey during the menth ef Jane., Table B8 zives
tie results from thils plet, Bordesux mizture gave good control, apperentiy
adherinz over the woet poriced of Junc, in spite of continued washing. c@ntrel‘
with Fermate and Puratized waz less effective in this plot. This is atiribe

i

ubsd 40 thelr poorer adhesive gualitiss, The unaproyed ccntrols showed 64



Teble 6, Dissase control results on spray plot 3. Uhe individuel figsuves
shov the nurber of neuly infected ncedles out of B00 needles counted on ten
rundom terminsle on esch tree. Nxcept for thoss serked ¥ the trees in this
plot wore Fonderosa pines.

reatomont
o iy Eﬁl”deﬁu}l ‘E:"i S t Fion .bg d PR e B .
iree ‘ 7 mixturs ; amm ) ‘ < urastize vonitrol
nunbher = ; ) ; - - - ‘ - s
Fuuber of infooief nesiles In the 500 counted on sach tree
1, 5 2086
2y G 8 458

Ba
4,
Ee
G
7.

2447
2
1

10
1

227
1e%
389
£24

53

[

masm-qi—%@mc:mml—»

B
ORd DD e O

8. 5 403
a, 19# 267
10, BH* 1 281
11, ® 30% & 178
12, % so® 11 485

13, B 148%
14, 10% a70¥
15, 14% 100% 1
16, 5% 22
17. za% £0 282
18, ;ay-‘éﬂ 500

368
B35
£15
348

| el
[ sl g
G ends 2O D

Totel 131 1006 481 5616

Ferceat Infocted  1.45% 11,855 5,015 62.40%

* Denotes spsll Justrien pine seedlings.



Toble 7. Discass contrsl remulba
show the pumber of
resdon tersinegls on soeh free,

SpPey

plot 4. The individuzl figures

newly infeotcd npeu}ﬁa out of 200 needles counted on ten
211 of the trees in this plot were Fonderozm

},F’ mev' ﬁ..
Troetrent
N Berdesux . ’ - ) ,
ziig@r cixture Formate | Fyraticed Gen#rcl
hbher @f 1zfoc%ga naedles in the 8500 countsd on eseh tres
Eoa Fo, Hoe . Hoe
1. et 18 7 14%
G 8 B8 56
de 16 11 71
G 7 10 ’ 23
S. 9 3z 58
% 2 a & B85
&, 8 3 56

10,
11.
12,
13,
14,
18,
17.
18.

DB Ee DD D ST

AR el o
o L0 O

ot
&

a
13
18
1

8
21
30
56
48

a1

1z 217
28 40

5 70
141 309
16 104
5 238
18 481
4 411
481

455

28
2
414

15, 14 69
Totel 108 252 3599
Fercent Infoeted 1,975 4,080 A58 37885




table 8, bisecse conivol roesulis on sprey plot . The individual figures

ghor the aumber of aewly infecisd needlsz out of H00 needles gounted on ten
rebdon terminals on soch tree. ALl of the trees in this plot were fustrisn
pines,

£3
o

_ ) Trestrent
Tree E?Ziiigx ?amnata Furstized Goﬁtmml
aumber .
Humber of 1nfwuteﬁ neeal@n ia ﬁne £00 geunted on eacﬁ tree
Bo. fioe Hore B0«

1. 11 14 48 800

Za 53 26 121 34

Fa a8 243 26 248

- iB 207 8 500

Da e 23 288 _
Totol 86 400 488 1282

Percent infected Beddf £0., 0% 18.455 64,105
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percent of the new nesdles devoloping spols.

The eontrel dete are sunmerized in ftable 9. In ell of the plots each
of the fungici&es ussd gave scre dsgree of gontrol. In ganeral Bordssux
mixture gave the best control resultis but both Fermete snd Puretized gove

sufficient conitrol Yo reconvend thelr use. There vus an abundsnce of new

infeetion in sproyed econtroels in vhe plebs rapging fropn 2885 to

8¢ parennt of the new nsedles shouing disesse lesions {Table 9).

Teble S, Swmrmary of e sproy econtrel dste frozm 0ll of the spray plois.
Sumsayized a8 the percent of new nesadles wnioh becnme infzeted in such plot.
Imoti figurs represonis counts of 000 or mors neeales on rondeross and
dustrion pine trees of verying spes,

vdorirmnis

|
N

- ; | Treatwent
Flot ;ziiiigx fermste Furatized Gontrol
marber . -
Yerecent of uew neeulas infected for eéch plot
nere ont poreent pozﬁant yextcat

X. 58 3.38 6.60 25,00

bo 1.87 4,08 ,.35 37 .58
Averapge b B.E2 9‘63 48,03

percent
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In 1841 Twibary found o needde Lilght fungus on F. nigre ver, susirices
whieh he belieoved te be different from &ll previously deseribed forss of

needleo blight fungi. Tor tk is ”unqus fulvary proposed the neme Dothistroma

pini Il. ®ulbsry slse identified siz collections, sent %o him by Siggers,

& being infected with Do pini not Seirrnic seiccla.

Bigpers (11) stetez thet more then one fungus hes boen grouped under the
common neme "brove spot” needlo biisht of pines. He Found seversl necdle
sollestions whieh had boen identified as being iInfacted with the brown spot

funsus (Seizrbie sgicels) to differ in inporiant fundamental ehurscteristics,

Sinee there is & great Gesl of simileorvity in the type of synploss rroduced by
the two fungi, it is understendeble why such confusion exists, particulsrly
wien they ars identified by superficiz] exsminstion. Althousgh these similer
itiss do exist, there sre, hovever, goveral outetsnding charzeters by which
these orgenisns pay be separsted cod individselly identified.
The basie strustures in which the oonidiul sisges of the twe Tungl ave

produced is perheps the most culstanding sepereble fosture. Conidic of S.
aeicole ¢re borne in seervulus-like struetures vhich originute from sub= .
epidermel sitroosiie tissue which is covered st switurity except for & linese
21it. ‘e eplderncl tissue of the host ig often beant beok sxposing the con-

idial surfeea. Uonldls of U, pini &re borne in loceules of vericus shapos

v

whiek originate as lighter ereas withio sn elrecdy highly erumpent stiona.
“ithin 20 to 30 deys after the first signs of loeunle Tormetion, the entire
inner surfsce of the loculss beooss asporiferoua. 1% iz very oomson for the

host epidersel tismie to ressin attechod o the outer margins of the six

The strome muy be xeaised 200 to 300 microns ebove the surrounding host

tigsue. {Figs., & and 8.}
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Fig. 5. Cross section of & pine needle infected with
D. pini showing the characteristic highly erumpent
strometa conteining conidiel locules end with

portions of the host epidernel tissue still aedhering
to the surface,

Fig. 6. Cross seciion of & pine needle infected with
S, acicole showing @ eherscieristiec subepidernal
siroma with sn acervulus containing conidiz and a
portion of the host epidermal tissue bent baek.
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The eonidic produesé by Scirrkis ccicols are elivacoous in eecler

throughout the pericd of their developrment.s 4fter dissendnation of most of
the conidia the strovmic mey lnereese in size, becore very compaed, @nd tum

bloek or ezybensesons in appearenee, Sperwogonizl end earpogoniel initisls

4.

poy be formed withio these stromate, the latier avontually becoming noture

erithecis. Conidis produced by Dothistroms pind sre st first hysline, buwt

rsy besome olivecsous with ege. Color ehenge is especislly apparent whon
ecrnditicns of molisture snd tenpersture are favorable. Hyelisne conidis on
infected needles becams olivaecous after four to five deys ineubation in e
moist chember at 28° to 30° 0. 2s the comidisl populetion declines, the
nighly erumpsnt stroscte bezin to disintezrete. Although non-sporifercus
loeules hove been observed within the stromwts of disensed needlses, no per-
cent o ssctaorous siege of D. pini has cover been Tound or deseribed.

fnother charseter which cen be used 0 distinguish betwsen the twe funzi
is the coler of ihe leslonsl arce lmusdistely surreuﬁﬂing/é fructification on
@ Gisessed needle. Lesionnl sroes of 8. asicols ore, &8 e suunon sase *
the disease implics, "brown spots". Lesiomal aress on needleg infected with
B, pini are &t first brosn butl scouire & distinet reddish cast with age of
Lhe Pructifiestion.

The pericds over whieh conidis zre produced mey &lso serve to differen-

tiete the tvo funzi. Conidie of 8, zelenle muy be found present on infected

=

A8

needles &t apy %ime duving the yeur. vYhen conditiong sre fovorsble new
infections cecur whieh an‘ﬁgon result in the Tometion of other aporuloting
frugtifications, Ths conidiz of D. pini sppser io be produced only during e
cortain sessom of the yeor. Under the 1950-81 conditions in Cklahoms this
pericd renged from fpril 20th to Jugust 15th. Hew infections during thié

pericd rezulted in the sppesrence of spotting apd bHlighiing syoptons about
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Rovember 1st, tul not in the formetion of pey Fruetificaticas. inder anefural

sonditions an ineubsiion or overwlantering pericd of the fusngus syeeliusm within

the nesdles seomg 0 Do DECLSSERY. & follewing spring, s condiiions

poaenne feversble, stromets develored end subseguent sporulation resulied.
In eulture the colonies preduced by the two Pungl are very similor in

gppenrénes. Hoth {orm dark, compagt, sironeiiz eolonies vhieh tend to rise

ghove tho surfece of the culiture oediv. Ho myceliun iz visibvle on ithe sure

foee of the uwzer sround the colonisz e slight difforence wen observed,
bowever, in the surface eclor of the colonies. 411 colonies of D. pini were

eompletely blaek, while the surfece of B. feigols colonies wers consisiantly
speckled with 1ight colored ereas. (Figs. 7 and B.)

Hercoeople &x&miﬁmiiaﬁ of sectioned Tungus colonies clac revesled
difrerencey betwsen the two Tungi. Conidis in {ne strosatic euldure of
S. meieole woro charseteristically borne on & Ilattened or slightly cupe
sueped hymenius. Ucnddic bomme within the stromatic oultures of D. pind

secmed to arlze within depressions or locules. ‘ihe sporifercus layers in

gulture corrsspond very slogely ito those prefdused in nnture by the raspestive
fungl. (Fige. 9 sad 10.}

Halbez y'(b), working with D. pind, steted thet she fungus failed to

produee spore bearing siructures vhow give op ortificisl medis. Contrery io

Bulbery's findings, 1t wes found by both single speore and tlissus lsolstiens

st the eolonmies preduced by D. pind are made up of suwecessive layers of
jense, 1icht eolored myocelium snd dark strometie tissue in Jni ' pUTRrous

gopidisl locules sre imbedded,
Single sporve iseletions made g% the Tirst signs of conidial preduction

failed Yo produec colonies on culture wedic. 4% this early stege the conidis

were nyeline. ‘hen disessed needles were ploced in & noist chesber at 28°



Fig. 7. Culture plate colonies of D. pini resulting from
single spore isolations, showing the uninterrup-
ted black color of easch colony.

Fig. 8. Culture plate eolonies of 5. scicole resuliing
from single spore isolations, showing the lighter
speckled surface of esch colony.

41
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Fig. ®. Cross section of & stromatic colony of D. pini
grown in culture showing the depressicns or
loculur=like openings filled with conidie.

Fige 10, Crcss section of a eolony of S, agicola grown in
culture showing the slightly eup-shaped sporifer-
ous layers,
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to 30° ¢, the stromsts inevecsed in size snd the conidie chamged fron: hysline
te ar olivegceous celor. Thess conldie, when isolated individuslly, geusinsted

and produced aolonies on artificisl media, From the bohevier of the coniddin,

the hyaling gtogs they ere puvsiocloglies

anfi @ period of seist eonditionn at & tenpereture belwein 219 to 31° o, s

necessary for theily wetursiions

4y

Imfection By srbifieisl incculedion of heelily needles on branch ter-

minals of f. pondercss was secomplishsd by pleelng dise

aoslthy needloe &nd coveris

with weler~proof plastic begs. InfTection and
typical diesssed symptove were woducod on only thosco noedles whieh were in
direet contaet with ihe discused nosdles. & poriod of one wesk with the
heelthy peedles iy eontect with the diseused needles, was sufficient i
gauge infeetion and btrins oul the typleal spotited synptomss charscteristie of

the discese. ot of the copidise Trom the cizeoooned needlos were byeline end

&

prebebly imwiure w pisecd over the neslthy folisge and covered with the

Lange Trom

begzs.e It iz probebls ket moturetion, &8 indicated by the -G
hyeline to eliveceous, resuvlted in & very auort tize due %o tae high teme

pereture and numidity withia the bege. Srepsnission of the Pungus frem

disessed to heslthy needles oy heve beon from actusl myeslial conbact.

rapié develop

of discased synpions on thege incgul:-ted needlss, og

2

red with the rolatively leng pericd reguirsd in nsture, smty heve been

G

due to the sore fevorable growih conditions wmithin the inveulating bags.

; of infeation resulted frowm the sporo suspension

inoculations on either the lendeross pine branch terminels or the fustris

o
by

pine seedling These incculutions vere rade In June and s¢ much injury

gsulted that 1t vas ippegsibles to deotsrmine whothaor ex

haf wetuelly ceeurred. ‘Uhis injury way bbve beosn dug Lo



Witﬁln ihu plagtic bsgs during the voern deys of Jnus,

The three soterdials uwsed in the epray eontrol progran were fairly repe-

resentative Ny

desux mixture, en old bud effecitive fun

Fermaste, one of ihe new used dithicenibe

good

fupgicide bui limited in 1o use on ooy produci thal is o be ceten, Lowevsr,
not & problen in vur gase., Unly Vhree ?unaicidaé'wera wsod et this tine
beguuse of linttstions in sotiing up sdeguidely replicsted sproy bloeks.

6ll

1

b

slightly more effentive flen Feroule or Puratized, probubly dus W its

il

potter cdheslive guslities,

the relatively high poreent of ney nesdles beeoming infoestsd, a5 shown

by the unsprayed eoplrels, indienizs that a f

Gpluy progras I3 nogaesSe

x

ary 17 cerdein types of cabine

nes are o be sucesssfully grown in

@

this sres of Oklahorsm. Supecessive delolistions wesken the trees snb the

browsing of ithe infecied needles ctuses thes ungiaghilye«

From siz to elght sprey epplicetions weore u theee trisle, From

vesrs thet, in & neorssl sesson, four applic

stions woeld probebly zive good control.

£ Rt

An importent feeter effeeiing contrel is th@t.ﬁaix;s?f*“' winl does unot

like Seiry

inengt
L]

sporuls 1d

ceicoln. Jonseguently, spreys

ma———~

need only be applisd dur

S
”
e
®

relatively shcrt ssa50n.

The results of tip precsent contrel studiss Indicess thel soiay spyplic-

w..

ations of Bordesux pixture tade ebout tay lst, June ist, June 18th, sud July

let shenld give sdeguate aonirel.

sate or Puraetized might bhave t¢ be

ervule over thoe geme period of ifive. Szoose

give, Leswvy rainfell during the geilve

iscrsese the number of sSpray applicaticns reguired,
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Dotiistroms pind iul. is ldentificd ms the cousel funszus of & sericus
The

needle blight dissase of ornsveptel pines in norih ceatral Cklnhoms,

imarily uffeats Fipus ponderese and . npigre ver, susirivca.

discass oy
Identification ves bosed on the mornholegicsl characters of developing

fruiting struwivwres s studiced in eross geetions through diseased needles.
1e spore lsclaeted.

Toung, hyeline eonidis feiled fo germinste when s
ture, oliveceosus eonidis produced reised, durk, sitrometie coloniex. Urowth
o optinum being neer 26° O,

th

et
eulture wes Tavopsble on several redic with
Typicel discase syupless were produced on healthy pine needles, inccu
lated by plecing disessed noedles on braneh terminels inside plestie moist
Unly $hose needles in contaetd vwith ithe dissesed

¥y
Ak

ber bags for one weak,

cham
neetiles besenme infected.
Fermute, and Purstized fgricul-

plications of Beordeauxr mixbws,

£

o -
SETRY 8RT

tural Spray 6ll pave goold econitrel of the dizecase.

=)

Howoeveyr, Hordesux nixture

¥

rhs sonsistently betier than the other tre fungicides,
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