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Introduction 

or several yo re e. needle blight diS se h s been kno to be present 

and to b& etteeting or ental pines in north. cent l Oklaho a . uring the 

1950-51 seaaon t 1s disea e was ~r"tioularly serious, al.most co -pletely detol1-

ting the trees. It he.a been tound pr aril:y attect1ng est rn yello pine 

( 1nus P9nderoaa tews) nd Austrian pine (£.. nigra 11.rn. var. austriac A. 

& G. ) . cording to reliable reporta and the diseased eoimene received 

1n our laboratories. the disease is co.nmon in Oklaho 

hboring St tes. In Oklchoma di eased specimens tro 

and in several neig-

.Ponoe 01ty-1 rtleavill , 

Oklahoma City, Tulsa. end Still eter were collected and examined. 

The first signs ot inteetion eppe r aa all cireula r spots on t he 

needle . Tb.e spote are llow or t n in eolor, t•o to three 111 e'tera 1n 

die.meter, and re sharply deliuli t d by the nor l reen ,of the needle . Grad­

u lly t he s_pot turn brown and a girdling of the needle is effected . A 

single needle ~ny have several such bro n re ions givi ng the ne le a bended 

appear s-nee . The distal portion of the 1nt'ected nee lea beco'!te chlorottc and 

eventually neorotlc. Throughout winter, spring. d early s er he 

b .sal portion.a or inf cted, brom Upped noedle rem in gl' en. Toward the 

encl ot :ugua t and extendi ng through Septe:i .. ber and 0c tober thes b sel por­

t ion of infected neeclles beoome necrotic nil the dead needle-a fall fro t e 

tre.o ( Fig.. 1 } • 

Typically the di&ease firs't appears on e noedl s ot th low&l"-. oat 

branohes. 'f ees in tn1s condition appear es though t h lo er ne dles h d 

been a<torched or burned . 'Th disease ppears to pro :.re,ee gre.due1l.y up ·&rd 

through t ' ~ trees as a result of ;repe ted ee sons ot inf ction. Tb toliage. 

or euoh trees is spars because only e ourren t eea ons needles r ein Oll 

t he tree. ,e les tor ed 1n previou se ons, at nor ally should r • in 



Fig. 1. Showing the extent of .spotting and the stages in the development 
ot the needle blight disease. At the lef't is a heal thy needle followed 
to the right by a lightly apotted needle, a heavily spotted needle, a 
needle partially blighted and those which are completely blighted .• 



on tbe tree tor· about tb.J'ee years, drop 4t:minp; tl:uair ~eccma l!Ulliilter due to the 

etteetia ot the Useue. On many infected treas that have ap~entlJ' b9ffl 

d.etollated for B&Y0-l"al cos:useeutive BSQS'Olle, t?ie needles are abnomelly short., 

This is :probably due to lack of i'ood reserves resultir~ froo.i reduced i)hotos ... 

ynthetic activity -during the growi:ng sea,smi. 

J:•relimiu~r:v ffiicrc,copio ex-emina tions or disooaed neeilea s.howed f~ 

myoeltum iu. tile :me~o,pb.yll tiseUB ot the XJ.aedlea but llo aporuleting atruetures. 

Consequently the i4&ntif1~etiou of the or.i:ueal e:rsan1$m could not be d~:t'lnitely 

determined., 

'Il1e prEH!l&n't stu431' was orgnni~ed tcH (l) Iden-tif'y, it possible, the 

fungus or toogi ca~:sing the n.eetUe bliglrting• (2) to ieolete and sttlfly these 

t'lmgi in pure culture an4 (a) to attanpt oont~l ltletiSUl'es in the t1eld. 



Sineae the iia-eaaed nsedl~s: e-011ea.t\'r!d dur'ing the tall of 1950 ltieketl 

fnlitiug atru,tw.•ea UP® whieh to b$s-e identif'ieation, a liteNture review <>t 

ell 0f the aeedle inhabiting fungi w&a inat1~~tea. :?ine needle blight& were 

f'ound to be cauee4 by' several fungi. as well as a variety ot ma;,r1:ronmmital 

«.>uJUt tons. 

Spaulding {111 J"eported S5~-orie s:2ap.ieee l'e:tt:erson end Oharlea" 

CQC'lln'bltt lia the eastern Wnitet States and ee.ue~ e white pine needle hl1ght 

similar to th.e bromi spot d1ei'i1&S$ ot longJ;eat pine,.. 

tliatei'nlan {15) lfttported s:ebaeo;eets eyta:1 Sleec. &s et:;using the stunting 

ot new growth tJnd. a br-ewn1:ng et piM needle&,. ~11 black pycnidie cceuned 

at th.a be.ae ot the blighted neeiles, :part:t.eUlsrly within thec lect aheata. 

u,.-qeUum. grew 4otm into the twigs which usually died back to the tire~ nod• 

where etmk:ers often f'orrr1.ed.. Vv.ieu.s other oom:es have 'b.een a.ssignd to the 

oawml tunps of tllis. disease, most ot w11.1ch a.re in the genera SJa"ll.e.ero;eeis or 

lliploii$.-

Va:r:ious '.n:eedle eeat dbeas.es or .eo:nit0rs e1:-e caused b-y a numbel" of 

ditfere11t but closely r,llatea. Ascomyeeteis.. 'I'bea:e fm1gi are etrisily :reeognizea 

bf their olo~too, diark, $ome.times glosay bleick hf'stcrotheeia. 

'the b•o• spot needle blight eau.seu. 'b.1 Se1rrhia ~etgole (Dear».} Si8• 

t,e· a 4estruc.tive nec«.le disease of l<mgJ:eG:1' pine 0"inu~ veluetris Mi.el.-). 

lfbe. 4tMase also .oet'mt's (}ll t3 other e;ae:tes of pines hut is not censidel'Gd 

uapor~t ·¢.in ~ese spee;iea. "fu:cwn spGt" ooou:ri in the South throu$hout the 

general l'&J\\S'& of loa@leat ptne. 

The imp-ertoot etage or the broo swt fungus w.es fil"st described by 

·ne 'Ibum:o. in 16'18 (U) es Cmt'?-"E°'riUf» acicol.uw (T't1mi1.)., Sydow tn 1922 (11), 

uawara of •~rue:r aeseript:tons 'by De Th.unwri 2nd Sae:eard-o" tl.'1m¢l'ibed 



la,sanos:tieta !ill,~ Syd .. a:s tha. causal f~s. Lnter- he el:umg~ the name to 

te~&n')eti-e~ ao:teo6a (Thum.} Syd. 

In .1939• Sigg,srs rep'-irted. the rela.tionshlp botw0'i!ln the uouidial :Jte.ge 

teotinoat.tote aeieol~ t".nd the sseonycete Oligos~roma ao1aola Dean. ii'e then 

tran$fer-red the perf<iu,,t stage to ~cir:rhiti ac1.oola (Dearn .. ) Cic; .. a,s one of the 

sube:pide,:,w.al, llyaline s1-;..orad r1q11e:ehoraoet:Ht. 

Inocu$istenciti;;a ex1st 1:n the descriptive 11 tera:ture of the b:rown. spot 

tungus.. IJ:tds ftu:l,gus 1a ehera.c:teri:ted by 011vaqetiu..$ conldie produeed from 

$1:romatc.i t!ihieb eri"i au'bl!ilpid~ttl and eov$.re,d st maturity exeept for a linetilr 

eli.t. 'irhe lesional .needle erea associated m. th a strcu-;B is el,Hi}lS brown at 

:maturity. :In se't',er~l t:natancf'l.S fungi which produced hye.line sporee in highly 

.erum.pent s:tro':llat:a had l>een .cic.ssit:ied ~a the brown spot runsu.. The l~sien.al 

erea-.e 1.lt1u..ctditi:t:el:r ,wrround.ing thes& sta-o:in,~ue t:m.i till€ stl"Uetures u~'Wlll.7 

tur:ned a d1.$t1ne ti ~e .r$ddisil color ,et ~ 'tm'i ty. 

Siggers lll} disaribee. the probabl() reason fo;r the 0:0111n2sion of' these 

two aepol"ate 1'me;l. A eolleetion ot i:nfee-tetl .ro1.derose pine needles made by 

Shattuck at Orottn.o,. Idaho htld hf&line eo.nidia snd :reddish lesions. In l.920 .• 

this t~$ was iescl'ihed. by saceordo u Aot:tnotilu;igm 1;;,.t:1r.Rin~tum_ cf.lee. 

tste;,:. Sydo'Vf ezemined s:pec:tmeus f:rQm Shat.tuet•a eolle-ction ant grouped thia 

~'IW wt~ the b~ spot .tu.i."lgu,a baceuDe l>Qth.. termed linear etromtit.e~ 

dothid•o-eoue iA sm.oturG,, with eeieulal'· eporea .. 

Hai:ge.,ock: (5) rstaff$d. to t,he ;'r.ed apot" d.i&esse nt pines- as a$.s-0ciatei 

with. Septo~:t{ft; eo100µ. (~~tiota fflJieol!)• l.Atel:"• fie4ge®t published in 

fav.or •:f the> c,~. ·tem "brawn .tpot,". J.i/Qttrel (71' 4.e$C,ribed l'e!.ldiah. 1'1"0Jffl 

Sl}('tiJ ftd.QC'iated With SC&rl:h.t.a ~eigoJ.a on Fonif.tN&e pine, in l41$$CUl"i. 

SiSeli'3 (ll.l eDlillllled speeimens i'.tom the ~oloeic.el enUooti-ons of the 

•reau ot f'Jmlt. Inaust:ey-, Soils-.. and f~ri.eult:u~l Ilrlg:inef!l'ing. Whieh ware 



aleaa1fie4 &$ .Lee(l:nostiota acioola or eyAOny:ms thE:ireof'. Re round nine ~ollee• 

tif.i!ns which wee un.tenable as ;r .. eesnostict~ ~ciecl.a Wlde:r the deaceription 

origil'i&l.17 este\lished bj.' Sydow. ~o:st ot tJ.te$8· sr£c1ITlena were e1the:r on 

Jl• pGfflier~ ol'· ?:.• n1s:a 'nir. O.U$tr1aea eui;4 included the flattuck eolleetiau 

as Y+~ll as one et ~oek:11s eollect1ona.. '&ee:e spc"'1i4'lens bad highly &-um­

pent atrcmata,.. h3"alin& sporea and s: Pedtis.b .ca:et in the lea ion&l IU'e.aa. 

flulbaq {&) <teseri.'bed Doth1atJreJia etn11ml. a.a the foosus ea:wUng a 

neetU.e bl,1.P'&. 9f hu~trtan pine {,P.~11:14! !~ea:! llft. vez-. awatriac11 :.. it a.) in 

:n.o:ttnea lllinoia. 'l'his :f'IUngaa was dese:ribGd as haYing a highly ennnpst 

ttoth!deaceous &tl'<m1a :and hyaline .spores. Bullilnry :found spore development. 

oeel'lft'ing ooly :tn the sprinz:, the ~s exi;StGll the reti\\Qindel:." of tli.e aetana 

in the myoe.lial etage wi th:tn the meso:phyll ot· needle tis$Ue .. 

Folloi'liJtg Rnlbel:7·•s <lteecript 1011 et It• :rzW.,. Siggers sent !mlbaey six ot 

the col.leottens whloh he 1¥\id twnd not fitting. the de$cript1"1t ot Leoanoe'Ueta 

acteqlfl+ lclbar:, 14.ent:lfied theeti as b,oing :illteeted with ll"" ;et114. th~ hngus 

lM.t hd dea1u:•1be4 011 J.u;g;tz1.&n pine .in northern Il.lino1e. 'J."h& six collr-!Ct1ona 

were o-n. 1~uus fl•l,>:&l}J;e J'et!)ii• i7ste;loo .tStet:e Fores.t, Ohio; !• n1m Arn. ver., 

$US'tr;!•o,a A,. & G., ,Spl'ingfiel4,. Ohio, Mt.Bit. -Oklahflm6. 1 rutd Cl:larlea Caty, Iowe.; 

l.• nts;:n. var .• •!Jf!br:tca Se.bne1i .•. , 1,t'aterloo State Forest, :Chio; au ,?.. resinoe 

A:tt~., Bock,lng 0$Utlt:,. Ohio • 

.Ats m•tionei biif01'.tllr., when the pa.•eset sta:11 ~a~ instis~ted . ., nG is.:porul­

$tlnat auu.etvea ve:re tou'd on the 4isiea$ed u~le$'., 1li'om tit& $e:nerat Etp~~ 

aneie •t the apota it 4\ppGQed '!hat 'the (l.il;)ease onuatng tx-oubl.11 in. Oklfl.~ 

m.ost •1ose11 naembled ths.t 4"e:r1'bed by Sal.bery aa a neeile blight of pi.n•s 

cfl7'U~$d, by l• .i!:!!..11\ll·!!i· 





1.·rl ~e:ms-.~-......... -~iljm;-_,.,._._..,._~--.-.-..----·---'..liliii,-~.--~---..,---------a,ar· 
2{.I gratns ........... --........ - ....... __ ,,..,.. ___ ._.., -·"' - ··· --·- ... - ... --...... , ... _.,._ .... -.-dextrose 

200 gra.r.1s-... --·---....... ---···------.... --... -.---...... - ... -----aliaea potatoes 1000 ec -... _ ... _____ .,. __ .. _,.._.,. ___ ,,...,. __ . _____ ...... _ .... _ ..... _ ............... a_1at:!. lled t'leter: 

17 £1"f61:11S·,......,,....,__.,..,_"•--. ...-,.,-.,_--...-...,--... --... ~•--•-. .w--...._,_.._ . ._.,... ______ ,..,......£1.:gf7,.r 
20 grtliJllS--... --.......... __ ,,.. ... _ ...... _____ .,.. .. _______ ..... -piw needle ju:tee 

1000 ee .------... --... --------... --... ------· ...... --... --dis tilled ;,:ater 

20 gl'.'~s:-... ----------------....... ---.... - ...... ----... --... agar 
40 grama:.-.~-.... -~-..----...----~--'*'-···--~~---~--.-.·-----........,P~n-u 

1000 ee.--...... ---·-~----~ .. ~-......... ·-··------~·-•·"""' ....... ~ ........ -..... -.,_.""_...-....d.1.still:r;d ws; ter 

1·7 gx'al't~-~~~--......... ~----------~---..-;_-....-~~·-~-----~--.-...------.aga.r 
10 g:r.ema ................ -·-... --.. ·-------...... ---·------... - ... -peptone 

3 grams:--.---~_ ... ,.. .... "'"'.., __ ........... -..,_._;;..~-....-............ -..,~-....-..,....--__,_..,..._..,..._l)e.ef· ·G:X:trac·t 
1000 cc ........ _ ......... __ ... ___ ·-------... --·~-... ----... - ...... ---dis.tilled ·i'tete:r 

l? gl"atr.i&-· ......... .,. ____ .............. ___ .,.,... .. ______ ..,.._,..,.. ____ agar 

,00- ii:;rt~------'#-----.-.-,;-"""!'·--~----·....._.,_.,*'t ..... ---.-~.~----~··-·---·~.-corn zre·el 
1000 et: ........... - .............. - ...... --................... _ ...... ,.. _____ .... ,.._. __ ..,._diati.lled water· 



drawn gla.fl3 t\eetll.las end a tOX .ateriascopie £',icros:c;0po. and pla.oed 1n stertle 
,, 

l'ioorly u possU>le an even dis tr! bution of conitUa. 

'The temperatures iit which the cul.ttu'es we.re 1neubotoo. ~or the growth 

atio.n. ~e -sect:torJ.n53 was. do.rl(') by hand ·with a ,mzor blade on e: block of so.ft 

wood. The .$$Ctiooe ":r .. e placed 1tl e d1~op ot mounting tlw.cl ( two percent 

potassium #Mfetate 500 mt., slyaeritt 120 ml. 1 end 95 perc~nt ethyl el~oo.ol 

100 ml .• ) on a sli4e am gently hooted tit> ,trvoporate the a:loohol. J., ~l 

piec,e. o.:t pyc$ri'n jell,1 (gelatin s&ven -t:l"AF...s• distilltid 7mttn' 42 mi .. , 

glye:&rin. 4'9 r.a •. , a-n·« phenol o;ryetals one .gram) woa plseea on the ti?Op ~mi 

heete« gentl1 Ulll'til :it irolted-.. Ji$. !t .Keltd a cover slip n• plae-ed on top 

so tu ll'ml Ung m te:rt~ epread out under tb.e eovv Slil'J".. ,M'te:r eool:tns the 

~u,n,ts •~• ringed 1rl th. Canada 'bal$ara. to pr$Ve:nt drying .. 
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In eul.t~ D(rt,n1,t-roma 1:>!ni. i'c1tme a :relatively h1;r:rdtc 'blfiiek. oem:pae..t 

oolonr whtoh does n~t spret1d out (}Ve:r the .surtaoe ot the eul.:ture metium, but 

i:ustes.i tends to ris·e above thia surface by, the tor.mstien ot .eu.eees:sive lqen 

or· etl"omatio ttsne.. 'ThMe str01r:n tie 'tiaeoo colonies were s~tionei anti 

exam.1ne4 to atutiy ,aonidiel development. 'l'o ·:[11." epare th{PJ :twigu.~ eul1nn•e •ter .... 

ial tor ~ti:oain~., o F .Ji. .. A,. aol\lU.ou (f'oru;a11n. eloohol, and ,aeetie acid) 

~e ueeii as ii..\e Jdll1w,tg end tilting agent.. 'l'he tissue W!li$ tben run through a 

lfu:tyl si.blohol-toluen& sel'iea. and ~·bedtlet 1:a. peratnn.. Secttonil'lB was done 

on a retuoy mieretome set at 16 miCl'ODfh, fhe tisaue WM not ateUisa.. 

In pr$pat'at1on -ror inoculation eJ:pcti'1nl$1ltS With Dothtstl'<ffl; 1:ini twe.;year 

old. Pi~us nte. vu,. austr,taee: aeedlt~a were obtcd.nect f'rcnu the ~klahoma 

A... &: M .. O&lleg.e Foratr:1 nurs~y md tre:ns.pl&nted .1nto :t'bur lneh pots in the 

g~house.._ TJ.1e 1fempo:rat1l!.l'e in the s:re~nhouse was mi.\intained between aoo and 

Wl1 F. 

In pr,ep~l"Utt! the eonidtal moeuum. oxro to m t.t10ath old eUl:turea Ylitre 

\lM!d. The tugu$ fml.tU1."es were ;plac-1 in a Waring blemor td. t'h 250 •e.. or 
mat• ead meJ.:uai-ated tor blo minutes. By $prayina; the ii:io<mlum o.n a al.ice it 

was tOlffit to conte::tn an e:var&@:6 ot 100 to 126 coni«j.&. per low powei- field o~ 

th~ ~ffese:op:e. i~e ~u:m141al lrJ;ooulum. was. sprayed en the he£il.thy uedlee wt.th 

e amall ntcw.d~er.. Mte:r the foliage. we$ wt,11 cc,ver~ w.1 th the 1nooulum,. 

Wtiter-woot plastie bags ,eont&ini~ moistened pa.p,er tm,els ~e $l11)pe4 over 

·the 1ttoeul:st~4 fol.tag@ am tio4 .seeurely t(;I the $tern.- v"Ver thia a. b~w.n paPG" 

~g was :plao$0: to mr5 "evoit Q:eesat•e heat b:utlt:l up with.in t'lil.e pl&$t:i.c 

l)ag,. · Attc;r 48 i:loUl"s the bags w;ere rersr:r,ed., 

.Att«Japts a·t repJ>oduc:tna too n.ea.d.lo blight disease were tltl.$0· ~~&e 1)y 
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with th-$ eonidial su,pension. inooulations.. The hags 1a this e:x:p-ertment, b.ow• 

-ever• were '1llolred to rer;,sin on. the inoo:tlla tad. b:nmohea f.lnd 1eedli:ns.a :tor 

Inoeulation tl;'ial.s ·using these mathods nr,e 1rittde both on tbe potted 

serilitl@8 Md cu healthy b:ranoh terminals on large,r trees ,!P'Ow:111€ in the 

field., 

Oontrel stwllff 

Ia ~ll' A:,ril a miero.nopie exe:1ttnat1on ~ diaease.4 ne,edles rc~le4 

stgu of oO'liitlial developmen:t, eo the spray. eont:rol pl'¢gram was et.art ed.. 

Apl'il. 13,, 1.g~1.. i':1:ve. :plote of ~&$& .ccnsi•Ung of either!• n.i@ wr,.. 

austl;'1ca"" !.• W?d!trtlJ~u~,, « botn,. ,1rere spreye4 e-t appl'O:id.m&telY two week inter­

vals from AJll'tl 13th to Mr lS.th. Plot l,. located at the e.ou'th. eu ot ·the 

.111sU:taa pine trees. ~gag trom rtve to lfi year:s or age. Plot 2 .. lo~tel 

lt$e~ ~ e:.enter of' the ife:;gen e.state,, e:ontai:ns4 4? ~ondel'O&a pine trees 

8Jl~Ximately. ta to 15 years old. Plot 3,, lecated at th& north•• e.f the 

Hazen ,utat$, e~~d '7ft. l?>Qn.deroStl end Awrt,;nan plnv tff~s e.pproxtma tel7 

f'1ve to 1a yeera old., .Pl.ot 4~ l.oosted &long the ro.,e4 tl'-.rough too weet fer& 

,of Gkl..a~~ J. a ?J. Oollet;e~ epp~imat•l-1 one mUe fres<t o:t rJtU!wttter, 

o~t•med M ~dcemsa. p~ tree, a:p1WUim!t t~ly li to lS f'~et ta.ll., ~l<1t s • 

. $1 ttltliled J,n a n:.ul".sery l"ffl't Qn tb.e 1'teet tfllllll ot Okle~ A., & M,. C•Uege oont-

atne:4 1$; P.awtr1al). pi11•. tree,. 15 to 18 test tell. All o~ th.& sprayed t,..._ 

aaowel Yar:7ine 4ep•e. nf p.reviou e1eas:on in:feetioa with :Dothist~ :p1J'l,l ... 



(l!i. thin the plots, SJ;;otions i;;;ex•e 11Je.t u:p by eva.luo:ting tl,u:i severity of the 

preceding sea!lon di~el,.llse on individual trees,. Each troo 't?es ~laasitied as to 

,EJeverity of jiseitse by over-all sight estil'.imtions. 'i'he treem were then 

groupoo 1:nt,o seetions so as to inelu.de, as e·venly as possible, the same 

~"1'.!eun t of di sea$e in each seo.tton. 

The spray .mater.talG used were Fe.rmste (7G :pere:ent f'er:rie di!aethyl 

dith.to:earber:Wtte) ma1tufeetured liy E ... I. d:u l?ent de ?lemo1:tt•:1J .&;. Oo.,, l7elm.1ngton1 

Del.,. Ptl~i t:tztJd. J\.g:rioultu.;,al ,Spray {5 pe~.e.nt l:iJnmyl merccUJ<i t.riethanol 

a~t'lnium lac ta tie) 11tanuteetu'li'ed by Gellotvlmr iJ:he.mioal Corp*,. !iew York, 

Ne>.it York •. o.:nd m>rdeaux nti.xture (a-s.;.100).. Jferr;,1ate. wes applied at the ~ate oft 

1 1/2 lbs., pt'il" l'OO !ale. of water Elnd .FiU"atiZled at 'I.he rate o't 1 1/2 pint• 

per 100 pls. of water. 

A 16'0 gal,., e~;patit:r J-01111 Jlean :,prayer vies uscu tlu"o~ot1t the prograv1. 

':l'his equipment operated at 400 to 450 lb@ .• pressure. end the spl'ay gun oo1illd 

be rogulatii¥d to iiVe e. conee-n.trated stream or a :tine mist .. 
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!O.entitie~tion et tb.e f'ungus eauai:ng this .needle bl~ht of' o:;rn-aoentml 

1,l)ilu3& was baeea en metl'!)h.ologieal cnsrac tera ot the developing: t'ra.i ting stwe:­

t,uraa se; .s.tu.&$.d .in iC'll'OSS '"ct:tons through disoosed needles.., li weekly 

eXati!lletion oi' di"aaed neeo.les w:1:t-h hai been aet out to 't'leat11er, and those 

t1hieh were still att&ehed to th.e tttees., ,ms 1iede, sterti11g Feba,uir, 1e. 1951. 

Infei:-ted needlea still pfftly greeo end f:l.tta<thed 'to the troes revealed the 

firirt nsi'ble ~igne of t'UlflgUa tl:uith!.s atruetures: about. :tareh l~t. 11:'heae 

.appeared tla Sill.all &Wellings eually :m the cent~l!" Cit diooeloroe\ 10010.as. 

Croes ,~o.uons through this ene. showed the swellings to be immature stl'om4!ta 

oa-igtnating ill the bypotifl.'r1.1ual tisne ot the needles; each su~a was composed 

ot <Jompact b;ypl/u11e ia a pel1.ea4e-l1ke ene.ngern,ent,. Gro~th ct the •trom ta 

a~d to l>e by iout~e.ri. unifol'm exten.eion ,of the bdividual hyphft. By 

Wia:L!eh l5tb. th• ttrOOltlltie tisa.ue heid incr~a.aoo in size tmtil 1.t fol".eed the 

host epi4~l 'ti4&1'U!f to ruptUJ."'e.. n1s host 't1:uiue ebt.u•e.,oteristteallY 

re~inefi f.litrtae-11i4 to thee out-er surf~oe- of the st~. pm;s:ibly indloating a 

stiek;y ®Ui!$teney ot the S:\l'Olnfil tie tissue.. :By 11areh 2&1d. th~ eel le at the 

"M&l" margins ot ~ey of the $°tromata lllad begun t.0 d~rken 6D.4 to de•eJ.o:p 

thiekened •11:S. 

~ae til"&.t signs ot looUle t'omation wi tli:S:n the tio.dy ot thtt eti-om ts were 

obsenea on Apl'il 5tk. .BJ April 12th the locta.es sh.cw,ed s1~u ot conidiel 

dnel.,op~ilt..- ~bti 'thi~ ti.me" wh1l& the atrOllJa ta were eentiwally enlal'ging .. 

the <Yat-e marg.me bet..~ pr~esstvel:y 4aaer aa thoue:h an uneven erust were 

t'omi11g a$ a coTeJ"ittl tor the inner loow.es., Oon1dial numb,ers iner$tiised 

,~~reaai ve,11 in the alr~41 torme<t locuies. By ME.y 3rd the outer atmma tie 



iittt't~oes we:re .found bee;:in.ning tt'> rupture J libero ting th~ numerous .co:nid1G 

'!'!hioh. lined the .entire inner surtoce of tihe looules {Fig., 2). .. 

tm~ l,:oe:ule f,01:nmtion. amt conidif:il develorm1en't tmc1 
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l"~letsse Wf.l~ similt31' in :J:oat .diaoEH;!JGd lteedloG, ;S;OJ~1-B stro;:aa tn did nett develop 

as fast as othel!'th ffow~ver, it is estim£tc,;tl thiit .conidi(ll n.u.rn:bers t1ere at a 

!)Sak tito o:t' tli.l".e~ months after the :::i.t:ro:ma: ta i;el'e fcmnd. rupturing tli.rougli. 

tlae epideri..iiis.. At t:hi.~ time t!la conii.Ha were ~yalino 1 et;raight to t:s1113!tt'toid, 

eha.;r~e.teri.atienlly t!:ir~e aepte.te.i end 14 to a4 :mierons X Z to 3,.5 .mforona • 

. A.bundan.t ee.n.id:i:ta trera etill present on. Ju1:1 5-th but uy July 80th had 

.locules d.eetlined pr01[:3re:u:livel7 tbJr<)\\!lJ,hou. t J'u.1y, a 1~e1 cti vely t:ew ccn.id . .ia 

r~;mf.d.;ue,d or f,el"~ :newly J::l.t"Odtiee.<1 in the loeulee.. 'f'hElee r€?t:,a:iu_i17,g conidir:., were 

n,c longeir hy!'.iline ht:i.t had t:ux•nf~d a, uietinotive olivnceotU.'l color.. This color 

erJ.1m~til f:IJay be tll::n indic(;:.t.1.en of' ifhe pllyaiologictil maturity of' th,~ eonidie .. 

Ftirt'.J1 er ev:hl.eri~ e on t,lli~ point 1s l)l'eGe!l ted in tl1 e 1aol6 ti 011 et udi.es ... 

Witl1 tho ftu-ther lteclina ot oonid.ial lllmibers thrGil.\gh .All€:,'1:1$ t 1 the needle 

leatons bGf{ni to eht1nge t~11 brovm to, a reddish color., and the palisa-de.--

ltke body o:f the st:ro:rn~ t..a began ·to disintegrate into an unorgen.izc1~ ;:r1~a:s 0£ 

tll.ick; .... ,1~llad, :red{U.sh•~lo:red ealls.,. .Aett'9ely apo.ruleting otren1Ertie looules 

w~re· foun.d; in so!l1e ot' too needl;~s sectioned tn late .Aug-us t.. ·!he~o insttu:ui~a 

tJ~re few and it i~ pl"l"thtib.le thtit the.ee late dturing. s:tro?OO.~ were relatively 

'tffli.11:;port~:nt in tile ovet-... all d:tsm:;se pie ture,. l'l.ler~e stron;e tc could, howevei·, 

produe~ enoug:h e,(;;nidie. to :l:'oroe an extension of the ep:rc.y :r;iertod au.d thus 

Ctimpliea tB ine control :rne~H;ttll'os .• 

t'ne il'.llportant ohtrl',BOt~:rs UJJGn wM.ch Utilbary (6} bf:;sed t.ne description 

of .l)-0th:is.tr•oma piJt! Hul... were U) the or le;in of' tbo e trort.a t.a tn t;i:tGi hypo­

derm&J, a.rca ot dis.eased n.oouiles;. (2} their nii_;;hly eru~p(,mt ;net1xre at ~1et:urtty; 



Fig. 2 . ll cross section through t hree troma ta showing 
t heir highl1 erumpent nature , their sporiterous 
locules and the cnerocterJstic clinging ot the 
host epiderILSl tiasue t o the outer suri'e.oe ot 
t he strot.ota. -
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(5} the ,loth1deaoeous structure of the etrOHWlttil wit.b. their light brown s.ep­

tf.ite b.yphas forming palieaO.e-U.klii bOdies; (4) the. de.r.kening or "cru,ting" ot· 

the l".argi::ittl cells of the iltromata; UH the formation or loculaa wb.ieh become 

ll.ae4 over their ent.ire inne:r aurt2e• w:itb. hyal:tne,, ellantoid conidie. .Si'flOe 

tt.ese eheraeterb'Uca: a.re 14entic&l. with those f'otmd 1n this investiga:ti.on., 

the pi-eeent or~eaism Ml$ iltent1fied u Doth1$t~-e p1n1 Hul. 

Identitieation &f .2..., pin1 wca oonfi:rme:d. b:, P., v. Sie.gera fl-om diseased 

ne.edles which were $ent to him. Re also eonfi:r;illQd t.he itltHitifie~tion ot 

!!.,i~rhia E+C~~9;J.!. (Dearn.) Sit.;. as the causal tuugus ot a needle s,o.t fo'.U114 

on one ct the tl.'Ma under ·o.bser~tion in tbie atu.dy_. 

The development of Dothist~ pini in need.las whieh were ooll$o tad effll 

ae.t out to weather. aa tese:ribed in th,e :materials . .end methods~ was aoneide:r­

~oly 4itte:reat f:ro:m that .in diseased needles which 1~em.tiined attached to the 

tree.. Di~aed needl,e$ W'ffe ·Colleoted in late Se:pteznber and Oc1.<ibe-r ~nd 

11:aet out" 1ll $!l~ly !iovember,. By' t-1nrch lat ma.tu.re, highly ~pmrt stromatu 

with :reddish le:s1onel &N&S had developed on th.e det&ch$d needles wh:ile only 

~ll !ulna tare st.roraa ta w.Qrs totUid on all of' the- etteched needles exemtn.ed. 

Tne re441•h ooet of the 1.i&aienal areaa on attached ne.edl&e did not bceeome 

~vi4ent until atter the peak Gt aon14.ial pro<h•tton end durms tlle period ot 

a~J-ent declt»e of' the fru1 timg eondltio~. Seot:ions .made t.hrOUgh det.tacma. 

aeedl.M en M&Pe- 22nd l"$vealed ntumeiious -.au lOii:uleiS near the oat.e.~ mergins 

.of th$ highly $~ t · .stx,e.mo ta. These anall loe-ules wt'lr,e not cenidi&l 

l)e!!r1:n:g. 

Wolf and~ {15} de.s~:ribeli non.-eporiferous l<lculu imbeided 1n. 

strel!larta ot ~illee it:.tteeted wi tra Scir.rhi~ a~ioola..i: 'lli.ese loeulee were of two 

· types., spermogo-:ntal ani 4:erpogoaiel., the J.atter becoming 'transtomed into 

11'.s,ture peri thee ta within $ix io eight weeks atter their tol.'F.ie.t1on. 



fQun4. in connec~ion ~ith!f.. ~ip~. 

Oonid1e bearing loellles werce not romed wi.th.111 th1;t iitt'tmllilta on detached 

t.hss.e eonid:ts closely parall&le.d that tm att.aelled needles,. 'rowar4 tha b$g:1n .. 

sing ot J'uly ·the lerge hiply erumpffit stromirte. began pm-ti.al dis:lnt~tion .. 

Otten the inner bod,y of the st~ will eo.mpletely d:idp;pem!" leaving the outer· 

rim ar stroma and loe~lee. By' J'uly 20th lli.mif ot the stromfl ta hai alreost 

ecmplet'ely disintegrcite.d w1 tll <ml.7 remxu11:nte of the basal portions reir.aiaing. 

lao-letions _ a.n" erth stuU.e~ 
. . 

I~ 1'1£\$ very 41tt1cult to iSolate !• p1n:i by svtae~ sterilizing diseased 

ne.edlias and placing tro.~ents or disooeed U.ssu& in agar plates. In almost 

eVG!'f it1Stence Al tern.er ta . ..!Em.• rapidly covered the eul ture medic. f. few 

attenipts, b.Owevm- 1 w-v,e succeflBtuJ. ~nd. the tu.ngus wee: i~*3lated in pure eultve 

it$$dles :t.m1led to grow on artttiei.el e ul ture media. :&"urthelr fuese h11!ll1:ne 

. coni<U.a ms:p<mtled ill sterile v1iatt:1r i:11 hangin~ drop slides did not ~nat111 .. 

/ 
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J>hyeiologio~Uy il-JllllQt:W.·e.. For this reason dise&se:cl needles were ineubated at 

28° to so0 o .. in moist eh~1bex·s t-o eneoixrage spore 111i:rtul/ll,tion. Faur to :five 

d(Ays Qf t.hi$ trea.t.ment ot1uaad the e:rumpent st:i:otr11;1 ti.e funitW t;iss.ue to ineret.Iue 

f..l'~tly in $ize, t:a10 tlie eonidin ,,wt thin tlle itm.er loow.es to tu:r:u fr0-~ h:r,alino 

to Sin olivaeeoutil o¢loi•. '!.uese acolored eonid:ie were isoltrted individt:1~llY and 

pl!iCEid in p:ot~to daxtro&.0 agt1• plates. ;\f"t'En' an in<:u'i,&,tion perioil. of $1X ta 

s~v~n d~ya at ss0 te so" c.,. 1,1inu:te w.reelial eolonies were 1.iro& .. u1,ed. 'l'ne 

~ll colonies 11e:te white to light gl"f;:f in eolor and slightly raisw. By 14 

to 11.; days t-d.'tea:.· 1$,oli1tie:n, ·111rn oolordes l~d tu.med greyish 'black: and hod 

ino:reasect to 1-3 or 14 1nm. in di&u.eter., lt the young colonies are tran.sferre~ 

to bottle als.nt~, with ail' t.ight os.ps an<t ~ good supply of cultw·e medium, 

in.d:ividual eolpnies rr.rBy e:row to 'tlll'ee OJ.> four Ol:%.Utimetere. in diumetar ur:.d 'be 

raisoo above the ug&r' $Ul'.t'aee a centimeter or :ir..cre. l\'Iature ¢olo:ntes ot 

· R.• Ptll;i f,l.i'e d~rt blaclc, I1er,".ia:ph01:·icf;)l, wi.th a rough ou'ter surtaeth, I1o :e,yee11al 

gl:'owth. ls visible a.;rotmll the colonies (Fig. 5). 

Oolonies tln"'e-e to eight weeka old we1•e killed awl fixed in lf'. A. i,.,, run 

t.l1ro~h a butyl alcohol-toluene :seri~ am l,mbeuded in pe:ratf1n.. l,'.licrotome 

~eotione sh(;•;.;.ed tkm eent$xa of' the eoloniee to be ~'lade up or lis;ht colcrea 

myc-eliwn oovereu QY ·~ laye1• of darke;1:• st1>0tttetie tis.sue aontein.ir1g :n,um.ercua 

pockets of oouid:ta.. Co11idie 1'il'ciiueed in ~ultlll.'e ti.l'f} straight to all€U1ti:Jid, 

olivaceous and b.o;im.e in locu1e-lik0 depreasi.011s similGr to t:t..e looul!1s found 

w1 tliin the stromem 011 d.1.se{{Sed needles. Gu:itm·es whic:ll grew f'l:~:m ain~e 

c-0uJdia1 isolations w~l·e ident i~el w:1 th th.Ol'H'/1 colo:nh:1:ii produeod t':rom diseased 

tissue isolstione-.. 

lfu.lb-i:u,y (&J,. wowkit'!.g witli .fl .. J2ilri, stated thst the culture& of tl1i:s fungus 

on a~titieU.il :medii.i; t~iled t-0 p:roduoe s;pore 'bearint: :atructures.. :tifo d.esodv­

tioo t:.il the me:us e:oleniea o:r tllll') 1~tbods ·us ett in 1aolt:.rtlon.$ titppe~rad in 



{ 
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Fig. 3 . Potato dext.rose ag.ar bottle slant with large,. two 
month olc:l colonies of 1?_ .. pini. :Note how high the 
•pper s~rfsce of the colon, is raised abo~e the 
culture medium. N.o myeelium is visible on the 
cult ure medium llll'Ound the colony. 

19 
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l. E:ffea,ts of t~mperi,:ture and medio on colo11y tri z~ of D. tdni. afte:t," 
1noul:iatio:a. Bnov,-n as av,erag:e dier1retCl' of eolonie s in r:1illim0tars. 

is li'ltt tiV<?l'6'.~e o1' two 'trials. 

ilve.rii!ge colony $!rt,o il1 L:lUlimetere 
Inctibation on each of the i'ol101,;ing; med:.iat* 

te1r.pere:tU1>e .... • --------------------------------,----

l.6° C: .• 
21ft c .. 
20° o. 
31° c. 
::"5° o .. 

P.N.,..ii._ 
-0 .l~i .• A., 

0 
10~5 
23 

0 
7 
ll 
ll 

0 

:Potato @e41:troae a{!;ar 
.l?:run~ agar 
Pine ntH.'Ju.le deeo0tion agaz, 
c.orn r/1.lll:,!ll mgr,r 
J,mtrie.rrt 2ilg'!Slr 

mTtl. 
0 
4.5 

10.6 
10~'*' 

0 

pH l3c.,6 
4.2 
4.5 

1"ifi ~ .. 2 
a.& 

!lil:flo 

0 
1.75 
4*>:l 
S** 
0 

tr.Jri. •. 

0 
2 

14 ... 5 
15 

0 
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l .;. """ 1 · _,.. .. , ""· · t ·t·· · · ··t t· ·1~0 ..,lo 040 <la:lC n ·12.~Q r• p ~$6\11, 4'l .. ~t-1>01"~ El. . empe:ra UN!;i O· ·.Y"· • ,;, , ,, •v ,,, 1o1: it atlu ..- ""• 

oeidiw. suspenstoru.. were :pNpared by e.i,umtng St.all. p.teoes of [. ptni 

·eul tur• b'l e sterile wate;r bl,i.u. r.rhie ~.r.iment we.s repe&ted twice wlth 

:et .approxui:atelJ' 12 hour intervals. . . 

1'he firf;lt evi4.eti:8'e of ap.oJ."e @el'mination wes seen wtth a awelling of the 

cont4ia {1:l;. 4). At M" to 31° c. awell!nG· oonid1e W:e:ro V&l"l/ nw.ierous after 

lm6.tGl.Y 48 hout"s &fter tne eonicUa were ple.eed 1n tbe: 1neuba.t1on ehBt.:1bers .. 

At 140< ant .t1° c. $'011/,,-G ~nllln{& was obeerved. efter &bout 3& hc~a,, 'but germ-

ta&tton 414 not oo.cur until afta.- ~ppro.xiroetely· 72 hours. At 35° C .... no 

ewell1ne Gr' germ:tnetioa ft$ ohaerved. 

'lll.e reault• t1'0m the 6 .. 1'"lninfition stud1<,iS e:orrelateli nicely with the 

@:r'O'th· st,tJ4iea,. Bot~i geminat:ton and growth wa:re b:est et aeP and i1° o., 

Oe.ri.uiutia at 21° o. wss appruimetelY 24 bou:re iillower than et 26° o ... hut 

a eq»~ ~romi~ ot $lJORes germinated... At 35° o .. no ,growtll oocu:r·:rsd, 

prm'ba'.blY 4e to laek. or spo;re sermimiti,o&., A.t 1a0 Q., germizuat.iou of ~e of 

tiie •ontdte, w~~ ol.utened afte,r 72 hotn'll:.. liowever., .no grc.nh oceurred on t'.b.e 

sgu pl;.rt• tltt tlde tomplrat,u,e. im\1.e-&tiztg that, while the $pcreG might 

4~inate,. grff:th. €It· the myoel.ium. wQ'tl1ti be 1nhi'bited •. 

1'b." f'irat attepta to ert1t·101.a111 itioeule. te heeltb7 pine needles ,rare 

iai~,ietei: ® April l·7th. lJ-,dlea badl:y Weeted w1 th Dothism:im.a pia\ were 

used a:s th& a.ouroe ot fun3us inoe'Ulum,. 'fbe- diecased needles rr·ere l~id among 

the ~lthy ne1>4lt!$ Qt tha 'branch tsrm1ne.la and these ter1dnels were then 



Fig. 4. Stages in the germitlll tion of oonidia ot Q_. pini. 
The spore at the left hes not yet begun to swell . 
'Ib.e two center sporea shew auoceastve stegea 1n 
the swelling process and at the rish t 1s a 
gen-.tne; ted con1diun. 
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~ble .2. Showing the mm1bsir of infected needle$ per term1ne1 which we:re 
inoculated by ple.4tng die,eased aeedl.e, among berJJ.th1 :i:u,edlea. Mo!ot chnmber 
beg$ W$M 1:t;Jft ~ for 21 te:,a. 

Temtnel 
Jrumbll!l' 

1 .. 
2 ... ,. 
4. 
ll. ... , . 
s.* 
9,,.;"Y' 

. lO."' 

s,p,uuea 
of' tNe 

Au&tll"1Sll 
do 

Pon.d•oa 
do 
4'41-
do 
do 

Auetritn.i 
.Po.a<le-~sa 

. 40 

No. 
0 
0 

29 
2S 
$5 
!4 
.4'7 

0 
0 
0 

Int'ected needles per teminal 
e:t ea@ of .stated dtrtea: 

5 ... 1~1. 5-22-51 V-l&..5-l 
- . 

No .. ?~o. Ne .. 
0 () 0 
0 0 0-

27 2'1 2!) 

28 28 :as 
35 .55 So-
24 M 14 
4'1 4? 4ll 

0 0 0 
0 0 0 
(;li· 0 0, 

&,..20-61 

?«J .. 
0 
0 

25 
28 
$5 
24 
47 

C 
0 
0 



hsaltl1y teminal.s were :lnoouleted. u pre:viottSl7 c!leaoribed.. 'The inocnlatio-rie: 

were mede May Sth and the bags were l'relfi.!GVed at 1ntent;:ls var:,ing from o:n.0 to 

three 'ween attirr appl.i~ation,. 1'abl• 5 shows the nw;ab.e:r of needles whieh 

beewae, inte13.ted on eueh inoeulated termint~l.. As mu.ah infection oocurred on 

,r.elthf needles inooul,ated blf tn.15 m~th.~.. Longer periods of. t,neloslil.'e within 

tti& 1mte:r-proof' be.gs only i.nc,r0c~se.s the possibility cf i:nju:r:, to the ter,!Tdnistls. 

Bo 1nel'9aee in. nmnbe;r o:f' i..11fect.ed needles 11er tel"°k.!i1'l11l occut>:red e;;fter the 

mobit J)a:per towels were also used to cover tb.eae plt1nte. 1"'.a~se po.tted se:ea­

l!ngs. were begged '.tr&y Sth., nine treee b,efng iJW.crl.ll.;;1 ted and tm·ee aerviug U-

ct11;t~o1:a.. :rb9 b"ga were: removed from tour .of the potted treee at euccee.aiw 

week!y i'nta:nals on !w.y lPth, IZ:u.d. tu1(1 3Q:th. The::ce was .no :aign of 1n!'eatimt 

mi any cf tPJ3 D&dl.Gil!J w1* th~ ooge wel"& removed nor did eny- develop later,,, 

C.oni,diul an<l. ~-celial sUS.pe!!,$io:n inooul~t1on trial.a were. Dade. J'une ls:t 

,,fABi .le*' l.l>th on ~ltb,f* matti.re :Pon<lerose p1ne· te:rndnala tmd on potted 

'.;~trte pine s~inss. One to two m.onth old eul:turae or !• :pin! wer$ 
' 



lfabllill 3.- PJ.nu.a, ionderoee.._ t.erm1:nels 1n.oeal,oted by plaO'b.g iisea;i~ :needles 
on he&:J.thy noedles inside Wicter-proo'.f.' _plastie bags. S:b.owing th.e number ot 
1ntected needl~$ per .Uaoeul~ted terminal ... ,:ru.>minals w-sre inoeuJ.ated :May 8th 
·firld bags :remo,;rad fro:m tour tem1nala &t ::iueoeaaiva w0e!dy inte?""mls on t;]Sy 
15th,. 22nd t @4 50th. 

t>'&te bags 
reu,oved 

5-11;;-51. 
i-1~1 
5-15-51 
ili-15-51 
5-8~1 
6-22-51 
~12-51 
e-22 ... 51 
5-So-51 
5~0·51 
5-30-:Sl 
;5 ... 30,-51 

*ControlB 

Terrainel 
llU'JJ!beP 

ll 
14 
.1, 
:ei~ 
l2 
16 
lS 
20* .-

l.l 
15 
19 
21* 

5-15 ... tJl 

No. 
12 
21 
9 
0 

Infeeted :neei.Uee per terminal 
.et each @t $tste4 filut~: 

c ... 22-1u 5-50-61 7..;15-~1 

Mo ... ifo. lfo. 
l2 12 12 
21 21 n 
t 9 9 
0 0 0 
ll ll ll 
29 29· 29-
a 8 e 
0 0 0 

a 8 
14 14 
10 10 

0 0 

S,..20...$1 

No,. 
12 
21 
9 
0 
ll 
29 
s 
6 
e 

14 
10 

0 



'OOC''l:l~ in all of those leter inocnuation trial:S.- 'l'his fnjUJ7' nlBde infection 

readings diff'iou:1 t or impossible 1.n m.0.1>:t ets.ees tiDd :may have been dU.$ to 

·~ee.s.eJve :neut during the we.rm days of .J'une... This type of injury did not 

llec·t:tuse tlds nee1Ue blight d1see.ee appain:·ed to b~ CElusetl by!• pint, 

tlmgic1de .applioatio1U1J, to*' e:ont:tol 11ere s:ttn""ted before the study of the 

id~tifie~tion end sees·onl!ll development oJ? the org!m.imn were eompleted,. 'the 

fira.t signs of e-0rd.41e1 devolcpm.en.t on diecesed needles wssrc o'bse:rved in. 

:tollmd.n.g Qono.&:ntrstiotuu Bordeaux mtrturo e-a...100, Ferrnate l.-.5 lba .• :per 100 

e;.ais. or ·wate-r:, and 'Pu:rt)tized 1.e pints ter 100 gals. or vrater. Du Poilt 

Sftice1ker &n4 Spreader was used with all spr&.ll" r/18.tarials nt the rate ~t' 1/3 of 

. a\ :pint pel" 100 ~sls. of ::aprny., Spray application.~ tte:re .tao.de ·when l.7ose.ible, et 

·fl')i:~o~dma tel:, two week .intervals. 

'l'his ,e:p;re.y <H.rAt.rol work wee d1v1tled into. tlve plot..a. Plots 1., 2, and 3 

· :t1ere located on thtS ~en i:IDtate onil m:tle n<>rtn of Stt11w.zter end eont~inoo 

/15, tr0ea, mostly Pond.erosa pine epproxll'lf:ltely ten feet tilll, but with ac.me ·., ., . . . . 



pine trees c.rppro:dmatel.y 20 feet tall.- Plot fi was also .looated .on the 

i. a M. farm out in a nlll'&e:r,y row Ei.illd contained l.S Austrian pine appl!oXim-

a tely 20 feet tall.. .il.Qoh plot wns divided into four sectione,, on~ section f'u 

each of the ~pray materials e_nd one .for control. Se.otiOllS were set ~ 1)1 

&Vlillwating the ae.vert ty ot the disease !"rollil the precedi»g .;see8t)n •s de'1er1bd 

ee:rl.ier. As &own 1n table '• in plot 1 the trees aprayed with Bord:eaux 

mixture nve:ragat one percent .of the oow JH:tedles e,pott-ed• these wt t.h ~mate 

four p$Ment., ~:et1~ Agricultural S-prey seft!l percent., and the uns_pra,ed 

controls 2-6 p~t. 'P'b..ls pl,ot consisted of 45 t,:eee,, most &f m>lieh we:re 

Pond.$:l"Oae pine l>ut wtilh some $C'Et'ttueti aaia:ll Auatrian .t,¥1ne,., T'he emcnmt ot 

infect1,on was uo•llY J!Ligh on t1le#e small trees where tb.ei:.r teli~e waa: .neer· 

the .g-W'ld.. ·!f.ke -:u,ntrola in th1e plo\ wel'e aitua tel1 oa ~ bill whieb. fib opa 

to p:revaiU~ wi.n44. aich llOUld hove oe-no1derable c.\lying e;tf.eet. The t:,,ees 

a:prtafed uith Fermate,, nattzed, ,u14 Bor,iletiux !l'dxt~ wen ecao.h growiag on 

lowez t&rn.ces in tiil~t ord$.1"... ~ a result thtiso trees wer,e l&aa Gpo&ed to 

th4 trying winds,. ccmaEH;i,uently •cn1dttion1 tor inf~tion were pr,obably better. 

~'ble I tol!' plot 2 $bows thet bees eprayei with llori-eau tlixtUJ:'e had 

toUT pe:l'O:$lt .bd"~tion Qf the new needle$, thos.s a.prey«\ wt th FwmEi'te m 

perceint, 1-~tize& tour pentm t aad the UJ'lSpr&yed oentrols 40 pel'Cent.. the 

41 t~~ in this pl;f)'t wera loe:ete4 in a grassy ena whJ.,c-h. wa.e shieliied by 

hut~ tr•a... The ti"eee u tbe (Jen:t;er ct this plot lf&ff so enelossd tba t 

lh• QM lfOul.4 ~1:n wt tor s0vwal 4aya iaf't,ar, a rein. 

~a u,es, in plot 3 (41'8.bl·e 6) aprayed with Borieaux mxture eve:.rege4 two 

peNem\ o.:t the new needle$ s1;1ottc4, those sprayo.d with Fer~te 12 pereent,­

t1ith J?ua:t1aed tive pereertt, &ml the unsprfl7ed cu,:qtnls ·et& p&Nent. 'Iht.e 

plot w.aa looa tau 111 q ••loGei area and eo:ntatned b@th ar,u.:t.ll Austrian pin,e: 

· · tJ.eedl,iitlg& a..nd t.,en teet Fooder.osa pine;. t.l'her-e we.a ccn.e: 14eral:>lo und-erg;rowth 



IJ:1tibla 4. Di senEif.l ~c,n:Grcl :r •1!eul ts on gp:r.~y plot 1.. '.ihe individual ti gur -~a 
shew the nuztibe::r cf ;ue;t1ly i}tfected DQicdlE1.'1l out, cs.f 500 :ne0dl$e eomrted on ten 

ter111'Jnal.t1 on reeh tree. c11xeept fol' tl1ose :mt'Il'ked ~ the trees iri tl'ris 
plot were ItiJJd.e.ros~ pines .. 

Tree 
numl)er 

----· --~--.~ ...... -~~~,--~~-----~~-..~----...... ~~._,~--._,.~--~~~~--..-.._. 

l. 
2. 
!3,. 
4:,"' 
5. 
6 .. ,,, 
f• 

8. 
9. 

10 .. 
11 .. 
12. 

JEoroc,au,, 
1nixtt:.re 

!-kt .. 
lS 

f5 
5 

12";' 
5 

16~' 
.f't, 

"" 5 
0 

l9 
4 

11~;, 
2: 
l 
1 
l) 

3 
:'5Qiil' 

4 
l3J!* 

2 

l;io,. 
22 

175* 

2 
68* 
13 
30,i 

HO., 

13 
7 

269* 
:!:'70* 
205~" 

c, 
;;./ 

250* 
lHO 

9 
2.0fi* 
14 

____________ __,..,_.._.,_. __ ~--~~~~~-..-------~--~~--~~~~--....... --~--------
Total 1430 

Percent lnf'ea ten. 6 .. 60% 
..._ ................ ~~~------~~----------..~~--...... ~~--,--~--~~.,._,~~~~......,,~----,--~~--~~ 



~ ~·., 
:Sh.0\¥' t.he 
l"8:.Udeil1 

11:ree 
n"Uiiiber 

l .. 
2 .•. 
3. 
4. 
f;':: 
'.Ji:• 

6--. ,. 
a. 
9 .. 

10. 
11. 

eorrt:ro1 l'asulte on sr,rtQr -t: z. indi·d,l:tii;,l tiJi,'JA'.ree 
n,,;iwly ir.f@Qted noedle8 out oi? tiOO naedlG,S coU;.rited. on ten 

on €18cl1 t.rea" All o-f t:rees in this. plot were f'onde:ro-$a 

}]bJ.'d,l,!;DUi ------.:-.---
]~ex.mate Iurr,;.tiz€,d Control 

~--"1 ... ~ .... i_x_,_Ull'_,_e~.._..-~ ...... --~~..-~--.._-.-.... ~~~ ............................. ~-..--~---..---

Mo., 
5 

e;4 
'll 
26 

ltlo. 
i 
3 
1 
3 
7 

16 
lO 
14 
}.9 

a 

·,:<. .... 

i\10,o 

rt 
16 
14 

5 
1 

lOl 
13 

4 
5 
8 

i10. 
42$ 
328 
s:30 
f\00 
252 
114 

9 
11 

l 
15 

'xotel 220 a,1 184 1~,ss 
_f_'B .. 1".}J ... >? ... -_- ~-'~ .... t ....... :r ... n_r..,.. e ..... , .... Jt ... -- ~-; ... ·. ____ 4 ... -....... o_c ... 2:il_!: ----_-__ - ·----···1 .• ,!?~t ,·w. -• --~~~L~~~···· ___ .... -__ -3_9 ___ !-8-... 6-,&""·• _-,_--



ot i;RS.S which ottsn wa:a as tall as the em.all troes thau1:u~lve:s.. Bo·th the 

.s~ction sprayed with Eo-rdoouz mixture and the o»e eyrayed W1 th. ll'-el'll~ate con­

tain.ati :eevi\!rlill Q'.:f tb,e ~mall Au.stri.en :pt1uu,,. rtb.e p$;oocm.tege 0ct &p:otted 

awdla ·en. tbe- seedlings sprayed. wt tb. BordeattX m1Xture was considerably lea:e. 

than those sprayed with Pemate (Table 6).. <JJ!le oon.t:rols average& 62 per¢ent 

of tbil needles infected even though all these trees ware tall I.Jond.eo~ 

pimt$. Fe:rim:.te eppeared. the least errooti ve 01" t..lte f\mgi"ioes in this plot. 

but U should be noted that &tpt of the 1'1 trees in the Femate spraye& 

eoot1oa were Stlal,l J..u.e.tritm pc1lloa which 11<>me1lly &liowed a gi-eeter det;l',ee of 

1.m'eetion then the larger l?ondercae: pine trees. 

?lots 1, a. ru1d 3 reeaivot eight epwy 2i:pplicati0:ns.. •f:he first sprsy 

was &ppl:iati April 14th and the other:, on eeh of the following ieteiu 

April. 28th~ ~ay 5th, 18th, 26th~ 1une tth:1 23rd, and J'uly 21st. 

Plot 4 •• loca tea in a different ere~ an4 all ot these: treea were. 

•XI>O$e4 \o :noe.?l.y the e~e environmsnttiil conditions. The:ae tNe$ were 

.apr£:;yed au ti:rf!t'Js: .t.;.pril :20th, fC,ay &rd, 19th., 29th,, tune tth11 aua July 'ltl1 •. 

'!he, l?!ilr&ti~ wa.e uot app.l1(ld on u~ 19th becGuse of raia... "fhe results of 

thi$ plct (T&ble fl eh<:rf.' that the tress sprtayed ·with Bordeau ntiltture devel­

oped; a~f.llWJ:.tii~ 'tel1 two ~rcen t 1ntco-tion o:n the new needles. ~e sp.reyed 

witll !"~ate tow.~ u:.erc$nt, nmati~ed · four pe~er.rt and tl'.8 unsprayed eontrols 

:b64 SS percer. t infoeted. 

· 6prey plot 5 VIEiiS ndjacec.t, to :plot 4 but in e nurS.iil:t"f ltOW ,me~ wet 

w:estli.er made it imposllible to a:pl'Ely during tiw .1r..Qnth ct June. Teble a give 

tltt) ~oeult$ trom. ·1a11e plot.. la}ol'deaux mixture &nve ~ood contml, ep:p$:tem;tly 

.ad.J1ering ovel' t'tte w.ot jl&riod ·~ J'uno. in spi.te of eontinust washing.- Control 

with Femate and l1U"atized wes le-SS $f:feetive in thie plot. Thia ia att1:1b• 

ute4 f,o th.~1r poorer ndhesiv-e qualities-. Tne ,msprayed controls ~owed. 64 



'::tiebl.e a.. :Oie.H;!f;H~H!J eontrol reat:i.lte on spray plot •::3.. indi viduJ;l f iguree 
ahorJ tlla number of newly infected n{)edles out of 600 needles counted 0-n ten 
rtn:rdom te:rmina,1$ on each 't.ree.. E:xeept i'OJ." thooe n!6:rked * the trees tn th,;is 
plot wore ,fo11ii1;;1.rosa pines .. 

'free 
n'.lm:lber 

130l."ileaux 
mixtUl.'e 

-
Control 

__ _.. __ .._ __ ._...._.....,. ____ ,.._~--.._,;----..---,----~·~ ....... --~-- -----~ 
Nc:i. !io. No. No. 

1.. I 5 1 206 
2. 8 6 25 452 
3. 4 244* 2 227 
4. 2 2 10 169 
5. 2 l 4 388 
e.. 2 10 o 22:11: 
'I. l 1 41 253 
ll. 0 5 ? 40~ 
9. 1 17* 2 267 

10.. 4 35* 15 281 
11.. .22*'' 30* 49 178 
12.. 9$ 90* 11 4j}6 
1.s.. !Sl>i' 1,;1,e•i, 4 388 
.14.. 10'* 270* 18 535 
15,. 14*1 100* 102 216 
16.. 5* 22 154 3'3 
l7. 24* 20 6 2134 
18. 17:>1' 5 000 

Total lSl 1006 451 5516 __ ,..__,. __ .._ __ ..._..,_.._..___.,_,..,._.._. __ .._..._.._.._,..._ __ ~~--w.----.,,,_....-. ...... ~~--

pE,?'(!.SAt l.nf'tilQ'ted 1.4.5%, ll,.o~J 5.01}: 62 •. 4.0;b 
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~&ble 7,. Disease eontxol ffi$Ult.a on spr~y plot 4. l'he imHvi4llal tigUl'es 
sho;::., the DiWnbe.r of n-ewly infeotod n£t.ed1ea out of t-.00 needles counted Qn ten 
rudom tcr.min.®:ls on ecol.I. tree. c'l.ll of tho treas in thi$ plot r,ere f-'bnderose 
pines .. 

'Tree 
n'WJlbe.r 

1. 
2. 
s. 
4. 
6,. 
6. 
'i', 
e. 
9..,, 

10,. 
11. 
12 •. 
13.. 
14. 
15. 
16 •. 
1, •. 
18 .• 
19. 

Tot.al 
l?ere.ent In.footed 

. Jacrd.eElUX 
tuixt:uro 

!\Io. 
29 
2f.l 

0 
s 
4 
5 

22 
s 
4 
3 
4 
5 
0 

10 
15 

.a 
6 

16 
14 . , 

100 
lt I 

l.97i1 

-
Oont:rol 

No,.. ~-!o· •. tro. 
12 'I' 147 

5 ll 34 
38 25 55 
10 ll 71 

7 10 28 
9 32 56 
3 6 65 
9 3 GG 
a 12 217 

13 28 40 
1a 5 '10 
19 141 300 
a 16 l.04 

21 5 232 
30 18 491 
:;e 46 411 
48 zs, 461 
21 a 455 
69 $ 200 

3$9 
'" 414 5599 
4.02~~ 4 3&,1( 

. -·· ,~· 3?.fJ81a1 .. 



'.i11'bl& a.. Dis~c control J"&$nlte on ep,ny plot 5,,. 'l.'he individual tigUX'ea 
aho~ tJia;e 11um'ber ot newJ.y mteotad n~les out of 000 needles oounted qn ten 
mndom teffl?li!ilj:i on $aCh tHe. All of the trees in th1:$ plot were Austrion 
pin$$. 

. Bo'l"tlaau 
_mixture Fexmate Control. 

Number o:r :lnteete4 needl-es .111 tJ:ae 000 counted on each tree 

--·--------------------No,. no. 1-1(),... No. 
ll 114 46 500 

6 5G 121 34 
28 45 26 ~48 
19 207' 8 500 
23 ge5 

w~ 

86 400 ·400 1282 

~-441& 20.o~, 19:.4-5% 64.l~ 



1le:ble 9.. &it'.l{r,1;1er;v <:ift the .s:pra:,," .eo:nt1·ol d~ta f:r.::,:r1 all ot the sprGy plots. 
Stum11ra,w1zeu ai the 11eree1rt of new needles wnieh be-ouwe inf®ct.ed iu e~e:h ~lot., 
I'aoh 1"i.gu1·e :repre.s~r; ts counts of ttOOO ,or more needles on J,cmda.roe& and 
.ilust:r:ifm pin:e trees of v~r7h2g &ges,, 

:lF'lot 
lniinbCl' 

Eoz·deaux 
mixture 

'J1St'CilJnt pereer.1:t pereo.i1t perne:.1t 
1. .~ia i.5a a.co 20 .. 00 
2.. 4,,00 1.58 3.6$ SS,,66 
a. l,.45 11.83 s.01 6'2.40 
4. l.97 4.02 4 .. 35 37.86 
s. 3.44 20 .. 00 19 .. 45 64 .. lQ ----------~--~----------------------..~--,._,. ..... ..._......,_,.,_.,..._ __ ...., __ ~---~.-.-,.._..__...,_.._._..,.._,..._, 

Jiv1,1rag;, 
percent 

9.02 46 .. 0l 



37 



Fig. 5. Cross section or pine needle infected with 
R_. J2ini showing the chnraot ristic highly er1Wl)ent 
stromutn contain1n eonidiel locul.es end with 
portions of 'the host epiderr l tissue still adhering 
to the surf'tJ.oe. 

Fig. G. Cross sect.ion cf a pine needle inf.'octod w1 th 
!• acicola ho .111g e ch.are.cteristic subepiden.t.al 
st.r01.,a with an aeervulus contniniDtt conidia and e 
port ion ot th host epidert1al tissue bent back. 

38 



irrf't/;4t.ed n~edlas be<l'cmi.e olivaoecrus llfter foul" to :five days 1:n!lubatio:n in e 

1rioist -ehsxi:l:l.'.Hiil' at 28° to 300 C. 1ls the eonid:i.fi,l populcrtion deolitws, the 



f!• !!_!_<to)..~ were, ch~,:r.ae te:rlsticti.lly ur.n"ne cm .a :th1. tt.aued or sli€;ht1y oup­

sha1,ed hy:.~s:n:iw:,:.. Ocnid.i@ l:lcrne wi'thin the: e1,rtimo tic eu.l tures of r>. r;,in~ 

seemed to Hl'ise wi thhl dep:rt'tSSJons or 1t:Jcules,. The spo:rifo:re<U~ l.s1ye:..'s in 

C\lltu1'e 0:01·1:ae:po11d ve;r~r ~loeeljf tc those pJ:od1~1;HJ;d ixi tmture t-7 tho razrpeot:i.ve 

fungi . ., {l!'if{S. i ~d 10.) 

Hul.bar::r (6}, •11;or.k1ng vti'tJ-1 !?.• ;Eiii:.~;t atat1iid th!'it tt,fr fung;iw f'G.iled to 

densG, lig!:rt oolo~~oo :royoeU:uni mid. dark stro11u~tic tisetie in 

eon.idiel loeule:t, e.l:t) imbedded. 

Si.!!l.,gl~ svot·® i,soltJtioxH; LE1-da ct; t:he first signr; of' conidial pt'Od:ue'tion 

faUo\l'l to :p1'0t.'.i:uce colonies on culttu·e Jt1W1dit,.. Lt thi.$ t'H'U.·ly etcge the co.nidia 



• • 

Fig. 7. Cul tur-e plate col onies of D. p i n1 :r·eeul ting from 
single spore ! sol utions , sho,r i ng th unint errup­
ted bleak col or of each colony • 

••• . ...., 
. 

-··· 
• •• •• • 

Fig. a. ulture plato eolonies of.§.. cioolc result i ng 
frcw single spore isol ations , shodn;, the lighter 
s peckled surface of eac h colony. 

41 



Fig . 9 . Orose section of a stro1:i tie colony of B.• pini 
grown in cul ture showin~ the depressions or 
lceult.r- like openings tilled with oonidie . 

Fig. 10. Cross section of a colony of .§.. acicola grown in 
culture showing the slightly cup- slWped sporifer­
ous lay&ra. 

42 
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Dothiatzoma pini i!ul. is idoot ifie<l i:.s the ecru.eel .fungus ot a serious 
. . . . - . . 

t'U.i,waee :prit®ril:r ~.ft'Gcts. Pi1,1;ua Jion.d.erosa and l• nitir~ var. t\u.ztritiaa .. 

ld.entifieatiou wes oosed on the r:;c:rphOlogieal eb(l,;ructe:rs o:f developing 

45 

:M~t:iu:·~. ollvt,.ceou.s eonidi~ produced raiti1e.d, ®rk., etrom& tic oolonie.s.. Growth 

tu eul·ture was tavorebla on several m:idfo. rd. th the optimum being noor a&0 0 .. 

!f<yp1eel disease aymptc.;:1s Wf.U>e produced on heal thy pine needles, inoou­

l~t~d by pleeing d!e~uaaed needles on br.e:aoh termiru:ils inside plf.let1.c moist 

tttrol S:prey ~ll gave good eon t:rol of the dizease. lioi:1ever, Bordeaux roixture 

Y&s eonsistently better t~an the otne:r. t;110 tuneieides. 
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