
 
 

Give to AgEcon Search 

 
 

 

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

 
 

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

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

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

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




:; ~~I~ IIIII~ 
:: w [lj2.2 
I.:: W R_ 

: w W112.0 
.. " 1111.1 ...... 

111111.8 

111111.25 111111.4. 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANDARCS·1963·A 

~ I~ I~II~ 
:: Iii. 12.2 

I.:: ~ 

~. ~ I~I~1.1 ...... 
111111.8 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU Of SlANDARDS-1963·A 

http:111111.25
http:111111.25


•
\tV t 

• 


• 


'TACD 
Teclmical BuUetin NQ. 918 • May 19'49 

A Comparison of the Pine-Oak ~usts 1 

lIy the late GI~OlW.l~ G, IIb)Doco(!I\, formerly ,~eldor pathologi,~l, and PAUl, V; 
SlOcu:n"l, 1lathologl:st, Division of Porest Pathology, Bureau of Plant lndu,~try, 
Soil,q, and Agricultural HngillecrillY, A(lriclIltural Hcscarch Administration 2 

CONTENTS 
l'l!.ge Puge

8ullllllnry. ____________ .. _ • __ • 2 Inoculation I'csults-<f..inued, 
Hpecies uf GronartiulII on pineR U rodiospores on oliRs nnd re

nlld oaks lind l'el!Lf.fl!! gencl'Il._ 3 lated gcnom___• - --------- 12
Sporidia on pinos ___________ _ 14Geographicnl disl dilution IL n d 4 Effect of rus.s on inoculated uncihORi; mngc of pinc-,mk fustS. 4 T nnLlIrrdly infected trees ____ _ 18CrOlwrtium cere/ill/IIl ________ _ 4 . noeulations 011 pines _______ _ 18CrOllartinm ~tSifol'lIte---.-- __ 

[i Inoculations On on.ks___ - -- - -- 18Crolwrtinm .'ni(Jen'UIIL___ __ 5 Natumlly infected trees_____ _ 20Oronarti lun robiUnwlI. _. ___ _ 
Cl'or!artillllt IjJJC/'CW!IIll _ _____ _ 6 FrUiting bodies, fruiting strllc

t lIres, und spOreS of species of 
;~lllOds o~ ill\'."i'UgaLion ______ . 6 Grollartiuln____________ . __ 21 
~rtOc\!J!!.LlOn ~rocQclllrc _______ • o Pycnia, pycniospol'cs, and" aecia____________________ _~port.:trcntmont and spore 21 
,-.. llI(~urorrrt)lJt.------- . ___ . 7 Peridia and pCl'idial cell!:!. __ _ 24
'-t't[(\tfiOd of./} weighting SpOrl\ Urcdia and telinl columns ___ _ 2,.1,en lll~lIronti:hLs-----_- _____ _ 8 Aecio!:lporcs, urodim;pores, and 
a;)clIllttfun roiiJlls________ ... __ _ I) teliospo1'(·s _______________ _ 25 
~\ ',""",",-. ..... , I) Discussion ___________________ _
~ (·cl~l()r('S,.;4lo11 plll('~L____ • __ _ 25

LiteriLturc ciled __________ - ___ _ ~\e(!iq~~po1'(·l\Sbn olLks ulIcI 1'0- 26 
10 Appendix (tables n lind 10) ____ _ 29i-'.I inuct gf'I~-- ••------.--to< .... 

r ol 

f.,
A eomn.t!dwtlsive study WItS begun in 1908 of the host reIn,· 

tionsllips Itnd of It mOl'phologie compltrison of (ive speci('s of pine-olLk 
J'ust, one of wltieh, 01'0 f!al'tiwnju8'ijQnne , if; becoming 11 sedous obstlLcle 
to tlte sue('cssful growth of slttshllLlHlloblolly pine in some. locillities. 
In lI11I'SCl'ies it hilS eltllscrl llll'ge mon etllr), losses !UH.l shortnges of 
plnDting stot'k. Til. H):38~:~9 losses rllnged from 10 to :35 pertent of the 
slnsh I),nl! loblolly seedlings, Since 10:37 lllOl'C thlLn 10 million ('ust· 

I Hublnitted for puhlielll,.ioll Xov('ml!cr ·1, II)·IS, 
2 'I'll(' work itNo ['t'IlUl't.ed II'ns done in gre('nhou~e:-; and laiJomlorit'S of [he 1'. S, 

DrpHr! lI1ellt of Agriculture, at Washington, n, C., frum I!lOS [,U J 1)38, and Hupple
Inelltcd by cx!ell~iv(' field R! uclips, 'Phc selliol' wriU'r WitH 1U;,;i~.lcd by Glcnn 0, 
Hahn, pathologi:.;t, :\Jnrio C, Go~s, formerly pathologist, illargnrot; ;\f. Rynn, 
fOI'IJ1PI'ly seipnlilic nidc, and K. Hex Iiunt, formel'ly assista.nt. pathologist, of this 
DisisiulI, ill .tlte grN!nhousp nncl laboratory; and by X, Hex Hunt, E. p, ;\Ipilll'cke, 
Hllri tlH' ilttp 1':lIslI'orth Ilcthpl, fOl"lllPrly assi:-;(ant pathologist, principal pal hologist, 
Hnd pathologi:lt. l'('spccth'('ly, of thi:-; Dh'ision, ill l~he field \\,ol'k, Tho junior 
wriLrr check('d the original dalll, r(~vis(ld the ItlIlIlllSCripl" and included indl'pelllk'lIt 
obsel'vnlion8 of Gronartim!! c<!rcbru./It and C. fu,sij'or/lw, 

82:1I82-,IO-l 1 
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inf~cted seedlings have been culled. Also, damage to plantations is 
severe in arcas where- altemate hosts are abundant und weather con
ditions (11"0 favorable for infection, In studies to develop pmcticable 
control measures, it is necessary to distinguish taxollomically between 
the sevel'al species of fungi under consideration. 

SUMMARY 

'r111s bulletin reports a comprehensive study of host l'elt1tionsilips 
and rL mOl'phol()gic compadsoll of five pine-oak Oronm'tium species
four nati vo to N ol·th AmerIca Il.nd one to eastern Asia. Considerable 
confusion exists ill the taxonomic literature of this /?L'OUP of econolll
icalLy importlLIlt ftUl~i. J. C. Al·thur, long OUl' lel1dmg urodinologist, 
r(lfoned all species o[ the pille-oak rusts to O. 9,uercu'um. In disagree
mOllt with this classification, the wl'itoJ's considel' tho foul' Amol'icnn 
spceics-O. cerebrum, O,.i'UI:;ijo1"fne, O. coniyenum, and 0, strobilinum
dlstiuet from ench other nnd from 0, querc'uum, 

The gl~ogl'nphicl11 distl'ibut.ion of O. ce'rebr7t7n on pine extends in 
castel'll Nortb .\mol'i(:tt from 1!Linnesota oastward ilU'Ol.lgh Call ad:.;. 
nnd south to the Gulf of Mexico to cl1stern Texas. O . .1us~fol"me is 
mosl, prevllient in coastal States f!'Om the East,om Shore of M!l.ryln.ud 
to 1l'lOl'idn ltnd 'reXtlS. ~l'he distribution of O. coniye7l'lun is not well 
dufined but h3 known to OCClll' in Lhe mOlLllt,ains from Al'izonn through 
Mexico ILnd Guatemala. O. strobHinum is distl'ibuted in the Southe!1st, 
from eaf\1 em Nol'th Cnl'Olinl1 (Llld li'loridn west ILIong the Gulf CO!LSt 
to SOli thCI1StCl'll LouisialllL. O. ([uerC'UUTn is indigenous to Ohina awl 
Jnp(1H ILl lit is not known to oeCUI' in this country. Host rnnges uri) 
givC'll. ' 

Fit'l(l observations suggest that O. strobilinmn ovel'\vintcl's in tlw 
ul'('dial singe on young Oltk: stems, particulal'ly of sprout type, fl1l' 
1101'1.11 of lim rnll~(\ of its !1C'eial hosts P.in7tS ca1"ibaea and P. pa{'u.stris. 

Inoculatioll 01 pint'S wi th nociospol'os of the Amol'ienn spcdes 
Pl'ov('cl [hat Llt<,y n,I'e hetcl'oeeiou!!. No inot\uln.Lions with O. g7Wl'Cnnm 
Wl'l'U nuulC', but this I'ust also has boen reported heteroecious. 

A!; n group, the bInd\: olLks were more suscepLible tluLll the white 
onk::; to illfectioll by O. cerebl"u.rn and O.jus{fol''Tnc. On the other hand 
S(weiC's of while oak!; werc especially suscept.il,>lc to O. stl'ob'ili'1/.'um l1.Ild 
sli~h lly 1Il01'{\ sllscl'ptible to O. con·igcml'm. '.l'he offoet of infection by 
s()('dl1s of (Jron((l't'inJn on OILk letlVes normn.lly is ncgligibl(!. 

Sporidiltl inoeuln.lions wel'e made from Lclinl (~olumns growllfl'om 
nnU\('nti(~ 1lIILlC'l'iaL OIL onk lel1vcs ill the gl'eenhouse, at Washingt.on, 
D. C. O. ('('/'{'bl"lun lUld O. fu.sijonnl! p!'Oduced only spheroid and 
rus ir0 I'in glllls, I'esPC(' Li v(,ly. 

O. cO'ebl'lLIn JOl'lllC'd pyenia the- fh'st spring aftol' illoeulatioll and 
n.rt'i1L in Lhe s('('ond. Some seedlings inoculated with O. fllsUorme 
ShOWl'd p'ycnia In.[e in the fnll of the yeUI' of inQculn.lioll and ncein, lite 
following :;Pl'itw. 'l'hp. periodicity of pycnial and lwcinl fl'uiling of O. 
ccr"b,.wn and (1. flls.iJol'lne WitS bienniltl, but t,ltn elapsed Limc 1'01' fruit
ing nIH)' 1)(' one growing scason shol't.(lI· fol' O.JU,8~forme. O. c()lI:i!len'IUn 
111~() rOI'IIINt p'y('niu, ILmlllccin bienninlly. 11' contl'lls!', O. lJyercl(1/'1n !Lnd 
C. strobili n'I) m fOt'1Il lhem IUlIl llltlly.

'.1'.11(\ S(,I1:;OI1 of p'yenilll fl'uiLillg IIlso val'ies beLwcl~n speei('s. PYCnilL 
of O. ('u'l'brllm H,I'(\ fOl'lned from December to JUlie, O. fns'UoTme from 
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A COMPARISON OF THE PINE-OAK RUSTS 3 

October to .April, O. quercuum from December to February, O. coni
genum in May and June, and O. strobl1inum in March and April. 

Interspecificity was indicated by the rbsults from cross inoculations. 
P. 'vir'giniana proved highlysusceptible to O. cerebrum and resistant to 
O. fus~forme and O. strobilinum. Other species of pines infected by 
O. cerebrum and apparently resistant to O.fusiforme were P. banksiana, 
P. ciensijlora, P. echinata, P. gerardiana, P. glabra, and P. pinaster. 
P. clausa also might be included, as it is infected naturally by O. 
cerebrum and the inoculations with O. fusiforme resulted in no 
infections. . 

Approximately 35 and 40 percent of the infected pine seedlings died 
following inocul!l,tion with O. cerebrum and O. jusijorme, rospecti voly. 
O. cerebrum docs not spread appreciably from branch to trunk, but 
remains co>. fined to the original region of infection. Tho fusiform 
cankers of O.jusijorme often extend from the original point of infection 
to adjacent trunks and branches. They girdle the tree and are much 
more lethal than those of O. cerebr'u.m. 

Pine seecilings, artificially inoculated with O. conigenum and O. 
strobilinum, developed small galls ncar the base of the'needlcs. Under 
experimental conditions, 0, strobilinum killed 55 percent of the 
infected seedlings in 1 year, O. st'robilinum in the Southeast and 
O. conigenum in the Southwest destroy first-year COlleS and thereby 
l'educe the amount of pine reproduction. 

Study of the compamtive morphology of the five species of 
Oronartium revealed both simila:rities and differences. n. cerebrum and 
O. fusiforme arc nenrest alike, but arc distinct in th(l(( gall forms. The 
galls of O. caebrum find 0, quercuum arc always spheroid, those of 
O. f!ts~forme al'e alwnys elongated, usually fm-iform. The pel'idia of 
O. cerebrum and O. fusijorme are cerebroid, those of 0, quercuum ftl'e 
il'l'egulal'1y hemispherical. These threc species affect woody tissue in 
natUI'c, while O. conigl'num and O. strobilinum attack only Jil'st-yenl' 
cones. The former has erumpent hemispherical peridia with side 
walls, the laUe!' has submerged vestigial peridia without side walls. 
Within species, the differcnt kinds of spores arc ensily identified by 
SiUl and shape, but between species comparison of acciospores or 
urediospOl'es shows a usual overlttpping in range of spore dimensions. 

SPECIES OF CRONARTIUM ON PINES AND OAKS AND 
RELATED GENERA 

Of the several species of Oronartium described with their pycninl and 
aC('ial stages on spe('i,as of Pinus and theil' uredial and telial stages on 
species of Quercus, Oastanea, Oastanopsis, and Lithocarpus, the follow
ing al'e recognized ttS distinct species by the writers: 

1. Oronartium cerebrum Hedge. and Long (1, pp. 691-692 i 2, 3, 4,7, 
0,11,20),3 borne on perenv.ial globoid woody galls, bearing pycnia and 
aecin with crumpent cerebroid perielia on species of Pimts and with 
media and telitt on species of Oastanea and Quercus in the eastern 
United States. 

2. Oron{Lrti'umjusijorme HedO'c. and Hunt (1,2,3,4,11,20), bOl'lle 
on perennial {usoid or spindle-shaped woody galls, \"caring pycnia find 

! ItRlic fll.llilbers in lJarentheses refer to Literature Cited, p. 26. 



4 'rECHNICAL BULLETIN fl7R, U. S. DEP1'. OF AGRICULTURE 

nO('iil with (,l'Ump(mt c('l'('\)l'oid pCl'idia on speciC's of Pin'us and with 
1ll'cd in nnd tC'liu, on species of Q'U'/'C1IS in the sollthcnstcl'll Unit('d Stutes. 

3. Oronnr/il/,m CO'nigemt11t Hedge. und Hunt (2,4,10,18), hOl1lo 011 
fleshy swol\(,1l eoncs, bcnl'ing pyellin. antI uccin with Cl'llmpcnt hcmi
sphcI'it" pel'idiiL or spccies of Pin'us and wi th 1II'cdin u,nd tolin, on s[1N~ics 
of QUNCUS in Al'izOlllt, 1Jcxico, und Ocntml Am(1l·i<.'ll, 

'1. Omnartiwn strobilimml. Hedg(:. and Hnhll (1n, 2, 4, 8), homc on 
fleshy SWQ\I(,11 cones, wiLh pyenii1, submcrged nc('ia, l111d sunkcn 
ycsUgil\] l)cl'idin on Pinus caribaea ~[ol'elet and P. 1)(1l'llstl"is Mill. Ilml 
with trl'N in Il.lld telin on slweies of QU/!/'ClJ,S in tho southcnstol'll Unit,ed 
Stnles n.nd in Cubn. 

5. Ormurrl'i11,m fjue/'('u1l1n (Bel'k.) MiYllbe, (2,4" 12, 13,17,1)]>. 7-8, 
22,23,25,26), a IH'I'C'l1nin.l globoid gall forll1, b(,llrillg pycnin lwd ll('('in 
with ('I'lIIllIH'nt h('lIlisph(,l'ie p(1I'idia, fotllHl Oil pines 1t,lId Oil oaks nnd 
rclatNl gC'Il('I'n in ;rnpan alld Ohinn. 

GI<:OCUAPIHCAL DISTRIBUTION AND HOST 'HANCE OF 
l~lNE-OAK RUSTS 

CHONAIl1'lU~1 CEItEBltml 

OIL Pin!lCPfH', 0, r:I-V'I'om Onlario, Cn.l1lldn, :t1\d ~rll,ine lind 
~lil\n('golll, to T('XllR lind Flol'idn: 
Pillll.~ /J(lnksiul/(/ LaUlh. {('allfl(\:l, ('01111., I'. II/Wf/CIIS LlIlIlb. (:\Id., "Il.) 

~Iinll.) P. rcsi'lo,N .\i1. (:\Ii"h., :\Iinll.)
P. ('I/I'ii>arn (Fin.) 	 P. riuidll :\lill. (C:II., ~llLill(', X' Y., 
P. rirw.w (1',11).('1111.) \'I\fH·.\' (Fla.) Ohio) 
P. l'('h;'tw/a MilL (10'111., Ohio, I'll., Tex.) ". ri(ftda "a 1' • •wrOIiIl(/ (:\1 kltx,) LOlld. 

I'. "lubl'lI. Wnlt. (Ln., I.(IL.) (Fla.) 

1', IdYl'a ,'ur (Uls/I'irll'a (II ()(':;:;) '\scll('l's. P. IIY/I'rS/l'i,~ L. «'III1IHIiL, ~[jIlI1., Pa" 


unci (:rnebn, (:\. ('.) 	 VIL.) 
P. 	It/(Irrt var. 1Joirl'liulltt CAIIL) I\;;(·h('r". /J. IOI'da L. (FIlL., ~Id., Tr'x.)

nnd Gnu'lm. (:\. C.) P. titUI!/JI'I'UU ParI. (~. C,)
P. ]lil/usil'r Ail. (Fla.) 	 P. l'ir(JilliIlIlO. }.lill. (Ala., fOWII, X. ,I., 
P. 1JOIlr/CrOSll LILlI;;. (X. C" Wis.) ~. U.) 

On FfI~n(,(,flC'! n, HI: 
Cas/anCll dtn/(li(l (~Ial'sh.) BOI·kh. (X. Q. IIIOnlll//(I Willd. (UtL., Va.) 

c.) Q. myrtijoUIl Willd. (I·'IIL,)c. 1Jlwtilll. (L.l ~Iill. (X. C.) Q. ni{IW I,. (Ala., l)pl.)
(JUl'n'II,~ allm L. ('1'(,1111., ril., Wi:;.) Q. ]llIl/l.~lri~ i\llIPIl(·h. Old., "a.}O. bic%r Willd. (Vu ) O. pileI/os .L. PI d., \'IL.)q. J)(}rc(lu.~ :\1 it'll,. r. (CllIlndu, ~Iilln., 

Q. 	 rllOra!.. ((). ja/rain :'II kltx.) l (la., 
~[d.) . 

X. I I., \'n,) 
Q. corl'il/Nt ~[\lC',l(·h. ( :a., ~[d., ~lilllt.) 

(). ilit'(fo/io \\'1t1l/.{\'IIh. (Fla., X .•1.) O. Sit'Ullln Wa11 P;l' 11 It , (Tc'I1Il., :\Id,) 

O. im/m'('uria ~Ii('hx. ,(~Id., Va,) Q. crlllU/W Lnll" ((;IL., :\Id., ~Iillll.) 
O. m(l(,l'o('arpa ~Ii('h,. (~I inn.) O. I'£I'(/ill;(///{I, mI'. jliSiJ(j"I/I.i,~ (~llIall)
O. IIllirilantlir'(/ :\11I£'II(·h. (X. C., X. ,I.) Harp;. ('('('x.) 

CHO:-i"HTllL\1 1~'USIFQIDm 

011 Pilln.('I'HC', 0, 1.····]11 till' sOllthC'HS(C"'1I l'lIit('(1 Sln.U's fl'Olll ~IIHT
lund I1l1d \'il'gilliu. to 1,'lol'idn, nnd '1'C'XlIR: 
l'iilll,~ mril}(l('(l t Fla., ~. C., Tl'x.l IF" riyidn '·lLr. NCI'OU/lII (FIn., X. C.)
P. 1)(/11',<lri.~ (FIlL., X. ('., T(lx.) 1'. lucda (Fla., :\fd., 'L\'x.) 
P. fiair/It (X. ('.) 

• 

• 


• 

Tit!' p,l'(,lIilli. IIr('tHI. 1I1'l'diul, Illltl ('lial ';{ag[';; of rllsts lire l'eprf';<PII(l'{! hy 

0, I, II, find III, \'c-s(l('('tin'!y. 
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A COMPARISON OF THE PINE-OAK RUS'I'S 

On Fagaceae, II, III: 

Quercus aibc, (I~la., Miss.) Q. phdios (S. C;I Tox.)

Q. cillcrcc, Miehx. (LIl., N. C.) Q•. rubra (La., N. C.)
Q. cocciTiea (N. C.) Q. shumarciii Buekl. (Fill. J~a.)
Q. imbricaria (Ln., S. C.) Q. stellala, CGa., J~Il.)
Q. iutlri/olic, Miehx. (LIl.:J N. C.) Q. stella/a var. maryarl!U~ (Ashe) Sllrg.
Q. iaevis Walt. (I~Il., S. Li.) (Fla., La.)
Q. 1IIuri/allciica (La.:J N. C.) Q. vcllltina (La., S. C.)
(J: niyra (Fla., N. Li., Tex.) Q. viryi,tiana Mill. (Fin., Miss.) 

CRONARTlU11 CONIGENU~[ 

On l'inllccIlC, 0, I.-AJ'izona to Guatcmnln: 

Pinus leiopityJ/n Sehicdo and Dl'ppe P. IIIOlllcZlwwe J~nlllb. (Glintell!alll)


(Ariz., Mexico) 


On FngaccllC, II, III: 

Quercus rrrizonlcc, SlIrg. (Arill.) Q. ob/ol/.yi/olic, Torr. (Ariz.)

Q. t:itrl/.~oiclli.~ Licbm. (Ariz.) O. oocarpn Licblll. (Costa Rica)
Q. cllloryl Torr. (Ariz.) Q. pcdllllclliaris Nee (Gllahllllala)
O. {Jris~c, Liebrn. (Ariz.) Q. rclirlliata HUlllb. and Honpl. (Ariz.) 
Q. hypo/ellen Ellp;ldm. (Ariz.) QuerC/is app. (Mexico and Guntemnla) 

CIlONAIlTIU1[ STIlOUlUNUl\I 

On I'illll('(~IlC; 0, I.-In the southeastern United States {!'Om 1.1011
isinnu, to North Clll'Olina: 
Pi,ntS clrri/mCCl ft (.FIIL., Mios.) I P. ]lalus/ris (FIlL., La., N. C.) 

On Fu,gacl.'ne, II, III.-Illinois 6 to 'rcxns, Floridn., Virginia, nne! 
Cubn: • 

Q'lIlrC.lIS alba (Ark., 111., J~n., N. C.) Q. pumila Wlllt;. (FIll., N. C.)

O. 'th'olor (N. 0.) Q. rol/.~ii Small (I?lll.)
Q. Chl,If//II(l/d Sarg. (Fla.) Q . .~tell(l/a (Fla., N. 0., Tex~)
Q. dncrca (N. 0., 'rox.) Q. s/ellata var. maryaret/a (l?IIl., N. C., 
Q. ltlt~viil (Miss.) Tex.) . 
(J. ifluriJolia (1?ln.) Q. viryinialw (Ouba, Fin" J~a., N. C.)
Q. II/uri/olirL VIII'. hylm'c/n l\[j(\hx. (Fin.) O. viryinlnlla var. /usi/ormis (Tex.)
O. /II(/"roCClI'7)(J (rowa, KIIIIS., Mo.) Q. vir(Iinlalla VIlI'. (/I)lIIil/atll (Small)
r). ilion/CIlia (Va.) Sarg. (li'la., Miss.) 

0, III!/rti/olin (I?la.) Q. IJiryiniallll var. minilllCl (Small) Harg. 

Q. lIiam (I.'IIl., 'l'(lX.) (Fla., Ln.) 

~ ('roIlMti'Wt 8Iro/dUII-III11. WIIS r('ported by Arthllr (1a) 011.1 he COO('f; l)f P. Irw/a. 
TI1t\ oCCU:'rell(:f' of til(' rURI- OIl this spcl'ips of pille WIIS blls('d 011 ;qweilllPIlS c()l~ 
IN.-tt'd hy P. H. Holfs, at.Lllk(' City, Fill., ?lray 30 Imel ,Iuly 10, I!JOU. 'rhe 
s('lIiur II'/'llpr I'XHfllilWd 1.11('''(' sp('cimClls lLild fOllllel tIm!. the host, "peei('s 11'118 I'. 
(,Mibal'/!. 'I'll(' ('011('" of P. 1/lI'//CI an' Il(,\'('r illi('el('e1 by this rllst. 

ft A Rl\ldy of t h(' sp('cinwm; ill Uw l1l'rlmriltlll of the Di\'i~ion 0 f lUyeology and 
Di$I'Il.'l!' HII r V!')" \.lur(,Il\l of Plallt Indllst.ry, SOil;;, l\nd Agric Itlturnl Engill(,t'ring, 
showed thu folltlwing "I)('cimens, wrongly determilled Il.~ Cr(lnllrU'II1It qUI'n'l/lIl11, 
to I.)(! t.he IIrl.'e1ill ()f C. ,~trobilin/lr.'I: On ()Ilerru.~ alba, lll'o spet;illl(,lli:l eollectNI near 
Ol'!'gon, III., hy M. B. WI\iI(~, !47, Sept. n, and 241, Hept. n, 18Sn; Ilog!'l's, Ark., 
col. g • .Bartholomew, Fungi Col 11mb. 301fi, St·pt. 25., I!!OS; Harlllon Lake, ~Iii;fl., 
('01. ,I. M. Whit!', ~eYIII(}ur and Earle 1~llI}gi 214,Altg. 4, ISHO; on fl. /I/{/('ro{'u'I)(/, 
~[nllhatt:ln. KltllR., col. Kellerlllan Ilnd Hwinglc, Kllllsm, I~ungi 2-1, (k(. 1&8U; 
Stockton, Kilns., 1:01. K Bartholomew, Fungi Columb. 2UIO, Allg. 31, I!JOS; 
Oel\\'cin, Iowa, ('01. ,I. O. Gilllllln, 1437, Sept. 18, 1!J27; X('.\\' Haven, Towa, col. 
.1, C. Gilman, 14M, Sept,. 20, 1!J27; Oolumbia, l\lo., col. B. T. Galloway, It!!, 
A\lg. 18, 1886; Columbia, Mo., col. Traey and Galloway, Hcpt. 12, ISSti i !:'ick('ring, 
Mo:, col. g, Burthololllc\V, Fungi Columb. 2514, Oct. 10, 11)07. 
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CRONARTIUll QUERCUUM 

On Pinaceac, 0, I.-In China. and Japan: 
Pinus ciwsijlorC! Sicb. and Zucco (Japan) IP. slllvestris (Japan) • 
P. mas8oni(Lna Lamb. (China) P. thunbeTgii (Japan) 

On }?agaceae, II, III: 
C(I.~t(me(, crena/a Sieb. and Zucco (China, Q, ilex L. (Japan) 

.Japan) Q. 'IIIOl!gOliClL Turcl':. (Japan) 
C, mollissima Blume (China, Japan) Q. mOl!yolica var. grosse,~errata (Blumc) 
Castanopsis c1tspiciata (Thunb.) Schott- Rehd. and Wils. (Japl\n) 

ky (.Japan) Q. IILlITsinaeJolia Blumc (Japan)
Faglts japolLica Maxim. (.Japan) Q, neost'ltxbergii Koidz, (.'apan) quercus aeuta Thunb. (Japan) Q. palustris (.Japan)Q. (lCuti.~8ima Carruth. (Japan) Q. pctraw (Mut,tuschka) Licblcin (Q,Q, dentatlL (China, .'aplul) scssilijlora Salisb.) (.Japan) Q. y/(wdulijem Blnll11l (Japan) 
Q. ylaltca Thullb. (.Japan) Q. variabilis Blume l.lI\pan) 

METHO,DS OF INVESTIGATION 

'fhe seedlings inoculn ted wel'e oi thel' gl'own from seed or transplan ts 
rl'Om lllll'sel'i(·s. FOl' best inocu1n.tion results pines with young suc
culent, shoots and bL"Ondlenf I.,!'t}os with young foliage neal' the time of 
theil' full expansion in~l'owth w()l'eJ)referl'ed to tho£e with slow-grow
ing hardened tissue. 'l'(~sls with 01 hal'dened oak leaves proved t.hem 
uTlsuitnblc fol' inoculution. Aecia, mcdin., and telin, werc measured • 
with eY('piel~e and filfn' rnicromctCl's ndjusted to a (:ompOllnd micro
scope. A carefully prepared catulog Wl1S kcpt of date of inoculn.tion, 
symptoms, dltLe of cvjdent illfCl.:.tion, appearance of spore forms, and 
intcnsity of infcction. 

INOCUT.ATION PIlOCEPUIlE 

If inClc:ultttiolls WCl'C mnde with thc spOl'es of more than one species 

in olle day, I)n.('h was mnde in a ~e\)nmte compnrtment or gl'ccnhousc. 

Jl;vrl'Y rossible preeaulion wns ta ,en to instll"c thn.t the plnnt.s were 

rxpos('( to It sillgln inoculntion at one time. 


Two silnilnr srls of In'(!s of the sam(' spl'des, ('\a('h of nuout the samc 

numb('I', were lIsNl in ('aeh expcrim('ut. One set wns inoculated, the 

othCl' WILS Ll'('tLled similarly without inoculntion a1l(l used as a eontl'Ol. 

The ('ompamtiyc sels of ('nch species of 01'onartimn and th('il' con troIs 

were grown in scpn.mle tompn:dnH'nts unclel' simil!tr' conditions of soil, 

t.C'lIlpel'lttll\'(', and ligh t. Self-I'('col'ding maximum nnd minimulIl 

t,hCl"ll1ornl'lel's ILnd hyg)'oll1el(,I's WCI'O used to retonl the tempNtl,tmc 

Intd moistul"c ('onditiol1s in the comp!trtments. As the results from 

the control sels used wel"e 11.11 negative, thcy 11"1'0 not mentioned here 

when those from lh(~ inoeulnted plnnts arr given. 


'rwo methods of inoculnting pines wcro used. In ono set, chips of 
gltlls 01' musses of loose spores W(,I"O insel'tccl in a smnll sli t in the 
phloem unde!' thl' bnl'k Itnd til(' wound wmpped with a strip of sterile • 
W(,I. ('otton, In the other nwthod, !til ntomi..:cr WI15 used in spmying 
IH'Nl\es o[ shoots wit It sterile wntol' flnd the sporcs were dusl('d on theil' 
SlIl'fnee, In somo of lil('se sots the l1('('dl('s were wl'I1ppul wit.h wet 
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A COMPARISON OF 'rIlE PI~E-OAK RUSTS 

, stcl'ilc colton strips and in othel's they were left unwrapped, Iuulle
dialdy aflel' inoculation ull inoeull1ted trees were placed for 2 to 4 
days ill moist, ('lmmbel's in early cxpel'imcnts und in iceless l'cfl'igern.tors 
(14) in In-lol' ones. 'rhe collon wrappings were I'Cllloved in 2 to 4 

weeks in ('fi,SC of wound inocuhttions, fmel in about 1 week after 

inoculu,tions mucie without wounds, 


When bl'oadleaf trees were inoculated, the leaves were sprayed with 

sterile WILler with un atomizel' and spores wero. dusted or bl'llshed on 

the under surface. Plants ino(:uln.t'''.tl were immediately placed for 2 

to 4. days in It moist ('hamber in early inoculations nntl in un iceless 

l'efrigt'I'lllor in Iittel' ones. It WIlS found endy in the wod\: thnt leaves 

dW-Iled with spores on the uppet' smfnee WCl'C l'lu'ely infected, 


'l'I\(· [wl'iod for inoculntionof brOllCUcaf nnd pine tro.es was lengthened 

('ollsidc'l'Hbly by pitwing some of the plttnts in the coolel' air outside 

tho. gl'l'('ldlouses; others WCl'e kept dormnll t by plncing them in cold 

storage f()!' Intcr usc. A second crop of len vcs on brondlenf species 

wns oblained by plucking the first crop bcfol'C it matured, This forced 

out a .new ('I'OP of yotmg lenves even in fall or winter, especially with 

evergn'('J1 oakI', ~ 0 diffel:rllcus were noled ill the susceptibility of 

len.ves obtaiJlNI by the \'urious llll'lhotls. Repented defolintion was 

It \roided, lest fL wC'akelH'd gl'owth resul t. 


Sl'ong TnEA'I'."Ei'i'l' AND SI'OHE l\fEAsUJtE~mNT 

Ap('iospol'l'sl'eepivpd from distant poinls wer(' nl first tested for 
vini>ilily, l~n,tl'1' it WitS found that brightly colored spore's \\'P1'e yinble 
whC'J\ ll'sS U1ILll a month old. 'fhp te'liospores lU'P bound logether into 
fl trlinl ('olumn by It lIlatrix of a· substance ('ontn.Llling pedin (19), 
Soaking lI11' I('I inl columns in a hot 4..:per('ent solu lion of hydl'O('hlol'ic 
n('icl d issol n·d lh~' matrix and sepnratC'tI the tdiospores. 'VhC'n sULined 
ftlld mOllllU'd in Knis('I"s glyt~'rin jc·lly n.nd erythrosin, th(·y gn.\'e 
sligh tty swoll('n dinWllsiOIHi, but the extent of the s\\'C'lIing wus deter
millt'd by !tIl ('sli IIIal iOIl of the dislortion. The sporidia used. in the 
in()('lIiilti()I\~ (,Hille 1'1'0111 young rapidly growing lpiin.. 

The SpOI'('S of lli(' rusts Wl're stained, mOllntcd, Itnd llleHslll'Ni, follow
illg lIw IIwlito(\s Itlld formuins of Colic')' and nssoeialps (5, U) ill lhe 
sludy of tltc' n.l'dOSpOl'('S of CrollartilMn ribi('o/(L A. Fis('h, nnd 0. ocr.:i
(ll'fl/alr> \ledge,. Bt·llt., n.nel HUIlt. IL was ('ss(,lltint Ilwt tlte' same 
prOtt'ss for slitinillg Illld mounting spoJ't'S ::;hould 1)(' lJsl·d in nil the 
spore moullt'> IllCHSUl'(·(l. A uniform Il1rlhod of staining a.lld mounting • 
spores I'csults ill eqllltl shl'inknge ill their size nnd thus in t'olll(Hu'nl.iyc 
.J Il('nsul'(' n \('11 Is. 

~\li s(loJ'(·g W('I'(, Jll('HSUI'('d by pl'ojpdioll, wilh th!' npplll'l1luS de
snilH'd by ('oll(',\' (:i). Th(· illUlg('S of till' spoJ'('s \\'('1'(' usually pro
j!'d('d Ill. ;'ion 10 1,000 diltllldl'l'S 011 !\. whitl' lipid, J I' lIlngllilit'd to 
I,OO() cliunlt'tl'l's lht'Y WNt: lll('nSlll'pd to [ht· lH'Il1'1'st mil-l'OIl with n, 
st,lllldnrti whilp-fnt't'(1 milliml'tl'l' seult-, "-nil thi('kllPSS Will' lHt'nSlll'l'd 
to H·PPl'Oximll[ply It'lllhs of n. mit'I'omillim('(pl'. Tilt· lIlount wns 
Illon~d 11('I'OS5 tlw fipid by lL llll'eilHllienl slnge Ilnd SPOI't'S W(,1'0 sel('dl'C1 
f!'Olll It. 4-inch ('il'el(· ill tiH' c'l'lllntl purl of thp imngt' ill onlpl' of thpil' 
nrrnngt'JtlC'nt. St'ts of 100 sport's \\'('l'e uSlIlllly 1ll('llsur('ti, but some
Limps a sllUtllc'l' 01' grPltt(il' n limber wns USN\. 
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M\,'\'I\OD 0.' WEIGI\'\'ING Spont; MEASUItEMEN'\'S 7 

'l.'he pl'()bll'Hl WIIS to get Lhe most I'eliable el'1l VI'lLI ,'nhles fol' SpOl'C 

diuH'nsions f!'OlII nil the JIlIl-tN'illl taken ft'om It single spetios of hos\', 
 •Onl' liundl'Nl SPOt'l'S from eltcll. gllil lind bCl'1I lIIl'ltSlll'ed nncllwN'ngl'd, 

FOI' nbOllt two-Lhil'ds of Lll(' lo('ulllil'S only ono gnll wus 1I,vltiln.ble; fot' 

l'!teh of tho I'Nllftining 100'u.liliC's, SPOl'l'S fl'om Lwo 01' mOl'C galls WPI'P 

Hl('IlSlll'pd, 'I'he meall fol' It lot:nliLy wit,lt mOl'O LImn OliO gllli WIIS 

obltLiIll'd by 11\'l'mging Lhe menlls COl' iudividllill gnlls; tho loenlity 

1l1(lILI1S "'l'I'(' /t\'el'ugC'C1 to Obtl1ill a gl'lllld IlH.'IlIl, '('ho qlll'sLioll illlllwdi

I\.lplr It.\'08(' itS 1.0 how LlH'se locality JIl('UIIS should be w(li~hll('d, It is 

obVIOUS tllal; 10cu.liLy IHl'IUH\ busl:d on two 01' JlIOl'e galls 1I1'l' mol'O 

tl'llS\'WOI'Lhy Ihll.lI those bus('d onu. single gnllltnd dl's('I'v(' mom wl'igh\" 

It is ('(Illldly ohvious, howevcl', Lha!' two gltlls fl'om tlH'. :,IIIJII(\ (oculity 

do lIot gh'l' itS 1Il11l'h iufol·mll.lion 011 Lhe wholc, popllln.lioll ns would 

two gnlls fl'OIll dilI'PI'PlIL loenlilil's, so Lhll.L Il t,wo-gull locality 111('1111 

doC's /lot, (\('s('I'\'e It wpight. of two, A silllple UIIWl'iglttl'd 11\('1111 of 1111 

LII(' ::;ing\l'-gllll v 11.1 II ('S, !'l'gal'dll'ss of locnliLy, would 1I0\> sol\'1' tlH~ 

pt'obl(,lIl, 1)L'(·l\.lIH(~ iti WOUld. give ('xll('Lly I.h(~ :,III111e n'sult. ns if lo('n.lil,v 

llll'il.11S \\'('1'(', uspd ulld wl'lght('(1 by Lite. lIullllwl' of gnll!,; tllllt Pl1eh 

I'('I)I'('S(' II 18. 


[t is pvidl'lIl thn.L Litl' idl'ld \\"('ight, of Il two-gnll 1111'1111 would Ill' 

int!'l'lJlPdjll.(l' I.>('L\\'('('11 OIW Hnd t,wo, . '1'h(1 idl'lI.l w('ighL vnl'it's illVt'I'Hl'ly 

with Uw YllI'ilull'P (th(~ SqUIll'N\ Htnndnl'd dl'vjnlion). '.I'hllt is whaL is 

ohtaillPd in IL\'l'l'ngillg SlIbSlllllpl('s fl'om l(. homogl'nous populalioll by 

wt'igh t jllg I'Il.('h Sll b81lll\plp by the nlllnb('I' of indi \'id uals i L 1·('IJI'PS('lIls. 

SPl'l'iN; nn' ht'.Ll'l'og('/I(IOIlS populntions, Ilnd lltt' vnl'iaLion of 1Il('IUlS of 
 •
10('111 SllbSllll1plps is dlll' ill pnl't to vltl'inLioll ill the IOt'nl individuHIs 

II.lId i II part. to d ifl't'l'PIIC('S b(~t.WN'1l (oenli tips, TIH' \'i\.l'iIlIH'(, wi I hill Il 


\Ot'~dity is d(:('I'('lIs('{1 by l1I('uslll'inJ~ II Itu'gt'I' lIumh!'I' of gnlls ~'I'onl it, 

\\'11111' t.\w val'IIlIH'(' tlllt' to tht' lo('nlrty IS 1101, ut. nil d('(~r('1I5pd by 111('1'('118

illg 111(1 11(11111)('1' of gnlls within till' IOl'nlit.\". 

•\ mugh IlwnS\lI'(1 of lh(' variation witltill 10('11 Ii tips WIIS ohtllilll'd by 


('0111 ptl t i/lg Ihp d ill'('I'('II('(' IwLw('('1l gnlls of C'rolla.rtillll/, ('(/'/'br/lll/.) III k('1\ 

in pHil'S for till possihll' pn.irillgs frolll thl' SH.1l1l' IO('Il.lil y. '('h('I'(' W(,I'O 

·10 slI1'h pHil'S, 1I1ld. tit(' dill'l'l'C'Il('PS IlVl.'I·agNI OAtnJ-L, As 1I, lIlt'IlHlIl'(' of 

[olu.1 \·HI·ill.lioll, O~ pn.irillgs Wt'l'l\ Hlllll!' ilL I'ItlltIOlll \H'tW(,PII glllls of (" 

('( 1'1 "rllm 1'1'0111 dill'('l'pnl locnlit.i('s nnd tilp u.\'('I'ng(' dill'('I'I'IICI' 1'01' t hl's(' 

wus fUllnt\ to Ill' 0.,")57J.1_ '('\te SqlllLl'CR or thesl" dill'l'l'l'llC'('s lin' HIIUI

ng(lIts to 11\(1 vill'illlH'PS Lhu.\. wOllld Iw ObUlillN\ h)' \.Iw sOIll('wilut I!lOI'I'
• I'llicil'n t pl'm'(,d 111'(' or wOf'king frolll lhl' sq 1II1I'("d dt.'\·iIll. iOllS,8 '1'hp,\' 

111'(' tl,:1 I J.I rill' till' tollll, fllld O.I7:{J.I wilhill IOl'lllil iI'S, III 0\ hl'l' words, 

,iii I)('('('('nl of til(' lolal squlIl'pd dill'l'('('nl'ps or sillgll'-gull VIlItI('S W(,(,(' 


dUl' to vlll'iution within till' IO(,lIlily, Il'II\'illg .\., PI'(,(·(,llt. of I ill' tolnlus 

\.lIP Pl'!IJlOl'tioll dIll' [0 th(· disug'I'(,l'IIIl'IlI. IH,t,\\'(,(,1I IO('lllitil's. 


'l.'1l.killg till' (\ill'l'l'l'lIl'P:; 1'01' :;illgll' glllls fl'lllll dill'l'f'('nl 10('lIlil ips II:; 

l,nO, til!' sqlltl.l'(ld dill'(,l't'IH'('s l'xpl'('(l'd hdw(,1'1l ~-gull loculil,\' J\ll'ilns 


I I IH' OJi!) --0,·I ,I ;.(J./~.- I' :;qllHI'I'(I (I {'I\'II('('5 I'01'WOlt ( ~ I '1'1 Il' gt.'nt.'m 17.1'(I I'll' 

1 '('hi... ~l·(·t iOIl \IIIS PI'('pllI'(,d lIy CIII'! 11111'1 !l.y, prill('ip:lI pat huttlgist, Di\"isioll u[ •b'on'sl 1'lIlliolo1i;I' • 

.~ 'I'll!' llllld.v~i:;' (01' lIlI/lquIlI R\lhs:lI11pl(> IIlU n ben·; dl'sl'rihl'd IJy t)JI(,dl'('ol' (24, ,~C(', 


/IJ, iii) wuuld pl'lllml,II' Ill' Ih(' 11(':41 III('t I·ud o[ ('olllpnring; \'nl'inll\'t' within Hlld 

I"'l \I PI'II lo('nllt it·,., • 




9 A COMPARISON OF THE PINE-OAK RUSTS 

• locality meallS based on n galls would be ~+0.44, 'rhe I'Ccipl'ocals
'll,. 

of these values give n single gall weight of 1, it 2.galllocalil;y mean it 
weight of 1.39; 3, 1.60; 4, 1.72j nnd 0, 1.8l. The weights Ilclually 
employed Wet'O 1.0, lA, 1.6, 1.7, 1.8, and 1.9 fot, locn1iLy Jllenns bI1SCc.1 
on 1, 2, 3, 4, 5, and () galls, respectively, A locality mMll based 011 
LOO gnlls would bo given a weight of only 2,2, •• 

The results of the fm'cgoing analysis serve not only to proyide n, 

mtional bnsis for weighting in the caso in question but Itlso to illlls
LI'lI-te the grl'l~tel' cmci('ll(~y in sl~JllpLing a widely distl'ibutc<l population 
if snmpks arc taken from many places. A grcll.t incl'l'aM in the lIum
bcl' oj' mensurcmCJlts made nt 11 sinerle place results in lit tie incI'CMu ill 
the I.'clinbility of the grn,nd lnNlll ~'hpl,(\tlH' dl'ect of the loenlity on 
SPOI'(' sbw is ns gl'('Itt as it appelu's to be in this IlIlLlet'inL 

• 

The lltpthod of w(lighting cmploy('d is based OJ\ the aSSlllllpUOJJ that 
t.h(' spN'ips sLudil'd is l'qually lthulldnnt ill n,ll localitic's, This, of 
('0 I II'SC', is fWV('(' truc i btl t th(,fc is ordinarily 110 qun,nli tative illfOl.'II1a
Lion liS to thC' l'C'lntiv(' nhullllanec in diffm'C'll t locali ties, so no 1wt.tl·" 
Pl'O(,Pc!Ul'l' SN'IllS possiblC', '1'hel'c is pl'obnhLy SOlll(' C01'l'1'IIttion, how
{'ve'l', het\\'('C'lt tit!' Tllnnh('I' of tit(' galls taken f!'Om the loenlities IL11d 
th(' llumht'I' that; pxisted UH'l'e, If ill colkeling 01' measuring, ('IU'e 

wns tnkl.'l1 to millen t11(1 numhel' of spl'('imClt$ feom ('IH'lt locality 
!'O!'!'pspond J'oughly with Lhe obsP('ved \ocnl fl'eqtlC'll(T of Lhefungus, 
Plleh IO(,lllity lIll'nlt might well he weighted by the numbcr of sped
lII(·ltS on which i L wns hns(ltl nnd the simple pl'oeedul'e of n.vl!l'llging 
nil t.he illdividllltl gIllI 1I1Mn Y/llues wi thou L gl'oHping them ill loculi ty 
ll\(lIII\S would UIC'I'\'fOI'P 1)(1 logi('n.l. 

INOClJIJATION RESULTS 

AEClOSPOHES ON PINES 

TC:q)(lI'illl(lnls hy :\[C'inp('k(, (16) in illo('ulnting pinl's with the H('('io
spor'ps of ('rolwrtium, h(/l'kJl(',~8ii (:'.[oOl'c):'.((·ill.P('ke have showll thllt 
tid" I'ust wny (lUSS dit'('dly f!'Om pine to pin(', It WIIS thought llC'(,l'S
SlIl',\' 10 indud\' il\ t.his study ino('ulntiolls with !I.('C'iospol'l'S lo dC'{(II'
IllillP whdh(,I' "('illj'('('tion of pill(' WIlS pOiisihl(', No infedioll I'('sulled 
f!'OlIl C'xtrIlHi\'(\ i!lo('uluLions madc' from 1008 h, 11)21), 'I'll(' S(JUI'('('F; 
of SpOI'C'S nnd lIn' sp('('i(·g of pine inoeulnted with PHell spr'd('" of 
e,'OJ1l1l'tililfl IU'£' il('lllizNL liS follows, 

Cr(ll/(lrl;1I1II ('('n-brll'" 

• 
T"'('nty-six s('ls of 10 spC'('iC's Or Yilriptips of Pin !is W(,I'P ino('uln tNl 

with (11(' f((l('iospot,ps of e, cerebrum froIll p, l'irflill'l:(llln, P, uallksian(/., 
Itlld /', rif/i.da., Thl's(' sC'ts induciNL 252 lrpC's of till' followillg SJH'('\(IS 
of J>iIW,~: caribaeo, contol'i(l. DOllg!., coulteri D, DOll" (/(.ltsi'lo/'(I, 
('c/tinal(/., {llabra., /alijo{ia SlIl'g, , pondl'l'osa. ponderosa. "Hr, 8C0f1u{of'/lm 
Eng('im" rwlia/n D, DOll, 1'csi II OS(L, rigida, rigir/a. Ynl', sero/inn, s(lbil!
ia.ll(/, Dougl" ,~lrobllsL" s!lll'fstris,taecla, th:!t 11 b('l'{}ii , nncL /'il'(liniall(1, 
~\('{'iosp()l'C's \\'C'1'(' ohtnilwd from glohosp gnJls, pi 1111.'1' from [H't ificinl 
itIO('\! In(iolts 01' f'I'om 1111 t1ll'nl infC'('tions ill for('sls from :\ li('hign It to 
Vloric[n, and TpXUR, 
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Cronortium fusiforme 

Fifteen sets on 124 trees of 12 species of Pinus were inoculated 
with O. jusiforme, as fo11ows: cananensis C. Sm., caribaea, contorta, 
coulteri) latifolia, palustris, ponderosa val'. scopulorum, l'adiata, rigicla, 
sylvestris, taeda, and virginiana. 'rho aeciospores were from typical 
fusiform gaUs, ('ither from artificial inoculations or from forest trees 
in Maryland to Ii'lorida and Texas. 
Cronortium conigerutm 

ll'ivc sets on 16 tr('cs of .5 species of Pinus were inoculated with 
O. conigeml:m, as follows: caribaea, radiata, rigida, taeda, and vir
qiniann. Thl', aedospores were obtnined from cone galls on P. leio
phylla from ArizOlln. 
Cronartillm strobilirutm 

One set on fir'st-yem' com's of 7 trees of Pinus pinaster were inocu
lILted with 0. strobilinwn. Cones of other species were not nvnilable. 
The nl'ciospores \\'ere obtnined fl'om a cone gull on P. l)alustl"is from 
li"lodda. 

ABCIOSI'OItES ON OAKS AND RELATED GENEIlA 

Cronorlillm cerebrum 

During the years HlOS to 1930, 86 sets of inoeulntioll.s with C. 
cerebrum WCl'C mittie fl'om fi('ld eollectiolls obtained from ~;fichigan 
to Flol'idlt nlld Texas (table 1). 'rhe llmnb('r of sets of tweiospores 
used from ('a('1! spp('il's of Pi'nms was as follows; 4 from banksiana, 1 
clau8a, 9 cnribaen, 14 ecMnata, 3 glabra, 1 nigra vnr. poiretiana, 2 
poncierosn, I l)onderosa val'. scopulorum, 3 pungens, !3 resinosa, ] 1 
'I"i{ri(/n, 2 rigirin var. scrotinn, 7 sylvestris, 1 th1tnbergii, 7 tae(/CL, and 17 
'vil'ginimw. The timl' ('lapsing between the date of inoculation and 
tho dl'v('lopment of mature urcdin, of O. cerebrum was 9 to 13 du.ys, 
aV('rnge I. l. 

Crorlflrliltm fllsiformc 

Fifty sets of inoeulu.tions with O. jusiforme were made during the 
yem's 19B to 1931. The number of sets from each speries of Pinu8 
was: 1 f!'Om caribaeCL, 1 ponderosa, 1 ri[Jida, 2 '1'igiciCL val'. serotinn, 
IlIltl 45 taedlL. 'rhe aceiospores were obtnined from typical fusiform 
galls from lu·tifieial ino('ulations or from galls on forest trees from 
~[nrylalld to 11'loridtt to Texas. Cl'edia of O. jU8iforme appeared in 
9 to 11 <in,ys, avcrnge 10. 

CrofUlrtiwn conigemtm 

mY(' sets of inoeulatiolls were mad(' during the years 1918 to 192~ 
wi th n('ciospores of O. conigemun from cone galls on Pinus leiophll11CL 
in .ArizOlla. The p('riod for medial development was 11 to 14 days, 
avcmge 12. 

Cronartiltm strobilimun 

• 

• 

• 

'I'hil'ty-pight Sc"ts of inoculntions with a('ciospor('s of (I. slrobilimlm 

W('I'(' Illnci(' bdw('('1l 1918 to 1930. Thil'tv-fivp sds \\"(,1'(, {!'Om cone 
gil lis on P. coribaNI n nd P. pablslris from ]'loridn. nnd ;{ fl'om gall-like 
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• 
TAlll;Ell.-Summation oJ 'inoculations with aeciospores of It species of Orollartiu11t on 

Q.uercus and related genera 

O. ttrtbrulfl C.lusilorme I C. C01liUtlW7lI O. strobili/lit tIl 

'd 'd 'd 'dTrees 'rrees 'l'rees 'rreesS S !i !ibeuring- bcutlng- beuring- bcurlng-
Species Inoculated '3" g '3" '3" '3" 


8 8 8

.S .3 .S .S
.S ,,1 

~ :;3" ,:1 ill 'd .S 01 :;3" .!l'g '" ~ :g" ... ~ <l • ~ ~ <l ~ Z <lp... ::> ... ... '" ... ... p ... ... ::> ... -- --------- -.---------
NlLm. Per· Per· NII'TII' Per· Per· NIL III' Per· Per· Nltm· Per· Per·

Oa./atlea: ber cetll CtTlt ber cellt Ctllt ber cwt cellt ber Ctllt Ctllt 
IJlII~olla NulL.......... 13 0 0 6 0 0 2 () (1

cle" IItll" .... "' .. "' ...................... ,., ·12 21.1 52 10 0 40 ····r ····0· ••••0" 

0 22 0 

11lnllJ.,lmu •............. 2·J .J 21; 17 18 50 I)
..··r ....0· ····0· II 0
plLlIIllll •••••••••••••••••• 17 (j :m 2 0 50 7 50 0 

.atlva ""1111 •••••••••••••• 5:1 21 58 III 0 75 ...... ..........-.. .....-..... 7 71 0 


Ca'tllllop.b: 
-~'" 


tftlllvllul lfmllch ••••••••• 12 0 0 Ii 0 0 .............. .... "' ...... .. ............ 12 17 0
.,dlm'/Io/(a (:{urz) KIllg. 7 0 14 Q 25 ""- ........ ........... ,. .......... 3 0 0

);fthocarplu liell.f)loru

(Hook. wid Am., IteM. II 55 III r, Q 20 I 0 0 .. __ ....... 
--........ ~ ..----

• 


Qlttrcll3.' 

aurllolla N60 ............ as 11\ 20 2l Ii 4:1 .1 60 0 7 J.I 0 

ulfJlI ........................................... 81 20 3U 2·\ 17 ·12 2 0 0 III ;~i 16

bicolor................_....... ,. ........... " 8:1 211 nu 21.1 ·11 Oll 1 0 0 50 li8 J.I 

bOrtflll............ ••••••. 230 ·10 ;7 flU a5 87 11 0 0 211 2:j (J 

Clfr', L ................ 22 ·11 77 0 .1-\ 78 Il S!l 17 

c:oc(ltle(r~ ............ 01-" ...... "'"I'"''" 3( Ii! 87 2!! .1( 45 "'ir · .. ·7· •• ..0· ~>{) 21 0 

deu/ula ...............". 27 48 (\7 .( 0 75 1 () 0 8 .iO 1:1 

doltUIIl.dl Uook.llud Arll a 0 117 4 25 if) 7 57 0 a 117 67 

jm/llelia. 'J'l·n............ 13 :ll 85 JI 0 91 0 :1:1 :~I 

Ulllllbell/ Nutt........... r~l 71l 82 HI 5(1 01 "'ir 25 ·•..0· :15 6:1 fl 

;mbrlctJrill ......... ~ ..... '" ~ ......... 20 li5 711 .\ 75 100 3 () 0 5 80 0
.,kdloUUU Newh .......... 14 70 ill .\ 50 50 0 () 2 50 0 

IQ/lUla N60•••••••••••••• a·1 in 7(i 7 .;7 UK) .'( 0 0 a 3:l 0

macrocu'A)/J· .. ........................ 01 2U 74 31 2\1 H7 1 0 0 10 04 13 

1/III,IIIIIIIlca............. 1·1 IH 71 4 25 51) 2 Il 0 


:10 :17 ",or "iuli' ----0'1111JllilltU! ....... '" ............... " '" ~ 1i7 17 18 20 8 38 0 

murlilalla •• ............. 2 0 no :l 0 too 1 0 I) Ii 0 0 

1l1"rfl.~~-<o>"' .. _............. * ........... .,. 'J 50 IOU ( II 0 2 50 (J 2 (I 0 

IJ1lIIl./,I~................ 60 :12 75 30 11 SIl 1 100 0 27 3:1 0 


0<·phdla.................. 30 67 7:l \I 55 !H 2 .51) 0 10 40 0

prilllt3 I,. (Q.1(IIrhlllLXII 


Nutl.)................. 0 81l 80 s 50 50 t 0 0 t 100 0 

robllr I, ................. 87 28 II!I J.1 7 86 17 ·17 0 HI 68 2\ 

rUlrra ................... tl (,{j !l7 8 75 &! 14 14 0 

.Itllllla .................. 16 38 5U 5 (I 0 "--j' ''''0' ....0· 

11 01 0 

vtllllillfl ................. 1>1 fJ5 70 1I I>J B2 J2 8 0 J.l 1m 0 

vl'UIIlIIllJa •••••••• " ••••• 3 0 0 :! () 0 s 100 100 

vl,ullllIl/la vnr./Il,"IO'IIII•. au 211 :13 1U 26 5:1 "'T "'i';'- ""0- I·' tl·1 ·13 

.vlruiI.III1IU vnr. gtlll/IIIl/II 3 0 :~I 3 0 0 1 () n :l aa Q
----------,-_._-'l'otal. nil ~P\~ck~' .•..• 1,2'J.1 ............ -1(\7 .....+..... Il:! .....1......1402 •••••• 

Awm~uCwl'l~htcd).. .•. I;17.2 (IS. I ...... 26.1 10(1.0 ... ·1 !!'~.Q 1" .......... H.4 "'--fi~2 

'1'01111, l)/urcIIUPIJ••.• 1,llli ....... · ..1 ·100 ..••.. !.. .. .108 ...... .•••.• :1.';;1 •••••• 

.Avcrt\~c..... "" ...........\ .10•. 1 172.0 I...... 20.7 I r.~. 8 I ......f 21. (I ...... ...... 50.1 "iiri; 


--_..- ....-, --~-.~ ..-,~...---"'......-=~-,-~-

gl'Owths on nee'dles of ino('uln,t('d s('Nllings, )'·flltW'(· ul'l'dia d('vcloprd 
in 10 to 13 dnysJ nV<'I'ngo J2. 

A SUmll1lttioll of tilt! ('(,suHs from all ino('ulntiolls with ac('iospol'cs 
of thc roll!' speci('s of Cronal'tiutn is given in table 1. Thl' IWI'('('lltnges 
of inoculated kees b(,I1I'ing ul'edia werc 47 fot' O. strobil-in-nm, 37 fot' 

• 
O. cerebrum., 2{} fol' (I. fusijol'me J and 2:3 FoI' 0. coni[jemlln. FOI~ telin

J

the p(~l'e('I1.tttgcs W('I'n 68 for O. cerebl'·um, 66 fOI' e. jUsijol'me, 9 fot' 
O. strobili7l.711n, Hilt! 0 fOI' C'. coni{lenutn. Of infected tr('('s, tclil1. alone 
wel'C fOI'mer! f!'Om inoeuln.tions of O. cerebrw/n on Casiailwpsis diver8i~ 
folia, (Juercus dou·fJlasii, (J. m?ll'fifoli(L, and (2. ·vil'{jin£a.Jw, vat'. flemin(~ta'l 
nnd from inoculations of C. jusiJorme on Castane(b denlct{(t, O. pum~la, 

http:vil'{jin�a.Jw
http:doltUIIl.dl
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(I, sativa" Oastnnopsis dive7'sljolitL, Litltocm'pus densiflom, Quel'c'us 
denlatn, (J, jrnincitO, nnd Q, mYl'tljolin, 

UREDlOSPOHES ON OAKS AND RELA'rED GENEltA 

CrOllllrtillln cerebrum 

Thil'ty-pight sets of inoculntiolls were made with ureciiospores of 
0, cenbl"llJn dUl'ing the years HIOS to 1929, Tho number or sets from 
('aeh SPt~eit'S 01' (~'uerc1ls wiis 23 I'rom borealis, 1 coccinen, 1 imbl'icnrin, 
2 lobala, 1 lttw'Uolin, and 10 (Jue1'CU8 spp, Original pine host species 
\\'('I'e Fin1lS ec//inailt, p, taedu, 01' p, 'lJ'il'{finian(.L, Hnd except 1'0[' 1 set 
fLiI 1ll'Nliosporp8 ClLme 1'l'om gl'c('nhouse inoculations, 

'it WitS not possible to carry inoculations of urediospo['es of 0, cere
brum Ill'yolld two "C'llpmtions in the greenhollse" The third "eIWl'tt
tion eorisistod ,of telin only, Well-developed tclin were fOI,~lt'd in 
20 to 29 dnys, 
Crollllrtittl/t fusiforme 

fi'Olll't('('1l S('ts of ino('ulrttions with C',j'ltsijol'me were Ilmde on species 
of quercus fl'om H)14 to 10:n, The .Ilumoe[' 01' s('ts f!'Om PILch species 
was J (,11,('11 fl'Ont borealis, cel'ris,jl'aineltv, and mac7'OCat'jJCt, 2 t'ach from 
bicolo)' . nlld fJam.belii, nnd a eltch fl'Olll dO'1l{fZasii and 1lhellos, '1'he 
orig-ilu\l hosts W(,I'U p, ri{Jicin YIU', sel'ol'il1(t or p, tllecia, nnd all ur(>(lio
spon's tllnw I'I'0m gn'('nhOllSl' inol'ulntions. 

111O('ulldiollS in the grC'enhousl' with tIl(' Ul'ediospores of C,}usifol'me 
could lloL I.H' eiu'l'jed bt'yond the sl'l'ond gencmtion, L!lrgo telia 
\\'('re forln('d in 20 to 25 days, 
Crol/urlium conigellllTn 

Ninl'Ly S('ts of .inotuln.tions with C, cOfl;i[Jennm. werc made on species 
of Quercus during the' years 1918 to 1925. Onc set ot' 0 trees wns 
ino(:1I1n.te(/ with urediospol'cs Il'om Q, hypoleucn collected nt l:>ortal, 
,Al'iJl, 'rhl' l'(lfllnining sets wpro from greenhouse inoculntions with 
111'l'tiiospol.'l'S fl'om the' following speeips of Querws: 2 from alba" 5 
boreali8, 8 c()ccinea, a dOll{flasii, 1 mac7'ocar1)(L, 2 montann, 4 pal'1ls1ris, 
(j I'obul', itnd 58 ~l!lenlls spp, One set of inoculations was carried 
lIll'oug-h 8 g!'IJ('I'{tLions of urediospo['es in the greenhouse and allothe[' 
thl'ough 10, The time of telial fOl'l11lttioll WitS extremely yurin,bll', 
dppending 011 thn SC'!LSOIl of inocull1tion, Spring and sUlllmcr inocull1
tions 1'('Slrltl'<1 ill stJecP!lsive gpnerntions of ul'ediospor('s, with telill 
d(,ln,yed IU:\ long ns 300 dfLYS; in lutc fnll, tclin often n,ppl'al'(~d in 
abo\l t 80 dleys, 
Crolwrtilllll strobilillum 

One hundl'ed ItIle! Pigh ty-s(1 Yt'11 sots of inoculn,tions with 0, stl'O
bilinwn W('l'l' IIlltcl(' elm'iug Lhe ypUl'S 1018 to 1930, Except foJ' 2 sets 
from ('asICLIll'(t dentaln, Lhp llI'ediospoJ'es w('r(\ obtnined fJ'OIIl the fol
lowing sp('(;i('s of Querc'u8: 0 from (tibet, 14 bicolol', 2 b01'ealis, 6 dentata" 
odOll[Jlasii, a e}nor!li, 17 {jet7nbelii, 12 7nacl'oca'l'pet, 3 mOlltCLnCL, 20 1'ObU7', 
I I'oljsii, a stellal((', 2 veiuliTw, 34 'vil'{finimJa, 20 'vil'{f'inianCL Vttl', j1lSi

• 


• 

• 
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• 
jonnis) 1 'IJirginilLluL val', {lemina/a) 1 mroinialta YIU', minimCLJ and 22 
(luere'us spp, Six sets of Ul'cdiosporcs came from Florida and 1,81 
fl'om gl'(\l'nhousc inoculations, One set of ulOcul!ttiolls with tIl'cclio
SPOI'('S WitS (ml'l'ied through 7 gencrntiolls in the <rrcel1house !tnd 
nnothN' thl'ough 20 gencmtions, 'Phc time of tdilll t~)penrIUlCc after 
inocul!ttion WIL',; essentially similar to thnt of Oronartium coni[/enum, 

A summn,tion of thcresl11ts fl'om !tIl inoculations with 1I1'cciiospol'cS 
of the 4 SI)('ci('s of 01'onartiwn is given in tltblc 2. The pCl'centnges 
of LI'N'S oC'IlI.'ing lIredia from inoculations with lIL'oc1iospores were 66 
for (I, slrobililtu,m, 50 fol' 0, cowi[Jenum, 48 for O. cerebl'1J:m, !tnd 20 
fOl' 0, jusifm'me, FOI' teliit, the IH'l'centnrrcs w('re 7,6 foL' O. cerebl"um 
(i5 1'01' 0, jus1jol'me, 12 for 0. sll'obilin'um, ~Ild 51'01' 0, coni{Jemun, ' 

SpccIuS hlOculalcd 
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SPORIDIA ON PINES 

Cronartium cerebrum 
Jnoculations were made with sporidia from telial columns grown 

from lLUthentic mated ".1 of O. ce'rebrum on oak leaves in the greenhouse. 
'rolil1 wore placed neal" the base and among the dusters of young 
needles on your'g growing shoots of 344 pine seedlings. Of the trees 
inoculated, 18.6 percent were infected and bore spherical galls within 2 
to 3 years at the point of inoculation. On the infected trees, 2 percent 
of tho g!tlls bore pycuia the first year after inoculation and aecia the 
second year. Thc first indication of infection was the presence of 
small ycllow-grecTI spots on the needles duri'ng the summer after the 
inocuhttious. Infection apparently spread through the basc of the 
lweliles into the shoots. 

Inoculations were made on 1,025 trees of 33 species of Pinus by 
inserting telia ill slits ill the phloem of tender shoots of the current 
season's growth n,nd wmpping the wounds with wet sterile cotton. 
Of the tL'Cl'S inoculiltC'd, 23 pel'cent bore spherical galls at the point of 
inoeuln.tioll. }''1ost of tho galls appeal'ed during the summer following 
illoculn,tioll. 'rhe ftrst indication of infection was a fusiform swelling 
thn.t 11ltC'L' bC'cn.mc spherical. Of the infected trees, 24 percent bore 
go,IIs wiLIt pyenia either the first or second spring after inoculation, 
with!t('ei!L n.pp(·n.ring the following spring. .More than one-half of 
the fwi Ling gn.lls produced pycniu the first and aeGia the second spring 
nJtl'l' inocullttiQll, The Test bore pycnia the second and aecia the 
third spl'ing. No pycnin.1 or aecial fruiting was noted on galls on 76 
per('cn t of the infected tl·ees. The sterility of the galls may huve been 
due to pOOl' eOllditions of growth in the pots, premature death of the 
tl.'C('S from tIl(' effect of the rust, or to differences in fungus-host inter
relat:iollsliips.

The fil'st-YNu' ('ones of 3 species of pine were inoculated by il1serting 
toli!1 in a slit in the epiclermnl1n.yer and wl'!1pping the wounds with 
wet ('otton. 'rite results wom negative with 20 trees of the following 
S[WelL'S of Pinu,';: 9 echinata, 9 densijlora, and 2 vil'giniana. 

The I'esults from inoculations with sporidia from the telia of C. 
cerebrum (t'xcluding cone inoculations) arc given in tuble 3. Soft 
pillt's pl'ovNl somewhut less stlscepliible to infection tban pitch pines. 
Inoculutioll of 33 seedlings of 5 species-Pinus cembra L., P. edulis 
Engl'lnl.., 1'. /col'niensis Sieb. and Zucc., P. pal'l)ijlol'a Sieb. and Zucc., 
Itnd. F. strobus-resulted in 1 nonfL'uiting gall on P. cem.bra and 4 on 
P. edulis. Of the commercially important pines, P. virgininna was 
highly susceptible Lo C. cerebrum. 

Crolwrtium Jllsiforme 
Thirty-two species of Pinus wem inoculated with sporidia f!'Om 

tclin, of 0. fusifonne duril1gthe years 1914 to 1930. Authentic mu
tcrinl was used. .from artificially inoculated trees in the greenhouse. 

A total of 18'1 tl'CC'S of 12 species were inoculated by plucing te1i!1 
lIeftl' Che bnse or the n.xils of the clusters of needles on tender growing 
r:;hoots. OJ thc\ tr<'es inoculn.ted, 51, or 28 percent, were infected und 
developC'd fusiform swellings during lll(' LI':-;l :;C'ason's growth. Of 

• 

• 


• 
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1'ABLE a.-Results 0/ inoculating pines with sporidia 0/ Cronartium cerebrum 

• Dntn on inocula· Original $Gurce or Inoculum tlons oC trces In· 
feet" 

to to cd 
Specles inoculated .g .g 

.. .. trees ..to "t!" In· Pro- prornoe.\.l: ,. .: ~ .:: due· dueulat· fect
t! " .g .~ ] '" ing... ed lni~ 's cd aecia nee 11 

~ ~ ~ ~ ~ ~ 

.. '----'--
Num· Nllm· Num· Num· Num· Num· Num· Per· Per· Per· 

P11Il13: btr btr ber ber ber btr ber cent cent cent 
bank8fllTla............................ ..••••.•.•••.••••. """ •.•••• 24 2·\ 29 8 20 

bllngeana Zucc••••••••••••••••••••••••••••. "_'" •__•.• ...... 2 9 11 () 
 --0'.' .••... canarlend8........................... ....., ......,...... ...... ...... 30 30 40 

carlbaea.............................. 10 •••••• 9 •••••• 4 H 07 J o 


50 o~~::t~k::::::::::::::::::::::::::::: :::::: :::::: ':::::: :::::: '''"3" 2I 2~ I 17 4 ····25 

cOIlUerL.............................. ...... •••••• ...... •••••• •••••. 21 21 a8 5 13 

demIJlorlJ..... •••• .... ••••••••••• .•••. •••••. • 20 ...... 9 •••••• 30 05 2 o 

tchl1j(JJa .............__............... ...... 10 !! 18 •••••. 30 00 7 o 

eduli8................................ ................., """ ...,.. 20 20 20 o 

gerardlana 'VaIL......................_.... '''''' •••••• """ •••••• 5 5 20 o 

glabra•• .............. '. .•••• .......... 1..•••• • ••••• 0 •••••• 9 19 5 o 

hlllepe1l813 MlII............................. """ ...... 18 •••••• I 10 tlS Q 

jelfrevi Drey. nnd BaIL.............. __'." •••••• •••••• ...... ...... 10 10 fJ(! o 

koralelui!....................... ·...... ...... ...... ...... ...... •••••• I 1 
 I~ --0'" ...... 
~~{~~~i~na·.:::::::::::::::::::::::::: ....~. :::::: :::::: :::::: :::::: ~ ? o "0'" ..... . mugo Tuml.......................... 2 ...... ...... ...... ...... I 3 33 

1Jl1Lr/cata D. Don..................... "".. 12 2 '.'•• , •• ,.,. 12 20 31 o 

nigra var. polretiana•••• __........ "" •••.•• 9.. .... ...... •••••. 8 17 2·1 6 .. ··25 


o ............ 


• 
~~~~cr;:a::::::::::::::::::::::::::::: ....~. :::::: :::::: :::::: :::::: ~ ~ 

II 
() "0'" ......pina.!er.............................. """ •••••• ...... 9 •••••• 19 28 
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pondoro3a vnr. 8copulorum............ ••••.• 31 •••••••,.... 6 .,0 93 35 4 12 

radlata. .............................. • ..... .....• 9 9 ...... 62 80 55 o 

pondoro.a............................ ••••.•. 7 .......... " ...... 47 M 37 ••..35 


re.hlo8a.............................. ...... ...... .....• 1 2 13 16 o
10 'T" ....i4rlgltla................................. ....•. 10 •••••• 35 •••••• 29 74 

8ablnlana............................. .. .... ...... ...... ....•. ...... 26 20 2:1 0 

.trobU8............................... ••.••. ••.•.• 1 .••••. •••... 7 8 o 

'Vl~u!rl............ •••.•••• ••••••. •••• ...... 20 •••••• .••••• .••..• 49 60 10 
 'T' ··..i4 
taeda.............. •••.•• •••.••••••••.. 5 30 19 36 8 138 2:10 10 .4 4 

thunbergIL .............,............. ••.•.• •.•••. •••••. .••••. •••.•. 20 20 10 

Virginiana............................ 2 2 16 19 12 177 228 31 Ig ·· .. iil 


Total trees Inoculated.............. 24 151 58 If,1 3; V36 I, :l69 .. , ............... 

l'ercentllge or trees InrectecL ........................., ""., ...............,.. .22 .,•••......• 

P('rccntngc or trees bearing neria::.. •••••• .••••• •..... ...... ••••.• • •••• ....•• ••.••• 4 


T'y~~c~~~ft~••~r••i~~r::.t:~.~~~~~.~:~~:.................., •••••••...•••••••, .................. 18 


the infected trees, II, or 22 percent, bore galls with pycnia late in the 
autumn of the yeal: of inoculation and aeGia the following spring. 
The first indication of infection was the appearance of small yellow
green spots on the needles. 

'Wound inOCUlations were made on 1,039 trees of 32 species by in
serting telia in slits in the phloem of young, tender shoots. Of the 
trees inoculated, 297, or 28 percent, were infected and later developed 
fusiform galls at the point of inoculation. Within 5 or 6 months after 
inoculation, 31 of the infected trees bore galls with pycnia late in 
autumn and aceia the following spring. Forty-seven trees bore 

• 
pyenia the spring following inoculation and aecia the spring of the 
second year. Pycnia and aecia of O. fusiforme may develop one 
growing season eat'lier than similar stages of O. cerebrum. Of the 



16 TECHNICAL BULLETIN 978, U. S. DEPT. OF AGRICULTURE 

TABLE 4.-Results of. irlOculating pines with 8poridia of Cronartium IU8ilorme 

Original source or inoculum Data on inoculations of trees Infected 
1----;----.,-----1.-- treesSpecies inoculnted •P. ""rI· Inocu. Produc. produc· 

bata P. r/~/~a P. tatda latcd Infected lng nochl ing nechl 
---------1----.----------------
Pinus: "V,lInbtr Numba Numbtr Number Pacenl Percent Percellt 

banks/ana.................... .......... 1 15 Itl 0 ------ .. --- ......-............

bunUta........................ ........__ .......__• U U 0 '--""'0' .... --............
clmaritn.i......., ....__•___ •• •____..__ ••______._. 0 
 0 44

curlbattO.__ •••••• _____...____ • 2 3 82 87 41 21 .. • .... '50 

clalua____....__.. __• __....... .............__ ...... 4 
 4 0 .... · .. ·0· -...-- ... -~ ..-cOl'torta ... ,,;, .. ___ "' .............. ~_.............. ........................ 2 77 70 34 

cOllllaL........__••••••••• __ • " __ "'__ ' 2 14 Hi 38 I. "''''--:i:i 

dtns/flo". ••__ ••• .... _______•• •••••••••• 42 0 .......
••••••__ __ 42 ..................... .........._

tchirw/Il__••••• ______• ______•• ..........., •• __ .,._ 77 0 ....- < 
........... ~ ... i7 ....- ....-..tduIi8 ____ •••____•••••••••• _" .......___ 3 0 


1 
J2 0 ....---......- -.. "--- .. ,,, ....ytrarrl/llllll.._____ ............. ......_.......__ ••__ 
 I () -................. ... '" .....


••••• li 
~---ul"O"......................... 1 __ .__ 5 0 ·--.. ··'0· .......... -........ hul,pen.I••••••••• ____ ........ ••____•__• 1 10 
 20 DO " .... ,. ....-- .. -

10 0 ~ ...................
l,~gi,~r:OI~j.:::::::::::::::::::: :::::::::: .....--.:!" ._____ .~~. [() 

2 0 .............. 

8 75 --"''''0' ......_ 


~::::~rcl~~i::::::::::::::::::::: :::::::::: : I~ 1.1 40 0
l Jl nuslt.r....____.............. •••• ____ •• •••• ..... II 11 0

1Jiuw L. __•• __••• __ •__ ••• , ................ __ ..... 12 12 f7 ·· .... ··0· 
........57
pontlero.u. "'''__ '''"' .........__...... •. ........ 42 42 5.1 31 

pontl,rosu vnr. seoplllomlll.... .......... 13 58 71 411 10 20 


1 0 ~ 
--.. --..:i . ..........
fr::li,it~;~'_..:=::::::::::::::::::~ :::::::::: ·"-~·-~~2' sh 58 0-1 

rc.,lnn.Il._. __......____ ....... •'_'." __ ' .......... 63 0;1 0 
 "' ................

riuldll '" __ ••••••..•• __ ......... .......... 3 51 M 17 (1 


w,'fuida vnr. lJerotinlt" ......... _; ........ ~ ............ "' ..... "- ~ .... ......... ~.. 2l 21 38 0 

~"I)I7!ia/l(I._......"........... .......... 3 a Ii .10 0 

,'Irobu,' __ ............ ......... .......... .......... 18 18 0 ~ .. -... --M ..28ylo..trI8........................ .......... .......... 127 1"- 2()
.1 

·..······S 

Ilwla ••• ...................__ • 4 5 lUI 200 ·19 ::!:1 .!Ii 

Ihu7l1Ieryil...........__........ .... ____ •• __ ........ :ll 31 10 () 

virUlnillllll .................... .......__• 9 86 
 95 0 - ~~----- ... ~ -.. -- .. -- ...  •'I'otlll trce.q inocuilltc(l...... 7 58 1,158 1,.223 ....... •• __ ..............__ 


Port'OlItngo o[trces IlIfceleli .......____ ""'"'' .......... .......... 28 ________ ............ 

PcrcclIlngo of trees bcurlng 


nechL ... " ............ ' ....................." __ ,.,,, .......... .......... ; ........__ 

Pl'rcrntllgc of Infectcd treeS 


bearing tlccfa~,. .. ~ ............... _......... " ....__ .... ~* .. _ ..................... "" __ .. _ ............. _M_ .. ____ .... ___ .. __ .. _.._........ __ 26 


ti'eC's illfectC'd and hellring galls, 2H), or 74 pel'cent, failed to bear 
aeeia. The reilsons for failure al'e assumed to be the same as those 
given for O. cerebru.m. 

A summation of the data fmIll the inoculations with spori(lin of 
O. fu.s~forme is given in Labl(' 4. P. taedCL 1'llnkcd among the high('st in 
pel'centn,ge of inf('ction imel ill accial production. This result sub
stanlifltes obsl'I'vations that the spedcs is very suscC'J)tihle to infec
tion. 'rhe wide distt'ibution of this pine, its susccptibilitiY, and its 
great capacity to produ('c spores make it the most important aeeial 
host of C. fusifol'me. It is noteworthy that P. 'VirginiaJUL, highly 
sllsceptible to C. cerebrum, provecil'esistant to C. fusiforme. Also, 
the soft pines-Po eclulis, P. moriticola Doug!., and P . .strobus-were 
not sllsceptible. 

Tho rollowing species of Pinus not infected by C. fuslforme proved 
sllsceptible to 0. cerebrum: banksiana, densijlora, echinata, alulis, 
geranliana, ylabra, pinaster, and virginiana. 

• 

http:rc.,lnn.Il
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A COMPARISON OF THE PINE-OAK RUSTS 

Cronartillm conigellllllt 

Inoculntions of O. conigenll.tn ''''Ct'e mude by inserting telia in wonnc\s 
in the phloem of 47 t1·ccs of 17 speci(ls of Pinus: 5 caribaea, 2 clausa, 
1 contorta, 2 coulieri, 2 eehinatu, 2 eciulis, i Iwlepensis, 1 ma.ssoninna, 
1 mOltop!t,?/lla TorI'. und }'1'(l111" 2 '(fL1lg0, 2 'lLigm YUl', poiretiana, 1 
1}(LI'IJijlO1'(L, 1 l)onderosa, :3 mdiat(L, 2 l'igida, VIll', serotina, !) taeela, und 
J0 I-'irginiann, The tclia W('1'C from the following sources: 1 set from 
Qllercus emoryi and 3 fWIll Q. hypolellc(!, from Portal, AI'iz" 2 scts 
from (2, tobu!' and 2 fl'OJll Quercus spp. gt'O\\'n from artificial inocula
tion:! at Washington, D. C. Two seedlings only of p, caribaea bccume 
infrt'tc'l! uml dl'n')opNI small glllls, oue of which bOI'(' pycnia in 140 
dttys and tIll' olhel.' in :~25, Both trces di('d before aeein. w('re pro
dlll'pd. 

CrOIlUrlill1ll S/robi[j1l1l11l 

During thp .n-nrs lOU) to l(J28, 373 tr('('s of 23 spccies of Pimls 
\\'(,1'(' inof'ulntl'd with sporidiiL 1'1'0111 t(,\iospol'es of O. 8lrobiHnum ob
lnilll'd fro!l1 gl'PC'lll!oww inoL'ulntions. 'l'bc aeciospol'cS originated 
fl'01l1 (,Olll' ~lIlls Oil f.l'('('s of P. caribae(l, find P. palustris in Florida, 
, Fir~l-y('nl' Con('s ,of Idl tll(, ;;Pf'('il'S nXlliln.ble in the grccnhouse Wt'l'C 
Jl)o('uJnlpd hy plflc'Ing' t('Jinl ('OltUll!lS on the sudne(' of the concs uud 
\\Tnppillg tl!('Jll wilh W('t <,otton, ("011(15 of the following spccics of 
J>illWI WI'I'(' in()('uln/{'d; 2 d(n.~ijlol'a, 2 pinasterj find (} '~·il'{Jinian(l. 
XOIl(l or tltl'Sl' ('ones becnm(T inr('eted. 

Of lh(~ SO pine s('pdlings 2 to 4 months old inoculntcd by inserting 
l('linl columns ill slits in tips of young gl'Owing shoots, 17, or 19 per
('('nt, wprp infcetl'd nnd borp p'yeuia on smull galls on thr basI' of tIlr 
rl('('(Ilt's in all ILYt'l'llg(' of 40 days ILftcr inoculation, Sixtccn percent 
bOt,!' lU'eiIL in un il\'C'l'Hge of 80 dlLYs from the time of jJ)oculf1~jon. 
'l'lIl' infp('('(lnpl'(llc's nssunwd nl1 "orangc ehrome" (,0]01' 9 ancl the gnlls
a" Sfllll'ol·t!'s bmwll." 

Inu('ulations Wf'l'(' ma(iP on 274 sepellings of 21 sp('cips of piM, 2 
to <1 months old. by insprting tpJinl eolUllll1s in the nxils of uredlrs 
without wounding, Of 01(' tl'('('S inoC'ulntpd, 77, 01' 28 pC'l'crnt, lw
('an\(' inr(I('[('d UIl(t bOI'(' py('nilt in ~nlI-likP growths on thl' bnse of 
Il('t'(lll's in an l\\'('rag(' of GO tlnr:!.' Apl'ifl W(,I'(' formed within an 
IWl'l'llg(' or UHi days'rl'Olll the' til11Q of ino('ulntion, 

Til(· ('("HIlts from ino('ulalions with sporidia of e, st,.ooilinllln nre 
givell.in lubl!' ;J. C, sirobilifllUn, how('wl', hns I1(,Y('I' bN'll Jound pro
ducing gnlls Oll till' twigs 01' llC'l'dl(,s o( young ll'('('S, ] l is hardly 
possible lhltt sll('h infl'eliotls ('ollid O('CUI', bl'CllUSt.' sporidin fire fOl'med 
Itt fI, tinti' wh(\n tll(' IH.'pdl('s, twigs, and shoots nl'C dorlllnnt nnd not 
;:;us('eptiblp to inft't'tiO!l, 

http:givell.in
http:conigenll.tn
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TABI,E 5.-Results oj inocrdating pines with sporidia of CrO,lartilwl Rtrobilin1ll11 


Original source 01 Data onlnoculntfons or tl'CCS I 

Inoculum Inlected 

Species illoculutcd Trees tr~-;:cll:~O-
p, cari· P. pqlul' Inoeu· Inrected prollue- aceta 

baell 1m luted Ing ueclnI I
------;.-------------------------_. 
PinlLl; NILmbtr Num~er Numbtr Perc",t IPercelll' Pereetll 

elll.IlT/tllIlI.............................. . 10 5 15 IKI 40 117 

caTibatll .••__..................... ••••••• JO .55 U5 60 ~a 77 

elalllll................................... •••••••.... 1 1 () ••••••••.••••••••••• 

eonlorla... ................. ....... ...... 10 . 15 2.5 52 2t 46 

II'Miflora ........" .......... ....................1 2 2 0 .................... 

e:hi nola... ...... •••• •••••• ..... .•. ...... ........ 10 10 () ................... . 

haltpffl.lil........... .................... 10 \........ 10 !l0 () •••••••••• 


~{;:~·I~;/a::~:::::::::::::::::::::::::: .::::,,:: ~ f g .................... 

1I111TIcalll •.• " •• " .......... ............ 10 12 Zl 41i ••....·23· ··..••..50 

1J1l1u~IYI~•• ,."'.......................... 0 0 11 0 

pinlUler..................... . .... .. ....... 20 11 31 2fi :!II 100 

pinea .......................,......... 1(1 III 21i as 0 ......... . 

pondertM1J.,<o? .... "_~ ... ,.,"'~~., ... ~,,, .. ~ .. ,,.~$,. 12 12 25 2.':i 100 

pom!.eroad vnrjpAcn'PulonLm.~" ,.~,~~.,.~~. .. 4 25 0 ............ ____ 

1/IlOl/rl/oila T'lIvL................ ,.. ..... .... ...... 9 9 0 .................... 

rat/w/II.. ........ ....................... 10 5a r':l 33 21 (\2 

••billilllla.......... . ......... ..... . ..... "" •••••. 2 2 50 50 100 


!~I~~~~~r:c:I.~:.~:.~~~~~~:.~I::~r~~f).:::: :::::::::~ ~ ~ g.................... 

/IIeda.... . ...... ........ ............. .•. ......... 12 12 3:1 •••••••:i3. """'iiiO 

~~:ur,:f{.~i~::::::::::::::::::::::::::.::::::::::~:~ i:' ..~ ..___~ ........~. :::::::::: 


'rott\! trees Inoculnted ...... .......... 00 I 3;31·.. ·· .. ·· ....................
28.3 
'P!!rt.'entnK~ or trees [nreeled ....... ". ........ _ "'~ ... ~~ .. ~~ ....... ~ ..... ~ ...... .... _~._ _ :13 *_ ....._......._.....__....-;__
w ... 

rcrcentn~e 01 trc\~s bCllrlng necill •.••.. /..........1...............................1 20 ......... . 

{'crrentage ()rtnrl'Ctl,ftrl'e!llx't\rln~ 1it'C11I ......... 1....................1·......... .......... 61 


. EFFECT OF RUSTS ON INOCULATED AND NATURALLY 
INFECTED TREES 

Inoculations on Pines 

Both Cronartium cerebrum and G. jll,~iforme were lethal to young 
pine se('dlings in th('sc inoculation tests; about 35 and 40 pel'cent, 
resp('cti\rely, of the infected seedlings diNI within 5 years, Relative 
infection of species of pine that \\'(,I'e susceptible to both fungi is 
shown in tnble 0, The pcrcentngc of infc('tion eaused by O,jllsUorme 
wns g!'eatel' fOl' 1t of the 15 spc('ies, The much high('!' susceptibility 
of Pinus CltribaClL and p, t(l('da to a,jusiforme is of pnl'tieulnl' interest, 
in view of their commcrclni importnn('c in the Soutlwast where both 
I'lIsts occllr natlll'Ully, 

G, strobilinwn callsed a surprising ilUlolint of mortnlity among 
infected seedlings in the gl'eenhouse, killing npp!'Oximate1y 55 pel'cent 
in less than 1 yelu', Infection trinls with this I'ust w('I'e unsuccessful 
on COlles, but produced small galls at t.he needle bases, 

INOCUI.ATIONS ox OAKS 

The effect of the lJt'(~dia Ilnd (('Ii a of Cronartillm on the lean's of oak 
in the greenhollse wus slight unl('ss infection was IlbUlldllnt, 'With 
hravy infretions, th(\ leltvrs were grlldulllly killrd Ilne! were shed pre
maturely, which t('nded to I'(\tul'd the growth of th(' tl't'(·S. . 

A high('!' perc('ntngc of ollks was infectNI f!'Om inoculations with 
ul'cdiospon's than from tests with il('('iosporcs. Thus, thc percentng('s 
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• 



19 

• 


• 


• 


A COMPARISON OF 'l'HE P.L.~E-O.U( RUS'l'S 


'1'AIl1••: O.-Uelative injectiolt oj pines sU8ceptibie to both Cranartilll11 cerel)rll"~ and C. 

jllsijorme 

-----~-.-.---~--------;---------

C./u~i/ormeI C. c~,.brum I
---1---.,-------Species Inocullllt'll 

InoclI' [ Infecled InoclI' InfecledIII led Illled 

;'---'-----1-·-------

PfIlU~: Number Number Perce"t Nllmber Number Perullt 
ca""ri.,..I' ..................·••• ......... 
caribaea••••• ............... ,.... •• . • 

30 
67 

12 
I 

~O 
1 

U 
87 36

• H 
41 

cOlllorla.... «"" . ........ • .... . •• ,. 
cOlllterl...... •• •• ..... . •. . . .... 
haleperl.i ••• ••.• ,. ............... •• ...... 
Je1fr~ul....... --...... ......... -- ••••.. ! 
11IImcata...... ........ .•.. .." '\ 
pUlidero." ......... , .............. 
'/lulld.,o./I vur••CO/II(/Or/I11I....... ..... 
,adlala. '" •.•• ......... .... • . . . 
,f~Ida.... •••... ..········· .. ·· .. ·1 

.ulmITI............... " ........ 
'abl"IIIIIII....... . ... ..... ""'I 

2·1 
21
19 
,.I,otl 

M 
9:! 
so 
7·' I 
1\11
2(\ 

4 
8.

13 
(I 
S 

20 
3:1 
44 
1-1 

7II 

17 
as 
Ii!! 
60
3137 
:15 
55 
19 
102:1 

79 
16 
20 
10
16 
42
71 
58 
M 

127II 

27 

18
1\ 

1 
tI 

2:1 
3.~ 
:17 
9 

2t1 
:1 

:14 
:18 
IiO 
10 
~(I
55 
~9 
IH 
17 
20 
50 

laedu..... .... .... ........ ". •. ...... 
thunIJtrgll......... ....... .. . ...... : 

2:111 
20 , 

2:1 
2 

10
10 

2UO 
:11 

98 
3 

49 
10 

'l~otlll nllinher or trce~ ......... ".. '·i 8-1111 201 I.........! 825 :1:12 ......... . 
__:~:~o [lcr:e~~:(~.c:~.lnrl:(:~.:.c=:I==~1.7 r·...=.......... 40.2 


of ll'C(,!:l henl'ing UI'('(lial fl'om illo('ulntions with urediospol'cS and aecio
spol'r$ in tables 1 Itnd 2 ('ompnrc as follows: li'or 0. cerebl"lI'Ifl., 51 and 
40; O. ,lusUOl'ntc, :3:3 lI.nel :30; 0. coni{Jenu1il , 60 and 24; and 0. strobil
in'u'Tn, 68 ImeL 50.. Comparison of the P(,I'('('II tnge of tl-rl.'s bellring 
tclin. indkntes /1 similllr I'olulionship. PUl't of the difference in infec
tion muy be due to vuriations in gOl'lninlltive capacity of the ino('ulum 
nl'ising frolll tLis('l'epnney in spore age, handling, mul collection method. 
In the mllin, lh(' ll1'cdiospOl'es clune frolll fll'lificilll inocuilltions Ilnd 
wel'c immcdiiltrly availnbl<" while ac('iosporcs ('IlIllC fl'01ll field collec
tions, somc of them S(lnt by maiL On the whole, the lots of uredio
SpOI'OS prolmbly IUlll gn'atc·l' gel'mil1lltivt' (·f~PIlCil.y than the collections 
of Ilr('iOSpOI'f\S. 

Both C. cerebrnnt Itnd C. fU8ijOl'me infeetrd n. proportionlltely lllrger 
nlllnlw1' of blnt'k onks tlll:lll white ouks (table 7). Fmthcnnol'C, tho 

T.\nl.l~ 7.·-Sllsrcl'libility oj while (llld blncl: oaks Lo illjcC'tion by -4 species oj 
('ra/lUrliN In 

SPCl'iI!S 
lnncuillteil 'lJ'rce..'i 

wlth

Cro,wrtit( 111: 
ltTttJf1111L . ~ 
/flJi/arm. 
rtJutVtl'Ull1 
••/robili,I1WI . 
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amount of fruiting t~y each rust was relatiYClIy gl'eitler on hlack thm) 
on while oaks, :For instance, with 0: j1J$'ijol'me the pel'('enLages of 
54 susceptible black oaks, gl'Ouped by degree of UL'('d iul fmiting, wcro) 
'14 abundant, 31lIlediuIl'l, 21 spal'~e, und 4: Ycry spilrse, On the othOl' 
hu.nd, percentages of 52 white ollks gl'oupeli on lh(' SlllllC busis were 
27 nbunduut, 20 medium, 34 sparse, and 10 "('I'y sparse, Spe('ics of 
white Oftie wel'~ espeeilllly susceptible to C. 8il'obihnum ftnd slightly
mOl'o to 0. comfJenum, 

NA'fUH,\U.y INf'ECTED TIII;;r,:S 

On plne, C'I'01UlI'tiwn l'frebl'l£'fIl do('s llOt spl'cad app,'ceillbly from the 
Ol'igillfLl point of illfc('tion to ndja(,(,llt limbs and t\'lllIks, but tends to 
rell1llin confilli'd to gnlls ,in till' l'('gion of tlH' ul"iginlll inf('etion, Bark 
('oLln.l's fOl'lllrd I\bo\f(' lind be·low the giLils d('.\imit thcil' growth, 011 
smnll Ll'ef.'S ill thn JOl'f'st find lUl/'sel'y the gulls 11 ppiU'C'll tly inte/'f('I'c to 
somt' C'xtc'I\L with ('ollduelioll !llulll'lutslocfLtion in LhC' PIll't of the tr(\c 
Ilfl(,('t('d, Ii'11 s('('(lling is ginllr.d by It gnll it lllIL)' not li\'c. mallY yenl'S 
and is lIslIl'l,lly sLunl('(l in 'gl'owth, Glllls Oil side limbs 1111d twigs of 
pine' ll'C'('s \'(,Sltl t in the c[£'fLlh of som(' of the infectc'<l pnrts, 

Til(' spindh'-sluqwd galls of e,fustflJrmc mnmlly ('xt\'nd rnpidly fl'om 
(h(' ol'iginlll point of infpdioll into ndja(,(,lIt trunks [mel limbs, 'rhey 
('I[('il'('1(' lh(, tl'(\(', Bimilnl' to galls of C, cerabrwn, but 11.1'(' Inu('h mOl'C 

lelhltl, Th(' gtlils of e,}1l,,'f{(}rmr eonunonly ha,'c bark eol!u.l'S nL their 
bhR{" wldeh IIULY OI'Illn.~· not indicille lhe downwilrd ('xtr.nslon of the 
gill!. Infl'NIIIC'llliy) collal's (\C'v('lop Ilt til('upprl' ('nd of elongnted 
rnsifol'lll galls. lllfl.l'king lC'lllr0l'arily l'C'till'ded growth, TJIll'vae of 
pilc:h. moths, Diol'!lc/rin Rpp. ,I conunonly inf('st, the resinous, funO'us
Inf('d(~d phlol'm of fusiforlllrllst. C'Illlkl'l's, Sil1('c nlll('h of thc tunne1ing 
by these' Inrvne tC'ntls to girdle tho galled PfLl't, the dfeet of heavy insect 
inf('stMions on :lingle ('anket's would nppenl' dClrimentnl enough to 
hasten tim denth oC indi vidual hralwitC's 01' of the tl'l'e i tseH, 

III rHlrs(,I'il's, Ll11llb Ilnd S[pptl! (1.1) r{'portl'd loss('s of 15 to ;{,) pel'
('Pllt or shtsl! pin(' R('('cllings dIll' to (', fusifor.me, T\\'o to fin' pl'l'cellt 
of lOllg!l'nJ pilt!' s('('(llings W('I'{, ('0111n)OIlI,\· Inft'ctC'li, with Sl'YCl'n.1. nul'::\
('\'ips hnving n.s 1l111('[1 ns .10 to 15 IH'I'('('nt infl'('Lion, 

'inf('l'lion by (I, ('fl'eb)"I.I'm nne! (1, fllsifm'me on oak lNLy('g llorInnl!v 
('iLlUl('S lH'gligibl(' dlllllagc', Thr 1)(:rio('1 for (('lin.l pl'Oductioll for (i, 
('!'J'('orUlnmfLY "ill'v fl'olll F(·brunl'v and .\ Iiu'(,h in tll(' Gulf SinU's to 
,fllir Ilnd .'uignst in ()nllU'jo, '{'lint fOl' (', }u.'1{flwme I11ILy Vary from 
l\.bl'lIiU'Y in Florida to ,TUIIC' in Yirgillill tlnd:\ln.l'ylilnd, 

(', cortigel2wn l:; (\psll'u('liw to til(' fil'st-Yl'lLr {'OIH'S of p, ieiflphyUn
ill S()llH' IOC'fditt(·;,; irt tll(· mountains jet ~~dZOllfi, It is ('OmmOll Moulld 
Pod/d, but it thorough SlIiTC'Y of the l'itng(' of this t'lIst; hns Ill'Yt'1.' been 
Illlt.d(·. 

(I, Nlmbilimun is d('tl'illlt'll.tal to l'('TH'odl.letioll .in thr fOI'('st h)T de
iit/'()\r;ng the Hrsl-Y('llr COIU'S, Dtlring moist season;.; in the (>Ill'lirt' 
nlt;:s of llll' sludi;,;; of lhe dis('itS(' in 'Flori<ilt, ItS high ns no P('!'('f'nt 
()f til!' -"Olltl~ ('OIH';'; '1'1'1'1' dl'stl'oy('d in til{' /'('gion nl'Ollll{\ Pulatkl1, fn 
d/'Y -,,('Ul'S, til(' losses \\'('1'(' gl'l't1tly l'('du('p(L. 

lQ Tdf'nti!iclttiOll fly Dr, '1'. Eo ~nyd!'r. senior C'nlOlllologi"t, Bllreau of Ento
Ilwlop;y :mcl Plnnt QunmlltilH', U, K D!'(lttrtment of AI1;l'f(~lllt\1re. 

• 
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A COMPARlSON OF 'l'liE PINE-OAK RUSTS 

On Jirst-yeni' COlH'S, infC'ction from e. stl'obili-twm begins to show 
til!' first to the middle of ~Inl'cb, )'fnny infected stules mu.'y be noted 
by theil' "omnge, chrome" color, which,chunges to n "Snnford's bro\\'n" 
01' Clchestnut." In Ie'ss thun 2 months uftel' infection tho cones in
Cl'N1SC in size to thnt of hNllthy 1-yelu' cones, During the thil'd nnt! 
fomth 'months u.fleL' infec:tioli. thtlY become grently swollcn unci qund
l'uple in siz(', The surfnce of the cone gnU ruptures in'eguilu'ly.und 
fulls It WilY, C'xposillg the Inyl'l's of nceiospol'C's, At the timl.l of Itt'cin.l 
fL'uiting the cones Ili'c oflt'll nltnckN[ by insC'cts, pl'ineipnlly by Inryne 
of Dioryctrin abietelllL D, nnd S" whieh fcoed on the spores nnd pnl'COIl
('hYl11ll1 tissll('s, Thc com's <II')' lip, becomn mummified, Imel hell to 
thrgrollnd, 

Cl'pclillL sori of e, stl'ob.ilinmn Oil lenYes of Quel'Clls alb(/, nl'C cl1sily 
I'c('(wnized by the "Ol'll.llge" OL' " frl'eL1ndino red" colol' of the spoti' on 
L1w ~ppel' sul'l'll.(,('. of lil(' INtI'. 'L11l' brilliant C010L' is Chll.l'tl('tel'islie of 
lilt· s(wciC's fmd srls it n.Pll.l.'t from nil other pillC'-on,k ('l'oIWrlill'ln 
sp('('h·s. '.l't'liIL of (J. sll'ohilinum Ul'C found on the h'iLVCS of ('Yl'rgl't'('11 
ou'ks fl'OIll J)l'e(llnbrJ' to FcbrulLry in the Gulf StiLlc's, N('itll('l' tho 
lIl'(\(linl 1101' t('linl stngp ('!lllS(,S significant dlunnge to the oaks, 

On ~[nv :lI, l!):~8, thp \\Titrrs disCOYl'l't'd 1I1'Nliit of cr, sil'obilimun in 
lin' fOI'pst:' soutlH'nst of 'Woodwolth, Lil., on yOllll~ sll('('ulent stPIIlS of 
Q. stellatn, 'l'1)(' rust WitS Loo flU' ndvcUl(,NI and al)lllldnnt to Illwc 0('
('tII'L'NI thnt SC'IlSOII fl'om Ib:eiospo('(' infcction, ).[O('('OY(>I', cont's on p, 
/JOiU8i"is, thf' only net'in.1 host ill tilp territol',)', w('n' not nfft,etC'tl. 'PlIc 
sl'uior wl'iter, Illtt'I' in 19:38, found 1.1 red ill occul'ring in Ilblll~dnnc(! 
1'1'0111 sOllthpnstpJ'Jl Louisiallll to XOI'lh Cnl'olilllt on the 1('I1y<'s nnd 
su('('ulpnl sll'Il1S of till' following S(H'l'i('S of QuerCllS: alba, bico[o/" 
,~lell(lt(/" Iwd slellai(L YflI'. m(l/'{/(ll'eltlt, Y('ry heRvy inf<'eliOlls ,,'ere 
found on (~. alba, ~~ milt'S southl'HSt of Pilot. ~[ount!lil\, ~, C" .Tune 
27 Ilnd 7 mill'S soutln\'('st of\Yinston-BiLlcm, N, C" .JulIlI 29, 1988, 
Th('H(' lo('nlitips W{'I'(' possibly 150 mill'S from the n('n.I'pst 11{'cinl host, 
It was too pHrly fol' slleh h('llx)" illfC'('tion fJ'om ",iIHi-bol'lll! Il.('ciospol't's 
dul'illg tilt' 'Slllllt' Sl'nson. 

'('hI' O('('(IIT('Il('l' of (', 8/I'obiliIlWn fal' north of its Iweilll hosts, p, 
paln.II/ris fllld 1', caribrU'll. is I\lso indi('ut('d fl'om collections Oil Q, alba 
Ilnd. (J. mW'i'(J('w'j)(( in Illinois, to"ll, and ('ls(,,,,Itl'I'P,u This milT I>l' 
(·xpln.in('d by (H't'slIming tllllL IW('i(JSPOI't'S nt $0111(' limp proyiom;l," WPI'l' 
('n.l'l'il'd Wl'ltt distulIl'I'S north by tLil' ('lII'I'Plll:;, illlh'Ling sU(,(,lI!t'nt woody 
pnrls nnll1pitYl's of ()I1ks. 1'11(' !'llsL lilt'll (,OIlLiIHI('d its C'xistell!'c by 
wintcring OYC'I' on sL(,n1s, pilrth'uln.l'ly of young sprout lype, of its ouk 
hosts . 

.FRLl'J'J:\'C BOIJIES, FRCl'l'l:\'G STU.lCTURES, A);D SPORES 
OF SPECmS OF CIW:\'ARTll~[ 

PYCSIA,PYCNlOSI'OIlES, '\:-;"1) AECIA 

.,\11 s(ll'('if's of pitw-onk ('rllfwrlilllll Ill'Hl' PY('l1iIL ill IInl ('u\'itil's unlit'I' 

till' l'pitll'l'lnnl lilYPl' of t1I(' gil 11;:;. .\ t mnLuri ly, p.n'nioSpOI'['S Ill't' 
('xuded ill :i\\('pt, Yiseid, y<,llo\\'-tilltl'!1 drops. .\ ('on(\(,I1;:;(,(\ l'OmpnrL
:lOll uf p)'('rtllt lU\d Otill'l' fruiting Slllgps or fiy{' S(weil'S of ('I'!Jiwrlillltl 
is gh·p(\. ill titbit' S. ~r{,i1Slll'Cn1Pllls or sporidilt 11.1'(' nollistNl. 

II Suo footnole 6, p, 5, 



TAB I.E' S.-ColldC/lSCd cOlllpar.soll of pyem'al, aCcial, «redial, alld telinl singes of 5 species of CrolwrtiufII ~ 
"'«~---.~------------------

It~lllS of comparison 
--"__'-',0 __ _ 

C. cacbru7Il 
__' __' __,__ 

C-/u4ijOr/llt C. cOlligtlllLlII C.qutrcuum C • •Irooillrwm 
, _______, ___ ,___• ___________ t-3 

Oull:
Shupe, 
're~ture, 
Collar """ 

l'ycniAl fruiting: 
Frequeucy ............... '" ............ 
Seasoll.......... . ............... ' ..... 

l)ycniosllore.~. U\'eragesize ..........lllicrons 

.-\eel!lI fruiting: 

~·rcqucllc}· ....... " .................. ., 
SellSllu.,. .. •• ' .... ,' ..... " ••. ' .. ' 

l'cridlulll: 
'\tatum....... , ... ..... ...... ...... 
Forlll.. . ......... ' ......." ...... ,.. 
Apieal walls .................. t.CllluJ'crs 

Pcri~\~c~~n~l;......................... 0, 


A\'CrBRCsize..................... mlcrons 


r ~ to! 

' 1
Sl.'hcrtcal •-<. ' FllSlforlll, ...... , ••••••, C:IJIIC ~all. . ........ Sl.'lICrical .".. ... ...... Cone gall. 

'\\ooJ)' .' ,....... ! WOOO)', . ••. ".•.•••.••Y flesh}·............ " •. \\oooy, .... , •.••" •••••lFlesb}·. ~ 

.-\bo\·CllUO belo\\" '!' llclowornbsenl. ........ 1'0nc............ " •• , Abo,'clln(\ below ....... , None. .... 


C,i; 
lJIeun!tII." ... "....... lJleullinl. .......... '.. ' Biennial ............. ,: .-\Ilnuul ................ Annuul. ~ 
Dec. 10 June.. Oct. to Apr•••••"., ••.•• j ~Ia}' to Junc.•••••••.. ,': Dl'C. to I ..eb.............!Mllr. lo.-\pr.

2X4.. 2X3.S ................. " 2X3.5................... 12X5 .................... l.OX2.8. 


I I 
HlCllntnl ...... Blenninl .............. ; nJcllnlul ............... I(.-I.11I1UUI. .... , ........... \AHnutll. ~t'cb. 10 July. Feb. to .Apr, ........... .l JUnc to Jtll~' ...........-I.l'r. to ~Iny............l May 10 JUI\(:. 

gllmJII~ run~e" ......... ' ......... tlo ...1 Il to ~l(lXH to 42...... .! 1010 22XIO to 39....... , H to 32X28 to 100....... H 10 32X23 to 53...... '" 

.-\eei;;;;~~~wllllditutieler'", .... " •••••110.. 5.1 ......................14.U... ' .................. 0.0••• ,.............. , .../15.3••••••••.••••••••••••• 


A,'erugoslle ......................do, '( 16.4X26.7 ..........." 15.5X25.L ............. I7ri1X31.2 .............. IS.OX2i.4., ........... . 

Intersextilo range I.. . •• " ........00 ,,15to 18X24 to ~'9.... .... 13 tl) 18X2'~ to 28........ ' 15 to ~)()X2i to 35........ Ii 10 2OX25 to 30........ 


t're(l\~I~rt1gC wull oiulIltter ............. <10.. 'j 3.2................... ' •• 13.3...................... 3.3 ....................",2........................ 


~·rultlng sell5on.......................... .1 Feb. to July. '... ....... Fcb. to'May.............-\ll \·car................. Apr.lluo May.......... 

Lellf spot color, ............. '" .......... "'1 Yellow 10 ochraceous, ..II'Ul\) green .............. l'ule green...............!l'U)C CTl'Cn •. , ••••••••••• 


t'reoin: . I I' ' .-\\·eragesize..................... micr01JS.., 154XHlJ ........ ' " ..... 13GXHl-I ................. Itl6XI02 ................ IHXI32................. 
1-:xlremu runge ............... " ..... lIO '.1 72 to 252XIOS to 324..... B2 to ~>(JSXOO to :'.f'O...... 105 to ~'62XI22 to 300••• .1 7210 IUSXSO 10 2JG•••••• 

t'redlo51l0re: I 

\ 

I,rulllpt'nt £rulll\lCllt .............1ErUll1pcnL ............. r:rumpcnl ............ . 

CerebroId, CerebroId. ........ •••••. lIcllli$JlherlcaL ......... IlclJIlsphcricnL ........ . 

3109 ............ 2[0 (L ......... , .......1' 2103 ............. 210 8 ................... .
".h. 

2t03, , ........... lll02 ' ............... 1102, .................. I to~"" .................. 


1Hi.SX24.U, .......... .l15AX:10.2 ,... , ••••••••• 1· 2IAXM.I ...··········121.9x37.L............. . 


A\'croge sl7.e......................... 0o, •.• 13.SX~>(J.6 ... ' •••••••••• 13.3XI9.1................ 17.7X24.7................ IO.4X22.3................1 H.7X22.4. 
':oj 


Inlcrs~xtile Tange 1..................00.••• 1110 15XIS to 24.. ,.....112 toJ5XI7 to 21 ........ 16 to 2OX2119 28........ 14 10 18X20 to 25•••••••• 13 to 17X20 to 26. 

A\'eru~e wnil tll.uneter .............00•••• ' 2.4 ..... , ................ 2.0...................... 2.6...................... 2.7......................• 2.3. ~ 


'retial fruiting seuson ..........................[ Feb. to Aug ..............Fob. 10 Junc............ June to July ............ Jnn. 10 May............ 

rrclial columns: , 

Color ........... ~ ............ w ..,.,o< .. ~ ...... ~ U\\~nlnul brown" to t'CinlltllIloll.. browll" to "Chestllut" to '·buy" ...... uDresden brov,rll" to................... ,. ........... 

"\'ulldykc brown!' UProut's browIl." '·clnnumon·browu." 
A "crage slzo •••••••••••••••••••• ' microns •• ,U7X3.57G ... " .••• .... ••• 104X2.8i2 .............. 117X2.5W ••••••••••••••. 9OX2.491.., ••.•••••.•• ,.. 

\-:xlro11111 Tllllgu ....................do •••• 45 to 2OOXI.IOO to 8.700•• 00 to 2OOXooo to 5,000.••• 00 to Z20XI.OOO to 6.000•• / flO 10 140XI.loo to 4,000•• 


'1'('llosporcs: j
A veruge size", ......................00 .•.• , 1Il.2X39.1 ............... , H.7X36.4 ................1 15.GX34.3................• l5.0X.2.!. ............... 
t:xtrelltc TUnRe .....................00••••11210 2'2X26 to 5U••••••••; 10 to 2OX25 to M""""IIO to 23X20 to 55........110 til 23X26 to flO •••••••• 

I,'he InterseXlile runge WII5 ol)lI1inco Irolll the IIIcllsurclllcUls left ufter oropping onc·slxth of the largest Bnd one·sixth of tbe smallest spores • 

•
• 


Submon:oo. ~ 
Vcstll!iul. 
1105. Z 
None. 

~ ...
IMX32.8. 00
5 to 21 X~'2 to 40• 
3.3. 

~ 
15.3X26.0. 
1:1 to JiX23 to ~'9. ~ 3.2. 

I:iAll yellr. t"l"Ornugc." to "grenndine 'tl
red.H 

~ 1:l7X168. 
SO to 210XlOO to 300. o 

Dec. to Feb. ::0 
C')"l\{ummy' brown" to 
~"bb\ck." 

IOlIX2.918. ~ 00 to 2OOXI.OOO to •• 400. 
~ 
::0H.8X3O.5. to!10 to 18X23 to 41. 

• 
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A COMPARISON OF THE Pr:xE~OAK RUSTS 23 

'1'11C pycnia of O. cerebrum 11170 borno in more 01' less circular lcnticular 
('avitios on the pel'clmial gulls 1 to 2 yeaj's after infection. The pycni-. 
OSPOI'('S 111'0 oblong to elliptic und m('asure on an ayeragc 2JlX4J..1 in 
sizc (50 spore's) and are borne biennially from Dcecmbcr to March in 
:b'lol'ida, from ~larch to April around Washington, D. C., and pro
gressively hlter north to Ontario, Canada. Accia with cerebroid 
pcridia follow 011 the same galls 1 y0111' latci' and Ilre decpor SClltNI in 
the phloem layer (11, 1)l. Xl, fif). 1). Pycnia and nccia then oeem Oll 
the galls in nltcrnaLing gt'l1cralions. This was first pI'ovcd by thc 
senior writc'!' in all 1I1lpublislwd l'xpl'rimt'nt in 'fakol1m ])al'\(, 11£1" 
with fruilil!" {rnlls on ll'c£'s of Pin-us tiru·iniallct. 

TIlt' pyelllll and Ilt'C\I\' of'..j ·usiforme r('s(,lllble lhosc. of ", cerebrum 
IHld ngl'N' e\os£'ly ill strudul'l~ and position on til£' fusiforlll gulls of this 
I'ust. . In the grN'nhO\lsC', the fil'St pyc'nia an~ not('d on a f('w tl'(~('S in 
tlH' llutU/II1l nnd Olll£'I'S in the spring of llw yNu' following th£' illoeula
tion. Tlw py('niospoI'{,s al'(\ oblong Lo ('lIipli(' tlnd Ilvel'ng(' 2/Lxa.8Jl 
(40 spon's), SOllH' gll.lIs pl'Odu('(' Il£'cin ttl(> spring following inoeuln
lio1\j hullll'(, alwllYs P['('('('<lNI by pyenia Oll lhe StllUC sul'ftH'e the pl.'C
('('(ling Y£,IlI'. 'l'lwy are sl'at('d in lhe phlOt'l1l S(W(' I'llI layers of ('clls 
d('{'lwl' than thos(\ o( lhe pyeuitl (11, pl, Xl, fiY. 2). The pycnia and 
aN·ia !It'(' fOl'wNI in alt(,l'l1aLing g(ln£'mtiot!s flS in O. cerebrwm. Pycnil1 
w('n' (ound on gllils of ('.jusijormc Itt; Brooksvilk, l1'ln.. , ill J)('ct'mb('I', 
on I). ('(/.ribaecL aL Bnlllswiek, Gn., in ~lfll'('h, and on P. lewla, in tho 
soutiH'nt pnd of ensl('m ~rnl'y1nlld in Apl'il. 

Bllil('.Y SIN'th and 1lowI\.rd Lnlnb 12 found PY(,llia of O. jusijorme in 
St,\rl'nd loculiti('s in 'I'('xns in Octol)('I' 1038. SI('('th collected pycnia 
Ot! I). ('nribae(L ILt J3rooklyn, 11iss., October 26, 1038, and on the same 
host 11('111' gliznb('t,h, La., ~oyembel' 11. In the spring of 1040, tho 
spniol' wrilpr found about ns mnny tI'C(,S of P. laed(L ILt lll'Ooksyille, Fla., 
\\'('1'(1 bt'uring ItC'cill of 0, jusijorme nnd O. L'el'ebrltm as th('l'c W(,1'C 

olhN8 thut hnd bot'll(' P.\T('llill tht, StUll(' SNISOll, indi(~at.ing that pyeuia 
nnd Ilt'ein of both 81H'el('S of 1'1ISt.. WNt:' biennial. 

\)nl!L Oil Ill(' fn'((IH'II('Y of pyenln nnd IwellL of C. COni!lelw.m firc in
('ompl('l<·. It npIH'IIt'S lhn~ llH' pyenin. 11t'(I fOl'mNI 011 the ('one galls 

"'''' '( G 

I. ot' 2 \,('III'S Hflpr inf('C'lion of tlt(' ('011('8, nud thnt; t.he ('t'lIlll})ent 
1r(,111j:>pl~l,[·it-nllwl'idill bn'nk fOI't:l1 ft'om lllP d('('pPI' sen.tNI IIl~y('r$ of the 
phhH'm I ),PHI' In.tt'I·. SOll1(' ('OIlP gulls nppnl'('ntly hplu'IH'eiit in 2 yenrs 
lind 00\(,)':> in :1, indkllling thnt $0111(' gnlls bNU' I>Y<'l1in. in 1 ."('111' and 
l'lOI1H' in 2 ,\'<'HI·S. 'rill' pyC'niospol'(,S nl'P o\'oi(\ to oblong in shnpe nnd 
llYPl'ngp ~Jl.:<:L(lJl in (\inJl1C'lpr (2;) :;pon's). 

'I'll(' pyenin of (', s/I'obilinullt HI'C' bOrtH' on tlw (,UlT('l1t YNll"S ('rop 
of C'OIH'S ill .FIMicl!l ill ~lnl'('\1 nnd ApI'il t nboutl)~ lo ;j months aft('l' 
infp('lioll, Tllt'Y IH(' fOl'l1wd in il'l'egulnl', rOlllHINl, disk-shn])l'tlln.y£'!'s. 
A('('ilt ill'(l [01'111(>(\ lntpl', ilhou.L 20 (,('II Iny('l's dl't'I)(11' in til£' phlo(,lll. 
'1'11(1 PY(,lliosp()l'l'S nl'p oblong to o\'oid in silnpl' nnd llY('l'I1ge 1.9J.tX2.8Jl 
in siz(' (UO SPOI·(,S\. '('Itt' Ill'ein lin' ('0\'('1'('(1 on tIl£' lIPIWf side by a 

12 I;'ormrrly pl\th()lo.t!;i~l'" ill {he l)h'h;iol) of For<'sl Pllth()l()g~·. 
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24 'l'ECfINICAI. BULLE'l'IN 978, U. S, DEPT, OF AGRICUL'l'URE 

vestigial peridilllll of 1 to 5 lttYCl'S of ('ells (lO, 1)l. 1", fio, C), '1'11 is 
sp('(~i('s is the ol\ly ono in the, C"nitcd Stnl('s thnt b('lIl's both py(·nil1 
11TId fiN'ilt within '1 months Jrom the time .of inf('ctioll, 

'\'h(' py<'nitt of 0, querctLtun, neeonlillg to Shil'lli (22), IlIT' fOI'lIH't1 in 
subepid(>l'Jjlltl ('a\'ities in titC' phloC'm of tlte woody gnlls Ilnt! pl'oduce 
p.Y('liiospOl'PS f!'om DN'Plnbel' to Janna!'y. 'l'ht:sp l).\'l'J'lIgf' 2J.lXf5f/
in f;tzC'. Dtll'ing the following Apl'il ilnd .\lny, ne('iu fOI'Jil ill thl' SHnw 
gnlls W to 20 e(III lilYC'/'S bpfI(,ltth th(' p},(,lIinl In),(,I's, TIH' p'y('nin, !lI1d 
1\(I('in nl'o f()('lI1('(] allllllnlly within till' SI\Ol't (H'I'jOt! of ;) monlhs, '\'his 
:wls (', qUl'f'CIlWI£ Ilpnl'l, fl'om C, eo,tbrum nlld C. jWIUO/'/)/f, '\'he 
fH't1io/' Il'I'il/'r sludipd fi fl'('sh fnrilillg gnU of C. qlW'('Ullflf, froI1l p, 
Iiw880niann 1ll'IU' ~I\.nking, Chinn, ('olh-('tt'd April 27, 1 !):37, by S. C, 
'I'tlng. 'l'ltp SI)(I(';/I\(,11 \\'I\S it woody splw!'oid gnll with s('nnts, ('1'\1111

(}(lilt, il'l'pgllllll'I,\' Iwmispll{'I'j(,1l1 p<,rit/ifl lIolik(· t/t(' (,(ll'('hl'Oid I)('ddin of 
(', I'l'l'I'bl'um lIlId (', fu.":ijoI'lflI' • 

'I'll(' PI'unqH'l1t ('PI"l,IH'oid (wridiutn of ('ro/t(ll'tium c('l'(bruln is till' 
lilj('kpsL Hiltl Iit')IH'st of nlt th!' sPC'(,lI'S of ('J'olUlJ'lium. (whip 8), .Al
tholJgh t lip t'I't'pi>l'oid (ll'rid i U tn of e, .rll,~iform(' is th ill 11('\' 1I11w (haL of 
e. ('fl'lIJ/'llllL, it 1'('sl'Illbl!'s it ('los(·I,\', 'l'lll' l'I'umlH'llt but il'l'pgulnl'ly 
it l'mispit I' I'ien I pl'l'idiullt Oil ('OIH' galls or (', (,OldfIUlU lit is ft'llil nnd thiJ). 
'I'll!' PI'UJll(H'Il(, ir'l'Pglllnl'ly h('misphl'l'i('nl ]H'ridiu.Il1 of e, (J.!ICI'('lllun is 
I'tltit('l'/iI'lIl, hllt not so thi<·k lIS thnt of e, an bru/(. 'I'll(' SUhll1l'I'gNI 
n'stigiul(wl'idiulll within thl' ('(lilt' gllll::; or c. Htrobiiiltllm is fl'lIgill',
klO!,wly fOl'llwd, and without sid(1 ·wftll:>. 

l'IlEDU A~I) '.I'ELlAI, COl.u:m~s 

'1'11(1 llH'llSUI'PIlH'llts of w'(·iJin 11nd {plinl ('01 U III liS, itS dt'lnilpd in 
tl\hh· \J L\PPI'IIClixl null tnbl(l S. W('I'(' bnsl'd 011 Illlln~' fit-It! and gI'Pl'n~ 
howiP ('otfpptiollS 11'0111 ;;(H'eiP::\ of ('lIs/nllw, Lil/wCOI'PIIS, 01' (JII(,I'{,U8, 
TIH' II ,'('j'IIg'1' sizt· of tilt' 1Il'pdin frolll lipId ('o!l('('tioIlS, bnsw(/ 011 lhe 
(H'odu('l of till' 1l\'('I'Ugl' width by thp f1Y{,I'ngp 1t'lIgth, HI'I'llngl'd in 
OI'dl'l' (I'om t1H~ III. I'gl'st to tll(, smnll('st, is ('rOlla I'tiwn (,OIlI[Jl'lWm, 
(', l'(J',/Jl'llffl, (', ,~lrl!biliIlIlJil, (',Jll.'l~/(}l'm(', IIlld (', !flutl'UUJIl, 

:-\ltHly of lh!' dn(:t sUg'gl'st('d lhlll sizl' of t('lin, [llll'ti('ullll'iy1Pllg'th, 
wlluld YIlI'.\" eli!'!'('!ly Wilh t('linl agp, Thus {itt' 1l"('I'ngl' Il'tlglh of 
1"lin ill 1111'('(' ('ollt'diolls of (', Iwd{()),lf1r ('01'1\- ill ~In\- Hl2[) Wfls l('ss 
lhull a rO\lI,tll of tllllt of It'lill ('1:0I11'lWO ('ol1p('nolls ill ,hll1(, U):~H, fl'OIH 
Ihl' Sllltll' lot'ulit.\'. Phl'llOlogie YUrilltioll::; m.igltt nlso U('(,Olillt 1'01' 
SOIll(' of this difrl'l'!'Ilt'l'. U)('nlllw{('ol'Ologi('ltl ('ol\ditiom; 111'(' pl'obnhl,Y 
lin impol'tnnt fn('\l)!' in lplinl dp\,plopnH'1I1. 'l'l'lin Ill(lHSlIl'illg IlR Illll('h 
ItS SA nod ".7 mill. in It'nglh 1\'('('(' obtnirlC'c/ ill ,Juh- Hod S('ptl'm/){l/', 
I'pspt'!'li \'I,ly. fl'om ('ollpC' [ ions of <'. ('{f'( bl'lJ m fl'om 'til(' moun tn ins of 
sOlltbwl's[l'I'lI X()l'lh Cnrolinn, .\Iild ('lill1f1lic ('ollditiollii ill sh('\t('I'('(1 
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plnl'(ls in this gC'I1C'I'fiII'C'gion would favor telinllongcvity nncl maximum 
gl'owlh, Sinc'(' millly fuetot's nfl'ect t(,linl growth, too much signiH
('!uwe should nol bC' plu(,l:'d on difl'et'C'IlcC'sin t(llinl size IlS rcporlN/
I1(11'(' ill, 

AECIOSI'OIlES, (UEDJOSI'OHES. ANI> 'fELIOSI'OUES 

Thesl' sporC's 111'(1 elllssified ill tnbll' 10 (AppC'IHiix) by spC'cics of 
l'usL und by fh,ld 01' gl'('C'nhouse c'oll('ctions. Host spccies arc listed 
by lipid 01' gt'ceuhous(' ('olll'eLion. 'nw fl'uiling stugl'S of Cronarti1l1n 
qUe!'cu:um WCI'C ('oliPet('d on spl'cimC'l1s of pim's OL' onks from China 
01' ,Japun. No g'I'(,Pllhomw ino<.'lIlllLions W('I'e IIIllde with this species, 

The llVC'l'llg(' siz(I of til(' ll(l('iospol'C's from fh,ld t'ollectiolls, bused 011 
lhe prodllC't of the n\'C'rnge width by thl' Ilv('I'nge lenglh, 1ll'I'nngct! in 
dNH'PIHlillg OJ'd('I', is (', cOltiytllum, ('. 'lU('rCl{.llTn, e. cerebrnm, C, 
strobilinwtt, Hull (', /u8ijo/'mf, 'J'l1(' Il.vcl'nge size of lIw 1I{~('iosPOl'C'S 
from ~I'p('nhoIlS(' ('ollpl'tiulls on till' snn1C' basis is C, Cerebl'lllil, U, 
,~l,.(/bil!/wrn, lind (',Jus ij01'l1l e, 

'I'h(' a \'PI'nw' sizp of till' llL'l'diosport's fl'om lipid ('olleetiolis, Il.I'l'nngpd 
in d(ls('('ndillg' ol'd{'r, is e. co ni!lOl llIn , 0, 'lllel'cuwn, e, sll'obilinwllt, C, 
('trtbl'!l/It I nlld (', {IlSijIJI'IIt(J, The [l \'l'l'n~C' size of til(' ul't'diospoL'es 
from g'I'l'('lIhoIiSP (~oll('eli{)l1s, pX('luding C, 'lU(!f'(,UllIil, is in tho same 
ol:c1PI', 

A ('llIu'IH'(el'islie or nil SP('('il'$ of pil1t'-Oflk G'rollarlium is Lhe pro
J{I'Pssi\-e Il1lltlll'ily of' l(·liosporl's from the lips of the eoiulllns to the 
bnsl's, Till' shol'll'Ht BpOI'l'H, ill lhe tip,nl'l' oblong to cylindric 01' 
Sll bl'usifol'lII , whilp tbos!' fOl'nll'd below the tip nL'C 10ngcI' nnd fusirol'lll, 

DlSCCSSIOX 

'nl('l'l' is 1I111l'h Ill'l'd rOl' e1IlI'ifielllioll or th(' taxonomic position of the 
pi!w-(wk rllsts thlll W('I'(' IUIII))('d by Al'thul' (2) UUcl(,I' (}l'oll(1rli1l1n 
'Llw'Cll/un Oil lhl' hnsis of the lll'('(lin nnci (·lin, In compl'omise, 
\r('liPI' (27), r()lIowin~ Arthur's notnel1clntul'c with J'('spcet to the 
I'lIsls lhnL l'lIlIlW ~pl\(,l'i!'1l1 lind fUBifol'1ll ('IUlk'el's olllrunks nnd bl'llnches 
of pilll'S in l!'IOI'itill,ndopt('d (~,~IJ'()bilinum n::; till' binominl 1'01' th(' funglls 
<'lllIsillg' ('(lilt' g'oll!'l 011 l \\0 spt-cit's of pilH' in fhnl SUIte, ,,'pb('r intli
('all·t! thllt It(' ('onlrii>lIll'd 110 o\'id!'IH'(, lIml (', fjll(I'ClWm \\'11::; !In·ft·L'
IIhll' l(' ('.1'( /'tb/'lu/L 01' (', (u8i(o/'/rtI' nR lht' ('01'1'('('\ binominl foL' tilt· brunch 
und sll'1II l'U::ll::l. •• 

To IIc'('Plll .\I'L!IlIl'·S gt'(llIpill~ of till' pilH'-onk I'UR(R, one mus(, t'lI 

ti;'l'lv i"n()('p lltl' di1l'l'I'PII('(' in tit(· forms of 11('('il1l fl'uiting, the fneL 
lhnl' t1{;'. slJ('!'ips llI11illtnin Ihpi!' distinCl Iwcinl fOI'lIls, Hnd lhnt it is 
110(, possibll1 to oiJtnin ()J\£' 11('(,inl form wilh ('ult.lIl'C's 1'1'0111 Illl0th(,I', 
III thl' mnlJlll'1' nud [jill<' of fruiting, till' ::;Pl'elf'::; fll'£, distinct not only 
in {hpil' p,\'('ldu unci 1I('('iil bUl nlso in thpil' lIl'('(lin nnd lelia . 

•\pllL't l'I'om lhpsl' difl'l'I'l'IH'l'S, fUl'th(,I' ('\·id('lIe('. thnt thl' pilH'-onk 
l'll!'lts IU'(I distil1d hlt!'l ('·()IIIl' [I'om fL study of host sp(;('ificity, This is 
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plu'Liculnrly ovid(\nt in locnlities in the SouLhellst wher~ host rangps 
of O. cerebrum lmd e.jusiJorme ovcrlap. O. cerebrum is most common 
on P'in1lSliil'!l'i'~iana, buL G. fusijorme does .not infect this species of 
pine. In pift('l'S in mOl'ida e. cel'ebrum is common on P. clausa and 
P. {flftbl'lL, bllt O. /usijorme hns novel' been found on these hosts. 'rhe 
llCglllivl) results l!:Om inoculation of thflse speeies of pine with O. fusi
forme support ('on<:iusions from field obset·vlttion. It is evident thnt 
Arthul' novel' hnd a good set of spocimens of O. quero1tum fOl' study, 
othcnvise he wOI,11d not have plnccd a spccies with nnnllal pycnilt 
and IH'eill with AmCl'icnn species pl'Odllcing pycnin or Ilocin bionninHy 
btl t ill nJ It'I'I1IlLe yuaL·s.!3 

li'lII'thcl' evidence for ~Ii~tinguis.hillg G. cel',ebrufn !11H~ O. /usij~l'me is 
hIHH~(L on UIll appflJ'(mt dlflcl'CIlCC III lethal dlect followmg mfect)on by 
lh('se 1'lIstS lIndC'I' forest conditions. 'l'he crl'OSS ell'cct of infection by 
G. cel'eb7'/tllt is hYPNplnstie i the C'lulket· is always Il swdling formed by 
Ilb1lOI'1I11l1 quantitutive intl'onse in sizo nnd numbcr of cells that go t,o 
make lit(l wood. O. cerebrum commonly Iivos for years on Iltl'ge treos 
with little detl'imellt to the host. On the othel' hand, G. fusijo1'1nf' 
cOlnmonly forllls ('lll1kCI'S ill voL ving l'egl'ossi ve LisslIe chan~cs ILnd I'n,pic! 
killing of Lhe elllll\>iuHl from til!' beginning of infection. Such elLnkcl's, 

!)Ill.t.iculllrly 1)J'lwitlcnt 011 the stems of P. cnribaea, firo chm'nctel'izcd 
)y little if n;IlY swolliH~ Imd by nbundnnLflow of pitch ovor the blLl·k. 
In time, the wood undOI' tho cankered sllrfacc becomes exposed, and 
the trunk, wt~akolt('d Il.t Lhis Jloin t, mny brcnk off even beforo I,he treo 
hilS been ginllcd by the elLllkcl'. 
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APPENDIX (TABLES 9 AND 10) 

'l'ADt.E 9.-Jl£easurements of field and greenhouse collections of 
uredia of Cronartiurn 8pp. 

Host Collce· Extreme range InSpecies nnd source oC uredla Uredhl Avcrnge size tlons sizespecies • 

Field collections: Nlt7llber NU7IIber NIlmber .Microrl., ,\Iicron8 
O. cerearM", ....................... ·1 D 180 154XIDI 72-252X lO8-324 

O.//lsiforme •...................... 3 10 200 130XI6·1 82-208 X 96-3r.o 

O. cOllluen/tm ...................... ·1 00 IOOXIU2 105-262XI22·30U 

C'. f/uercll.u,uJ ........................ ,."' .. __ .............. II 120 ] l4XI32 72-198X S(}-2Hi 

O. strobili/lit/II ..................... IS 360 13iXJG8 8(}-2l6XlO(}-360 

On'cllhousn collections: 
O. cerellrlt"'• ...................... D ]0 :120 15lX192 72-252X 85-300 

O./Its/Crllle ....................... 12 20 -IOU L-IUXli8 i2-288X 8(}-360 

O. COl! Vtl/ll.", ...................... 17 10 100 157XID2 ]96-288X108-360 

O. alrobIlIIllLIII ..................... 15 33 000 145 X17l 96-216XIOS-288 


, Oollections o( C. cereorlt711 (rom the neld came from the (ollowlng species o( Qltercll8: borealis, coccinea, 
imliricllr/u11I11l1 velutilla. Greenhouse collections Included boreali." coccineu, ga7llbeli/, 7IIarllcl1Idicu, 1mlllatria, 
prin"s, rOUlLT, slet/a/a, lind velutiltll. 

1,IQld eOlleeLions o( O./II.,i/or me were mllde (rom the following species o( Qllercl18: lauri/olia, nigra llnd phelias; 
!lntl greenhonse eollect/ous (rolll IIlbn, b1color, borealis, coce/llea, OClmbetii, im~ricarla, keltogoil, lobota, phetlos, 
1ITi'/l/l~, ahllmllrclli, lind vet'llillll. 

• 
Piehl collct,tlons'of C. cOIlIf/eTlltm were made from ~uercu., e/llorvi and Q. hypoleuea, and greenhousecollcc·

Llor.s (rom Cu.•tllnell clelltata, ·C.ll1otli..ima, IIl1d C. salwa, from Lithocarpua densi/lora, and (rom tho following 
species o( Quercus: aori/oUa, Illba, blcalor, boreaUa, cems, coccinea, del/tala, /minello, macrocarpa, paluslris,
TO/Illr .......IlI/olm, lind vellllhlll. • 


}'iold collecLions o( 0. qtlerwlt/ll C!lme (rom Castanea crenala and Qllercu., aClltissima. 

Field collections or C•.ItrobilllllLn were obtnlned rrom species or Quercus: mOlltall1l, myrti/olill, pumila, rol/sil,


viryiu/IlIta, vlrginimlll \'fir. oeminalll, aud virginianCl vur. 1II11IimCl. Greenhouse collections carne rrom Cas· 
tClneCl cientatCl and tho (ollowlng species o( QuerClt.,: alba, bicolor, borealis, cerris, clentata, clollg/asil, gumoelii,
imbricnria, tabala, 1n(lcrocarpu, montana, siellatu, virviniana, nnd viroiniana \'ur./u3i/ormi3. 
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TABI,E lO.-Compari8O'n of measurements of spores of Cronartium :.<pp. from field 

and greenhouse collecHons 

Species measured and sporo Host I Collec· Averago ExtremeSpores ISporo 
collectfon source speclcs tlon measured. wall spore size spore range 

Aeclospores, In fleld: Number Number Number . Micron. _'licron • .Micron. 
C. cerebrum••••••••••••••••••• 7 60 S,OOO 3.2 10. 4X26. 7 11-25Xlf..-lO 
C;./,ui[orme................... a 10 1,400 a.3 15. 5X2.1. 1 IG-23XI5-37 
O~ cOluOtnUm~ .. _.. __ ~ ..... ___ ..... "".._ I 6 a.3 17.3xa1.2 IG-25XI8-51I,~O. qtUTClJ,UU& ................ __.............. __ 2 4 2.7 IS.OX27.4 12-26X20-40 

C • •,rOOilill'"n........ __....... 2 10 1,500. a.2 15.3X26.0 G-23XI5-IO 


Aeciospores, In grecllhouse: 
'D. cer.brrtm ••••• ............. 2 4 500 ~.4 10. fiX26. 4 12-23XIG-34 

O.JI"'J£~.·m.................... 2 4 400 2.a IS.4X24.4 1I-2IXIG-31 

C. ,,(p' rl'{1lll.m ......_....... __ .. __ ....__ • .; 250 3.0 15.SX24. \I 13-26X 17-35 


tJredlosporcs, III field: 
C. cerebrILflL ............__ .... 4 S 1,200 2.4 la.8X26." G-2IXI3-29 

C./ltri[orme................... 2 5 500 2.0 13.3XIO.I IH7X14-24 

C. CO/1I0enllm ................. 2 4 1,000 2.U 17. 7X24. 7 11-25XI6-37 

C. qtLtrculu1& .. "' .......... .,__ ....____ a 4 250 2.7 'lII.4X22.3 IG-21iXI8-34 

C••,rOOillllllm................. 10 25 3,000 2.:1 H.7X22.4 IG-2IXI5-all 


tJreellospores, In greenhouse: 
O. cerebrUl/l" ........... _........ ,., ........ __ .. 15 17 2,000 2.2 13.3XI9.6 G-26XI3-29 

C'/'t8i[or11le••• ............ __ ., n \l 1,400 1.8 la.OXIS.6 O-ISXla-28 

C. CI»1I0t/11I1II ..._._.......... _ (j 8 1,100 2.1 HI. 5XZ). 0 IG-25XI5-38 

C••'rOOilililLTlI" ................ U 1-1 1,600 2.0 H.4X26.3 G-26XI3-38 


TcUospores, ill field: 
C. c01l;gen l~rn~. __ ........ _..._.............. :I 3 300 IS. fiX34. 3 IG-23X2G-55 

C. qtltrClLL.f1I~ __ ..... __ .......... _., ... _ ...... 3 :1 150 15.UX42.1 12-23X20-60 

C. "rOOflin''''' ......_.......... :J 4 200 14.8Xao.5 IG-18X:.>:J-1l 


Tellosporcs, III greenhouse:
C. cerebruln" ......... ..-__ .. ___ ..... _...._.. 200 16.2X:J9.1 12-22X26-';9 


.C./'''i/or1lle.....___ ..__ ....... 200 14. 7X36. 4 IG-26X25-M 


I f'leld coll\1ctiollS o( nCclospores o( (I) C. cer.brrun, (2) C.JU,';/orllle, (3) C. conioe""m, (4) C. querc,wm, 
and (5) C. slrobiliTl/tm Cllllle, rcspectl,'cly, (rolll species o( Pi,I1L.Y, as (ollows: (I) b'l1Ik.iana, cllwsa, echillala, 
rioil/a, .ylvulri8, laetla, IUlel viroinillna: (2) caribaea, rlgida vur• •erotina, IIlId la.dn: (a) leiophylla: (4) den.if/ora
1ll\(llh'Lnberoii: (5) ca,i/mea lind lJair18trr.. Aeclosporos o( (I) C. cerebrum, (2) C./It.i/orme, uml (3) C••trobi· 
lilllll", (rom the greenhOlL,e, t"llle (rom the (ollowlng species o( Pi/Ill.: (I) clau.a Ilnd vlrui"i,ma; (2) ponderwa 
IIndlaeda: (3) caribaea Ilnd ral/iala. 

~'Icld collections o( urediospores o( (I) C. cer.br'Lln, (2) C./ud/orllle, (3) C. conioerwm, (4) C. qu.rc'Lltm, 
Illld (5) C••'robili,lUm CIIIIlO, respectively, (rolll the (ollowlng species o( Qlterclt8.' (1) bor.ali., cocci/ua, imbri· 
caria, and vtlutina: (2) IllItri/olia l\I1dniura; (:1) emoryi 111\(1 hUPo/.llca; (4) aCllli•• ima, glanduli/era, and vari· 
oblli.; (5) allm, macrocar/lfl, marilall1lica, murti/olill, rolf.';;, .,.lIlIla, virgillillll1l, viroiniana vllr. /It.i/ormi., 
viroiniana vllr. oemillala, IUld virgilliana vllr. minima. On,,'nhonsc coilectiolL' o( urediosporcs o( (I) C. 
cerebrum, (2) C,/,t8i/orme, (a) C. collioell1tm, 111\(1 (4) C. "robilillllm were ohtllined, except as otherwise Indi· 
cllted, (rolll the (oll?wlng species o( Q,urcu6: (I) aori/olill, bicalor, boreali.Y, cari., coccinea, tlouo/a.li, oamb.Iii, 
TIlacrocarpa, m(Jrilllluiicfl, ~J)alu.'tri,', phtllo." priUUJf, Tobu,., TuJ)ra. und Vtlll/iUtl,' (2) bien/or, bareali" labula, 
phello!, IJrifllL." rtwru, le.rullu, vduliua, and virginiulUl,' GJ) bOTetlli8, curi." monlaml, robur, CU3lanea denlalu, 
allti C.6t1t1Vtl: (") ble%r, boretlli., O'lIIw.lii, 1IIacroCtlrl'tI, mOllllllla, robur, virginiana vllr./llsi/orllli., Ilnd 
Dirginiunfl Vilr. gemiuultl, and CU.Jtallta tieliiala. 

Oollectlons o( !(lilospores o( (I) C. eoniyerl/un, (2) C. q'ltrCltlll1l, nnd (3) C.•trOOili,lILm mnde In tho field 
(''1lrne, respcctivcly, Cram species oC Qturcu..'f, ns rollows; (1) arizonka, emoryi, llnd hvpoltUCll,' (2) acutiuima, 
IIenlalr., and glumluti/era; (a) prLmUa, virginium. vnr. yemilwlu, ami virginiuml vllr. minima. Orc~nhou.."lC 
collections o( lcliosilores o( (I) C. cu.brrwillmi (2) C'/u,';!lJrl1lll CUllle, nlspcctlvcly, rrom species or (lu.rcu., 
u.q rollows: (I) bicD/or, bo,.r.II., palustri., nuel velutilla; (2) bie%r, boreali., IInll ,tlacrocarl'a. 
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