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A Comparison of the Pine-Oak Busts‘
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A com n&lwnsivc stady was begun in 1908 of the lost rela-
tionships and of a morphologic comparison of five species of pine-oalk
rust, onc ol which, Cronartivm fusiforme, is becoming a serious obstacle
to the suceessful growth of slashland loblolly pine in some localities.
In nurseries it has caused large monetary losses and shortages of
plapting stock.  In 1938-39 losses ranged [rom 10 to 35 percent of the
slash and loblolly scedlings.  Since 1937 more than 10 million rust-

L Bubmitlied for puhlienrion November |, 1918,

* The work here reported was done in greenhouzes and taboratories of {he T, 8,
Department of Agriewllure, nt Washingion, 1. ¢, from 1908 Lo 1938, nud supplo-
mented by exfensive Held studies, The senior writer was assisted by Clenn Q.
iinhn, pathalogist, Marie (. Goss, formerly patholopist, Margaret AL Tyan,
formerly seientific aide, and N, Rex Thunt, formerty assistant pathologist, of Lhis
Trivision, in the greenhonse and laboratory; and by 'N. Res Hunt, B, 12, Meinveke,
nnd the lnte Bllsworth Bethel, former]y gsgistan{ pathalogist, principal pnthologist,
nnd pathologisk, respectively, of this DPivision, in the ficld work. "The junior
wriler cheeked (he originnl dain, revised the mannseriph, and included independent
ohseryations of Cronartium corebrum and C, fusifornte,

823180 — g -memn] 1
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inf8cted scedlings have been culléd. Also, damage to plantations is
severe in arcas where alternate hosts are abundant and weather con-
ditions are faversble for infection. In studics to develop practicable
eontrol measures, it is neccssary to distinguish taxonomically botween
the several species of fungi under consideration.

SUMMARY

This bulletin reports a comprehensive study of host velationships
and » morphologic comparison of five pine-onk Cronartzum species—
four native to Novth America nnd ono to eastern Asia, Censiderable
confusion exists in the taxonomic literature of this group of econom-
iedly imporlant fungi. J. C. Arthur, long our leading uredinologist,
veferred all species of the pine-oak rusts to C. quercuum. Tn disagree-
mont with Uhis classification, the writers consider the four American
species—C, eerebrum, C. fusiforme, C. conigenwin, and C. strobilinum—
distinet from erch obher and from €. quercuum.

The geographical distribution of C. eerebrum on pine exbends in
custern North Ancrics from Minnesota eastward through Canads
and south to Liwe Gulf of Mexico to eastern Texns. C. fusiforme is
most prevalent in coastal States from the Bastern Shore of Maryland
Lo Iflorida and Toxas. The distribution of €. condgenum is not well
defined but is known to oceur in the mountains from Arizona through
Mexteo nnd Guatemaln, €. strobrilinum is distribubed in thoe Southeast,
fron eastern North Caroling and Florida west along the Gull coast
to soutlienstern Louisiana, €. quercuum is mdigenous to China and
Japan and is nol known to occur in this country. Host ranges are
given. :

Fiell observations suggest that O strobilinum everwinters in the
uredial slage on young oak stems, particularly of sprout type, {or
north of the range of its accial hosts Pinus eeribaca rnd P. palustris.

Tnoculntion of pines with neciospores of the American species
proved (hat they are heteroccious.  No inoculations with C. quercuum
were made, bul this rust also has been reported hieleroccious.

As 1 group, the black onks were more susceptible than Lhe white
onks (o mfection by C cerebrum and C. fusiforme. On tho other haid
species of while onks were especindly susceptible to G, strobilinum and
slightly more susceptible to €. contgenum. The offect of infection by
spreies of Cronartium on onk leaves normally is negligible.

Sporidial inoenlalions were made from telisl columns grown frow
authentic matorial on onk leaves in the grecnhouse, nt Washington,
D. ¢ O eerebrum and . fustforme produced only spheroid and
fusiform galls, vespectlively.

€' cerebrum Tormed pyenia the first spring after inoculation and
acein i the second.  Some scedhings moculated with €. fusiforme
showed pyenin bnte in Lhe fall of Lhe year of inoculation and accw the
following spring.  The periodicity of pyenial and aceiul fruiting ol €.
eerebrum wnd O fusiforme was biennial, but the clapsed time for fruit-
g may he one growing season shorler for C. fusiforme. €. conigenm
also Tormed pyerin and necin biennially. Iv contrast, C. quercuam and
(1 strobilinum form thein annually.

The season of pyenial fruiting also varies between species. Pyenia
ol (% eerebrin are Tormed from December to June, €. fusiforme from
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October to April, C. quercuum from December to February, . coni-
genum in May and June, and €. strobilinum in March and April.

Interspecificity was indicated by the results from cross inoeulations,
P, virqimiang proved highly susceptible to €. cerebrum and resistant to
C. fusiforme and C. strobilinum. Other species of pines infected by
0. cerebrum and apparently resistant to C. fusiforme were P. bunksiana,
P, densiflora, P. echinata, P. gerardiana, P. glabra, and P. pinaster,
P. glawse also might be included, as it is infected naturally by €.
cerebrum and the inoculations with C. fusiforme resulted in no
infections. ;

Approximately 35 and 40 percent of the infected pine scodlings died
following inoculation with C. cerebrum and C. jusﬁc[:rme, respectively.
C. cerebrum docs not spread appreciably from branch to trunk, but
remains co. fined to the original region of infection. The fusiform
cankers of C. fusiforme often extend from the original point of infection
to adjacent trunks and branches. They girdle the tree and are much
more lethal than these of O, cerebrum.

Pine scedlings, artificially inoculated with €. conigenum and C.
strobilinum, developed small galls near the base of the needles. Ungler
experimental conditions, €. strobilinum killed 55 percent of the
infected scedlings in 1 year. €. strobilinum in the Southeast and
C. condgenym in the Southwest destroy first-yenr cones nnd thereby
reduce the amount of pine reproduction.

Study of the comparative morphology of the five species of
Cronartium revealed both similarities and differences, 7. cerebrum nnd
C. fusiforme ave nearest alike, but are distinet in thei: gall forms. The
zalls of €. cerebrum and C. quercuum are always spheroid, those of
O. fusiforme arc always clongated, usually fusiform. The peridia of
C. cerebrum and C. fusiforme are cercbroid, those of €. quercuum ave
irregularly hemispherical. These three species affeot woody tissue in
nature, while C. eonigenum and C. strobilinum attack only first-year
cones. The former has erumpent hemispherical peridia with Sside
walls, the latter has submerged vestigial peridia without side walls,
Within species, the different kinds of spores are easily identified by
size and shape, but between species comparison of aeciospores or
urediospores shows & usual overlapping in range of spore dimensions.

SPECIES OF CRONARTIUM ON PINES AND OAKS AND
RELATED GENLRA

Of the several specics of Cronartium deseribed with their pyenial and
accinl sbages on species of Pinus and their uredial and telinl stages on
species of Quercus, Castunea, Castanopsis, and Lithoeurpus, the follow-
g are recognized as distinet species by the writers:

1. Cronartrum cerebrum Hedge. and Long (1, pp. 691-692; 2,3, 4,7,
9, 11, 20}, borne on perennial globoid woady galls, bearing pycnia and
aecin with erumpent cerebroig peridin on species of Pinug and with
uredin and telin on specics of Castanee and Quercus in the enstern
United States.

2. Cronartium fusiforme Hedge. and Funt (£, 2, 8, 4, 11, 20}, borne
o percnnial fusoid or spin(ﬂc-sﬁapcd woody galls, Learing pycnia and

3 ftalie nuwmbers in parentheses refer to Literature Cited, p. 26,
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aecin with erumpent cevebroid peridin on species of Pinus and with
uredin and telia on species of Quercus in the soubheastarn United States.

3. Cronartinm conigenun Hedge, and Hunt (2, 4, 10, 18), hormie on
fleshy swollen eones, bearing pyenia and aecia with erumpent hemi-
spheric peridin or species of Pinus and with uredia and telia on species
of Quercus it Arizona, Mexico, and Central Americn,

4. Crenarttum strobilinum Hedge. and Hahn (fe, 2, 4, 8), borte on
fleshy swollen cenes, with pyenin, submereed aecia, and sunken
vestiginl peridia on Punus enribaea Morelel and P. pulustris Aill. and
with veedia and Lelin on speetes of Quereus in the southeasiern Uwmiled
States and in Caba.

5. Cronartium quercunum (Berk) Mivabe (2, 4, 12, 18, 17, pp. 78,
22,23, 25, 26), n perenninl globoid gali forin, bearing pyenin nnd aeein
with crumpent hemispherie peridia, found on pines and on onks aund
related genera in Japan and China.

CHOCRAPINCAL DISTRIBUTION AND HOST RANGE OF
PINE-OAK RUSTS

CRONANTIUM CEREBRUM

Oun Pinacese, O, L*—From Oniario, Canadn, and  Muine ad
Alinnesota Lo Texas and Florida:
Pinas banksiens Lamb, (Cepada, Cono, | L pangess Lainb, (Md,, Vad
Minnd £, resinose At (M ek, Ainn)
I caribaee (Fh) Poorigidn ML {Ga, Maine, N.
Foelansa (langelin.) Vasey (Bind Ohio)
Py echinate Mitl, (Vla, Obio, Pu., Tex} P rigida var, serotiae (Miehx) Loud,
Frogdabrea Walt, {Ia,, Fla) fiths)
Fonigra var anstrioea (Hoess) Aschees. | P splvestris V. (Cannda, Minn,, Da,
aud Graeba, (N, ) Yo}
Hondgee var, pofvetiunn (Anf) Aschers, | £ fusda Lo (Flu,, Md,, ‘Tex)
and Grehn, (X, € {2 thunbergli Part. (N, (LY
I opinaster AL () P, opirginiane Mill, {Ala., Towa, N, J§,
P, opanderose Laws, (N, €., Wis) H.8)

On Fagoacene, 1T, 111
("’(fzfrmm. dentatn (Mursh) Horkh, {N.
i

¢ premite (£ ML (N (L)

Y.,

'

0. montana Willd. (Ga,, Vi)
(. myrtifolia Willdd, (Flul)

Querens altwe L. Menn,, Vo, Wis)

£, bicofer Willd (Vs }

). barcaliy Miehx, {0 (Cannedn, Miung,
NoHL, Vad

£ coceinent Mueneh, (0, M, Mingd

(). iftvifolic Wangenh, {Pln., N0

). imbricarie Michx, (3Md,, Vag

€2, macraearpa Michic, ¢ Ming,)

(). morifandien Maench, (N, ., N, )

. nigra 1. (Ain,, Del)

. pelustris Mueoel, (50E, Vol

(o phetlos L (AW, VR

{4, rubre . (G, fufeain Michx (Ga,
M .

6). stellale Wangeoh, (Tean., Md.)

€. relntine Lawe (G, M., Minn}

. rirgintana var, fesiformis {Saall}
Surpr, {Tex.}

CRONARTIUM FUSIFORMIE

On Pingecae, O L To the southeastern Uniled States from Mary-
Innd nnd Vieginie to Floridn nnd Toexas:

Digay varshaey (¥, 8, O, Tex)
Dopadustris (Rl N0 Texy
2 rigide (N, L)

Forigide var, seroting (¥la, N, ()
F*otaeda (Fla., Md., Tex)

CPhe prenind, neeln), wredinl, and telind stages of rusts are veprogenied by

O, LT, andd T respeetively.
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On Fagaceae, I, IIT:

(Guercus alha (Fla,, Miss) Q. phellos (8, C,, Tex.)

Q. einerea Michx. {ILa., N. C.) Q. rubra {La., N. C))

8. cocoinea (N, C.) Q. shumardil Buckl. (Fln. La.)

€. imbricaria (Ia,, 8, C.) Q. stellata (Ga., Ln.)

Q. laurifolin Michx. (Ia,, N. C.) €. stellate var. margaretls (Ashe) Sarg.
Q. laceis Walt. (La., 8. C.) (Fia., La,

Q. marilandics {La,, N. C.) Q. veluting (La., 8, C.)

& nigre (Fia., N. ., Tex.} Q. virginiana Mill. (Fin,, Miss.)

CRONARTIUM CONICENUM

On Pinacene, O, L—Arizona to Guatemala:

Pinus lelophylls Schiede and Deppe P. monfezumae Tamb, (Guatenals)
{Ariz., Mexico)

On Fagneene, 11, TI1:

Queercus arizonice Surg. {Ariz) Q. oflengifolin Torr, {Ariz)

£. chrysolepis Lielin, (Ariz.) . oocarpe Lichm. (Costa Rien)

Q. emoryi Torr, (Ariz.) Q. peduncidaris Née (Guatemala)

6, grivea Liehm. (Arin) 0. reticadala 1Tumb, and Boupl. (Aris.)
Q. hypoienca Engel, (Ariz.) Quercns spp. (Mexieo nnd Gualemain)

CRONARTIUM STROBILINUM

On Pinacene, O, T.—In the southcastern United States from Lou-
istana Lo North Cerolina: ’
Pivwus caribaea t (Fla., Mis.) | P padustris (Fla,, La,, N. C.)
On Fagacepe, II, IIL—Tlinois * to Texas, Florida, Virginia, and
uba: .
Ougreus alba (Ack., 1., La,, N. Q)
. bicoter (N, C) rotfsfi SBmall (i)

. ehtzpmani Sarg, (Flal) stefleta (Fin., N, G, Tex.)

Q. pumile Walt, (Fia., N. ()

3.
€. vinerea (N. G, Tex.) Q stelinta var. margareite (P, N. C.,

Q.

Q.

Q.

20

). fueris {Miss) Tuex.} .

€, dnurifoatia (Fis,) virginiana (Cubs, Fla, La., N. Q)
Q. lewrifolic var. hybride Michx, (Fla) virgininne var, fusiformis {Tex.)

G. macrocarpa (Towa, Waus., Mo.) pirginiung  var.  gemineda  (Smali)

63, montunn {Va.} Sarg. (Fla., Miss)
0, myrtifelic {Fla.) Q. wirginiona var, minima (Smrll) Sueg,
. nigra (Flu,, Tex.} {Tin., La)

8 Cronartium strobilinnm was reporfed by Arthur (fa) on. (he cones of 1%, taedn,
The occurreacr of Lhe rust on this species of pine was hased on specimens eol-
feeted by POH. Rolfs, al Lake City, Fla, May 30 sud Jusly 10, (966, The
senior wrider examined these specismens and found that the hosl spockes was £
earibacn,  The cones of I taeda are never injeeted by this rust,

8 A study of the specimens in the herbariom of the Division of Myoeology and
Disense Survey, Uarenn of Plant [ndustry, Soils, nnd Agrieultural fnpineering,
showed Lhe follwiing speeimens, wrongly delermined ns Cronartium guereuwm,
Lo be the uredia of C. strobilinure: On Querens alba, Lwo spechimens coilectod noar
Oregon, L., by AL 13, Waite, 147, Scpt, 9, and 241, Sepl. i1, 1889; Ropers, Ark.,
eol. [ Bartholomew, Fungi Colnmb, 3016, Sept. 25, 1988, larmon Lake, Miss,,
eal. L. ML Wihite, Seysmour and Earle Pungi 200, Aug, 4, 1800; on (. HUCTOUrp,
Manhattan, Nans, col, Kellerman and Swingle, Wansas Fungi 24, Oct, 1886;
Steckton, Kuns, col, E. Bartholomew, Fungi Columb., 2619, Amg. 3t 1508;
Oviwein, Towa, col, 1. C. Gilman, 1437, Sept. 18, 1027; New Haven, Towa, col,
J. C. Gilman, 1456, Sept, 20, 1927; Columbin, Mo, col. B. T. Gnlloway, 114,
Aug. 18, 1886; Colwbin, Mo, col. Tracy and Galloway, Sept. 12, 1886; Tickering,
Mo, col. . Bartholomew, Fungi Columb, 2504, Oct. 10, 1907,
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CRONARTIUM QUERCUUM

On Pinaceae, O, L.—In Chins and Japan:

Pinus densiflora Sieb. and Zuce. {Japan) | P. sylvestris {Japan}
P, massonitna Lamb. (China) P. thunbergii (Jupan)

On Fagaceae, II, TII:

Castnen creaata Sieb, and Zuee, (China, { Q. tlex L. {Jnpan)

Japan) ] ). mengolicn Turez, (Japan)

. mottissima Biume (China, Japun) Q. meongolics var. grosseserrala (Blume)
C’a;tméjps:s {)mspzdata {Thunb.) Seboti-| * Rehd, and Wils. (Japan)

¥ {Japan . T .

Fagus japoenicn Maxim, (Japan) g .i'uyrilflugef d.’f‘fg lfi;f“' (ifapu.l!}
Quercus acutn Thunb. (Japsn} . meosturaergit RO, {(Japan)
3. acutivsima Curruth. {Japan) Q. palustris (Japan) . .
). denlute (China, Japan} Q. petreen (Maltusebka) Liehlein {Q.
). glandulifere Binme (Japan) sesuitiflora Selisb.) {Japan)
. glanca Thunb., {Japan} Q. varigbilizs Blume (Japan)

MET{IODS OF INVESTIGATION

Tho seedlings inoculated were cither grown from seed or transplants
trom nurseries. Kor best inceulation results pines with young suc-
enlent shoots and brosdieaf frees with young folinge near tie lime of
their full expansion in growlh were preferred to those with slow-grow-
ing hardened tissue.  Tesls with Olt} hardencd oal leaves proved them
unsuitable for inoeulalion. Acecia, uredia, and telia were measured
with eyepicee and filar mierometers adjusted to a rompound micro-
scope. A carcfully prepared calalog was kept of date of inoculation,
symptoms, date of avident infcction, appearance of spore {orms, and
intensity of infection.

INOCULATION PROCEDURE

1f inocalntions were made with the spores of more Lhan one species
in one duy, each was made in s separale compartinent or greenhouse,
Every possible precaution was tﬂj{{‘n to insure that the plants were
exposcd to a single inoculation at one time.

Pwo sitilar sets of trees of the same species, each of about the same
number, were used in each experiment,  One seb was inpculnted, the
other was treated sinilarly without inoculation and used as a control.
The comparative scts of ¢ach species of Cronartium and their controls
were grown in separale compartments under similar condlilions of soil,
tempernture, and light. Sclf-recording maximum and minimum
thermomelers and hygrometers were used to record the temperature
and moislure conditions in the compartments. As the results from
the control scts used were all negative, they ave not mentioned here
when those from the inoculated plants are given.

Pwo metheds of inoculating pines were used.  In one set, chips of
galls or masses of loose spores were inserted in a small slit in the
phloem under the bavk amﬁ the wound wrapped with & strip of stevile

wet cottoit.  In the other method, an atomizer was used in spraying
needies of shoots with stevile water and the spores were dusted on theiwr

surfaee.  In some of these sets the needios were wrapped with wet
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“steride colton sirips and in others they were left unwrapped.  Tmme-
dialely after inoculation all inoculated trees were placed for 2 to 4
days in moist, chambers in carly éxperiments and in iceless refrigerntors
{14) in Inter ones,  The colion wrappings were removed in 2 to 4
weeks in ease of wound inoculations, and in about 1 week after
ingculations made without wounds.

When broadleaf trees were inoculated, the leaves were sprayed with
sterile waler with an atomizer and spores were dusted or brushed on
the under surface.  Plants inoculated were immediately placed for 2
to 4 days in a meist chamber in early inoculations and m an iceless
relvigerator in later ones. It was found early in the work that leaves
dusted with spores on the upper surface were ravely infeeted.

The period for inoculation of broadleaf and pine trees was lengthened
considernlly by placing some of the planis in the eooler air outside
the greenhouses; others were kept dormant by placing them in cold
storage for later use. A second crop of leaves on broadleal speeies
was obtamnod by plucking the first crop before it matured.  This forced
out a new crop of young leaves even in fall or winter, especially with
evergreen oaks.  No differenecs were noted in the susceptibility of
leaves oblained by the various methods. Repeated delolation was
avoided, lest & weakened growth resuit.

Svore TREATMENT ANp Srore MEASUREMENT

Avciospores reectved from distant points were nl first tested for
viability. Later it was found that brightly colored spores were viable
when less than & month old.  The teliospores are bound Logether into
& telial colwmn by a matrix of a subslance containing peetin (29).
Soaking the tehial cohans in a hot 4-pereent solution of hydrochlorie
neiek dissolved the matrix and separated the teliospores.  When stained
aind mounted in Kadser's glyeerin jelly and erylhrosin, they gave
slightly swollen dimensions, bul the extent of the swelling was deter-
mined by an estitnation of the distortion.  The sporidia used in the
inoculations eame from young rapidly growing Lelia.

‘Fhe spores of the rusts were statned, mounted, and measured, follow-
ing the methods and formolas of Coliey and assecinles (5, 6) in the
study of Lhe aveivspores of Cronartiwm ribicole A, Fiseh, and €. oect-
deatale Hedge., Beth., and Hunt. 1t was essentinl thal the same
process for staining and mounting spores should be wvsed in all the
spore mounts measured. A uniforst method of stnining sud mounting
spores resudts in equal shrinkage in their size and (s in comparative
measurgitents.

AlE spores were measured by projection, with (he apparalus de-
seribed by Colley (7). The images of the spores were usoally pro-
jeeted b 300 to 1,000 dinmeters on 2 white lield. T magnilied to
EO0O diameters Lhey were measured to the acnvest nicron with a
stndard white-faced millimeter geale,  Wall thickness was nwasured
to approximately tenths of o mieremillimeter. The mounl was
nieved aeross the field by o mechanieal staze and spores were selected
from o 4-inch eircle in the central parl of the image in order of their
acratgemenl.  Bets of 100 spores were usually measured, but some-
times a siunlioe or greater nummber was used,
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Muvnon oF WeicnrING Svoue MEASUREMENTS Y

The problem was Lo get the most celinble eentenl values for spore
dirmensions from all the material {nken from a single species of host.
Ornie liundred spores from each gall had been mensured and averaged.
For ghout two-thirds of the localitics only one gall was available; for
cacly of the remaining localitics, spores from lwo or more galls were
mensured.  Thao mean for a focality with more than one gall was
ohinined by avernging the means for individual galls; the loeality
means were averaged Lo obtain a grand mean.  T'he question imnedi-
alely neose a8 Lo how these loeality menas should be weighied, It is
obvious thal localily means bused on two or nore guils are More
Lrnstworthy than those based on » singls gall and deserve move weight.
[t is equally ohvious, howevee, that two galls from the snime loculity
do nob vive s mach information on the whole population as would
two galls from different localities, so thal a two-gall locality mean
does nol deserve o oweighi of two. A simiple unweighied mean of all
the single-gall values, regurdless of locality, would nob solve the
prablem, beeause it would give exnebly the sane resuld ns i loenliby
means weee used and weighted by the number of galls that each
reprosents.

[t is evident thab the idenl weight of a two-gall mean wonld be
intermoedinte helween one nad bwo. The ideal weighl varies inversely
with the vartance ((he squared standard devirdion).,  Thal is what s
obtained in nvernging subsamples [rom » homogenous population by
weighling each subsample by the number of individuals it represents,
Species are heterogencous populalions, and the variation of means of
loenl subsamples 15 due in part to variation in the local individuals
nid i part to dilferenees belween loealities. The varinnee within o
locality s decrensed by mensuring o Inrger number of galls from i,
while tre varinnee due 1o the loeality s not st all decreased by inereas-
itgr the nunber of galls within the loeality,

A rough measure of the variafion within loealities was obiained by
compnling (he difference between galls of Cronartiinm eevvbrim, talion
in pairs for all possible pairings frotn the sae localily, There were
19 sueh pairs, nnd the differences aveenged 04165, As o mensure of
ttal varintion, 92 pairings were made ab randow between galls of (7,
eerehrtm from diferent loealities and the average differenee for these
was foutdd Lo be 0,557, The squares of these differenees wre auni-
orous 1o the vaciinees that would be ebtained by thie somewhat more
eliicient proccdare of working from the squursl devintions®  They
are 31 for the tolnl, and 0173k within lecalities. 1o other wonds,
At pereent of the total squared differences ol single-gall values woere
due to varintion within the loeality, leaving -1 pereent of the folal as
the proportion due (o the disagreement between loealilios,

Taking the differences for single galls from dilferent loealitios as
1.00, the squared differences expeeted between 2-gall loeaiity means
0.5

o . o
waottld be '.:"-i—”.-l-!. A0.72 The generalized squaeed differcivees for
T This seetion was propured by Carl Hartley, prieipat pathologist, Division of
Fores| Pratholosy,
8 Phe patlysig for unequad subsanpie munbers doseribed by Snedecar (24, sore,
fden wonld probatdy be the best welbod of compreing varinnee withio and
trelweon foendilies.
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locelity meens based on o galls would he g;%"-i-o.‘i‘i. The reciproenls

of these values give a single gall weight of 1, a 2.gall loeality mean o
weight of 1,39; 3, 1.60; 4, 1.72; and 5, 1.81. The weights nciually
employed were 1.0, 1.4, 1.6, 1.7, 1.8, and 1.9 for locality means based
on 1, 2, 3, 4, 5, and 6§ galls, vespectively. A localily mean based on
100 galls would be given a weight of only 2.2. *

The results of the foregoing analysis serve not only to provide o
rationnl basis for weighting in the ease in question but also to itus-
trate the grealer efficiency in sampling n widely disteibuted population
if samples nre taken from many places. A great increase in the num-
ber of measureinents made ab o single place resulis in litlle increase in
the reliability of the geand mean where the effect of the locality on
spore size is as greab as it appears to be in this materiaf,

The method of weighting employed is based on the assumpiion that
the speeies studied 15 equally abundant in all localities. This, of
eourse, is never Urue; but there is ordinarily no quantitative imforina-
tion as fo the velative abundanee in different localitics, so 10 better
procedure seems possible, There is probably some correlalion, how-
ever, hetweeny the number of the galls taken {rom tho localities and
the number that existed there. IF in collecting or measuring, care
was taken to make the number of specimens from caech loeality
corresporel roughly with the oliserved local frequency of the fungus,
eaeli locality sean might well be weighted by the number of speci-
mens ow which it was based and the simple procedure of averaging
alt the individual gall mean values without grouping them in locality
seans would therefore be logical.

INOCULATION RUESULTS
Aeciosroues oN Pixes

Txperiments by Meinecke (76) in inoculating pines with the aceio-
spores of Crorartinm harkaessii {Moore) Meinecke have shown that
this rust sy pass diceetly from pine to pine. It was thouglit neces-
sary 1o inelide i this study moeulations with acciospores (o defer-
mipne whether reinfection of pine was possible.  No infection resulied
from extensive ineculations made from 1868 to 1029, The sources
of spares and the species of pine inoculated with ench species of
Cronartlm ave itemdzed as follows,

Cronartium cercbrum

Twenty-8ix seis ol 19 species or vavieties of Piaus were inoculaled
with the neciospores of (5 eerebrum from P, wirgimoae, P, banksiaona,
widd P origido. These sets ineluded 252 trees of the following species
of Pinus: caribiea, contorte Dougl,, coulteri 1. Don., densifora,
cehinala, glabra, latifolia Surg., ponderosa, ponderase vav. seopulorum
Fngelm,, radiate 13, Don, resinosa, rigida, rigide var, seroling, sebin-
o Dougl., strebus L., syleestris, taeda, thunbergii, and virginiana.
Aeciospores were obiained from glohese galls, either from artificinl
inoeulations ar froin natural infections in forests from Michignn to
Fiorida and Texas,

52— {2
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Cronurtium f&Si’:fOl'ﬂ’!B

Fificen scis on 124 trees of 12 species of Pinus were inoculnted
with €. fusiforme, as {ollows: canariensis C. Sm., caribaea, conloria,
coulieri, latifolia, palusiris, ponderosa var. scepulorum, radiata, rigida,
sylvestris, taede, and virginiane, The aceiospores were from typicel
fusiform galls, either from artificial inoculations or from forest trees
in Maryland to Floride and Fexas.

Cronartiwm conigenum

Five sets on 16 trees of 5 species of Pinus were inoculated with
. conigenum, ns follows: caribaea, radiata, rigide, loedo, and wr-
gintane. ‘The aeciospores were oblained from cone galls on P, leio-
phylle from Arizona.

Cronartitum strobilinum

One sct on first-year cones of 7 trees of Pinus pinaster were inocu-
lnted with ¢, strobilinum. Cones of other species were not available.
The acciospores weee obtaiited from a cone gall on P, palusiris from
TFlorida. .

Arciosrores oN Oaks anp RELaTED CENERA

Cronartinm cerebrum

During the years 1008 to 1030, 86 sets of inoculations with (.
cerebruin. were made from field eoliections obtained from Michigan
to Florida and Texas {table 1}. The numnber of seis of neciospores
used from cach species of Pinus was as follows: 4 from banksiana, 1

clause, & curibaew, (4 echinala, 3 glabra, 1 nigra var. poirefiana, 2
ponderose, | ponderose var. scopulorum, 3 pungens, 3 resinose, 11
rigidn, 2 rigide var. serotina, T sylvestris, 1 thunbergis, 7 taeda, and 17
wrgintene.  The time elapsing between the dote of inoculation and
the development of mature uredia of C. serebrum was 9 to 13 days,
average 11,

Cronartium fusiforme

Fiity sets of inoculations with . fusiforme were made during the
years 1914 to 1931, The number of sets from cach species of Pinus
was: 1 from curibaea, | ponderosa, 1 rigida, 2 rigida var. serctina,
aid 45 leedu. The acelospores were obtained from fypical fusiform
galls from artificial inoculations or from galls an forest trees from
Maryland to Flovida lo Texas. Uredia of . fusiforme appeared in
9 Lo 11 days, average 10.

Cronartinm conigenum

Five scis of inoculnations were made during the years 1918 to 1923

with neciospores of C. conigenwm from cone galls on Pinus leiophylla

in Arizova. The period for uredial developnient was 11 {0 14 days,
average 12,

Croenurtinm strobilinum

Thirty-cight sets of mocuniations with acciospores of (", strobilinum
were made between 1918 to 1030, Thirty-five sets were from cone
galls on P, cartbaen and P, palustris from Floride and 3 from gail-like
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Tanre ) —~Summelion of inoculations with aeciospores of J} species of Cronarlium on
Quercuy and related genera
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growths on necdles of inoculated seedlings,
i 10 to 13 dnys, average 12, ) ) _
A summntion of the results from all inoculations with acciospores

of the four species of Cronartium is given in table 1.

Malure uredia developed

The percontages

of inoeulated trees bearing uredia were 47 for O, sirgbilinnum, 37 Tor
€. cerebrum, 26 for ' fusiforme, and 23 for £ conigenwm, For telin,
the percentages were 68 for G cerebrum, 66 for (. fusiforme, 9 for
(%, strobilinum, and O for (. conigenum. Of infeeled Lrees, telia alone
were formed from meculations of €. cerebrum on Castanopsis diversi-
JSolia, Quercus douglasii, Q. myrtifolia, and Q. virginiena vor. geminala,
and from inoculabions of (. fusiforme on Custanen dentata, (. pumile,
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(' sabive, Custanopsis diversifolia, Lithecarpus densiflora, Quercus
dentata, €. frainetto, and Q. myrtifolia.

Urepiosrores oN OQAks Anp ReLatep GENERA

Cronartium cerebruum

Thirty-cight seis of inoculations were made with urediospores of
(*, cerebrum during the years 1908 to 1929, The number of scts from
eneh speeies of Quereus wis 23 [vom borealis, 1 coccined, L imbricaria,
2 fobale, 1 lewrifolie, and 10 Quercus spp.  Original pine Liost species
wore Pinus echinate, P laeda, or P. virginigna, sod exeept for 1 seb
all urediospores came from greenhouse inoculations,

1t was not possible to carry inoculetions of urediospores of . cere-
brum beyond two generntions in the greenhouse,  The third genera-
tlon consisled of lelin only. Well-developed telin were formed in
20 to 29 days.

Cronariium fusiforme

Fourteen gets of inoculations with ¢ fusiferme were made on specics
ol Huereus from 1914 to 1931, The number of sets from cach specivs
was | enell from borealis, cerrls, frainetlo, and macreearpa, 2 cach from
bieotor and gwabelit, and 3 ench from douglusii and phellos. The
original hosts were P. rigide var, seroting or P. leeda, and all uredio-
spores came from greenhouse inoculations.

[noeunlations in the greenbouse with the urediospores of C fusiforme
coulil nol e carried Deyond Lhe second gencration.  Large telia
wore formed in 20 o 25 days.

Cronartinm conigenum

Nty sets of noculntions with O conigenum were made on speeies
of Quercus during the years 1918 to 1925, One seb of 6 trees was
inoculaled with urediospores from @. Japoleuce collected at Portal,
Ariz, The remnining sets were from greenhouse inoculations with
urediospores from the following species of Quercus: 2 from alba, 5
boreadis, 8 coceinea, 3 douglusii, 1 macrocarpa, 2 montana, ¢ palustris,
6 robur, nud 58 Quercus spp. One set of inoculations was carried
Lhrough 8§ genernbions of urediospores in the greenhouse and another
through 18, The time of telial {ormation was extremely variable,
depending on the season of inogulation.  Spring nnd summer inocula-
tions resulted in successive generntions of urediospores, with telia
delayed as long as 300 days; in late fall, telia often appeared in
ahout 80 days.

Cronartium strobilinum

One hundred and vighty-seven sets of inogulations with (. stro-
bidinwm were made during the years 1818 to 1930, Except for 2 seis
from (‘aglenea dentuia, Lhe urediospores woere obteined from the fol-
towing spoeeies of Quereus: 6 from alba, 14 bicolor, 2 borealis, 6 dentuta,
6 deuglusii, 3 ewneryl, 17 gembeliz, 12 macrocarpa, 3 moniana, 26 robur,
1orolfsti, 3 stellate, 2 welutine, 34 virginiana, 26 virginiana var. fusi-
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Jormis, 1 wirgintana var. geminale, 1 virginiene var, minimae, and 22
Quercus spp.  Six sets of urediospores cate [rom Florida and 181
from greenhouse inoculations. One set of inoculations with uredio-
spores was calried through 7 generations in the greenhouse and
another through 20 generations. ~ The time of telial appearance after
inoculation was essentinlly similar to that of Cronertium conigenum.

A summation of the vesults from all inoculations with urediospores
of the 4 species of Cronartium is given in table 2. The percentages
of Lrces bearing uredin from inoculations with urediospores were 66
for (. strobilinwmn, 59 Tor (1 conigenum, 48 for . cerebrum, and 29
lor ¢ fusiforme. Yor telia, the percentages were 76 for €, cerebrum,
64 for (L fusiforme, 12 lorv (L sirobitinum, and 5 for €. conigenum.

Tanee 2o~8Summeation of (nocidulions with urediospores of 4 species of Cronariium
v Quercus and related yenera
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Sromipia ON PINES

Cronartium cerchrum

Tnoculations were made with sporidia {rom telial columns grown
from nuthentic materia] of C. cerebrum on oak leaves in the greenhouse.
Tolia were placed near the base and among the clusters of young
needies on young growing shoots of 344dpina seedlings.  Of the trees
inoculated, 18.6 pereent were infected and bore spherical galls within 2
to 3 yenrs ab the point of inoculation. On the infected trecs, 2 percent
of the galls bore pycnia the first year after inoculation and accia the
second vear. The fiest indication of infection was the presence of
sinall yellow-green spots on the needles during the summer after the
inoculntions. Inlection apparenfly spread through the basc of the
needles into the shoots.

Tnoculntions wore made on 1,025 trees of 33 species of Pinus by
ingerting telin n slits in the phloem of tender shoots of the current
season’s growth and weapping the wounds with wet sterile cotion.
Ot the trees tnoculated, 23 pereent bore spberical galls ab the point of
inocniation.  Most of the galls appeared during the summer following
ioculntion.  The first indieation of infection was a fusiform swelling
that leter became spherical.  Of the infected trees, 24 pereent bore
galls with pyenin either the first or sccond spring after inoculation,
with acein appearing the following spring. More than one-hali of
the fruiting galls produced pycnia the first and accia the sccond spring
after inoculation. The rast bore pyenia the sccond and secia the
third spring.  No pyenial or aecial fruiting was noted on galls on 76
percent of the infected trees.  The sterility of the galls may have been
due to poor conditions of growth in the pots, premature death of the
Lrees from the cffect of the russ, or to differences in fungus-host inter-
relationships,

Phe first-year cones of 3 species of pine were inoculated by iuseriing
telin in o slit in the epidermal layer and wrapping the wounds with
wel coblon. The resuils were negative with 20 trees of the following
apectes of Pinus: 9 cchinala, § densiflora, and 2 virginiana.

Phe resnils from inoculations with sporidia from the telia of C.
cerebrum {exeluding conc inoculations) are given in table 3. Sott
pines proved somewhat less susceptible to infection than piteh pines.
Tuoculation of 33 scedlings of 5 species—DPinus cembra L., P. edulis
Bngebin., 2, koruiensis Sicb. and Zuce., P. parviflore Sich. and Zuce,,
and . strobus—rvesulted in 1 nonfruiting gall on P, cembra and ¢ on
52, edulis. Of the commereinlly important pines, P. virgintana was
highly susceptible to C. cerebrum.

Cronartium fusiforme

Thirty-two specics of Pinus were inoculated with sporidia from
tolin of ¢\ fusiforme during the years 1914 to 1930. Authentic ma-
terial was used from artificlally inoculated trees in the greenhouse.

A total of 184 trees of 12 species were inoculated by placing telia
nenr the base of the axils of the clusters of needies on fender growing
shoots.,  OF the trees inoculated, 51, or 28 percent, were infecied and
developed fusiform swellings during the Lrsi scason’s growth,  Of
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‘Fanrk 3.—Resulls of inoculaling pines with sporidic of Cronartium cerebrum
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the infected trees, 11, or 22 percent, bore galls with pycnis late in the
autumn of the year of inoculation and aecia 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 tcha in slits in the phloem of young, tender shoots. Of the
trees inoculated, 207, 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 pyenia late in
autumn and accia the following spring. Forty-seven trees bore
pycnia the spring following inoculation and sccie the spring ef the
sccond year. Pycpia and aecia of C. fusiforme may dcvaﬁop one
growing season earlier than similar stages of C. cercbrum. Of the
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Tanre 4.-—Resulls of inoculating pines with sporidia of Cronartium Jusiforme
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trees infeeted and bearing galls, 219, or 74 percent, failed to bear
accin.  The reasons for fnilure are assumed to be the same as those
given for O\ cerebrum.

A summation of the dain from the inoculalions with sporidin of
C. fusiforme is given in table 4. P, faede ranked among the highest in
percentage of infoction and in aecial production. This result sub-
stailintes obscrvations that the species is very susceplible lo infec-
tion. The wide clistribution of this pine, its susecptibility, and its
great eapacity to produce spores make it the most important aceial
host of €. fusiforme. It is noteworthy that P. wirginiana, highly
susceptible to €. cerebrum, proved resistant to €. fusiforme. Also,
the soft pines—P. edulis, P. monticole Dougl., and P. strobus—were
not susceptible,

The following species of Pinus not infected by €. fusiforme proved
susceptible to C. cerebrum: banksiane, densifiore, echinale, edulis,
gerardiana, glebra, pinaster, and virginiana.
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Cronartium conigenum

Inoculations of C'. conigenum were made by inserting telia in wounds
in the phlocsm of 47 trees of 17 species of Pinus! 5 caribaen, 2 clause,
L contorta, 2 coultert, 2 echinata, 2 edulis, 1 halepeusis, 1 massonivne,
I monophylie Torr. and Frem., 2 wmugo, 2 wnigra var. poireliana, 1
parviflora, 1 ponderosa, 3 radiute, 2 rigide var. serofing, 9 taeda, und
16 virginiene. The telia were from the following sources: 1 set from
Quercus emoryi and 3 from Q. hypoleuce from Portal, Ariz., 2 scts
from Q. rebur und 2 from Quercus spp. grown from artificial inocula-
tions at Washington, D, C. Two seedlings only of P. caribues beeame
infeeted and developed small galls, one of which bore pyenia in 140
days jnml the other in 325, Both trees died before accia were pro-
dueed,

Cronartivm strobilinum

During the years 1919 to 1928, 373 trees of 23 species of Pinus
were noctlated with sporidia from teliospores of €. strobiliniem ob-
tained from wreenhiouse inoculations. The acciospores originated
from eone galls on drees of P, caribace and P. palusiris in Florida,

First-year cones of nil the species available in the greenhouse were
inpeutaled by placing telial columns on the surface of the eones and
wrapping them with wet cotton.  Cones af Lhe following species of
Pinus were inocudnled: 2 densiflora, 2 pinusler, and 6 virginiena.
Nowe of these cones beeame inlected.

Of the 89 pine seedlings 2 to 4 months old inoculated by inserting
telinl columns in slits in tips of young growing shoots, 17, or 19 per-
cent, were infecied and bore pyenia on small galls on the base of the
needles in an average of 49 days after inoculation. Sixteen percent
hore aeeia in an average of 80 days from the tme of inoculntion.
Pl infected necdles assumed an “ orange chrome” ¢olor ®and the aalls
a ““sanfoed’s brown "

Inocultions were made on 274 scedlings of 21 species of pine, 2
to 4 months old, by inserting telial columns in the axils of needles
withont wounding, OF the trees inoculated, 77, or 28 pereent, be-
came infeeted amd bore pyenin in gall-like growths on the base of
needies in an average of 66 days,  Aecin were formed within an
average of 100 days from the time of inoculation.

The results from tnoculations with sporidia of (. strodilinum are
given in table 5. €\ strobilinum, however, has nover been found pro-
ducing galls on the twigs or needles of young trees. It is hardly
possible that sueh infections could occur, becnuse sporidia are formed
at o time when the needles, twigs, and shoots are dormant and pot
suseeplible to infeetion.

P Codor i quiotes, acesrding to Rideway (20,

B3V 3—i0—3
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TanLe 5.—HResullz of tnoculating pines with sporidia of Cronarfium strebilinwm
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EFFECT OF RUSTS ON INOCULATED AND NATURALLY
INFECTED TREES

Inoceuluations on Pines

Both Cronartium cerebrum and (. fusiforme were lethal to young
pine secdlings in these inoeulation tests; about 35 and 40 perceat,
respectively, of the infected seedlings died within 5 years. Relative
nfeetion of species of pine thai were susceptible to both fungi is
shown in table 6. The percentage of infection caused by €. fnszforme
was greater for 11 of the 15 species.  The much higher susceptibility
of Pinus caribue and P. tueda to C. Jusiforme is of particular intercss,
in view of their commercial importance in the Southeast where both
rusts oceur naturally,

C. strobilinum caused a surprising amount of mortality among
infected seedlings in the greenhouse, E\i!hng approximately 55 percent
i Iess than 1 year. Infection trials with this rust were unsuccessful
on cones, bul produced small galls at the needic bases.

IxocuratTions o8 Oaks

The effect of the vredia and telia of Cronartium on the leaves of oak
in the greenhouse was slight unless infeclion was abundant. With
heavy infections, the leaves were gradually killed and were shed pre-
maburely, which tended to rvetard The growth of the trees.

A inghor percentage of onks was infeeted from inoculations with
urediospores than from tests with aceiospores. Thus, the percentages
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Tapre 6,—felative infection af pines susceptible to both Crenartium cerehrum and C.

Susiforme
. cerebirum <. furifornie
Specles tnoenlnted
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of trees bearing uredia {from inoculations with urediospores and aceto-
spotes in iables 1 and 2 compare as follows: For C. cerebrinn, 51 and
40; C. fusiforme, 33 and 30; €. conigenum, 60 and 24; and C. strobil-
tnum, 68 and 50. Comparison of the pereentage of trees bearing
telin indicates n similar relationship.  Part of the dilference in infee-
Lion may be due te varintions in germinative eapacity of the inoculum
arising [rom diserepancy in spore age, handling, and colleetion method.
B ihe main, the vrediospores came from avtificial inoculations and
were immediately available, while aeciospores came from field collee-
tiong, some of them sent by mail.  On the whole, the lots of uredio-
spores probably huul groater zerminative eapaeity than the collections
of acciospores.

Both ([.'. cerebrum and €. fusiforme infected n proportionately larger
number of black onks than white oaks {table 7). Turthernore, the

Tanug To-Susceplibility of while and black oaks to infection by 4 species of
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amounl of fruiting by each rust was relatively greater on black than
on white oaks. For instance, with ' fusiforme the percentages of
34 susceptible black caks, grouped by degree of uredial [ruiting, were
A4 abundant, 31 medium, 21 sparse, and 4 very sparse.  On the other
hand, percentages of 52 white onks grouped on the same hasis were
27 nbundant, 29 medium, 34 sparse, and 10 very sparse.  Species of
white onk were especially susceptible to . strobilenum and slightly
more to C. contgenum. .

Nartcaanny Ixvecren Trees

On pine, Cronartiven cerebriwm does not spread apprecinbly from the
original point of infeetion to adjacent limbs and tyunks, but tends to
repmiit confined to galls in the vegion of the original infection.  Bark
collars formed nhove il below the ralls delinit their growth, On
simpll trees in Ahe forest and nursery the galls apparently inlerfere to
game extent with vonduction and Leanslocwtion in the part of the tree
afleeted.  IT a seedling is girdled by o gall it may not live muny years
and is usually stunted in growth.  Galls on side limbs and twigs of
pine Lrees resull in the death of some of the infegtod parts,

The spindle-shaped galls of €. fusiferme usually extond rapidly from
the original point of infrction intto wdjacent trunks and limbs. ~ They
eieirele Lhe {ree, similar Lo galls of ¢ eergbrum, but are much more
lethnl,  The galls of €1 fusiforme commonly have bark collars al their
Lase, which may or may not indieate the downward extension of the
gall,  Infrequently, collars develop at the upper end of elongated
Msiform ealls, marking lemporarily retarded growth. Larvae of
pilch moths, Dioryetrie spp.)® conunonly infest the resinous, fungus-
mfected phloem of [usiform rust cankers.  Since much of the tunneling
by these larvae tends to girdle the galled part, the effect of Lieavy insect
infestalions on single cankers woukl appear detrimental enough to
hasten the death of individual branches or of the tree itself,

In nurserivs, Lamb and S{eeth (£33 reported losses of 15 Lo 35 per-
rent of slash pine seedlings due Lo (% fusiforme.  Two to live pereent
of longleal pine seedlings were commonly infeeted, with several nuvs-
erivs having as mueh a3 10 to 15 pereent infeclion.

Infection by €% cerebrum and €7 fusiforme on onk leaves normaliv
cunses negligtble damage.  The period for telial production for ¢4,
cerebrwm may vary from Febmey and Maveh in the Gull States Lo
July and August in Ontaria,  "That for % fusifornie may vary {rom
February in Florida to June in Virgieda and Marviand.

(. contgenwm is destruetive to the fisst-year cones of P lefophiylia
in some localities in the mountaing in Arizonn. [t 3 common around
Portal, hut a thorough survey of the range of this rust has never been
midlee.

(% strobilinem is deteimental to reproduction in the forest by de-
stroymg the lirst-year cones.  During maist seasons in the earlier
years of the stuwdies of the discase in Florida, as high as 90 pereent
of the youne cones were destrayeid in the reglon around Palatka, [n
try wears, the losses were greatly reduced.

¥ [deniifieation by Dr. T, E. Bnvder, senior entemolagist, Bureau of Loto-
melogy and Plant Quarantine, 17, 8, Department of Agriculture,
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On first-year cones, infection {from (. strobilinum begins to show
Lthe fiest to the middle of March. Many infected seales may be noted
by their “orange ehrome” eolor, which changes to a “Sanford’s brown”
or “chestnut.’” Tn less than 2 months after infection the cones in-
croase in size to that of healthy 1-year cones. During the third and
fourth mounlhs aiter infeckion they become greatly swollen and guad-
ruple in size. The surface of the cone gall ruplures trregularly, and
falls awny, exposing the layers of acciospores.  Ab the timo of accial
fruiting ithe cones ure often aitacked by msects, principally by larvae
of Diorjelria abietelle D. and 8., which [eed on the spores and paren-
chymal tissues, The cones dry up, becomo mumnilied, and fzll to
the ground,

Uredinl sori of (% strobilinwm on leaves of Quercus alba are casily
recognized by the “orange” or “grenadine red” color of the spols on
the upper surface of the leaf.  The brilliant color is characteristic of
the speeies and sels it apast {rom all other pinc-oak Crenarlium
specics.  Telin of (4 sirebilinum are found on the lenves of evergreen
oaks from December to February in the Gulf States,  Neither the
wredial nor telinl stage causes significant damage to the oaks,

On May 31, 1938, the writers discovered uredin of (. strobilinum in
the furest souitheass of Woodworlh, La., on young succulent slems of
(). stellute. The rust was too far advanced and abundant to have oc-
curred that season frosm aeciospore infeetion.  Moreover, cones on I,
palustris, the only necial host in the territory, were not affected. The
senior writer, Inter in 1938, found wuredin occurring in abundance
from southeastern Louistinn Lo North Caroling on the leaves and
sueenlent stems of the following species of Quercus: wlba, bicolor,
stellate, aud slellate var. margurette.  Very heavy infections were
found on €. wbe 3 miles southeast of Pilov Mountain, N. C., June
27 and 7 miles southwest of Winston-Salem, N. ., Junc 24, 1938,
These loealitics were possibly 150 miles from the nearest accial host.
I was too early for such heavy infection from wind-borie neciospores
during the seme season.

The ovenrrence of €% strobiinuin far north of ils nccial bosts, /2
palustris and . earibaed, s also indieated from colleetions on @ alba
and L macrocarpa in Hlinois, Towa, and elsewhere ™ This may be
explrined by preswning that neciospores at somo time previously were
carried geenl distanees north by air currents, infeeting suceulent woody
parts and feaves of onks,  The rust then continued its exislence by
winlering over on stems, particularly of young sprout type, of its ouk
hosts.

FRLUITING BODEES, FRUITING STRUCTURES, AND SPORES
OF SPECIES OF CRONARTILM

Pyoxia, PYCN10SPORES, AND AECIA

A speetes of plue-onle Cronariion bear pyenia in Hat cavities under
the epideemal fayer of the gails. AL maturity, pyreniospores are
extided in sweet, viscid, yellow-linted drops. .\ condensed compari-
son of pyenin and other fraiting stages of live species of Cronartiinm
is miven in lable 8. Mensurcments of sporidia are not listed.

HoHee foutnote 6, p. S




TabLE 8.—Condensed comparison of pycnial, accial, uredial, and teliul stages of &

species of Cronariium

1tenss of comparfson

C. cercbrum

C. fusiforine

C conigentin

C. qiercuum ]

C. strobilinuin

Gully
Shape

pllar
Py (:nl.u Iruxtlug.

Spherieal. ...
Woody

. _Above and below

Frequeney cvooviinsvrnicant s

Season ...

Pyenlgspores, uu_ruge size L ,mluous

Aeclal fruiting:
Frequendy .......
Sensot.

Peridium:
\luluro.,..,.. .
Form, . .
Apieal walls L0

e e B P

mdmmme e hmn A e

Bide walls. oo vivunimssniivanaass 80

Peridial cells:

Average SIzeoonvecinnal .,...‘.micmns

Extremerange. ...

Avernge wall diameter.....

Acciospores:
Average size..
Intersextile r:mgc t

‘Average wall diameter.”

Uredinls

Fruiting seuson. . ...u. v«
Leal spot ¢0lor. .. veeesiinn

Uredia:

AVCrape 5126, e cauwuuis s isvana . JADICIONS..
EXITCIme Mg, o convrvuinannnssoncers A0 i

Urediospore:

AVCIARe SI28 4. vensrannnvesiiancs PR {7 I
Intersextilerange L. .. oviineerntoatdOn s

Average wall diameter.

Telinl fruiting Season. . vomnnw

Telial columns:

B L

T L LT

femrmmEre s eay B

AVOrage Size.. - cueiinivunneear. IICTONS. .

Extreme runge
TeHospores:
Average size.

Cemrmekpevam

cdaiiimenenasanassnnonalO il .

EXUCHE TRNEC . o nvnvsrmbrmmwmsimmins LI PR

‘2

L 1GEXH06
R 1 lo"ﬁxH 104-..‘44. -

Dee, toJune, . o cwen

B I T T T TR TP

Biennlal ... ...

¢ Feb,1oJduly. .

,,’ Erumpent
-1 Cerebrold

3[00 L man
2103....

At mme A,
s awanre

B

10,4X26.7

Jed ol aamwEan
1510 18X94 029, L.

f: SRR

Feb toJuly. @ uvivaieds
Yellow 10 ochraceous. ..

154)(!91
2 {02595 108 10 394 ...

13,6X20,6,
11 10 16%15 to 24,

I-gb to Aux, nman et e

“Walnut - brown'" ~to
“\'nud) ke brown."”

PTHI, 57 "

4510 "0())(1 100 to 5, 700..

16,2X39,1

nm et .

1210 22X26 10 59 - vnuien

Below or abser

* lennial . _.

Qct, to Apr.
2%

Blennlal . ..ol
Feb; to Apriiio.. ...

Erumpent. . avovevinnass
Cerebrold. .. cvvsnuune-
PRT X | RPN
102 . ......

154XE0.2 o aeniemnuinnn
10 10 22X10 10.30. 0 vennn

o R PN

15,6X25.1. AT
1310 ISX'.".’ to 3.0
3.

.

Feb; to May,
Pule green. . o.vpvernimas

136 X164
8210 "OSXQG 16,360, -1

13.3X10,1.00u e
1"’ 0 15X17 to 21..

l-‘o_b to'June, RS
"Clmmmou~brown" to
“Prout’s brown."”
104X2,872. sk s
60 0 200X600 to 5,000....

14,7X36.4 - e
10.t0 20X25 to E T

DConegall, . cvnciavinnn

Hesh)".,.

Biumiul

Biennfal . . ...
June to July. ...
}.rumpenl PPN
Hamispherical . . .. P

-xod feimmanmamana ey

lto2....

NAXH . airnameennns
1410 3228 10 100_-.. ..

| DR crininens

17.8X30.2 . ivrnninss
1510 2042710 350 vnvs -

3 VOO

AN VeAr . wisn e revennminnn
Pale green. . .ooivvumneas

166102 s
105 to "6")(1""’ to 360....

17.7X24. 70 e eean
28

““Chestnut’" to “bay”...

117X2,550
60.to 220X1, O()OLObOOU

15.6X34.3
10 to 23X 20 10 55, .~

Sphuical been wwenemans

i Abme S nsd Below 1100 »

PARDMAL aaiscemennies

l)ec 10 Febounomvamnunss

A b

Amnual L eeesaee
Apr. 1o MAY. vanentvnea

Erumpent ... .o
‘Hemispherical

2108, iuns

LU0 avsc i mions

1 & 1€ SRR
1410 32XV 1053, mm.vue

[ S

18.0X274 .. eennnamans
17 10 2025 1030w e

P A J R

Aproand May. . .ooaae.

PAIE Ereen . . «vuvwsvammuss
2to IUSXSO 10216

16.4X22.3. 0 ecvnsmmansa .
14 to 18X20.to 25..

Jan. to May

“Dresden. brown”
“cixmnmon-bro\\ n."”
yuin

9:0X2,
60 to HOXI 100 to 4,600. .
159X42.] e viiimmien

+10 10 23X2610:60. - cvinon

Caone gall.
Fleshy.
None.

Annual.
Mar. tc Apr.,
1.9X2.8.

{ Annual,

May to Juné.

Submerged,
Vestigial,
1405,
None,

14.4X32.8, .
E3 21 %22 to 46.

15.3X26.0. .
.:I’ﬂqto 17X 210 29,

All year.,
“Omngc to “grenhdine

l.ilx
80 to 216)(1(0 to 360.

14,7X22

13310 17)(20 to 26.

Dec; to Feb.

“Mummy brown” to
“‘black."

103 X2,918:

60 to 200X1,000 to £,400.

14.8X30.
10to 18)(23 to 41,

1 The Intersextile range was obtained from the measurements Jeft after dropping one-stxth of the lurgest and one-sixth of the smallest spores.
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The pycnia of C. cerebrum are borne in more or fess circular lenticular
cavitics on the perennial galls 1 to 2 years after infection.  The pyeni-
ospores are oblong to clliptic and menasure on an average 2uX4u in
size (50 spores) and are borne biennially from December 1o March in
Florida, from Mareh to April around Washington, D. C., and pro-
aressively later north to Ontario, Canada.  Accia with cerebroid
peridia follow on the same galls 1 year later and are deeper seated in
the phloem layer (11, pb. X{, fig. 1), Pyenia and accia then oceur on
the galls in alternating generalions.  This was first proved by the
senior writer in an unpublished experiment in Takoma Park, Md,,
with fruiting galls on Lrees of Pinug virginiana.

The pycnin and aecia of O fusiforme resemble those of C. cerebrum
and agree closely in structure and position on the fusiform galls of this
rust.  In the greenhouse, the fisst pyenin are noted on a few Lrees in
the autuin and others in the spring of the year following the inecula-
tion. The pyeniospores ave oblang o clliptie und average 2433 .8y
(40 spores).  Some galls produce aecia the spring following inocula-
Lion, but wre always preceded by pyenia on the same surfree the pre-
cocding year, They are seated i the phloem several layers of cells
deeper than those of the pyenin (£, pl. XY, fig. £). The pyenin and
accin are forned in alteraating generntions us in € cerebrum,  Pyenin
were [ounl on galls of €. fusiforme at Brooksville, I'la., in December,
on . caribree at Brunswick, Ga., in March, and on P. teeda in the
sottthern part of castern Maryland in Aprit,

Bailey Steeth and Howard Lamb ™ found pycenia of C. fusiforme in
severul localities in Texas in Oclober 1838, Sleeth colleeted pyenia
on 2. caribaea at Brooklyn, Miss,, October 26, 1838, and on the same
host near KBhizabeth, Lo, November 17, In the spring of 1940, the
senior weiler found aboul as many trees of P. teeda at Brooksville, Fia.,
were bearing aecein of € fusiforme and C. cerebrum as there werve
others that had borne pyenin the same season, indicatling that pyenia
and wecin of both species of rust were biennial.

Dntae ot the frequency of pyenin and accin of . conigenwm are in-
complete, 10 appears (hat the pyenin are formed on the cone galls
L or 2 yenrs after infeetion of the cones, nnd that the erumpent
hemispherienl peridia break forth from the deeper seated lnyers of the
phloem 1 year Inter,  Some cone galls apparently bear aceia in 2 years
and others in 3, indicating that some galls bear pyenia in | yeur and
some in 2 years, The pyceniospores are ovoid to oblong in shape and
average 2p3.0g in diameter (25 spores).

The pyenin of (', strobilinum ave borne on the current year's crop
of rones in Florida in March and April, about 14 to 3 months after
infeetion,  Thoey are Tormed In irregutar, rounded, disk-shaped layers.
Accii are formed Iater, about 20 cell layers deeper In the phloem,
The pyeniospores are uhiong Lo ovoid in shape anmd average 1.92X2.8x4
in size (B0 spores).  The accia are covered on the upper side by o

1 Formerly palhologists, in {he Division of Forest Pathology.
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vestiginl peridium of 1 to 5 layers of cells (10, pl. U, fig. (). This
species is the onfy one in the United Stafes that bears both pyenia
and apcin within 4 menths from the thne of infection,

The pyenin of C. guercuum, according to Shirai (22), are formed in
subepidermal eavities in the phloem of the woody galls and produce
pyeniospores from December to January, These avernge 2pXop
i #ize. During the following Apeil and May, acein fornt in the same
gatls 10 to 20 eell layers boneath the pyenind luyors.  The pyenia and
aecin are formed annually within the short period of 3§ months.  This
sels 0 guercuum apart ram . cerebram and (' fusiforme,  'The
senior weiter stedied w Tresh [Traiting gall of O quorecan from P,
massontna nenr Nanking, China, collected April 27, 1937, hy 8. C.
Teng.  The specimen was 1 woody sphoroid gnll with seanty, erum-
pent, irregnluely hemispherical peridin unlike the cerehroid peridia of
(" eorebrum and €', fusiforme.

Permia axn Pemnia Cels

The erumpent cerebroisl peridivm of Croneretiune cevebrum is the
thickest and lrnest of all the species of ronaréium (table 8),  Al-
though the cevebroid periditm of € fusiforme is thinner than that of
(" cerchrunm, it resembles it closely, The crumpent but irreguluriy
lemispherienl peridium on cone galls of €' conigerum is frail and thin,
The erumpent, iveegularly Jiemispheriesl peridium af (') guercuum is
atherfirm, bl not so thick as that of (' eercbrur.  The submerged
vestigial peridiom within the cone galls of €% strobilinam is Teagile,
leosely formed, andd without side svalls, '

UneEmy axe TeLian CoLruys

The mensurenents of wredia and telinl columns, as detniled in
table & CAppendixy and table 8, were based on many field and green-
house colleetions from species of Custanen, Lithocurpus, or Quercus.
The avernee size of the uredis from Geld colleetions, based on the
product of the avernge width by the average length, areanged in
order fromn the largest to the smallest, is Cronarifum comgenum,
O ecrchirum, O strobilimn, ) fusiforme, misl € gucrewm.

Study of the data suggested that size of telin, particularely Tength,
woull vary diecetly with elini age. Thuos the average length of
telin in three colleetions of €7, fustforme enrly n May 1926 was less
than n Teurth of that of telln from two colleetions in June 1938, [rom
the sume Jocality, Phenologic sadations might also aceount for
some of this dilference.  Local meteoarological conditions are probably
s important fnctor in telial development.  Telia measuring as much
g5 8ok and N7 mm. in length were obtained fo July and September,
respeetively, Trom collections of €', ccredrum from the mounining of
southwestern North Coarolina. Mild elimatie conditions in sheltored
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plaees in this general region would favor telinl longevity and maximum
growth. Since many factors aflect telial growth, too much signifi-
eanee should not be placed on differences in telinl size as zeporied
herein.

AECIOSPFORES, Luemosrorss, aNp TELIOSPORES

These spores are classified in table 10 (Appendix) by species of
rust and by ficld or greenbouse ecollections,  Host species ave listed
by ficld or greenhouse collection.  The fruiting stages of Cronartium
gquerewym were coliected on speeimens of pines or oaks from China
or Japan. No greenhouse inoculations were ninde with this species,

The average size of the aeciospores from fiekd collections, based on
the produet of the average width by the average length, arvanged in
deseending order, is (O conigenum, O guercuum, . cerebrum, C.
strabilinum, and € fusiforme. FThe avernge size of the aeclospores
from greenhouse colleclions on ihe same basis is (" corcbrum, ()
strabiltnum, and (' fusiforme.

The average size of the urediospores from ficld colleetions, arranged
in descending ovder, is (0 conigonwm, (. quercuwm, (. strobifinum, €.
eerchewm, and €L fusiforme, The average size of the urediospores
!‘mim gireenhouse colleetions, excluding () quercuum, 18 in the same
avder.

A charneteristie of all species of piue-oale Crenartium is the pro-
uressive malurily of teliospores from the Lips of the columus to the
buses,  The shortest spores, in the tip, are oblong fo cylindric or
subfusiform, while those formed below the tip ave longer and fusiform.

DISCUSSION

Theee s mueh need for clarifiention of the taxonomic position of the
pine-oak rusis that were lumped by Arthue {2 under Cronagrtinm
gucrcurin on Lhe basis of the uredia and telin, In compromise,
Wober (27), following Arthur's nomenclature with respeet to the
rusts thatl enuse sphesieal and fusiform cankers on trunks and brauches
of pines in Flovids, ndopted € strobilinum as the binomial for the fungus
ennsing eone zalls on two species of pine in that State.  Weber indi-
ented that he contributed no evidenee that (' guércunm was prefer-
ubile te € Leerebriete or O, fusiforiee as the correcet binominl for the branch
and stem rusts,

To aeeept Arthur’s grovping of the pine-onk rusts, one must en-
tively ignore the difference in the Torms of aceial fruiting, the faet
that the spectes ndintnin their distinet aceial forms, and that it is
nob possible to obizin one accinl form with eullures Nom anolher,
[n the manner and Lime of fraiting, the species arve distinet noi only
i thelr pyreaia and acein bul also i their uredia and telin.

Apiet from these differences, further evidence that the pinc-oak
riksts aee distinel has come from a study of host speeificity,  This is
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particularly evident in localities in the Southeast where host ranges
of (. cerebrum und €. fusiforme overlap, . cerebrum is most common
on Pinus virginiana, but C. fusiforme doces not infect this species of
pine. In places in Florida (. cerebrum is common on P. cleusa and
P, glabra, but C. fusiforme has never been found on these hosts.  The
negative resnlis from inoculation of thase species of pine with C. fusi-
forme support conclusions from fiekl observation. It is evident that
Arthur never had o pood set of specimens of C. guerewum for study,
otherwise he would not have placed a species with annual pycenia
and accin with Ameriean species producing pycnin or accia biennially
ub in aliernnle yoars,!

Turther evidenee for distinguishing C. cerebrum and C. fusiforme is
basel on the apparent dilference in lethal effect following mfection by
these rusts under forest conditions.  ‘I'he gross cffeet of infection by
C. cerebrim is hyperplastic; the canker is nrwuys a swelling formed by
abuormal quantitative incrense in size and number of cells that go to
mnko the wood. @ cerebrum commonly lives for yeurs on large trees
with little detriment to the host. On the other hand, O. fusiforme
commonly forms eankers involving regressive lissue changes and rapid
killing of Lthe cnmbium from the beginning of infeetion.  Such canlkers,
sarticolarly prevalent on the stems of P, caribaes, are characlerized
wy little if any swelling and by abundant flow ol pitch over the bark.
In time, the wood under the eankered surface becomes exposed, and
the truni, wealkened ai this point, may breuk off even before the tree
has been girdled by the cankee,
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APPENDIX (TABLES 9 AND 10)

TanLe 0.—Meesurements of field and greenhouse collections of
wredic of Cronartium spp.

Speelos and sonres of uredin sgggﬁé . %?;':: Uredin | Averoge slze Extren;ez;nm,c in

Flell enlteclions: Number | Number | Nuniber Merouny Microas

C, cerelirbiii ... . 4 0 188} 154 X181 2252 L0B-124

. funiforete. . ou.- . 3 10 ] 13034 104 §2-9085% §8-46)

G, contigenitm. 4 1 an 156X 12 105-262 3 1 22-260

L gercinm ] ] 120 1143182 TIT083C BO-21G

O, atrobifinnm. .. ... H 18 aa0 137 X168 80-216X100-360
Creenliose coilectlons

C, cerebritm, _.. il Ih 370 151 %152 72-252% B5-100

O fusiforme. . 12 i} EUild] 140X 7R 2208 B0

G, cotlgerm. i7 19 190 157102 1285 3 108-300

CLostrebitingm . 13 ik H00 14a%171 D216 108-283

| Colleelions of G cegrebirigan from the feld enme from Lthae follow!ng species of Quercna: borealis, coccinen,
fmbriearto, il eefrding.  Qreenhonse colleetions ineluded boreadly, coccin e, gambelii, warilandicn, petustris,
Prims robur, steltely, and vefuting,

'l-‘[n,l(i gollections of €, fuxiforme wore tmado frate the fotlowing species of Qrercia: lanrifolin, nigra, nnd pheflos;
and greenhouse eollecllons frany wéine, Meolor, boreulls, coccinew, pumbelii, imbricarie, kellopaii, Iofiuta, pheflas,
pirinna, shramnniddi, nod celirting,

Fleld eellectiong’of €, eeirigentem were mode [rom Queercas emorgfund Q. Ly polenen, snd greenhonse colloe-
ong from Custitaen dentitn, C. mntlissima, wul C, gative, (rom Lithocarpus densifforit, and (rom the lollowing
specivs of Quereny: agrifotia, wlba, bieolor, borealls, cerriz, coccinen, dentntn, frainetfo, waecrocorpa, puiusiris,
rabitr, sexabfifolun, anc velntine,

Fiold eollections of €\ grercuem camo (rom Costener crepata and Quercus acnlissima,

Fleld colleet fons of £, sérobifinan were oblained frow speties of Quercus: montane, myriifolia, pumila, rolfsii,
pirpiaiene, elrpieduna vor, gemfnnde, aud pirgfaiine var, Tainime.  Greenhouse colleetions enma frote G-
taneq entata nmdl Lhe olnwing specles of Quercuss alba, bieolor, borenlls, corris, dewtate, donglusii, gnmbefii,
Prabricurin, febate, mucrocarpu, iontana, felluty, eirginiona, and virginfana vor. Suslformis.
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‘FaBLe 10, —Comparison of measurements of apores of Cronartium spp. from field
and greenhouse colleclions

Species measured and spore Host ! | Coliec- | Spores Spora Average Extremn
colliction source specles tlon mensured]  wall spore shze Spute rAnga

Avclospores, in figld; Number | Number | Number | Micrana i Microns
C. cerebrum, . 7 40 8, 3.2 1251018
€, fuslforme. ... 1 1,40 10-2J X 1537
O corigentm, . ... [ 1,20 10-252¢18-51
C. querchinia. ... 4 o 12-20 32030
G atrob IR e ceeeacamn 10 2K 1530

L3O G
b3 o] B2 LD ED

Acelospores, In greenhionse:
O cereliraum, oo - 5,050, 4 | 12-2315-14
£, fuslforme | 15, 424 4 11-21 i5-31
C. cheubil mum .. 2 3.0 15.8X24.0( 33-20X17-U5

Urediosparea, in flekd:
C, cereliriien
O fustforine copeeuac
C.conigenuin., ...
O, querchum ...,
. lrobitinnm

ey

T

B-21 012
-4
11-20 % 16-57
1252 18-44
1022 X 15-39

Tl g T D

AN

Uraclfospores, in greenbouse:
O, CLredriml oy cucsees cammimn
G fueiforme. . oon.. -
C COMUIGEREIR - e vsmmcmmems -
Coalrobiinnm. oo errnn

0-26% 1329
0183 13-4
WSR-S
-2 E-08

R
e D03

Tolloapares, in fobd:
C. conigenin. . -2 255
C, guercut i . . 5 12-20 A58
. Hrobilinin 4 . 10182 -1

‘Tellasperes, In precihouse!
&, eerelirunt., | 10, 2348, 1 12-22 06 2055
- fusiformie... T84 10-20% 2554

! Fletd eolloctions of aeclozperes of (1) C, cerebruws, (20 O fusiforme, (3 C, conlgennm, (4} O, quercanm,
weetl (5) €L strobilfinm came, respeetively, from speeli of Pinns, us follows: (1) Sanlbsinra, clawsa, echinata,
rigita, sylveatris, tnedn, winel virgintuna; {2) caribaen, rigida var. seroting, nnd tneda; (3} felophpita; (4] densifiora
and thratergh: £5) earituea widd palustris, Avclospores of (1) C. cerebrnm, (23 . fuaiforme, and () C. atrobi-
rum, (rom the greenhouse, cama from thy foltowing speeles of Pinpsr (1) dawsa and sirginiana; (2) poudersse
and tgeda {3) caribaea vl redinte.

Fleld oolleetions of urodiospores of (1} G, carebricm, (0 O, fusiforme, (3 C. conigenpin, (4) C. guercinin,
amst (5) €. strabifinum oatto, respectively, [rom the following spoeches of Quercitar {1) boreutis, coccinea, fmbri-
caria, and eetutina; (2) funrifolia and nipra; () emoryd und Appolence; (3) acutissin, planduiifera, and eari-
ahifia; €5 ailm, muacrocarpn, neorifumdien, wyrtifotin, roffail, stefinta, sirginiane, virginlena var. fusiforssis,
virginfuni var, geminatu, wnd slrginiane var, minbmu,  Greenhouse collegtions of vrediospores of (1) C.
cerebricrs, (2) C- fusifor e, {3} €. conigennm, pued (9 €, strobitinum wore ebtnined, uxeept a8 otherwise indl-
wated, frow tho follow!ng speches of Quercus: (1) agrifolia, bicolor, boreatly, cerrix, coceinen, donglusil, gambetii,
wtcrocar g, mitrilatidicn, paiusrin, phellon, prins, rohnr, robra, sied pelufina; {33 beofor, borentis, lobala,
phellos, prinus, rubre, LeIunu, veluting, and pirgininan,; (3} boreniiz, cerrix, montana, robur, Cnatnnea dentata,
and O, autla; (1) bicelor, borewdis, gumbelii, wacracarpa, montane, robur, vhrginiuna var, fusiformis, and
pirginiana vac. geminata, ot Cextanea denduta.

Gollestions of tallospores of {1) €. corigentea, (23 €, quercnnn, and (3} C. atrobilinuen made In the fleid
ening, respectively, from specles of Querced, 49 Jollows: (1) arizonbed, eniorgd, sl Aypolenca; {2} aendissima,
lenfude, and y fickifers; (8) pamiin, virghiiana var, yeminate, and eirginiene vor, migime.  Greenbouse
collegtlons af Loliospores of s 1) €. cerebraem nined £3) € fusiforma cummne, respectively, from specics of Quercua,
ud follows: (1) bicator, bareadis, pofusteis, ned vebufing; (2} bicolar, boventis, i mrcrodor e,
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