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I ntrod uction 

Among the d iseases of pines (Pinus 

spp. )  the stem rusts are most destructive 
and dangerous (Boyce 1 96 1 ) .  Damage 
caused by th is group of fungi (species of 
Cronartium and Endocronartium) tends 
to i ncrease by i ntensive and extensive 
cultivation of pi nes. Rust fungi prefer to 
attack vigorously growing  trees of a l l  
ages rather than  weakened o nes. Several 
species k i l l  trees by g i rd l i ng them; others 
severely deform trees or reduce their 
rate of growth.  To some extent,  b l ister . 
rusts may act as thinn i ng  agents i n  ex­
tremely dense natural stands.  Stem rusts 
have been the l imi t ing factor for the suc­
cessful establ ishment and management 
of certai n  pine species, especia l ly in 
a reas where white p ine bl ister rust is 
common.  Damage caused by native pine 
stem rusts has not a lways been consider­
ed a majo r  problem i n  Canada, but it w i l l  
become i ncreasi ng ly important should 
i ntensive and extensive cultivat ion of 
p ines be undertaken.  

About 20 species of stem rusts of 
p ine are known (Peterson 1 962b, 1 967, 
1 973) ;  six are found in Canada. Most 
species belong to the genus Cronartium 
and requi re a lternate host p lants to com­
p lete their  l ife cycles. The i mperfect 
(spermogonia l  and aecia l )  states, which 
i n  th is genus occur o n  pines,  are i ncluded 
in the form genus Peridermium. The other 
states (ured i n ia l  and te l ia l )  occur on the 
a l ternate hosts. Several species of p ine 
stem rusts, however, a re able to reinfect 
pi nes d i rectly and do not have a lternate 
hosts. These are c lassified in the genus 
Endocronartium (H i ratsuka 1 969) . 

The results of recent taxonomica l ,  
nomenclatural ,  cytological and l ife h istory 
studies have clar ified much of the past 
confusion of this g roup of rusts (Peterson 
1 962b, 1 967, 1 973; Hi ratsuka 1 969; Zil ler 
1 970, 1 974) .  We have had the opportu­
n ity to examine and annotate a l l  the major 
Canadian p ine stem rust materia l  held in 

North American herbaria. Taxonomical 
and nomenclatural remarks for each 
species are i nclud ed in the sect ion on 
" Hosts and d istribution" .  I n  Canada the 
fol lowing six p ine stem rusts are 
recogn ized: 

White p ine b l ister rust 
Cronartium ribico/a J. C. Fisch. 
ex Rabh . ,  

Sta lactiform b l ister rust 
Cronartium coleosporioides Arth. , 

Comandra b l ister rust 
Cronartium comandrae Pk. ,  

Sweet fern  b l ister rust 
Cronartium comptoniae Arth . ,  

Eastern ga l l  rust 
Cronartium quercuum (Berk. )  
M iyabe ex Shirai , 

Western ga l l  rust 
Endocronartium harknessii 
(J. P. Moore) Y. H i ratsuka. 

White p ine b l ister rust occurs o n  
soft pi nes (subgenus Strobus) ' a n d  was 
introduced i nto North America at the end 
of the n i neteenth century. The other five 
species are native to North America and 
occur on hard pi nes (subgenus Pinus). 

There is  a s ing le  persistent record 
of the Scotch-p ine bl ister rust, Cronartium 
flaccidum (Alb .  & Schw.) Wi n!. , co l lected 
in 1 925 on Impatiens ba/samina L. from 
Charlottetown ,  Pri nce Edward Is land 
(Arthur 1 934; Wehmeyer 1 950; Hurst 
1 957;  Con ners 1 967) .  A recent re-exami­
nalion of the or ig inal  col l ection (PUR 
4356 1 )  at  the Arthur Herbar ium,  Purdue 
Un iversity, Lafayette,  Ind iana ,  by Dr. R. S .  
Peterson ,  however, revealed that t h e  host 
plant was not Impatiens ba/samina as 
reported , but a cult ivated species of 
Onagraceae. The rust was identified as 

1 Scientific and common names for  the genus 
Pinus follow Critchfield and Little (1966). 
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Puccinastrum epi/obii alth.  We exami ned 
the same specimen and agreed with 
Peterson .  

The present work i ncludes the  up­
to-date i nformation on identification ,  
morphology, l i fe cycle,  cytology, damage, 
epidemiology, hosts, d istribution ,  and 
control of the pine stem rusts i n  Canada. 
It is  based on a l i terature review and data 
gathered si nce 1962 during the authors' 
personal research on p ine stem rusts. 
Distribution data are based mostly o n  
herbarium specimens, a lthough i n  a few 
cases literature reports have been used 
where the identification of the rust 
species was not i n  doubt. 

Introduction 
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Macroscopic Key on Pines: 

A. Cankers on soft pines. 
C. ribico/a 

A.A. Cankers or gal ls  on hard pines. 
B. Causes hypertrophy and hyper-

plasia of wood t issue. 
C. Globose or hemispherical ga l l  

formation  (F igs .  7 ,  8 , 9 , 10) . 
D. Occurs throughout Canada. 

E. harknessl"i 

D.O. Occurs on ly i n  southern Ontario. 
C. quercuum 

C.C. Causes long itudinal r idges 
(Fig. 6 ) .  

C. comptoniae 

B.B. No or very l itt le hypertrophy or 
hyperplasia of wood tissue:  swel-
l ing of bark t issue may occur .  

C. Canker typica l ly d iamond -shaped 
(F ig .  2) and e longated with much 
faster spread longitud ina l ly than 
transversely at a n  average rat io 
of 5:1. Spore mass yel low. 

C. coleosporioides 
C.C. Canker not d iamond-shaped 

(F ig .  4 ) ,  rather wide. The average 
ratio of longitud inal  and transverse 
spread is 2-3:  1. Spore mass 
yel low-orange. 

C. comandrae 
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Microscopic Key to Aecia on Hard 

Pines: 

A Aeciospores pear-shaped with 
elongated tai ls ,  without smooth 
area, processes not annu lated 
(Figs. 1 6, 1 7) .  

AA Aeciospores (or peridermioid 
tel iospores) g lobose to subglo­
bose, with conspicuous smooth 
areas, processes annu lated (6-7 
annulat ions) .  (Figs. 1 2 ,  1 4 , 1 9 , 22) . 

B. Aecia (or peridermioid tel ia) on  
g lobose or hemispherical gal ls .  

C. Germ-tube of aeciospores non­
septate, variable i n  shape; growth 
indeterminate. 

C.C. Germ-tube of peridermioid tel io­
spores septate, straight; growth 
determinate. 

B.B. Aecia not on g lobose or hemi­
spherical gal ls .  

C. Processes of aeciospores u neven ,  
much larger a t  the opposite side 
of the smooth areas (Figs. 1 3, 1 4) .  

C.C. Processes of aeciospores more 
or less even (Figs. 1 8 , 1 9) .  

Identification 

C. comandrae 

C. quercuum 

E. harknessii 

C. coleosporioides 

C. comptoniae 



Identification of Pine Stem Rusts on the 
Alternate Hosts (Non-Pine Hosts): 

The a lternate hosts for each pine 
stem rust are specif ic to that rust ;  there­
fore accurate ident ificat ion can be 
ach ieved if  one is ab le to identify the 
a lternate host .  However, i n  many cases, 
other groups of non-coniferous rusts 
parasit ize the same p lants,  and one must 
be able to d isti ngu ish the p ine stem rusts 
(Cronartium spp. )  from the other rusts. 
Presence of the characteristic co lumnar 
te l ia (Figs. 32 ,  34, 37) a lways proves that 
the rust is a s pecies of Cronartium. 
Fol lowing is a l i st of the alternate host 
p lants with the pine stem rust occurring 
on  them, and the other rust fungi  which 
are known to OCcur on these hosts. Brief 
descriptions of d ist ingu ish ing charac­
teristics of each rust are given .  

Castilleja spp .  (pa int-brush , Ind ian  paint­
brush ) .  (Figs. 31, 32) 

Cronartium co/eosporioides Arth. 
(sta lactiform b l ister rust) Ured in ia 
scattered ,  cone-shaped with central 
pores, hypophyl lous ,  yel l ow. Ure­
d in iospores s ing ly on  ped icels,  
echin u late. Tel ia  hypophyl lous.  
Tel iospores in  brown hair- l i ke 
columns .  

Puccinia andropogonis Schw. 
Spermogonia amphigenous, in 
g roups .  Aecia cup-shaped , i n  
groups, mostly hypophyl lous ,  with 
wh itish bordering peridium .  Aecio­
spores in chains,  verrucose (hetero­
ecious;  u red i nia and telia on  
g rasses ) .  

Comandra umbel/a f a  (L . )  Nutl. ssp. 
umbellata and spp. pallida (A. DC.)  
Piehl  (comandra, bastard toad-flax) . 
(Figs.  33, 34) 

Cronartium comandrae PI<. (coman­
dra blister rust) Uredinia scattered, 

cone-shaped with central pores, 

Identification 

hypophyl lous and cau l icolous.  
Ured in iospores s ing ly on ped icels ,  
echinu late. Te l ia hypophyl lous. 
Tel iospores in brown hair- l i ke 
columns. 

Puccinia andropogonis Schw. 
Spermogonia amphigenous, i n  
groups. Aecia cup-shaped , i n  
groups, mostly hypophyl lous .  
Aeciospores in  chains ,  verrucose 
(heteroecious ;  ured in ia  and te l ia 
on  grasses ) .  

Puccinia comandrae Pk. 
Tel ia blackish-brown mostly hypo­
phyl lous.  Teliospores, ped ice l late,  
two-ce l led ,  dark brown 
(autoecious) . 

Comptonia peregrina (L . )  Coult .  (sweet 
fern ) .  (F igs.  36, 37) 

Cronartium comptoniae Pk. (sweet fern 
b l ister rust) 

No other rust is known on  the host i n  
Canada (Gymnosporangium ellisii 
is known in  U . S . ) .  

5 

Geocaulon lividum (Richardson) Ferna ld 
(northern bastard toad-flax) . 
(F ig .  35) 

Cronartium comandrae Pk. (comandra 
b l ister rust) .  See Comandra. 

Puccinia comandrae Pk. See Comandra. 

Melampyrum lineare Desr. (cow-wheat) .  
Cronartium coleosporioides Arth .  

(stalactiform b l ister rust ) .  See 
Castilleja. 

Puccinia andropogonis Schw. 
See Castilleja. 

Myrica gale L. (sweet ga le) .  (F ig .  38) 
Cronartium comptoniae Arth.  

(sweet fern b l ister rust) 
No other rust is known on  the host 

in Canada (Gymnosporangium 
ellisii is known in U.S.). 
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Orthocarpus luteus Nutt. (owl -c lover) . 
Cronartium coleosporioides Arth .  

(stalactiform bl ister rust) 
No other rust is known on the host. 

Pedicularis spp. ( Iouseworts) .  
Cronartium coleosporioides Arth .  

(sta lactiform b l ister rust) 
See Castilleja. 

Puccinia clintonii Pk. 
Tel ia mostly hypophyl lous,  chestnut 
brown .  Teliospores in open pustules, 
two-cel led , dark brown ( rest ing 
form) to golden-brown or  nearly 
color less (germ inati ng form) , f inely 
verrucose in str iae (autoecious) . 

Quercus rubra L. ( red oak) . (F ig .  39) 
Cronartium quercuum (Berk. )  

Miyabe ex Sh i rai (eastern gal l  rust) 
No other rust is known on the host. 

Quercus velutina Lam.  (b lack oak) . 
Cronartium quercuum (Berk.)  

M iyabe ex Shirai (eastern gal l  rust) 
No other rust is known on the host. 

Rhinanthus spp. (ye l low-ratt le ) .  
Cronartium coleosporioides Arth. 

(stalactiform bl ister rust) 
No other rust is  known on the host. 

Ribes spp. (currant, gooseberry) . 
(Figs. 29, 30) 

Cronartium ribico/a J. C. Fisch. ex Rabh .  
(white p ine b l ister rust) 
Ured in ia scattered , cone-shaped 
with central pores, hypophyl lous .  
Urediniospores s ing ly on ped icels ,  
orange-ye l low, ech inu late. Te l ia 
hypophyllous. Teliospores i n  brown 
hai r - l i ke columns.  

Melampsora epitea Thuem. 
(M. ribesii-purpurea Kleb. ) .  
Spermogonia mostly epi phyl lous i n  
sma l l  groups. Aecia hypophyl lous ,  
i n  sma l l  groups on discolored spots. 

Identification 

Aeciospores in chains f inely ver­
rucose (heteroecious; uredinia and 
te l ia on wi l lows) .  

Puccinia caricina DC. 
Spermogonia epiphyl lous in groups. 
Aecia mostly hypophy l lous ,  in 
groups, cup-shaped . Aeciospores 
one-ce l led ,  i n  chains,  f inely ver­
rucose (heteroecious;  ured i n ia and 
telia on sedges) . 

Puccinia parkerae Diet .  & Holw. 
Tel ia hypophyl lous and pet io l ico­
lous.  Tel iospores i n  open pustules, 
two-cel led ,  smooth ,  chestnut brown 
(autoecious) .  

Puccinia ribis DC. 
Tel ia mostly epiphyl lous. Tel io­
spores i n  open pustules, two-cel led, 
verrucose, c i nnamon brown 
(autoecious) . 



Hosts and 
distribution 
in Canada 

White Pine Blister Rust 

Causal organism: 

Cronartium ribicola J. C. Fisch. ex Rabh. 
Synonym : 
Peridermium strobi Kleb.  

Illustrations: 

Macroscopic characteristics (F ig .  1) 
Microscopic characteristics (Figs. 11, 
12, 23, 24, 27) 
Nuc lear cyc le (F ig .  40) 
D istribut ion maps (Maps 1, 2 )  

Hosts and distribution in Canada: 

Spermogonial and aecial states (0, I) 
on Pinus albicaulis Engel m .  (whitebark 

pi ne) - Alta., B .C .  
P.  cembra L. (Swiss stone pine)­
B.C ., Man.  
P. flexilis James ( l imber pine) -
Alta . ,  B .C .  
P. lambertiana Dou g l .  (sugar pine)­
B.C .  
P.  montico/a Doug l .  (western white 
p ine)  - B.C., ant. 
P. strobus L. (eastern white pine) -
B . C, Man, N .B ., Nfld ., N .S ., ant., 
PEl., Que., Sask. 

U red i n ia l  and tel ial states ( I I, I I I )  
on Ribes alpinum L. (a lp ine currant)­

Que. 
R. americanum M i l l .  (R. floridum) 

L'Her . )  (wi ld black currant) - ant., 
Que.  
R. aureum Pursh (golden currant)  -
B.C, ant., Que.  
R. cereum Doug! .  (squaw currant) -
B.C.  
R.  cynosbati L. (pr ickly gooseberry) 
- Man., ant., Que.  
R.  diacanthum Pal l .  - Man.  
R. divaricatum Dougl .  (Grossularia 
divaricata (Doug l . )  Cov. & Britt . )  
(common gooseberry) - B . C. 
R. glandulosum Gra uer (sku nk 

currant) - Man. ,  N . B ., N .S ., ant., 
PEl ., Que.  
R. gracile Michx. (R.  missouriense 

Nutt . )  (M issouri gooseberry) - ant. 
R. grossularia L. (Eu ropean common 
gooseberry) - B.C . ,  N . B ., Nf ld ., 
N . S . ,  ant., Que.  
R. hirtellum Michx. (wi ld gooseberry) 
- Alta., N . B ., N . S . ,  ant., Que.  
R. howellii Greene (R .  acerifolium 
Howel l )  (maple- leaved currant) -
B.C.  
R. hudsonianum Richards. (northern 
b lack current) - Alta., B.C. (F ig.  29) 
R. inerme Ryd b .  (wh ite-stemmed 
gooseberry) - B.C .  
R.  irriguum Doug l .  ( Idaho or i n land 
b lack gooseberry) - B.C.  

7 

R. lacustre (Pers . )  Poir .  (R. echinatum 
Lind l . )  (swamp or bristly black cur­
rant) - Alta., B .C ., ant . ,  Que.  
(F ig .  30) 
R. laxiflorum Pursh (trai l i ng black 
currant) - B.C.  
R. lobbii Gray ( red-flowered goose­
berry) - B.C.  
R. nevadense Kel logg - B.C .  
R.  nigrum L.  (b lack currant) - Alta., 
B .C ., Man., N . B, Nf ld ., N .S ., ant., 
PEl . ,  Que.  
R. niveum Li nd!. (Grossularia nivea 
(L ind l . )  Spach) (snowy gooseberry) 
- B.C., ant. 
R. odoratum Wend l .  (M issouri or 
Buffalo currant) - Man., N . S ., ant., 
Que.  
R. orientale Desp.  - ant .  
R. oxyacanthoides L. (northern or 
smooth gooseberry) - Alta., B .C ., 
Man, N .B ., N . S . ,  ant., PEl ., Que.  
R. petio/are Doug! .  (wi ld  b lack 
currant) - B.C. 
R. sanguineum Pursh (red -flowered 
or b lood currant) - B.C .  
R. sativum Syme (R .  vulgare Lam . )  
(red currant) - B.C ., N .S ., ant. , 
PEl . , Que.  
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R. setosum Li nd!. (Grossularia setosa 

(Lind!,) Cov. & Britt .  (wi ld gooseberry) 

-B.C. 
R. triste Pal!. (R. rubrum L.) (American 

red currant) - Alta . ,  B.C., Ont., Que. 

R. viscosissimum Pu rsh (sticky 

currant) -Alta . ,  B . C. 
R. watsonianum Koehne (Grossularia 
watsoniana Cov. & Britt.) (Watson 
gooseberry) - B. C. 

Range and other known hosts: 

This rust occurs over most of the 

ranges of the white or soft pi nes i n  North 
America, Europe and Asia. It is con­
sid ered native' to Asia and is thought to 
have spread to Europe about 1850. It 
was proba bly i ntroduced i nto the north­
eastern Un ited States by at least 1898 

(Spa u l d i n g  1922) and was first found i n  
eastern Canada i n  1914 ( Howitt and 
McCu bbin 1916).ln western North 
America i t  was first d iscovered in Sep­
tember 1921 , i n Vancouver, Br itish 
Columbia (Eastham 1922). I t  now occurs 
from Newfoundland to southeastern 
Saskatchewan, south through New 
England down the Appalachian Mou n­

tains to  North Carol i na, Georgia and 
Tennessee, and across the Mi dwest from 
Ohio to Iowa , South Dakota and Min­
nesota. In  western North America i t  

occurs i n  Brit ish Columbia and south­
western Al berta, south through Monta na, 
Wyom ing ,  Idaho, Washi ngton, Oregon to 
northern Cal ifornia. In the Un ited States 
i t  is reported to i nfect the introd uced 
Pinus griffithii McClelland (b lue p i ne),  and 
at l east seven other species of white 
p i ne in Europe or Asia (Gremmen 1964). 

No infection has been found i n  native 
sta nds of P. aristata Engelm. (bristlecone 

p ine) , P. balfouriana G rev. & Balf. (foxta i l  
p i ne), a n d  P. ayacahuite Ehvenb. (Mexican 

white p i ne ) ,  in  southwestern North 
America although these pi nes have been 
i nfected in control led i noculation tests 

Hosts and distribution in Canada 

( M i l ler et a/. 1959; G remmen 1964). The 

rust is known to occur on about 200 

species of Ribes throughout the wor ld ,  

and on over 40 species i n  North America. 

Remarks: 

The closely related species 
Cronartium occidentale Hedgc. ,  Bethel 
& Hunt occurs on several common Ribes 
s pecies in the western Un ited States, 

and overlaps the ra nge of C. ribico/a i n  

Washi ngton, Oregon a n d  Cal i fornia. 
However, p in e hosts for C. occidentale 

(Pinus monophylla Torr. & Frem. and 

P. edulis Engel m . )  d o  not occur natura l l y  
in  Canada and one would not expect t o  
find t h i s  rust i n  Canada. The H i ma layan 
form Peridermium indicum Col l ey & 
Taylor is considered to be the aecial 

state of C. ribico/a ( Bakshi and Singh 

1967), but several authors have con­
sidered them as d i fferent species 

(Peterson 1967; Colley and Taylor 1927). 

Stalactiform Blister Rust 

Causal organism: 

Cronartium coleosporioides Arth. 

Synonyms: 

C. sta/actiforme Arth. & Kern nom. n u d .  
Peridermium sta/actiforme Arth. & Kern 

Illustrations: 

Macroscopic characteristics (F igs .  2, 

3,31,32) 
Microscopic characteristics (Figs. 13, 

14, 25,28) 
Nuclear cycle (F ig .  40) 

Distr ibut ion maps (Maps 3, 4) 

Hosts and distribution in Canada: 

Spermogonial  and aecial states (0, I )  
o n  Pinus banksiana Lamb. (jack p i ne) -

Alta . ,  Man. ,  O nt., Que. ,  Sask. 
P. contorta Doug\. ( lodgepole and 

shore pine) - Alta . ,  B.C. ,  Ma n., 
NW.T. (Mack.) 



P. echinata M i l l .  (short leaf pine)­
N.S .  
P .  mugo Turra (Mugo  or  Swiss moun­
ta i n  pi ne) -Que.  
P.  ponderosa Laws. (ponderosa pi ne) 
-B.C.  
P.  sylvestris L. (Scotch p ine)  -B.C , 
Man.  

Ured i n ia l  and te l ia l  states ( I I ,  I I I ) 
on Castilleja angustifolia Doug l .  (pai nt­

brush) - B.C.  
C.  miniata Doug l .  ex Hook .  (common 
red pai nt-brush) -Alta . ,  B .C .  
(F ig . 31) 
C. occidenta/is Torr. (paint-brush)­
Alta. 
C. raupii Pennel l  (pai nt-brush) -
Alta. 
C. rhexifolia Rydb. (pai nt-brush) -
Alta . ,  Sask. 
C. septentrionalis L ind l .  (common 
ye l low pai nt-brush) -Alta. 
Melampyrum lineare Desr. (cow­
wheat) -Alta , B .C . ,  Man . ,  N . B . ,  
Ont , Que , Sask. 
Orthocarpus lute us Nutt. (owl-c lover) 
-Alta. 
Pedicularis bracteosa Benth .  ( louse­
wort) -Alta . ,  B .C .  
Rhinanthus crista -gallii L.  (R. borealis 
(Sterneck) Chabert) (ye l low-rattle) -
Alta , B .C , Que .  

Range and other known hosts: 
Sta lactiform bl ister rust is found 

across Canada,  from Nova Scotia to 
Brit ish Columbia and Yukon ,  and is es­
pecia l ly  promi nent i n  western Canada, 
southward into the Lake States, and in 
the west to Colorado ,  Utah and southern 
California. It has not been col lected near 
the northern l i mits of pine i n  western 
Canada. 

A white-spored form of this rust is 
found i n  Banff National  Park on  Pinus 
contorta and on Castilleja miniata (Powel l 
1 966) .  Zi l ler  ( 1 970) has g iven the name 

Hosts and distribution in Canada 

C. coleosporioides Arth .  f. alba Zi l ler  to 
this form. A l l  spore states from this form 
lack yel low p igment in the cytoplasm. 

9 

I n  addition ,  sta lactiform bl ister rust 
was reported on the fo l lowing pi nes i n  
the United States: Pinus halepensis M i l l .  
(a leppo p ine) ,  P .  coulteri D. D o n  (Cou lter 
p ine). P jeffreyi Grev. & Balf. (Jeffrey 
p ine) ,  and P. attenuata Lemm.  ( knobcone 
pi ne) (Peterson 1 967) .  Some addit ional 
a lternate hosts for C. coleosporioides are 
l isted by Arthur  (1934) and Peterson 
(1968) but because of the over lapping 
range with Peridermium fi/amentosum 

Pk. ,  in Cal iforn ia ,  Colorado,  Utah and 
Wyoming ,  it  is impossible to g ive With 
certainty a thorough l ist of a l ternate hosts 
for this species (see Remarks) .  In On­
tar io ,  Castilleja coccinea (L . )  Spreng . 
has been successfu l ly  i nocu lated 
(Si ppel I et al. 1972) . 

Remarks: 

U nt i l  recently, C. coleosporioides 
was considered as a species comp lex 
having at least three d isti nctive forms 
on  pine: Peridermium filamentosum, 

P. harknessii J. P.  Moore, and P. stalac­
tiforme Arth .  & Kern (Cummins 1 962 ; 
Peterson 1 962b) . These forms are now 
recognized as separate species with the 
name C. coleosporioides retai ned for 
P. stalactiforme (Savi le  1 968; Zi l le r  
1970) .  "P. filamentosum" consists of  at  
least three d i fferent races (Peterson 
1966b) . One race alternates to I nd ian  
pai nt-brush ,  and resembles C.  coleospo­
rioides ( = P. stalactiforme) in l ife cyc le .  
Two other races are known to carry 
i nfection d i rectly from pine to p ine .  
Germ-tube morphology.and nuc lear  con­
d it ion of  germ-tubes of one of  these 
pi ne-to- p ine races are s imi lar  to Endo­
cronartium harknessii ( = P. harknessii) 
(Krebi l l  and Nelson 1 970) , and it possibly 
belongs in  the genus Endocronartium. 
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Comandra Blister Rust 

Causal organism: 

Cronartium comandrae Pk. 
Synonyms : 
C. asclepiadeum var. thesii Berk. 
C. pyriforme Hedgc. & Long 
C. thesii (Berk.) Lagerh .  
Peridermium bethe!i Hedgc. & Long 
P. pyriforme Pk. 

/IIustrations: 

Macroscopic characteristics (Figs.  4, 5, 
34) 
Microscopic characteristics (Figs.  1 5 , 
1 6 , 1 7) 
Nuclear cycle (F ig .  40) 
Distribution maps (Maps 5 , 6) 

Hosts and distribution in Canada: 
Spermogonia l  and aecial states (0, I )  
on Pinus banksiana Lamb. (jack pine)­

Alta , Man . ,  N . B . ,  N .W.T. , On! . ,  Que . ,  
Sask. 
P. contorla Doug!. ( lodgepole and 
shore pi ne) -Alta . ,  B .C. ,  Sask , 
Yukon 
P. ponderosa Laws. (ponderosa pi ne) 
-B.C. 
P. mugo Turra (Mugo or Swiss Moun­
tai n pine) -Alta.  
P. sylvestris L. (Scotch pine) - Alta . ,  
M a n . ,  Sask. 

Ured i n ia l  and telial states ( I I ,  I I I )  
on Comandra umbel/ata (L . )  Nut!. ssp. 

umbel/ata (= C. umbel/ata (L.) Nut! . ;  
C .  richardsoniana Fern .)  (comandra, 
bastard toadflax) -Man. ,  On! . ,  Que. ,  
Sask. 
Comandra umbel/ata (L.)  Nut!. ssp. 
pal/ida (ADC.) Piehl (= C. pal/ida 
ADC.)  (comandra, bastard toadflax) 
- Alta. ,  B .C . ,  Man . ,  Ont. , Sask. 
(Fig .  33) 
Geocaulon lividum (R ichards . )  Fern .  
( = C. !ivida Richards.) ( northern 
bastard toadflax) -Alta . ,  B .C , Man. , 

Hosts and distribution in Canada 

N . B . ,  N .w.T. , Ont. , Que. , Sask. , Yukon 
(Fig. 35) 

Range and other known hosts: 

Comand ra bl ister rust is found 
across North America from New Bruns­
wick to the Yukon, from the northern 
l i mits of p ine southward to Tennessee, 
Alabama, Mississip

'
p i ,  New Mexico, and 

Cal i fornia.  It has not been found i n  
Alaska or  Mexico a lthough susceptible 
pi nes occur there (Powel l  1 970) . Besides 
the five hard p ine species on which the 
rust has been reported in Canada (Powel l 
1 970; Powe l l  and Wi lk i nson 1 973) it has 
been reported on a further eleven ha rd 
pi nes i n  the Un ited States: Pinus nigra 
Arnold (Austr ian pi ne) , P. taeda L. ( loblo l ly  
p ine) ,  P.  jeffreyi Grev. & Balf .  (Jeffrey 
p ine) ,  P. attenuata Lemm. (knobcone 
p ine) ,  P. rigida M i l l .  (pitch pi ne), P. serotina 
Michx. (pond pi ne) , P. echinata M i l l .  
(short leaf p ine) , P .  el/iottii Enge lm .  (s lash 
pi ne) , P. pungens Lamb. (Table Moun­
tai n  p ine) ,  P. glabra Walt .  (spruce pine) ,  
and P. virginiana Mi l l . (Virg i nia p ine) 
(Mie lke et al .  1 968; Corde l l  et al .  1 969; 
Applegate and Seay 1 971 ; Hepti ng 1 97 1 ) .  

The u red i n ia l  and tel ia l  states of the 
rust have been recorded on Comandra 
and Geocaulon over a s imi lar range to 
the spermogonia l  and aecial states oc­
curr ing on p ine.  Comandra grows on 
open,  often sandy sites, and Geocaulon 
on moist sites i n  p ine or spruce stands.  
C. umbel/ata ssp. californica (Eastw. )  
P ieh l ,  is the u red i n ia l  a n d  tel ial host i n  
Cal iforn ia ,  Oregon and Wash i ngton .  The 
other North American subspecies (um­
bel/ata and pallida) cover a considerable 
range in the Un ited States, but Geocaulon 
has a northern d istribution and on ly 
bare ly enters the Un ited States (Powell 
1 970; Packer 1 97 1 ) .  

Buckleya distichophyl/a (Nutt . )  Torr . ,  
was erroneously reported as  ured in ia l  
and tel ia l  host of the rust by Arthur  



( 1 934) . More recently it has been shown 
to be the host for Cronartium appa/a­
chianum Hepti ng, known to occur on  
Pinus virginiana i n  the  southeastern 
United States (Hepti ng 1 957) .  

Remarks: 
Although th is  rust is confined to the 

North American continent at present, it 
is of potential danger to pi nes i n  the 
Ba lkan countr ies where a possi ble al­
ternate host (Comandra umbel/ata (L.) 
N utt . ,  ssp elegans (Rchb.f . )  P ieh l )  occu rs 
(P iehl 1 965; M ielke et a/. 1 968) . M ie lke 
et a/. ( 1 968) a lso warned that other 
genera of the Santalaceae, which occur 
near hard pines outside North America, 
may prove to be suscepti ble a l ternate 
hosts, thus every effort should be made 
to l i m it the rust to its native range. 

Sweet Fern Blister Rust 

Causal organism: 

Cronartium comptoniae Arth .  
Synonym : 
Peridermium comptoniae Orton & Adams 

l!Iustrations: 

Macroscopic characteristics ( Fig. 6) 
M icroscopic characteristics (Figs. 1 8 , 
19, 37) 
Nuc lear cycl e  (F ig. 40) 
Distri but ion maps (Maps 7 , 8) 

Hosts and distribution in Canada: 

Spermogon ial and aecial states (0, I) 
on Pinus banksiana Lamb. (jack pi ne) -

Alta , Man . ,  N . B . ,  N .w.T , N S ,  ant . ,  
Q u e . ,  Sask. 
P. contorta Dougl . (lodgepo le and 
shore pine) - Alta . ,  B .C . ,  N . B . ,  
N .wT ( Mack . ). N S . ,  Que.  
P. echinata M i ll . (shortleaf p ine)­
N . S . 
? P. jeffreyi Grev. & Bait (Jeffrey 
p i ne) - B.C.  (DAVFP1 5460) 
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P. mugo Turra (Mugo or Swiss moun­
tain p ine) - N . B . ,  Que .  
P. muricata D.  Don (b ishop pine) -
B.C. 
P. nigra Arnold var. pOiretiana (Ant . )  
Aschers Graebn.  (Corsican p i ne)­
ant. 
? P. pinaster Ait .  (mariti me pi ne) -
B.C .  (DAVFP 1 341 1 )  
P. ponderosa Laws. (ponderosa pine)  
- B .C.  
P. radiata D .  Don (Monterey pine)­
B.C.  
P.  resinosa Ait .  ( red p ine)  - ant. 
P. sylvestris L. (Scotch pine) - N . B . ,  
N S ,  ant , Que .  

Ured i n ia l  and te l ia l  states ( I I ,  I I I )  
on Comptonia peregrina ( L. )  Coult. 

(sweet fern) - N . B . ,  N . S . ,  ant , Que .  
(Fig. 36) 
Myrica gale L. (sweet gale) - Alta. ,  
B . C . ,  N . S , N .W.T. (Mack . ). Ont . , Que , 
Sask. ( Fig. 38) 

Range and other known hosts: 

Sweet fern bl ister rust is found 
across northern North America from 
Nova Scotia to Brit ish Colu mbia and 
Alaska (H i ratsuka and Gautreau 1 966) , 
south through New England to North 
Carol ina ,  and west to M innesota . To 
date there are no records from the 
Yukon. There are iso lated records from 
Iowa and M issouri based on sh i pments 
of i nfected seedli ngs (Peterson 1 966a ) .  
On t h e  Pacific Coast o f  t h e  Un ited States 
it is known only from Washi ngton and 
northern Oregon (Peterson 1966a) .  The 
rust is  reported on the fo l l owing add i ­
t ional hard pi nes i n  the Un ited States: 
Pinus tabulaeformis Carr. (Chi nese pi ne). 
P. coulteri D .  Don (Coulter pi ne) , P. den­
siflora Sieb.  & Zucco (Japanese red pi ne). 
P. taeda L. ( lob lol ly pine) , P. rigida Mil l .  
(pitch p i ne) ,  P.  pungens Lamb.  (Table 
Mounta in  p ine) ,  P. virginiana M i l l .  (Vir­
g in ia p i ne) (Peterson 1 967; Spauld ing 
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and Hansborough 1 932 ; G. W. Anderson 
1 963).  Although the records of i nfect ion 
on P. jeffreyi and P. pinaster from Brit ish 
Co l umbia are questionable,  both these 
species have been found i nfected in the 
United States (Spau ld i ng and Hans­
borough 1 932 ; Gremmen 1 964) . 

Comptonia typically grows on open 
sandy sites, and Myrica gale grows i n  
swampy moist areas. Comptonia pere­
grina is restricted to eastern North 
America, and Myrica gale has a northern 
d istri bution especially in western Cana­
da. Although other species of Myrica 
have not been found naturally i nfected , 
it is reported that M. carolinensis M i ller 
( = M. pensylvanica Loisel )  and M. ceri­
fera L. have been sUGcessfully i nocu lated 
(Weir  and Hubert 1 91 7 ; Zil ler 1 967). 

Remarks: 

Although th is rust is confi ned to the 
North American cont i nent at the present 
t i me, i t  is potentially dangerous to pi nes 
in other areas of the world, because one 
of the alternate hosts of the rust, Myrica 
gale L. , occurs widely i n  northern Europe 
and eastern Asia (Hulten 1 968) where 
susceptib le  pi nes are a lso present. 

Eastern Gall Rust 

Causal organism: 

Cronartium quercuum (Berk.)  Miyabe ex 
Sh i ra i .  
Synonyms: 
C. cerebrum (Pk.) Hedgc . & Long. 
C. asclepiadeum quercuum Berk. 
Peridermium cerebrum Pk. 
P. giganteum Tub. 

Illustra tions: 
Macroscopic characteristics (Figs.  7 , 8 ,  
39) 
M icroscopic characteristics (Fig. 20) 
Nuc lear cycle (F ig. 40) 
Distribution map (Map 9) 

Hosts and distribution in Canada 

Hosts and distribution in Canada: 

Spermogonial and aecial states (0, I )  
on Pinus banksiana Lamb. (jack pi ne)­

Ont. 
P. sylvestris L .  (Scotch pi ne) - Ont.  

Ured in ial and tel ial states ( I I ,  I I I )  
on Quercus rubra L. (red oak) - Ont. 

(Fig. 39) 
Q. velutina Lam.  (black oak) - Ont. 

Range and other known hosts: 

Eastern gal l  rust is found i n  eastern 
North America from the northern l imi ts 
of Quercus through southern Un ited 
States to Florida and Texas, and west 
through the Lake States to M innesota. It 
occurs i n  eastern Asia i n  an  area bound­
ed by S iberia, Korea , Japan ,  Ph i l ippi nes, 
and eastern Ind ia .  

The rust is reported on the following 
add it ional hard pines in the Un ited 
States: Pinus nigra Arnold (Aust rian p ine) ,  
P. thunbergiana Franco (Japanese black 
p ine) ,  P. taeda L .  (lob lo l ly pi ne) , P. palus­
tris Mi ll .  ( longleaf pine) , P. pinaster Ait. 
(marit ime pi ne) , P. rigid a M i l l .  (pitch 
pi ne) , P. seratina M ichx. (pond p ine) ,  
P.  ponderosa Laws. (Ponderosa pi ne) , 
P. clausa (Chapm. )  Vasey (sand pi ne) ·, 
P. resinosa Ait . (r�d p ine) ,  P. echinata 
Mill. (short leaf p i ne) ,  P. elliottii Engelm. 
(s lash pine) , P. glabra Walt. (spruce 
pine) , P.  pun gens Lamb. (Table Mountai n  
p ine) ,  a n d  P .  virginiana Mill. (Virgin ia 
pine) (Anderson ,  NA 1 963; Peterson 
1 967; Hepting 1 971 ) .  The rust is  known 
to occur on an  addi t ional six pine species 
in Asia (H i ratsuka 1 960; Gremmen 1 964) .  
I n  the United States th is  species is  re­
ported on the following addit ional oaks: 
Quercus alba L. (wh ite ) ,  Q. bicolor Willd .  
(swamp white) ,  Q. coccinea Muench.  
(scarlet) , Q. ilicifolia Wang (bear), Q. 
imbricaria M ichx. (shi ngle or laurel) , 
Q. macrocarpa Michx. (bur) , Q. marilan­
dica Muench.  (b lack jack) , Q. myrtifolia 
Wi lld .  (myrt le leaf) , Q. nigra L. (water) , 



Q. palustris Muench. (p in ) ,  Q. phellas L.  
(willow) , Q. prinus L.  (basket) , and Q. 
stellata Wang. (post) (Gremmen 1964) .  
It has also been reported on  Castanea 
dentata (Marsh . )  Borkh. (American 
chestnut) and Castanopsis chrysaphyllas 
(Doug.)  ADC. (golden chi nkagin ) ,  while 
Hedgcock ( 1 939) reports successful 
i noculations on Castanea mollissima 
Blume . ,  C. pumila (L.) Mi l l . ,  C. sativa Mi l l . ,  
Castanopsis argentea, C .  diversifolia 
(Kurz) King and Lithocarpus densiflora 
(Hook. & Arn. )  Rehd . Other oaks a re 
i nfected i n  Eu rope and Asia and it is 
found on Castanea, Castanopsis and 
Fagus spp.  i n  As ia (Hedgcock 1 939; 
H i ratsuka 1 960; Gremmen 1 964) .  

Remarks: 

This rust has been reported on pi nes 
from many locat ions in eastern Canada, 
but most of the reports are now con­
sidered to be erroneous and should be 
for Endocronartium harknessii rather 
than of Eastern ga l l  rust (H i ratsuka and 
Maruyama 1 968; Van Sickle and Newell 
1 968) . Arthur ( 1 934) even reports col­
lect ions from Alberta but th is is undoub­
tedly i ncorrect. There is  still some doubt 
about the distr ibut ion of C. quercuum on 
p ine i n  Canada but it appears to be re­
stricted to southern O ntario (see d istri bu­
t ion map, Map 9) . Conners ( 1 967) lists 
C. cerebrum separately as occurring i n  
Canada, but adds that the records listed 
probably concern E. harknessii (as 
C. coleosporioides) .  

Arthur ( 1 934) i ncluded C .  fusiforme 
Hedgc. & Hunt ex Cumm. and C. coni­
genum Hedgc. & Hunt in his concept cif 
C. quercuum but they are generally 
regarded as d isti nct species (Peterson 
1 967;  Hedgcock and Siggers 1 949) . 
Accord ing to Hedgcock and Siggers 
( 1 949) the North American C. quercuum 
and the Asian pi ne-oak rust, which is 
also called C. quercuum, are di fferent.  

Hosts and distribution in Canada 
13 

Since the type specimen of C. quercuum 
is American ,  the b inomial must only be 
appl ied to the American fungus (Cum­
mins 1 962) .  

Western Gall Rust 

Causal organism: 
Endocronartium harknessii (J. P.  Moore) 
Y. H i ratsuka 
Synonyms: 
Cronartium harknessii (J .  P .  Moore) 
Meinecke nom. nuda 
Peridermium cerebroides Mei necke 
P. harknessii J. P. Moore 
"Woodgate" - Peridermium 

Illustra tions: 
Macroscopic characteristics (F igs .  9, 1 0) 
Microscopic characteristics (Figs. 2 1 , 22) 
Nuclear cycle (Fig. 41 ) 
Distribution map ( Map 1 0) 

Hosts and distribution in Canada : 
Spermogonial and peridermioid te l ia l  
states (0 ,  I I I )  
on  Pinus banksiana Lamb.  ( jack p ine) 

Alta . ,  Man . ,  N . B . ,  NW.T. 
(Mack . ) ,  N . S . ,  Ont . ,  Que . ,  Sask.  
P. contorta Dougl. (lodgepole and 
shore pine) - Alta. ,  B .C . ,  N . B . ,  N . S . ,  
NW.T. , Q u e . ,  Sask . ,  Yukon 
P. mugo Turra (mugo or  Swiss 
mountain pine) - Alta . ,  B .C , N . B .  
P. muricata D.  D o n  (Bishop p ine)­
B.C.  
P.  nigra Arnold (Austrian or  Corsican 
pine) - B.C. 
P. pinaster Ait .  (marit i me pi ne) - B.C .  
P.  ponderosa Laws. (ponderosa pi ne) 
- B.C . , Ont .  
P. radiata D .  Don (Monterey pi ne) -
B.C.  
P.  sylvestris L.  (Scotch pi ne) - Alta. ,  
B .C . ,  Man . ,  N . B . ,  N .S . ,  Ont . ,  Que .  
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Range and other known hosts: 

Western ga ll rust is found across 
Canada from the Yukon to Nova Scotia, 
southward through New York, the Lake 
States and Nebraska, and in the west 
southward to Arizona and northern 
Mexico. It has not been collected to the 
l imits of pine in the Yukon. It is reported 
on the following add it ional hard pines 
in the United States: P. halepensis Mil\, 
(Aleppo pine) , P. canariensis C. Smith 
(Canary Island pi ne). P. coulteri D.  Don 
(Coulter p ine) , P. sabiniana Doug\. 
(Digger pine) ,  P. thunbergiana Franco 
(Japanese black pine) ,  P. jeffreyi G rev. & 
Bait. (Jeffrey pine) and P. attenuata Lemm. 
( knobcone pine). wh ile another eight 
species have been successfully i nocu­
lated (Peterson 1 967) .  An al bino race is  
widely d istr ibuted on  Pinus ponderosa 
L. var. scopulorum Engelm. from northern 
Colorado to southern New Mexico, west­
ward th rough Utah to southern Nevada 
(M ielke and Peterson 1 967) .  In some 
a reas of its range the a lb ino form does 
not overlap with the normal orange­
spored form. 

Remarks: 

This species has been confused 
with Cronartium quercuum i n  the eastern 
part of North America due to morpho­

logical s imi larit ies; thus there is still some 
doubt as to the exact range of the two 
species. Peterson ( 1 967) and others con­
sider that C. quercuum and E. harknessii 
cause " morphologically indistingu ish­
able globose galls". At present these two 
species are best d isti ngu ished through 
their germ-tube morphology and nuclear 
behavior dur ing germination (Anderson 
1 965 ; Anderson and French 1 965a , b ;  
Hiratsuka et al. 1 966; McGrath 1 968; 
H i ratsuka and Maruyama 1 968; Hiratsuka 
1 969). York ( 1 926) described a gall rust 
on Pinus sylvestris near Woodgate ,  New 
York, and the rust was called Woodgate-

Hosts and distribution in Canada 

Peridermium for many years. This is now 
considered as E. harknessii (Boyce 1 957 ;  
Krebi I11 970) .  

This rust i s  potentia l ly dangerous 
in many countries where it has not yet 
been reported because such i mportant 
pine species as P. sylvestris in Europe, 
P. thunbergiana in Asia, and P. radiata i n  
New Zealand , Australia a n d  South Africa, 
a re known to be very suscept ib le  to th is  
rust (Parmeter a nd Newhook 1 967) .  



Morphology, 
l ife cycle and 
nuclear cycle 

Most of these p ine stem rusts are hete­
roecious, i .e .  requiri ng certa i n  u nrelated 
ured in ia l -telia l  hosts i n  alternat ion  with 
the pine to complete their l i fe cycles. 
In Canada only Endocronartium hark­

nessii is autoecious, with p ine as its o nly 
host. 

Heteroecious species: 

In heteroecious species, five d i ffer­
ent spore states are produced in a life 
cyc le :  spermatia, aeciospores, u red in io­
spores, teliospores and basid iospores. 
Spermatia a nd aeciospores are produced 
on p ine, and u red i n iospores, teliospores 
and bas id iospo res a re produced on the 
alternate hosts ( Fig. 40) . 

Bas id iospores prod uced on the 
alternate host i nitiate i nfect ions on p i ne 
but the process of i nfect ion is not well 
u nderstood.  Most authors c laim that 
basid iospore germ-tubes penetrate 
d i rectly through the cuticle of the needles 
(Boyer 1 962; Patton and Nicholls 1966; 
H i rt 1 938) but Patton and Johnson ( 1 970) 
showed stomata l penetrat ion by Cronar­

tium ribicola. Although i nfect ion usually 
occurs th rough needles, there is evidence 
that much occurs d i rectly o n  young 
shoot t issues (Van Arsdel 1 968; H i rat­
suka ,  unpublished data) ,  or at the bases 
of needle fascicles (Colley 1 918) . 

The myce l ium i n  the p i ne is haplo id 
and monokaryot ic .  It grows i ntercell ularly 
i nto the i nner bark and ray cells (Krebill 
1 968a) form ing haustoria in surrounding 
cells. Haustoria are sac-like th i n -walled 
structures of the fungus by which the 
fungus obta in  n utrients from the host 
cel ls .  

Spermogon ia conta i n i ng spermatia 
a re formed with i n  two years of i nfect ion 
as extended cushions immediately below 
the periderm ( Fig. 27 ) .  Spermatia are 
monokaryotic, one-celled, hyaline ,  small 
(2-3 po x 3-4 po) cells ( Fig. 1 5) ,  are pro­
d uced on the tips of simple spermatio-

1 5  

phores as phyalospores. Spermatia are 
deposited in nectar-l ike flu id  which 
conta ins  h igh concentration of fructose 
and glucose. The nectar with spermatia 
oozes out as orange d roplets in summer 
or early fall ( Figs. 5 ,  7).  which dry even­
tually to  dark spots termed spermogonia l  
or  pycn ial scars. Spermatia are not  
infective but funct ion i n  d ipl odizat ion  
of the fu ngus. Many insects are attracted 
to the nectar and transfer spermatia 
from one i nfection to the other ( Buller 
1 950) . The transferred spermatia fuse to 
receptive hyphae of opposite mating 
type, and the nuclei pass through the 
receptive hyphae into the base of the 
mycel i um mak ing the cells b inucleate. 
There are some doubts that C. ribico/a 
is heterothall ic (H i rt 1 964) .  However, from 
abundant production of spermatia and 
observations i n  the field and greenhouse,  
the authors th ink that al l  heteroecious 
Canad ian species are heterothal l ic .  

The binucleate ce l ls  div ide and 
develop to form an  aecium.  Aecia are 
produced i n  spr ing and sum mer. They 
originate severa l cell layers below the 
spermogon ia  i n  the cortex t issue (Fig. 28) 
a nd when mature push through the bark 
as pustules, covered first by a white 
perid ium of ster i le  cells. Aecia conta i n  
orange-yellow, verrucose aeciospores 
that a re prod uced in chains ( Fig. 28) .  
Except for C. comandrae, aeciospores 
are subglobose, have annu lated proces­
ses, and each spore has a smooth area 
( Figs. 1 2 , 1 4, 1 9) .  Aeciospores of C. co­
mandrae are e longated , pear-shaped, 
have no smooth area, and have obtuse 
or cuspidate processes without annu la­
t ions (H i ratsuka 1 97 1 ) ( Figs. 1 6 , 1 7) .  

The p i n e  infect ion is perenn ia l  and 
in most of the species spermogon ia  
occur  o n  the adva ncing outer  zone of  
the cankers a nd aecia o n  the zone one 
or more years o lder ;  but in C.  quercuum 

spermatia and aecia repeat year after 
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year on the radia l ly-expanding gall 
t issue. 

On the surface of alternate hosts 
aeciospores germi nate and produce 
appressoria the i nfection pegs of which 
penetrate through stomatal openings. 
Mycelia i n itiated by aeciospores are 
d ikaryotic and grow intercellularly, and 
produce intracel lu lar  haustoria. After 
1 0  to 1 4  days of aeciospore infect ion 
ured i n ia are formed. In the ured in ia ,  ped i ­
cellate and ech inu late ured in iospores 
are formed (Figs . 23 , 24, 25) . Uredinio­
spores are binucleate and can rei nfect 
the same hosts and in itiate further b inu­
cleate i nfections. I nfections can be 
repreated by u red iniospores 3 or more 
times during the growing season of the 
host plants. Be ing asexual repeat ing 
spore states, ured in iospores are equiva­
lent to conidia of many other fungi. Ure­
d in iospores are probably the most i mpor­
tant spore state responsi ble for long 
d istance spread of the fungi . 

Later in summer, tel ia are produced 
on the same d ikaryotic i nfect ions. Telia 
are hai r-li ke structures composed of 
smooth-wal led , nearly cylindrical telio­
spores u nited in  s lender columns (Figs. 
26,32,34, 37) .  As soon as condit ions of 
temperature and moisture are favorable, 
the tel iospores germi nate. Before ger­
mi nat ion,  pai red nuclei in the tel iospores 
fuse and then undergo meiotic d ivision 
as they germi nate. Teliospores produce 
a four-celled basid ium,  each cell of 
which bears a basid iospore at the t ip  
of a slenderly poi nted sterigma ( Fig. 26). 
The basid iospores are haploid,  mono­
karyotic, and of two mati ng types. They 
are forc ib ly d ischarged and disseminated 
by wind.  They have th in ,  hyali ne walls, 
and have a much shorter l i fe and poten­
t ia l  d ispersal distance than aeciospores 
and ured in iospores (usually less than 
1 ,000 ft . ) .  I n  some i nstances basid io­
spores can be carried by wind 10  to 1 7  

Morphology, life cycle and nuclear cycle 

miles from thei r source (Van Arsdel et a/. 
1 961 ). 

Autoecious species: 

In contrast to species of Cronartium, 
Endocronartium harknessii is autoecious 
and has a much shortened l ife cycle 
with only one spore state, namely telio­
spores, although spermatia are known to 
be produced occasionally (Fig. 4 1 ) .  This 
rust has been confused with C. coleo­

sporioides and was stated to be facul­
tatively heteroecious, e.g. the fungus can 
repeat on pine and also infect an alter­
nate host (Meinecke 1 920,  1 929; Weir  
and  Hubert 1 9 1 7; Anderson and French 
1 965b) .  However, recent inoculation tests 
and cytological stud ies i nd icate that the 
fungus is  purely autoecious (Ouellette 
1 965; Wagener 1 964; Zalasky and Riley 
1 963; Hi ratsuka et a/. 1 966). 

Tel iospores of this rust, which are 
s imi lar to aeciospores of Cronartium spp . ,  
are orange-yellow, verrucose with an­
n ulated processes, a nd formed i n  chains 
(F igs . 2 1 , 22) .  Spermatia are occasionally 
produced in late fall in British Columbia 
(van der Kamp, B .  J. ,  personal commu­
nication 1 970) but it is questionable 
whether they funct ion .  

The you ng te l iospores are d ikaryot ic ,  
but  whether of  identical nuclei (homo­
karyotic) or dissimilar nuclei (hetero­
karyotic) is  not known. Nuc lear fusion 
occurs at spore maturity and at germina­
tion the nuc leus usually d ivides twice. 
This appears to be a meiot ic d ivision. The 
germ tubes become septate and typically 
d ivided into 4 cells each of which con­
tain one nucleus.  This is  i n  contrast with 
the heteroecious species which produce 
tortuous, non-septate germ-tubes of 
i ndefi n ite length havi ng two nuclei which 
migrate toward the t ip  of the germ tube 
(H i ratsuka et a/. 1 966; Powe l l  and H i rat­
suka 1 969). 

The germ tubes of E. harknessii are 



considered as basid ia although they 
do not produce basid iospores (H i ratsuka 
et a/. 1 966) .  Basid ia producing spores 
by d efin it ion should be ca l led te l iospores 
and it is  suggested that this special  k ind 
of te l iospore be ca l led peridermioid 
te l iospore ( Hiratsuka 1 973a , b) .  This type 
of l i fe cyc le is  termed endocycl ic .  Germ 
tube morphology has been used to d is­
ti nguish th is  rust from the ga l l  forming 
heteroecious species, C. quercuum, 
i n  eastern North America where both 
rusts occur together or had been reported 
to occur  together (Anderson and French 
1 965a; Kreb i l l  1 970; Van Sickle and 
Newe l l  1 968) .  

Tel iospores are effect ively spread 
by the wind .  Upon germinat ion ,  germ 
tubes or basid ia of the fungus penetrate 
young green t issue of the current year's 
shoot or need les but the mode of pene­
trat ion is  not clearly known . The myce l i um,  
wh ich  is haploid and monokaryot ic ,  
st imu lates the cambial  ce l ls  to produce 
excess xylem and ray parenchyma ce l ls .  
Di karyotization occurs i n  the myce l i um 
in  cortex. Dikaryotic ce l ls  d ivide and 
d evelop to produce te l ia .  Sporulat ion 
occurs year after year i n  the newly-formed 
cortex tissue of the expand ing ga l l  
su rface. 

Morphology, life cycle and nuclear cycle 
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White pine blister rust (Cronartium ribicola) 
on whitebark pine (Pinus albicaulis). 

21 
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2 

2 Stalactiform bl ister rust (Cronartium co/eo­
sporioides) on lodgepole pine (Pinus con­
torta). Note rodent chewing on some 
cankers. 



3 Stalactiform bl ister rust (Cronartium coieo­
sporioides) on lodgepole pine (Pinus 
contorta). 

3 
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4 

4 Comandra bl ister rust (Cronartium coman­
drae) on lodgepole pine (Pinus contorta). 



5 Spermatial drops of Cronartium comandrae 
on lodgepole p ine (Pinus contorta). 

5 
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6 

6 Sweet fern b l ister rust (Cronartium comp­
toniae) on jack pine (Pinus banksiana). Note 
rodent chewing on two centre cankers. 



7 Eastern gal l  rust (Cronartium quercuum) 
on jack pine (Pinus banksiana). Spermatial 
d rops. 

8 Aecial state. 
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9 

9 Western gal l  rust (Endocronartium hark­
nessii) on jack p ine (Pinus banksiana). 



1 0  Western gal l  rust (Endocronartium hark­
nessii) with purple mold (Tuberculina 
maxima), 

1 0  
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1 1  

1 1  Aeciospores of Cronartium ribicola X 840. 

1 2  X 7,600. (Scanning electron micrograph = 

SEM). 

12 



1 3  Aeciospores of Cronartium coleosporioides. X 840. 

1 4  X 6,000 (SEM). 

1 3  

1 4  
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1 6  

1 6  Aeciospores of Cronartium comandrae. 

C 
X 840. 

1 5  Spermatia of Cronartium comandrae. 
X 2,050. 

1 7  X 4, 1 00 (SEM). 

1 5  

1 7  



1 8  Aeciospores of Cronartium comptoniae. 
X 830. 

1 9  X 7,600 (SEM). 

1 8  

1 9  
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20 

20 Aeciospores of Cronartlum quercuum. 
X 1,700. 

J 



21  Peridermioid tel iospores (aeciospores) of 
Endocronartium harknessii. X 830. 

22 X 7,800 (SEM). 

21 

22 
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36 
23 Ured iniospores of Cronartium ribicola. 

X 980. 

24 Ured inium of Cronartium ribicola. X 200. 
25 Urediniospores of Cronartium coleo­

sporioides. X 3,000 (SEM). 

25 



26 Germi nating tel i u m  of Cronartium coleo­
sporioides. X 1 90. t: te l iospores, b: basidia 
and basid iospores. 

27 Cross section of Pinus monticola stem with 
a spermogonium of Cronartium ribicola. 
X 480. s: spermatia, sp:  spermatiophores. 

28 Cross section of a young stem of Pinus 
contorta with an aecium of Cronartium 
coleosporioides. X 80. p: peridium, a :  
aeciospores. 
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29 

29 Northern black currant (Ribes hudson­
ianum), an alternate host of white pine 
b l ister rust (Cronartium ribicofa). 

30 Swamp or bristly black cu rrant (Ribes 
facustre), an alternate host of wh ite pine 
blister rust (Cronartium ribicofa). 

30 



31 Paint-brush (Castilleja miniata), an alternate 
host of stalactiform bl ister rust (Cronartium 
co/eosporioides). 

32 Close-up of infected leaf of paint-brush 
(Castilleja sp.) with telia of stalactiform 
blister rust (Cronartium co/eosporioides). 

31 

32 

39 



40 

33 

33 Bastard toadflax (Comandra umbel/ata ssp. 
palfida), an alternate host of comandra 
bl ister rust (Cronartium comandrae). 

34 Close-up of infected leaf of bastard toad­
Ilax (Comandra umbel/ata ssp. pal/ida) with 
comandra b l ister rust (Cronartium coman­
drae). Columns of te l ia  (upper part) and 
dome-shaped u redinia (lower part). 

3 4  



35 Northern bastard toadflax (Geocaulon 
lividum), an alternate host of comandra 
bl ister rust (Cronartium comandrae). 

35 
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36 

36 Sweet fern (Comptonia peregrina), an 
alternate host of sweet fern b l ister rust 
(Cronartium comptoniae). 

37 Close-up of infected leaves of sweet fern 
(Comptonia peregrina) with sweet fern 
bl ister rust (Cronartium comptoniae). 

37 



38 Sweet gale (Myrica gale), an alternate host 
of sweet fern bl ister rust (Cronartium 
comptoniae). 

39 a. Leaves of red oak (Quercus rubra) infect­
ed with eastern gal l  rust (Cronartium 
quercuum), b. close-up of telial columns. 
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44 
40 Nuclear cycle of heteroec ious (host alternat­

ing) pine stem rust (Cronartium spp.). 

PINE ALTERNATE HOST ''';08� � ".�."� �\ o . ' �,o.J10.J110.J1o.1) 0. 0. 0. � � ':II 

Nuclear cycle of heteroecious pine stem rusts 
(Cronarlium) 



41 Nuclear cycle of autoecious (pine to pine) 
pine stem rust (Endocronartium spp.).  

NUCLEAR FUSION 

aec.d.o.d teliOSP/8 -8 � 
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\ 

Nuclear cycle of autoecious pine stem rusts 
(Endocronllrtiuml 
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Epidemiology 

Limi t ing and opt imal  cond itions of the 
environment must be known before stem 
rust i nfection in the forest can be pre­
d icted ,  both on p i nes and on the al ternate 
hosts. Considerable in formation has 
been gathered for C. ribicola, and some 
laboratory and f ield studi es have been 
made for some spore states of C. coleo­

sporioides, C. comandrae, C. quercuum, 

and E. harknessii. Litt le  information i s  
ava i l a b l e  for C .  comptonia e. 

Phenology of spore production: 

The t i me that spore sporulat ion 

begins and ends va ries over the range of 
the rust ,  w i th in  a local area because of 
d i fferences i n  aspect and elevat i o n ,  and 
between years because of  c l i matic con­
d it ions. Other factors a lso p lay a role .  
M i e lke ( 1 943) noted a correlation between 
size of canker,  age of host t issues, bark 
t h i ckness and C. ribicola aeciospore 
p roduct ion.  Spau ld ing  ( 1 922) g i ves the 
d u rat ion of C. ribicola aeciospore pro­

d u ction in d i fferent years for a n u m ber of 
areas in  eastern North America.  Duration 

in most years lasted 48 to 90 days, 
a lthough he g ives extremes of 1 2  and 

1 40 days. M i e l ke and Kim mey ( 1 935) 

i nd i cated that the main C. ribicola aecio­
spore per iod occ urs from mid-Apr i l  to 
m i d -J u n e in  western North America, but 
may be a month later at h igher  elevat ions. 

M i e lke ( 1 943) stated that dur ing warm 
and d ry spr ings the main aecial  sporula­

t ion may only last 2 o r  3 weeks, but 
dur ing coo l ,  wet spr ings may last  2 or 

more months. Kreb i l l  ( 1 968b) reported a 
variation of 3 to 1 7  weeks in C. coman­

drae aecios pore prod uction between 

local i t ies in  the Rocky Mou ntai n States 
but aecia were only abundant through 

June and J u ly. Development of aecia was 
ea r l i est at the lowest elevation, a nd the 

d u ration of aecial  prod uct ion was shortest 

at  the h igher  e l evations. Krebi l l  ( 1 968b) 

and Powe l l  ( 1 969) , both i l l ustrate spor-
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u lation periods for a l l  spore states of 
C. comandrae, and Krebi l l  i nclwdes i nfor­

mation on the developmental p enology 
of the rust hosts ,  lod gepole pine and co­
mandra.  Powel l  ( 1 969) showe the va ria­
t ion i n  sporulation at  one location d u r i ng 
4 years. He a lso noted the g reat variation 

in  the d u ration of aeciospore pnod uction 
from i n d ividual  aecial  cankers and aecial  
pustu les .  Most C. comandrae ecia 

produced aeciospores for 35 t 50 days 
(Powe l l  1 969) , a s l i ghtly longerlperiod 
than reported for C. ribicola (S a u l d i n g  
1 922) .  A second aecial sporulation 
p roduction period may occu r  i nfrequ ently 
in  late September and early Oclober, 
if favorable cond it ions p reva i l. $uch 
sporulations, which occ u r  on the zone 
of the canker p rod ucing spermCDgonia 
earl ier i n  the year, have been rJported for 
C. comandrae (Kreb i I 1 1 968b;  Powel l  
1 969) , C .  comptoniae (Lachmund 1 929) 
and C. ribicola (Lach m u nd 1 93 ) .  D u ring 

two years of  observat ion in  Ne braska, 
G. W. Peterson ( 1 973) fo und th t 88-91 % 
of E. harknessii spores were d i spersed 

in May, and d ispersal was esse t i a l l y  
comp l eted i n  J u ne. 

Spore germination: 

There a ppears to be m i n i  
opment of Cronartium basid ios ores 
a bove 23°C. Optimal temperat res for 

germination of te l iospores and tDasid io­
spores a re genera l ly 1 5  to 21  °d ( 8ega 
1 960; H i rt 1 942;  Kre b i l l  1 968b; McGrath 
1 968; N i g hswander and Patton 1 965). 

Few tel iospores or basid iospor I S ger­
mi nate at temperatu res below 8 °1 C 

( N i g hswander and Patton 1 965; Krebi l l  
1 968b ) .  

T h e  m i n i m u m  t ime from te l  ospore 
germinat ion through basid iospte ger­
m i nation at opt imal  tem peratu r  s is  gen­
era l l y  13 hrs or less ( H i rt 1 942 ;  cGrath 
1 968; N i g hswander and Patton 1 965) .  
The moist pe riod cove ri ng tel i o  pore 
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germination to basid iospore penetrat ion 
ranges from less than 24 hrs (H i rt 1 942; 
McGrath 1 968; Krebi l l 1 968b) to longer 
than 48 hrs especia l ly i f  telia form under 
unfavorable condit ions (Van Arsdel 1 968; 
Van Arsdel et al. 1 956) . 

The t ime needed for i nfect ion of 
p ine by bas id iospores is frequently 
compl icated by the product ion of sec­
ondary or further generations of sporid ia .  
These secondary or later generat ion  
sporid ia can i nfect p ine d i rectly or they 
themselves may produce further sporidia 
rather than germ tubes ( 8ega 1 960; 
Krebill 1 968b, 1 972) .  Such occurrences 
have been reported for C. ribico/a, C. co­
mandrae, and other stem rusts and they 
may occur in  all heteroecious species.  
8ega ( 1 960) found basid iospores ger­
m inated over a range of pH from 3 to 1 1 ,  
with an  opti mum of 3 for d i rect and 
7 -9 for i nd i rect germinat ion .  He found 
very litt le  d i fference in  sporid ial germina­
t ion i n  the light and i n  the dark. 

Spores of E. harknessii germinate 
over a s imi lar range of temperatures as 
the tel iospores or aeciospores of hetero­
ecious species of Cronartium (Powel l  
a n d  Morf 1 966; Mielke a n d  Peterson 
1 967; Christ ianson 1 968) . Aeciospores 
of C. comandrae have a wider tempera­
ture range for germi nation ( 1 ° -33°C) 
than other species of Cronartium (Powe ll 
1 969, 1 974a; Krebi I I 1 968b) . 

Opt imum temperatures for ger­
mi nation of aeciospores of the stem rusts 
occurri ng in Canada are near to 1 5°C 
(H i rt 1 937;  Van Arsde l  et  a/. 1 956; N igh­
swander and Patton 1 965; Powell and  
Morf 1 966; Powell 1 969, 1 974a) . The m in i ­
mum period requi red for germination of 
C. comandrae aeciospores and E. hark­

nessii spores is 1 -2 hrs (Powel l  1 969, 
1 974a; Powel l  and Morf 1 966) . This is a 
much shorter period than that requi red 
for C. coleosporioides and C. ribico/a 
aeciospores (Doran 1 9 1 9, 1 922; Powell 
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and Morf 1 966).  Germinat ion require­
ments for the white-spored form of 
C. coleosporioides are very si milar to 
those for the orange-spored form (Powell 
and Mort 1 966) . 

Aeciospores of C. comandrae ger­
mi nate equally well in the dark and i n  
d i ffused l ight ,  but there i s  n o  germi nation 
in d i rect sunlight (Kreb i I I 1 968b; Powel l  
1 969, 1 974a ) .  Free water is necessary 
for germi nation .  Aeciospores of C. coleo­
sporioides, C. comandrae, and E. hark­

nessii (peridermioid teliospores) on ly 
germi nate i n  a pH range from 4-9, with 
opt imum between 6 and 7 (Powell and 
Morf 1 966; Powell 1 969, 1 974a ) .  

Germination of ured i n iospores of 
C. comandrae, C. quercuum, and C. ribi­
cola requires free water and occurs at 
temperatures between 3° and 28° with 
an  optimum between 1 3° and 23°C (Van 
Arsdel et al. 1 956; N ighswander and 
Patton 1 965; Kreb i l l  1 968b) .  Ured i n io­
spores of C. comandrae germi nated 
equal ly we l l  in low l ight and in darkness, 
but do not germi nate in bright d i rect 
sunl ight (Kreb i I l 1 968b) . Four to 6 hours 
were required for C. ribicola ured in io­
spores to beg in  germination (Van Arsdel 
et al .  1 956) . I t  usually took 10 to 1 5  days 
for the ured i n ia to be produced, follow­
ing i noculat ion with aeciospores, and 
te l ia  generally emerged 20 to 30 days 
after i nocu lat ion ,  a lthough the ured in ia l  
stage may be bypassed and then only 
telia formed (Kreb i I I 1 968b) . N ighswander 
and Patton ( 1 965) reported that C. quer­
cuum produced ured in ia  and telia after 
6 days a nd from 9 to 1 4  days respectively. 

Spore viability: 

Viability of spores is an important 
factor to consider in epidemiologica l 
studies. General ly the percentage of 

viable spores is lower during the second 
half of the aeciospore product ion period 
(Doran  1 922; Spau l i ng 1 922 ;  Krebill 



1 968b; Powell 1 97 1 f) .  Viability was s imi ­
lar ly reduced for  u red in iospores and 
teliospores (Spauld i ng 1 922;  Krebill 
1 968b; McGrath 1 968) ,  but evidence of 
this was not clear for basid iospores 
(Kreb i I 1 1 968b) . Spore viability generally 
increases as temperatu res decrease 
from the opti mum germ i nat ion tempera­
ture.  Spores do not s u rvive for long above 
the max imum temperature for germ tube 
formation (above 25°C) (Van Arsdel 
et a/. 1 956; Powell 1 974a ) .  Spores soon 
die if they becor[le wet (Powel l  1 97 1 f) ,  
o r  exposed t o  d i rect sunlight (Spau ld i ng; 
1 922; Van Arsdel et a/ .  1 956; Powel l  
1 969, 1 974a) .  Spo res of E. harknessii 
retai n  the i r  viability better than those of 
C. co/eosporioides and C. comandrae 
when stored in cool temperatures (Powel l  
1 97 1  f ) .  Lightle ( 1 955) was able to store 
spores of E. harknessii for over a year 
at 4 to 5°C.  Natural spore color retent ion 
is  associated with viabil ity; faded spores 
never germ i nate (Spauld ing 1 922;  
Walki nshaw 1 968; Powell 1 969, 1 97 1  f ,  
1 974a) .  

Release and dispersal o f  spores: 

Dai ly period ic ity of spore release 
is known for some stem rusts. Basidio­
spores of C.  comandrae and C. ribicola 

are generally released at n ight or during 
periods of h igh humid ity (Van Arsdel 
1 967;  Kreb i l l  1 968b) .  Aec iospores and 
ured i n iospores of C. comandrae a re 
genera l ly  released dur ing d ry, warm 
turbulent days between 0800 and 1 900 
hours with a peak close to mid-day when 
atmospheric tu rbulence i s  at its maxi­
mum (Powell 1 97 1  e,  1 972a) .  The onset 
of heavy rains also in itiates aeciospore 
release, but light rains apparently do not 
have the same effect (Powell 1 97 1  e, 
1 972a) . E. harknessii spores show a 
d iu rnal period icity of release on rai nless 
days with a maximum about 1 1 00 hours 
(G. W. Peterson 1 973) . Rainfall i nter-
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rupted the diurnal periodicity spores 
seldom being trapped during rai n .  
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Spauld ing ( 1 922) report C. ribicola 
aeciospores trapped up to a i stance 
of 550 feet , and on another oqcasion 
1 200 feet, f rom pi nes. C. comandrae 
aeciospores were not collect d at d is­
tances greater than 400 feet du ring two 
seasons (Powell 1 969) . G.  W. Peterson 
( 1 973) seldom collected E. h1rknessii 
spores in a nursery 300 feet from infected 
stands.  Powe l l  ( 1 97 1  e) i nd ica ed that 
the chances of aeciospores 0 C. coman­
drae land ing on a suscept ib le  host more 
than a few hundred feet from canker 
are small .  However , aeciospo es may 
undergo long-d istance d isse i nat ion 
under certain  condit ions esp cially d u r­
i ng u nstable warm turbulent condit ions 
when they are carried u p  and out of the 
forest, but they may be rapidl killed 
by the consequent exposure to heat and 
light. Davidson (cited in  Mielk 1 943) 
reported collect ing C. ribicol aecio­
spores u p  to 5,000 feet above a heavily 
i nfected area in Brit ish Columbia,  but no 
i nformation on the atmospher c condi­
t ions are given .  Snell (c i ted in  Spauld i ng 
1 922) provided evidence that aecio­
spores of C. ribicola were car ied at least 
7 miles from pi nes on the mai land to 
i nfect Ribes on is lands off th New 
Hampshire coast . For on ly a f w short 
i nterva ls  in any one sporulati n period 
are condit ions favorab le  for a c iospore 
release, d ispersal, retent ion of viability 
and germination ( PoWeI 1 1 97�) .  

Ured i n iospores can also p e  d is­
persed by wind over great d islances dur­
i ng any one season through t e ir  repeti ­
t ion of generat ions.  Ured in ia l  nfect ions 
have often been found more t a n  1 00 
miles from the nearest known ine  source 
(Powell 1 970) . 

I nfection spread by basi i ospores 
is  more l im ited and is general restricted 
to a few miles (Krebi l l  1 968b; i mmey 
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and Wagener 1 961 ) .  Van Arsdel ( 1 967) 
reported a particular set of atmospheric 
condit ions relating to air movement 
over land and water which allowed for 
d ispersal of C. ribico/a basid iospores 
and infection of pine at d istances of 1 0  to 
1 7  miles from the source. Gregory ( 1 945) 
concluded that spore cloud depletion  
rather than loss of  v iab i l ity was more 
important in determining the effective 
l i mits of spread of C. ribico/a basidio­
spores. K immey and Wagener ( 1 961 ) 
showed that i nfect ion patterns for a s ingle 
season are usua lly the consequence of 
d issemination of C. ribico/a basidio­
spores during only one or two favorably 
moist periods. S imi lar ly, Krebill ( 1 968b) 
showed that C. comandrae basidiospore 
production occurred rarely and that 
condit ions seldom remain favorable long 
enough for i nfection of pines. 

Conditions affecting infection: 

Outbreaks of the rusts have been 
promi nent i n  some years and have given 
rise to the term "wave years" of i nfection 
(Peterson and Jewell 1 968) . Outbreaks 
are due ,  in part, to the t ime needed to 
bu i ld up i nocu lum following in itial i nfec­
t ion,  but the frequency of su i table atmos­
pheric condit ions for spore product ion,  
d ispersa l ,  and infection is more i mpor­
tant. The condit ions necessary for C. ribi­
cola spread and infect ion i n  the Lake 
States have been we l l  docu mented (Van 
Arsdel et a/. 1 956, 1 961 ; Van Arsdel 
1 961 ; Anderson 1 973) .  Anderson ( 1 973) 
summarized the m icroclimatic relations 
research undertaken by Van Arsdel 
and colleagues .  They found that topo­
graphy and vegetational cover are impor­
tant features accounting for variations 
in bl ister rust prevalence. The effect of 
topography is most pronounced i n  
depressions and on  north-facing slopes, 
especially during the c lear, cool, wind­
less nights that also favor dew forma-
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t ion .  Vegetation has a similar effect to 
that of topography but its influence is 
more complex. The probability of favor­
ab le temperature and moisture condi­
t ions persisting long enough for  i nfection 
to occur is greatest i n  small forest open­
i ngs and least in an understory. 

The i nfect ion of pine by Cronartium 
species is usual ly l im ited by the absence 
of the necessary, long, moist period after 
te l iospores germi nate. Temperatures 
too h igh for normal production of bas i ­
d iospores are also cited as a frequent 
cause of fa i l u re (Peterson and Jewell 
1 968) . Krebill ( 1 971 ) suggested that low 
temperatu res found at h igh e levations 
might reduce the i noculum potential of 
C. ribico/a teliospores. 

The pi ne-to-pine i nfect ing E. hark­
nessii also shows long i ntervals between 
major years of i nfection  (Peterson 1 97 1 ) .  
Outbreaks of the rusts may b e  local or 
extend over large forest regions (Peter­
son and Jewell 1 968; Peterson 1 97 1) .  
Powell and Hiratsuka ( 1 973a) reported 
a sudden intensification of i nfection on 
a plantation in Alberta and found a 
fUrther substantial i ncrease the following 
year (Powell and H i ratsuka 1 973b) .  

Epidemics of  C.  comandrae and 
C.  comptoniae generally occur i n  nurse­
ries or  plantat ions rather than in natural 
stands (Spau ld ing and Hansborough 
1 932 ; M ielke et a/. 1 968) , i nd icating the 
adverse effect of i ntensive culture.  
Various cli mat ic i nd ices have been 
developed to establish hazard zones or 
areas for C. ribico/a i nfection (Charlton 
1 963; Kimmey and Wagener 1 961 ; Paine 
and Slipp 1 947 ;  Van Arsdel 1 961 , 1 964; 
Van Arsdel et a l. 1 961 ) ,  but are lacking 
for other species that occur i n  Canada. 
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Pine stem rust damage i n  natural stands 
is not usually spectacular ,  although the 
effect of the i ntroduced C. ribico/a on the 
white p ine stands of North American 
has often been drast ic .  Accuracy of dam­
age est i mates for the i nd ividual native 
rusts has sometimes been hampered by 
mis- identifications ( Peterson and Jewell 
1 968) , especially in eastern North 
America. Rust damage has often been 
attr ibuted to rodent gnawing, because 
squ i rrels and other small mammals have 
removed i nfected bark (M ielke 1 963; 
Mielke et al. 1 968; Powell 1 969) . Damage 
in  natural stands is l imited by the d is­
tr ibut ion of the a lternate hosts for  some 
species and by the d ensity of the stand .  
I n  dense stands infected branches tend 
to die early, due to natural suppression ,  
which reduces the poss ibility of the more 
damaging stem cankers developing. 

Canker-forming species: 

The canker-forming species attack 
trees of all ages and sizes, often the 
most vigorous; mortal i ty is  caused by 
girdli ng. The period between i n it ial 
i nfect ion and d eath of the tree may be 
more than 30 years . Krebi l l  ( 1 965) found 
that some C. comandrae cankers were 
1 00 years o ld .  Seed l i ngs and saplings are 
usua l ly kil led within a few years of infec­
t ion ,  because the rusts enter through 
need les on the small main stem and soon 
gi rdle it .  The rusts characteristically 
enter the main stem of older trees via 
branch i nfect ions. They only grow 1 to 
3 i nches downward on  a branch each 
year so may not reach the main stem for 
many years. Branch cankers more than 
18 inches from the stem tend to d ie  out,  
s ince the rust generally ki lls the branch 
before the hyphae can reach the stem.  

On the main stem,  vertical growth 
of the canker is  more rapid than lateral 
growth (Krebi 1 1 1 965 ; Lachmund 1 934) . 
Mie lke ( 1 956) reported it to average 
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a lmost 7 i nches per year for C. coleospo­
rioides, with a greater average annual  
growth downward than u pward . This form 
of growth is also true for cankers of 
C. ribicola and C. comandrae, although 
the actual growth rate may be slower 
( Lachmund 1 934; Rhoads 1 920; Bucha­
nan 1 938) . The lateral rate of growth for 
C. ribicola and C. comandrae i s  much 
greater than for C. coleosporioides; thus 
gird l i ng and death of the stem is more 
rap id .  Cankers of C. coleosporioides up to 
30 feet long have been reported (M ie l ke 
1 956) .  Dead tops or spike-tops are evi­
dent in mature stands where C. coman­
drae or C. ribico/a have girdled the upper 
stem.  Childs ( 1 968) showed Vhat down­
ward growth on  the stem by C. coman­
drae i s  less than 6 i nches a year, so the 
lower port ion of the tree may live for 
many years i f  vigorous lower branches 
rema in .  Most stem cankers occur  in the 
bottom 1 0  feet of a tree (Anderson and 
French 1 964b; Phelps and Weber 1 969b; 
Catley 1 958). but Krebil l  ( 1 965 ) ,  in a 
study of C. comandrae cankers on lodge­
pole p ine i n  the Rocky Mounta in  States, 
found the average height to be 26 feet 
above ground .  

Cronartium ribicola 
C. ribico/a is the most damaging 

d isease of white p ines (Heptifl9 1 97 1 ) ,  
and probably the most damagi ng of all the 
forest tree rusts (Arthur  1 929) .  It causes 
damage wherever susceptible species 
of the alternate host genus Ribes occur, 
and m icroclimatic condit ions favor basi ­
d iospore format ion ,  d isseminat ion ,  and 
germi naton .  It has not yet spread to 
the range li mits of white pi nes i n  western 
North American ( Peterson a nd Jewell 
1 968) a lthough reports of new range 
extensions are still appearing (Krebill 
1 964; Brown 1 967, 1 970; Brown and 
Graham 1 969;  Smith 1 97 1 ) .  Seedlings 
and saplings are qu ickly k i lled so that 

I 
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th ere is  no regenerat ion to perpetuate a 

stand when the mat ure trees are cut or 
f ina l l y  k i l led . Powers and Ste gal l  ( 1 97 1 )  
reported on ly 2 %  morta l ity among 
seee d l ings in  a n  unprotected stand in 
North Caro l i na in  1 948, but 4 1  % mortal ity 

in  1 966. Another 45% had been k i l led 

by supp ression and other causes but 
many of these were a lso i nfected with the 
rust. At the same t ime,  41 % of the older 

trees were dead or dying from bl ister 
rust infections. 

S imi lar  increas ing mortal ity f igures 
have been reported in Canada. In a west­

ern white p ine sta nd,  averaging over 
20 feet in height near Gariba l d i ,  Br it ish 
Col u mbia,  pract ica l l y  1 00% of the trees 
were ki l l ed 1 6  years after the i ntrod uction 
of the rust into the local ity.  In  a n  adjacent 

stand, 56% of the :larger trees d ied d u r­
i n g  the same period ( Lachmund 1 934) .  
Gautreau ( 1 963) surveyed l i m ber p ine 

sta nds i nfected by the rust i n  southwest­
ern Al berta and found that infect ion 
ranged from 79 to 1 00% with less i nfec­
t ion in the north ,  where there apparent ly 
had not been any morta l ity due to the 
rust .  However, 83% of the trees i n  the 
southern a rea had been k i l led by the rust 
and al l  regenerat ion in the area was 
heavi l y  i nfected . This rust threatens to 
com pletely destroy l i mber p i ne in south­
ern Alberta. Whitebark pine has a lso 
been severely damaged in the same area 
of Al berta ( Ives e/ a/. 1 973) . 

Sti l lwel l and Davidson ( 1 954) stated 

that white pi nes observed in Newfound­
land were for the most part heavi ly 
i nfected, particu lar ly i n  the central  por­
tion where most of the trees were dead 
or had dead tops or many dead branches. 
Clark and Si ngh ( 1 971 ) reported mod ­
erate to heavy infection on p lanted and 
natural growi ng eastern white p ine i n  
various parts o f  Newfoundland.  K ingston 

and McGi nn ( 1 951 ) found that infect ion 
by the rust averaged 1 0 % in  Nova Scotia 
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and 1 4 % in New Bru nswi ck.  A later sur­

vey of the same areas i n  New Bru nswick 
ind icated that 1 1 .5 %  of the l iv ing eastern 

white p ine were infected by the rust, 
with i nfect ion ranging from 0 to 33% in 
any one area (Van Sickle 1 966) . A lower 
percentage of infection was recorded 
in the up to 2.5 i nch d . b . h .  class than in 

larger d iameter classes, which suggested 
that the rust was not a factor seriously 
l i mit ing regenerat ion of white p i ne in  that 

area. A s imi lar  survey in Nova Scotia 
i nd i cated 6% of trees i nfected, with 1 .4 %  
dead ( Forbes e /  a/. 1 968) . 

A 1 93 1  su rvey of natu ra l  stands i n  
Que bec showed that less than 3 . 5 %  of 
the white pi nes were infected ; on refor­

ested areas the situation was more 
serious (Pomerleau 1 961 ) .  In  a 3-year 

study of a 1 5-year-old plantat ion,  Pomer­

leau found that the number of trees with 
trunk cankers increased from 27 to 50% , 

those with branch can kers from 50 to 
67 % ,  and dead trees from less than 1 % 
to al most 1 5 % .  However, infect ion of 

trees in  th ree other p lantat ions, some i n  
areas s u bject to Ribes erad icat i o n ,  
ranged from o n l y  4 to 1 3 % (Pomerleau 
and Bard 1 969).  Martineau and Lava l lee 
( 1 973) suggested that white p ine had 
an increased suscept i b i l ity to the rust at 

hi gher a lt i tudes. They reported on several 
pl antations and natural stands where 
20% or more of the trees were infected . 

Va rious surveys carried out i n  
Ontar io ,  mainly between 1 952 and 1 954 
in  young sta nds, gave i nfect ion percent­

ages from 3 to 7 1  % and mortal i ty from 
the rust from 0 to 1 7 % .  S imi lar percent­
ages for young regen erat ion were 1 to 
1 9 % and 0.2 to 6% (H addow 1 956). In 

many areas it was expected that infect ion 
and mortal ity would i ncrease grea tly as 
the trees had been exposed to rust 
i nfection for only a sma l l  portion of the i r  

normal l i fe spa n .  Cafley ( 1 958) found 
that 8.8% of the trees exa mi ned i n  white 



pine plantat ions in 24 l ocations i n  south­
ern Ontario were infected by the rust ; 
with incidence ranging from 0.5 to 26 . 7 % .  
The variation h e  found was closely related 
to the occurrence of Ribes bushes in  
adjacent natu ral hardwood stands.  I n  that 
study he found that all i nfected stems 
less than 4 i nches in d iameter had been 
gird led completely by the fungus dur ing 
a 7 -year period . Larger trees showed 
an ability to survive for a longer per iod. 
I nfect ion and morta l ity throughout Ontario 
in 1 967 was generally rated at less than 
1 0% in  most d istricts, although the 
incidence in some a reas was as h igh as 
42% (Sippel I et al.  1 968) . 

Cronartium coleosporioides 

I nfection from C. coleosporioides 
occurs only in stands or plantat ions close 
to areas of the alternate host. Mielke 
( 1 956) reports areas in  southern Idaho 
where 30% of the trees have trunk 
cankers,  and mentions reports of most 
of the trees being infected a l though 
caut ion ing that accurate appraisals are 
requ i red to establ ish the degree of dam­
age.  There is little i nformation i n  the 
l iteratu re of mortality caused by C. coleo­
sporioides. Anderson and French ( 1 962) 
reported that 82 % of their i nocu lated 
jack pine treees were killed . Baranyay 
and Bourchier ( 1 963) reported that 5 %  
o f  t h e  lodgepole p ine had been kil led 
i n  a stand on the Mackenzie H ighway 
where 70% of the trees exami ned were 
i nfected . Mie lke ( 1 956) stated that 
girdli ng seldom occurs except when 
two or more cankers on a si ngle trunk 
coalesce. I ncidence is  reported to be 
low on jack pine i n  Quebec although one 
stand had 20% i nfect ion (Mart i neau and 
S merlis 1 969) . I n  northwestern Ontario , 
the i ncidence of the rust on jack pine 
was found to be h igh (over 25% )  or 
moderate (5-24% )  in  a few locations, 
but was generally only a trace (Sippel I 
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et al. 1 972) .  In British Columbia the 
i nc idence on  lodgepol e  pine ranged from 
6 to 90% (Molnar et al. 1 969) . In Banff 
National Park, Alberta , 33% 0 the trees 
on a 0. 1 acre plot in a 25-year-old lodge­
pole p i ne stand were infected (Baranyay, 
unpublished data ) .  In one area north 
of Burmis,  Alberta, approximately 80% 
of a lodgepole p ine stand was i nfected 
(Tripp et al. 1 967) . 

Cronartium comandrae 

There are widespread reports of 
damage by C. comandrae in rjatural 
stands in the Un ited States, especially i n  
the west on  ponderosa a n d  lodgepole 
p ines (Mielke et al. 1 968) . In some of 
these areas, mature stands c vering 
several square mi les were re orted with 
50 to 98% of the trees infected ( Mielke 
1 957) .  Other reports ind icated 21 to 35% 
of young or  mature trees i nfeoted (Hedg­
cock and Long 1 9 1 5; Meinecke 1 928 ;  
Peterson 1 962a ; Krebil l  1 965) . More 
recently C. comandrae has b come a 
problem i n  you ng p lantat ions of pon­
derosa, lob lo l ly ,  and shortleaf pines i n  
southeastern United States (Powers et  al. 
1 967;  Cordell et a l. 1 967 ;  000 i ng 1 967) .  
Powers et al .  ( 1 967) reported p lantations 
with over 90% of the less tha � 1 0-year­
old trees i nfected on the Cumper l and 
Plateau ,  and one case, with 5 % of the 
2 -year-old loblolly p i nes i nfe ted . I n  
Arkansas, Dooli ng ( 1 967) fou[1d 44% of 
the shortleaf p ines planted on three plots 
i n  1 958 were dead by 1 967. 

I n  eastern Canada, 22% of the trees 
in a jack p i ne plantat ion at Thunder Bay, 
Ontar io ,  were i nfected (Danc and Lynn  
1 965) .  More than  1 0% of  youmg jack  pine 
i n  a sma l l  area at Sa i nt-Urba i m ,  Quebec, 
were i nfected (Marti neau and O uellette 
1 966) ,  and at Godbout ,  i n  1 968, 90% of 
semi-mature jack p ine were i nfected and 
5 %  of the trees were dead ( arti neau  
and Smerli s 1 969) . 
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There are several publ ished and u n ­
publ ished reports o f  damage i n  western 

Canada (Molnar 1 960; Baranyay and 
Stevenson 1 964; Powe l l  1 969).  A su rvey 

i n  a 20-year-old jack pine stand south of 
Rae, Northwest Terri tories, showed 44% 
of the 725 trees on a 0.1  acre plot were 

i nfected in 1 965, and in 1 966, 7 .9% of the 

i nfected trees had died (J. A.  Baranyay, 

unpubl ished data 1 965, 1 966) . In a smal l  

lodgepole p ine regenerat ion area i n  
southwestern Al berta, where few trees 

were over 5 years o ld ,  23% of the trees 

were infected in  1 967 and 44% of the 
trees with ca nkers d i ed with i n  1 year 
(Powe l l  1 969). By 1 97 1 , only 1 2 % of the 
1 967 infected trees were st i l l  a l ive 
(Powel l ,  u n p u b l i shed deta) . In 1 966 and 
1 967 a total of 440 l ive cankers were tag­

ged on lodg epole p ine at 24 local it ies i n  
southwestern Al berta, and b y  1 968 23% of 

these were dead (Powel l  1 969).  I n  1 971 , 

when 403 of the earl ier  tagged cankers 
were observed, 44% were dead, 31 % 

were i nactive, and only 25% were clas­
sified as sti l l  act ive . Ca nker mortal i ty 
amo unted to over 60% in several loca l ­

i t ies, with most morta l ity occurring in  the 
younger stands (Powe l l .-4l- 9- d u n ­

publ ished data ) .  

Cronartium comptoniae 

Mortal i ty from C. comptoniae is 
common in the younger age class of 
t rees, pa rt icula rly seed l ings where losses 
as h igh as 25% are common (Spau ld ing 
and Hansbrough 1 932;  Anderso n,  G .  W. 
1 963 ; Va n Sickle 1 969).  Morta l i ty of 48 
to 52% has al so been reported i n  mature 
and overmatu re stands of jack p i n e  i n  the 
La ke States (Anderson and French 

1 964a) .  G. W. Anderson ( 1 963) reported 
that infected stands over 25 years o ld 
suffer red uced height and dia meter 

growth.  The i rreg u lar growth of the ste m, 

with its pronou nced rid ges near the base, 
caused by the rust, makes i nfected stems 
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u ndesirab le  for p u l pwood or lu mber 

(Anderson and French 1 964b; Dance 
and Lynn 1 965).  

Molna r  ( 1 961 ) reported th ree plan .. 

tations of Monterey pi nes on Vancouver 
Is land with over 75% of the seed l i n gs 

infected by C. comptoniae and a pla nta­

tion of Bishop pine with over 50% i nfec­
t ion.  Van Sickle ( 1 969) found 82% 
i nfect ion in a 6-yea r-o ld short ieaf p ine 

pl antation in  the Marit imes, and 7 1  % of 
the infected trees were dead.  I n  o lder 
lodgepole  and jack pine plantat ions, 34 

and 1 2 %  respectively of the stems were 
infected . However, in  natural jack p in e 

stands an average of 2% of the trees 
were i nfected. At Normand i n ,  Quebec, 
25% of the semi-mature jack p i nes were 
i nfected and 2% of these were dead 

(Marti neau and Smerl is 1 969) .  Moderate 

(5 to 2 4 % )  and h igh (over 25 % )  l evels 
of infect ion  are al so reported from sev­
eral areas of Ontar io (Sippel  I et at. 1 969, 
1 970, 1 97 1 ) .  Mortal i ty in  one sample plot 
in  the Cochrane Distr ict of Ontario i n ­

creased from 0 t o  1 8% over a 3-year 
period (Si ppel I et al. 1 968) . There a re 

reports of l i ght to mod erate i nfect ion i n  
the Rae and Ye l l owkn ife areas o f  the 
Northwest Territories, and in areas of 
northern Saskatchewan ( Ives et  al. 1 971 ) .  

Gall-forming species: 

The gal l -forming C. quercuum and 
E. harknessii also invade p i nes of a l l  ages 
through the need les or  you ng shoot tissue 
and then move into the stem, where they 
sti mu late extensive ca mbium activity, 
which causes the format ion of a g lobose 

g a l l .  Like the canker-forming stem rusts, 
the gall rusts g radual ly gr id Ie  the stem or 
branch,  which dies above the gal l .  Gal ls  
that  form on the main stem of seed l i ngs 
usual ly k i l l  the plant with in  a few years. 
On older trees the gal ls may weaken the 
stems, ma king them more subj ect to wind 
breakage. The primary gal l  may die but 



secondary ridges of swollen tissue may 
develop on each side of it. Bark above 
a nd below the band of i nfected t issues 
usually d ies so that d ead tissues may 
extend vertically for up to 1 2  feet but no 
myceli um is present in the elongate area 
(Peterson 1 960a , 1 96 1 ) .  Vertical growth 
of the rust is usually very slow. Peterson 
( 1 961 ) was u nab le to f ind rust myce l i um 
more than  0 .4 i nches from an  E .  hark­
nessii gall. He also reported that active 
cankers 200 years old were common 
on lodgepole pine; he observed one 
canker older than 277 years (Peterson 
1 960b, 1 96 1 ) .  There are also i nstances 
where h undreds of galls occur on 
the bra nches of a s ingle tree, causing 
conspicuous damage (Peterson 1 960a ; 
Powell and H i ratsuka 1 973a ) .  On most 
p i ne species, E. harknessii produces few 
or no trunk galls but they are fa i rly com­
mon on lodgepole and ponderosa pines. 

Cronartium quercuum 

This rust is ma in ly  a problem in nur­
series or plantat ions and i n  the manage­
ment of seedling, sapli ng, and pole-sized 
stands (Anderson ,  N .  A .  1 963; N ighs­
wander and Patton 1 965) . Some nu rse­
ries report losses of over 25% of Scotch 
p ine .  N ighswander and Patton ( 1 965) 
reported that in some years up to 60% 
of the 2-year-old jack p ine seed l i ngs had 
vis i b le  galls  when they were lifted in the 
spri ng. Rudolf  ( 1 958) also reported 40-
50% of young j ack p i ne seedli ngs i nfect­
ed in some areas of the Lake States. 
Weir ( 1 91 5) reported that jack p ine in­
fected by th is  rust p roduce sma ller cones 
with more aborted sporophylls a nd seeds 
about 20% lower in viability than normal. 
There have been reports of damage by 
this rust i n  Canada (various entries in the 
Annual Report of the Forest I nsect and 
Disease Survey) but most, if  not al l ,  of 
these have i nvolved mis identifications.  
Surveys therefore need to be u ndertaken 
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i n  certai n  areas of Ontario to estab l ish i f  
any damage is caused by C. quercuum. 

Endocronartium harknessii 

Thousands of ponderosa p ine seed ­
li ngs per acre have been killed by th is  
rust in  the Pacific Northwest, but such 
severe outbreaks are l im ited to only a 
few acres (Peterson 1 960a) . I n Canada 
there are numerous reports of local dam­
age by th is  rust .  Forbes ef a/ .  (1970) 
found that 24% of the jack p ine on 35 
areas in the Marit ime Provi nces had one 
to  more than 50 galls. Tree mortality was 
not observed but trees were stunted and 
malformed . Most galls were no more 
than 4 years old and at least 75% of the 
i nfect ions apparently origi nated i n  cur­
rent need les or shoots. I n  Quebec, the 
i ncidence of i nfected trees ranged from 
a trace to h igh ,  with reports of 40% to 
nearly all trees i nfected (Marti reau and 
Ouellette 1 966; Marti neau and Smerlis 
1 969) . Over a 3-year period ( 1 968 to 
1 97 1 ) there was a 40 to 400% i ncrease 
in the incidence of E. harknessii at three 
locat ions i n  Saguenay County, Quebec 
(Marti neau and Lavallee 1 972) .  

I n  Ontario ,  h igh leve ls of  E.  hark­
nessii i ncidence have been reported , 
especia l ly  i n  the northern areas (Sippel I 
ef a/. 1 969, 1 97 1 ) .  O n  the Pra i(  es, 50 to 
1 00% of the trees i n  some loca l i t ies 
were i nfected ; on some trees 25 to 70% 
of the branches had galls ( Ives ef a/. 
1 968, 1 969, 1 97 1 ; Baranyay ef a/. 1 962) . 
Ives ef a/. ( 1 971 ) suggested that i nfect ion 
rates are h igher in  manipulated stands.  
H igh percentages of i nfect ion  are also 
recorded from some areas of Brit ish 
Columbia but the i ncidence is generally 
less than 1 0% (Molnar ef al. 1 967,  1 970;  
Ross ef al. 1 973) .  

Carlson ( 1 969) found u p  t o  3% i n ­
fection by E .  harknessii o n  jac pine 
nursery stock which was growi g by a 
heavily- in fected natural stand I n  Man-

I 
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i toba. There is a si milar report of damage 
to lodgepole pine nursery stock in Brit ish 
Columbia (Molnar et a/. 1 970) . I n  New 
Brunswick a Scotch pine Christmas tree 
plantation was abandoned because of 
the high frequency and intensity of E. 

harknessii gal ls ,  causing branch and top 
mortality (Forbes et a/. 1 972) .A recent 
survey on a tree farm in Alberta found 
63% of the 6- to 1 2 -year-old lodgepole 
pine stock i nfected , with an average of 
27 galls per i nfected tree (Powe ll and 
H i ratsuka, 1 973a) .  

Damage 



Control 

Control  of p ine stem rusts has been at­
tempted through tree improvement and 
resistance studies, and by silv icu l tural, 
chemical and biological means. So far 
none has proved to be effective in all 
situations although economical losses 
can be m in i mized in certain  condit ions. 

Silvicultural 

Remova l of i nfected trees du ring 
th inn ing operat ions and i n  i ntermediate 
cuts is the on ly practical way to reduce 
pine steQ1 rust damage in  forests. Chi lds 
( 1 968) gives recommendations for th in­
n i ng operat ions i n  sapling and mature 
ponderosa pine stands for control of 
C. comandrae. 

Pruning of branch cankers and galls 
has been carried out in plantations or  i n  
areas where the trees are o f  special 
value .  Branch cankers should be remov­
ed i f  they are c lose to the main stem.  
Branch ga l l s  of E .  harknessii and C. quer­
cuum wi l l  do l itt le  harm to a tree u nless 
with in a few centimeters of the trunk,  
although they wi l l  cont inue to serve as 
sources of i noculum .  Branch stems 
should be cut at least 6 i nches below the 
lower edge of the canker margi n ,  close 
to the t runk ( Mart in  and Gravatt 1 954) . 
Remova l  of main stem cankers is only 
economical on trees havi ng a specia l  
ornamental va lue .  Success wi l l  depend 
on the extent to which the stem has been 
gi rd led and the d istance of the canker 
from the ground.  The wound area must 
be treated to prevent attacks by other 
fungi and insects. 

Prun ing of C. ribicola cankers on  
sugar p ine proved economically feasible 
in Oregon to provide crop trees (Hayes 
and Stei n  1 957) .  Stewart ( 1 957) obtai ned 
1 00 %  control on eastern white p ine in 
M in nesota through branch prun ing, 95% 
with top-pruning and 69 to 1 00 %  with 
trunk pru ning, the latter percentage vary­
i ng accord i ng to the d istance of the cut 
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from the margin of the canker. He also 
showed that a combinat ion of patho log­
ical and si lvicu ltural treatments in a 
natural forest was even more effective, 
but economica lly quest ionable as a forest 
operat ion .  Weber ( 1 964) demohstrated 
that prun i ng substant ia l ly  reduces losses 
in h igh-hazard areas. Lately, pruning has 
become a major  control method for C. 
ribicola in the eastern United States; 1 . 2 
mi l lion  white pi nes were pruned to con­
trol  rust i n  the f iscal  year 1 967 (Peterson 
and Jewell 1 968) . 

Catley ( 1 958) found that there was a 
h igher percentage of C. ribicola i nfect ion 
in pure eastern white p ine plantat ions 
than in m ixed stands. The wider spaci ng 
of pi nes i n  mixed stands helps to reduce 
the amount of i nfect ion.  Krebil l  ( 1 972) 
suggested that Cronartium rust damage 
in pi nes m ight be red uced through ma­
n ipu lat ing forest land vegetat ion  so as to 
increase i nterception of basid iospores 
by non-host plants. 

Up u ntil about 1 957 the erad ication 
of Ribes was general ly the only method 
of control used for C. ribicola. Peterson 
and Jewell ( 1 968) report that some 1 .4 
bi l l ion Ribes bushes have been d estroy­
ed on 23 mil l ion acres. In many areas 
there has been a sharp decrease of the 
i nfect ion rate on  pine after Ribes control 
(Mart in 1 944; Stewart and R itt r 1 962) . 
In other a reas, where i ntensive erad ica­
t ion programs were carried out,  surveys 
showed that i nfect ion was i ncreas ing at 
an average rate of 3 percent per year 
(Ketcham et al. 1 968) . 

Van Arsdel ( 1 967) showed that some 
areas are subject to regular long-dis­
tance transport of spores;  in these areas, 
local Ribes erad ication does not effec­
t ively reduce i nfect ion . In  other areas, 
control by Ribes erad ication has not been 
considered feasib le because of the gen­
eral low density of white pine per acre, 
a heavy population of native Rlbes, rough 



58 

topography and favorable weather con­
dit ions for pine i nfection  i n  most years 
(Porter 1 960) . Most erad ication programs 
have involved the destruct ion of all Ribes 
bushes with in  900 feet of p ine trees. I n  
some areas, erad ication programs over 
varying d istances have been carried out 
depending on the topography, d i rection 
of dominant winds, or the location of 
su itable Ribes habitats (Quick 1 962; 
Kimmey and Wagener 1 961 ; Mci ntyre 
1 942) .  I n i t ia l  costs of control per acre i n  
eastern white p ine are less than  half 
those in the west. Nearly all of the east­
ern areas have been worked for Ribes 
at least once (Peterson and Jewell 1 968) . 
In western United States, because of i nef­
fective control in some areas and rising 
costs, the program of Ribes removal was 
re-evaluated through intensified d istribu­
t ion  surveys (Benedict 1 966; Toko and 
Dooli ng 1 968; Ketcham et a/. 1 968) . I n  
the  west, the  Ribes erad ication programs 
have been generally curtailed and di rect 
control programs by either mechan ical 
excision or chemical sprayi ng are being 
used in areas of aesthetic value. 

Ribes bushes have largely been 
removed by hand pull i ng and grubbing,  
but chemical  aAd mechanical methods 
have also been widely employed . Various 
herbicides such as 2, 4-D and 2, 4 ,  5-T 
have generally been used for chemical 
erad icat ion (Offord et a/. 1 952) .  S i lvicu l ­
tura l  methods can a lso be used to restrict 
the development of Ribes in managed 
forest areas (Moss and Wellner 1 953) . 
Cafley ( 1 958) found that i n  Ontario plan­
tations, the development of  Ribes is sup­
pressed by a reduction in l ight as the 
crown canopy closes. Therefore, the rate 
of i nfect ion normally decreases with the 
growth of the stand.  However, the d isease 
may be a th reat to older plantations if 
they lack a closed crown canopy for an 
extended period after any th inn ing oper­
ations.  All plantation areas should be 
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c leared of Ribes at t ime of estab l ishment 
and checked again with in  a few years. 
Care should also be taken in select ing 
nursery sites for  growing white p ines. 
Any Ribes growi ng with in  1 mile of nur­
series should be erad icated. 

Little effort has been made to contro l 
the a l ternate hosts of the native p i ne stem 
rusts except i n  the immed iate vic in ity of 
nurseries, as erad ication i n  forested 
areas is impractica l ,  and in the case of 
C. quercuum i nvolves valuab le  oak trees. 
The two alternate hosts of C. comandrae 
and of C. comptoniae i nhabit two di ffer­
ent types of site, which would make 
eradication programs extremely d i fficult 
in or near natura l  stands. Also, the hosts 
for C. comandrae have extensive under­
ground rhizomes which would make 
erad ication by grubbing impossi ble. 
Numerous herbicides have been tested 
but none have yet effected a satisfactory 
k i l l  of comandra (Mie lke et a/. 1 968) . 
Spring grazi ng by sheep reduces Co­
mandra (Laycock and Krebi I 1 1 967) .  For 
nurseries and p lantations,  ground prep­
aration and i nterplant ing with competi ng 
vegetat ion to keep Comandra down in  
the  first few years may be practical. 

If nurseries must be, or already are,  
established near alternate hosts , the 
seedlings should be protected by spray­
ing sched ules dur ing crit ical i nfect ion 
cond it ions.  Such sprayi ng schedu les are 
now well established in  the southern 
United States against C. fusiforme (Foster 
and Henry 1 956; M itchem 1 967;  Snow 
1 960) . 

Care must also be taken i n  locat ing 
pine plantations i n  areas away from al­
ternate hosts , which often have qu ite 
local d istri butions. C. comandrae has 
become a major  problem in p ine p la nta­
tions i n  the south and southeast Un ited 
States where these have been planted 
near and among alternate hosts of the 
rust. I n  the case of the autoecious E. 



harknessii, nurseries and plantat ions 
should not be located near i nfected pine 
stands u nless it is p lanned to destroy 
or prune all d iseased trees in the im­
mediate vic i n i ty before p lanti ng. Boyce 
( 1 961 ) recommended that trees with galls 
be removed for a d istance of 300 or 
more yards a round n urseries. Carlson 
( 1 969) drew attent ion to th is  problem at 
a nursery in Manitoba. Nursery stock 
showing a few rust i nfected seedli ngs 
should be destroyed and the rema in i ng 
stock checked carefully for several years 
after being planted out, as incip ient i nfec­
tions are probably present in a number 
of seedli ngs not showing signs of i n ­
fect ion (Cafley 1 958; Powell and H i rat­
suka 1 973a ) .  There are several cases 
reported in the literature where new 
centres of i nfection have been establish­
ed from i nfected stock. 

Tree improvement 

Another approach to control i s  
through t h e  selection a n d  breed i ng of 
p i nes showing resistance to the rusts .  
Breed ing programs to produce western 
and eastern white p ine and sugar p ine 
stock which is  resistant to C. ribicola 
have been u nderway i n  North America 
si nce 1 937.  Most of the Canad ian work 
has been centred at Maple, Ontario 
(He imbu rger 1 962 ;  Boyer 1 963, 1 967) , 
and Victoria,  Brit ish Co lumbia (Porter 
1 960; Hopkins 1 973) .  There have been 
no programs in Canada to develop pine 
stock resistant to our  native p ine stem 
rusts, but some pre l im inary stud ies have 
been u ndertaken with Endocronartium 
harknessii i n  California (Hanover 1 966) 
and with Cronartium comptoniae a nd C. 
quercuum i n  the Lake States (Rudolf a nd 
Patton 1 966) . Generally, all native hard 
p ine : stem rust systems appear to pos­
sess suff icient resistance to mainta in  the 
host species relatively free of rust, prov­
id ing the de l icately balanced host : 
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pathogen system is  not u pset, as occur­
red with the fusiform rust (Cronartium 
fusiforme) in the southern U nited States 
(B ingham et al. 1 971 ) .  Breed ing pro­
grams have also been u ndertaken to 
develop rust resistant currant bushes 
(Hunter and Davis 1 943; Hahn 1 948) . 

Much of the work on eastern white 
pine has been summarized by R iker  et al. 
( 1943) ,  Farrar ( 1 947) , and H i rt ( 1 948) , 
and on western white p ine by B i ngham 
et al. ( 1 953, 1 969, 1 972) . I nher itance of 
partial resistance to C. ribicola has been 
shown for eastern and western white 
pi nes (B ingham 1 966; He imburger 1 962 ;  
Hoff 1 966; Patton and R i ker 1 966; Porter 
1 960) . I nheritance of resistance to b l ister 
rust in most white pines appears to be 
controlled by several genes ( Heimburger 
1 962, 1 966; Hoff 1 966) ,  although major 
or dominant genes are clearly impl icated 
(K in loch et al. 1 970 ; B i ngham et al. 1 971 , 
1 972) .  The i nheritance of five resistance 
genes in western white p ine and sugar 
pine have been d etermi ned and are 
known to occur at a h igh frequency level 
in U .  S .  Forest Service, Region 6 ,  of the 
Pacif ic Northwest (C. G. Jorgensen 1 971 , 
personal communicat ion) .  Resistance is 
man ifest in the foliage and bark but 
genes have o nly been d etermi ned for the 
former. Bi ngham et al. ( 1 971 ) l ists the 
known resistance mechanisms found i n  
white pines, and ind icates six steps ne­
cessary to d evelop a resistant populat ion 
based on  a balanced whi te p ine : blister 
rust system. They also stress that we 
must learn to l ive with d isease and ac­
cept some l osses in a balanced host : 
pathogen system. 

Tree breed i ng programs appear to 
have the most practical long-term pros­
pects of any of the control methods for 
C. ribicola and have a l ready been i n ­
corporated i n  management plans i n  the 
northwestern United States (Peterson 
and Jewell 1 968; C. G .  Jorgensen 1 97 1 , 
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personal commun icat ion) .  U nder the 
plan in U .S .  Forest Service, Region 6, 
n i neteen breed ing zones have been es­
tablished for the development of rust 
resistant white pines. By proper select ion 
of parent trees, production of seed from 
trees with a high level of resistance is 
poss ib le ,  both i n  the forest and in  the 
open-poll i nating seed orchards estab­
lished in each breed ing zone. 

Chemical control 

P ine nursery stock has successful ly 
been protected with fungicide sprays 
during the period of teliospore produc­
tion. U nless the source of i noculum is 
reduced or eli minated , however, repeat­
ed spraying will be necessary when fa­
vorable i nfect ion condit ions exist during 
the annual  sporulation period. Results 
from spraying programs, based on fore­
casts of h igh i nfection periods, have 
sometimes been d isappo int ing,  i nd icat� 
i ng that these programs need 
improvement. 

Bordeaux mixture and lime-sulfur 
have long been used to protect nursery 
seedlings. Ferbam is the most frequently 
used fungic ide ;  others, such as Zineb, 
Ziram, and nickel chlor ide,  have effecti­
vely reduced the percentage of infect ion 
caused by C. quercuum and C. fusiforme 
(N ighswander and Patton 1 965; Siggers 
1 955; Koenigs 1 968) .  Ouick ( 1 967b) test­
ed 1 4  convent ional fungicides aga inst 
C. ribicola; they showed varying promise 
of development for satisfactory control, 
but litt le  promise of systemic control. 
Phelps and Weber ( 1 969a, 1 970) tested 
a large number of chemicals a nd a num­
ber of solvents against C. ribicola on 
eastern white p ine but none proved any 
better than the mater ia ls used by others. 
Sodium arsenite has been successfu l ly 
app l ied to C. fusiforme cankers (Brown 
and Rowan 1 967) ,  although Van Sickle 
( 1 973) , usi ng lower concentrat ions, found 

Control 

it to be phytotoxic on C. comptoniae 
cankers. As mentioned earlier, chem­
icals, especially herbicides, have been 
used to eradicate the alternate hosts. 

S ince the late- 1 950's a vast amount 
has been publ ished on the use of anti­
biotic sprays to control p ine stem rust 
cankers, applied as aer ia l  or  basal stem 
treatments. The anti biotics, cyc lohex­
i mide derivatives and phytoact i n ,  have 
large ly been used in attempts to con-
trol the i ntroduced C. ribico/a (Bened ict 
1 966; Cafley and Punter 1 964, 1 966; 
Glew and Macleod 1 963; Harvey 1 966; 
Leaphart and Wicker 1 968; lemin et al. 
1 960; Moss 1 957,  1 958, 1 961 ; Moss et a/. 
1 960; Phelps and Weber 1 966; Pomer­
leau and Bard 1 965;  Powers and Stegall 
1 965; �uick 1 967a;  Van Arsde1 1 960, 
1 962; Viche et al. 1 962) .  Some tests have 
been carried out on other p ine stem rust 
species (H inds and Peterson 1 966; 
Koenigs 1 966; Leaphart 1 963; Van Sickle 
1 973) .  These tests have given widely 
divergent resu lts, depend i ng upon for­
mu lation of ant ib iotics, age of trees and 
cankers at time of treatment, method and 
season of treatment and of evaluation 
(D imond 1 966). 

Si nce 70% of the cankers were kil­
led in early trials ( Moss 1 961 ; Viche et al. 
1 962 ) , the anti biotics were put i nto local 
use. However, as the promised control 
had not mater ia l ized , operat ional  use of 
these chemicals was suspended or sev­
erely curta i i ed (Act i-d ione) in 1 965 
a lthough evaluations were cont i nued for 
several years to determine i f  there were 
any delayed reactions to the treatments. 
Dimond ( 1 966) , in summarizing their 
status,  ind icated that certa in  treatments 
retarded expansion of cankers temporar­
i ly, but the cankers remai ned active and 
later recommenced sporulat ion .  The 
effect of anti b iot ic treatment on eastern 
white p ine was consistently negative. I n  
western North America, the effect of 



Tuberculina maxima (see fol l owing Bio­
logical  control  sect ion)  i n  i nactivat ing 
cankers had contri buted to the problem 
of eva l uati ng  the effect of anti biotics. 
Wicker ( 1 968) later concluded that these 
a ntib iotics impeded rather than assisted 
the control of b l ister rust due to their 
in jurious effects on T. maxima and other 
potential b io logical control  agents of 
the d isease. 

Biological control 

Biological agents reduce the dam­
age caused by rusts and provide a pos­
s ib le  approach to contro l .  In Germany, 
a purple mold, Tuberculina maxima Rost. 
(Fig. 1 0) was reported to suppress C. 
ribicola cankers. Attempts were made i n  
t h e  early 1 930's to u s e  local cultures of 
T. maxima, col lected from native rusts, 
against C. ribicola in the Pacific North­
west (Hubert 1 935; M ie lke 1 933) . These 
attempts were abandoned largely be­
cause of the slow development and 
spread of T. maxima. At about the same 
t ime ,  a Fusarium found on Cronartiu.m 
conigenum Hedgc. and Hunt i n  Arizona 
was i ntroduced in Oregon and Idaho 
where i t  appeared to control C. ribicola 
a nd E. harknessii (Wol lenweber 1 934) . 
These experiments were a lso abandon­
ed , mai n ly because of s low spread ing of 
the hyperparasite. 

Dur ing the 1 960's renewed attent ion 
was given to the role of T. maxima i n  
i nactivat ing the cankers o f  C .  ribicola as 
the mold fungus became more abundant 
( Benedict 1 966; Dimond 1 966; K immey 
1 969; Leaphart and Wicker 1 968; Quick 
and Lamou reaux 1 967; Wicker 1 968; 
Wicker and Woo 1 973) . Its effect on C. 
comandrae cankers has been noted 
(Koenigs 1 966; Powe l l  and Morf 1 965; 
Powe l l  1 971  b ,  c ,  and d ) .  T. maxima is l ess 
commonly found on C. coleosporioides, 
C. comptoniae and E. harknessii i n  Can­
ada (Powel l  1 971 b,  1 972b) . I n  the Un ited 
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States, T. maxima has also been report­
ed on C. quercuum ( Hedgcock 1 935; 
Hubert 1 935) . K immey ( 1 969) and Powe l l  
( 1 971  d )  found T .  maxima o n  20  to 4 1  % 
of the active cankers i n  any one year. 
Leaphart al")d Wicker ( 1 968) reported 
even h igher inc idences. The cankered 
bark dies out after i nvasio n  by T. maxima 
and the production of aeciospores is  
greatly reduced or ent i re ly i nh ib ited . 
Wicker and Woo ( 1 973) conclude that the 
mode of act ion of T. maxima in  the i nac­
tivat ion of rust cankers is enzymat ic  and 
is  d i rected at the rust parasitized pine 
ce l ls  and not at the rust  organism per 
se. T. maxima should therefore not be 
considered as a hyperparasite of the 
stem rusts. On C. ribicola and C. comp­
toniae, T. maxima sporu lates most abun­
dant ly  on the spermogonia l  zone ,  but on 
C. comandrae i t  is  most abundant  o n  the 
aecia l  zone.  T.  maxima was ind icated as 
the main cause of i nactivat ing  ha l f  the 
cankers (Powe l l  1 97 1 d ) .  

A large number o f  other fungi  and 
bacteria are regu larly associated with 
p ine stem rust cankers (Byler and Cobb 
1 969; Byler et al .  1 972a, b ;  Powel l  1 971  c ;  
E.  F.  Wicker, unpubl ished data ) .  An un­
described Cladosporium sp .  a nd Peni­
cillium spp. were found to affect aecios­
pore production of C. comandrae (Powe l l  
1 971  c ) .  Byler et a/. ( 1 972b) s im i larly re­
ported that Cladosporium aeoidiicolum 
and Penicillium uredineicolum attacked 
spores of E. harknessii term i nati ng spore 
product ion ,  but that on ly  C. aecidiicolum 
reduced the viab i l ity of the rust spores. 
Byler et a/. ( 1 972a and b) found that 
Gibberella lateritium, Nectria fuckeliana 
and Oiplodia pinea were secondary fung i  
that somet imes partia l ly or completely 
k i l led E. harknessii gal ls .  N. fuckeliana 
was the most v iru lent of these pathogens 
and usual ly k i l led the entire gal l .  Byler 
and Cobb ( 1 969) reported that 44% of 
the 2-year-o ld E. harknessii gal ls ,  and 
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97% of the 3- to 6-.year-old gal ls were 
dead through the action of associated 
fungi .  Byler et al. ( 1 972a) considered that 
N. fuckeliana was largely responsible for 
stabi l iz ing the native rust population of 
coastal California at a low equ i l ibr ium 
level .  Some of the other organisms as­
sociated with pine stem rusts ( Byler et a/. 
1 972b; Powel l 1 971  c) assist in contro l ­
l i ng  other d iseases, but  the i r  potential i n  
contro l l i ng pine stem rusts has yet to 
be establ ished. 

Rodents have been reported feed­
ing on rust cankers (Mie lke 1 935; An­
derson et a/. 1 967; Kreb i l l  1 965; Powel l  
1 969, 1 974b) thereby acting a s  a control 
( Figs. 2 ,  6). Most rodent feed ing on  can­
kers occurs during' winter and spring and 
is usual ly restricted to the l iving i nfected 
tissues. On many occasions the whole 
i nfected a rea is removed. Powel l  ( 1 971 d ,  
1 974b) i nd icated that 1 7% o f  canker 
i nactivation was caused through rodent 
gnaWi ng. In some areas nearly al l of the 
cankers show evidence of rodent chewing 
(Krebi I 1 1 965) . Powel l  ( 1 969, 1 974b) 
estimated that rodents were respons ib le 
for gnaWi ng about 30% of the potential 
aecial producing tissues in  any one year. 

I nsects have been reported from 
pine stem rusts, but there is l itt le refe­
rence to their damage to the rusts (Powe l l  
1 971  a ) .  Powel l  showed that at least three 
species, Epuraea obliquus, Paracacox­
enus guttatus and a Mycodiplosis sp . ,  
were t rue mycetobionts, dependent on 
the pine stem rust for the development of 
part or a l l  of thei r l i fe cycle .  Larvae or  
adult  i ndividuals of  these i nsects con­
sumed large numbers of  spores as food . 
I ncidence of i nsect damage ranged from 
32 to 59% in any one year ,  and the mi­
crofaunal agents probably reduced the 
prod uction of aeciospores by about 1 0% .  
The insects causing most damage to the 
active canker zone of C. comandrae were 
the moth Oioryctria spp . ,  and the weevi ls 
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Cylindrocopturus deleoni and Piss odes 
sChwarzi. Wong ( 1 972) has recently de­
scribed the development of Oioryctria 
banksiana in E. harknessii gal ls .  Powel l  
e t  a/. ( 1 972) gave a compi lation o f  the 
arthropods occurring i n  E. harknessii, C. 
comptoniae, C. comandrae and C. coleo­
sporioides cankers on jack and lodge­
pole pine with in  the Pra i rie  Provinces. 
Furniss et a/. ( 1 972) reported twelve 
arth ropods associated with C. ribico/a 
cankers on western white pine i n  Idaho. 
Many of the i nsects l isted in  these reports 
are common to a l l  the rusts and obviously 
play roles i n  reducing the amounts of 
i nocu lum avai lable for d ispersa l ,  thereby 
assisti ng in the natu ra l  biological control.  
of the disease. 

Powel l  ( 1 969, 1 974b)  estimated that 
in  any one year probably 50% of a l l  
potential aecial material o f  C. comandrae 
had been dest royed by a l l  these biolog­
ical agents. 



Potential ly 
dangerous species 
not yet fou nd 
in  Canada 

Cronartium fusiforme Hedgc. & Hunt 

ex Cummins (fusiform rust of southern 

pines) : 

This rust is causing a major problem 
in the management of s lash (P. elliottii 
Enge lm. )  and lob lo l ly  p ine (P. taeda L. )  
plantations i n  the southeastern Un ited 
States (Czabator 1 971 ) .  It is known to 
attack 25 other species of native and 
exotic pines, inc lud ing such species as 
P. contorta Doug l . , P. ponderosa Laws . ,  
P .  rigida M i l l .  a n d  P .  sylvestris L. A lternate 
hosts a re species of Quercus, Castanea, 
Castanopsis, and Lithocarpus. The spore 
morphology is very s im i la r  to that of C. 
quercuum. This rust is potentia l ly dan­
gerous to hard p ine p lantation  with in the 
a l te rnate host's d istribut ion .  

Peridermium filamentosum Pk. 

complex (limb rust) : 

This complex contains at least three 
d ifferent races a nd is  the most destruc­
tive rust attacking ponderosa (P. ponde­

rosa Laws . )  and Jeffrey p ine (P. jeffreyi 
G rev. & 8al f . )  throughout most of the i r  
geographic d istribut ion (Peterson 1 966b, 
1 968) .  One race is heteroecious (host­
a l ternat ing)  and alternates to I nd ian paint­
b rush (Castilleja spp . ) ,  as does Cronar­
tium coleosporioides, but the ir  appea r­
a nces on the p ine hosts are considered to 
be d ifferent.  Two races are autoecious 
and can infect p ine d i rectly. Kreb i l l  and 
Nelson ( 1 970) found the nuclear con­
di t ion of their  germ tubes was s imi lar to 
that of Endocronartium harknessii and 
E. pini. The taxonomy and nomenclature 
of th is complex therefore needs to be 
clar i f ied.  

Cronartium flaccidum (Alb. & Schw.) 

Wint. ( = Peridermium cornui Rostr. 

ex Kleb.) (Scotch pine blister rust) : 
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This rust occurs across Eu rope and 
eastwards to the far eastern parts of Asia. 
Pinus sylvestris L. is the main host but it is 
known to i nfect most hard pines, i nc lud­
ing most major North American species. 
The a l ternate hosts of th is rust belong to 
many genera of p lants i nc lud ing  Ascle­
pias, Impatiens, Loasa, Melampyrum, 
Nemesia, Paeonia, Pedicularis, Ruellia, 
Schizanthus, Trapaeolum, Verbena, and 
Vincetoxicum (Gremmen 1 964) .  The one 
and on ly report of th is  species i n  North 
America ,  on  Impatiens balsa mea from 
Pri nce Edward Island, is  in error (see 
page 3) .  

Endocronartium pini (Pers.) Y. 

Hiratsuka ( = Peridermium pini (Pers.) 

Lev. emend Kleb.) : 

This species has been considered 
as an autoecious (pi ne-to-pine) race of 
C. flaccidum and occurs throughout 
Europe ma in ly on  P. sylvestris L.  From the 
germ-tube morphology and the nuc lear 
condit ions of the spores and germ-tubes, 
H i ratsuka ( 1 968) concluded that th is  
species has an endocyc l ic  l i fe cycl e  (see 
Fig. 4 1 ) s im i lar to E. harknessii. Since this 
species does not need an a l ternate host 
and many hard pi nes are known to be 
suscepti b le ,  it i s  potent ia l ly  dangerous 
outside its present range of d istri but ion .  
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Cronartium kamtschaticum J"rstad: 

In recent years, outbreaks of al leged 
C. ribico/a have been reported from north­
ern Japan (on P. strobus L.)  and Korea 
(on P. koraiensis Sieb. & Zucc . ) ,  but 
a lternate hosts are found to be species 
of Pedicularis rather than Ribes (Yokota, 
S and Uozumi ,  T., personal communica­
t ion 1 973; Yee, C .K. , personal commun i ­
cat ion 1 973) .  The causal organisms are 
tentatively identified as the poorly under­
stood species C. kamtschaticum, which 
was known on P. pumila Regel and 
Pedicularis spp. 

Endocronartium sp. (?): 

A stem rust on Pinus pumila Regel i n  
northern Japan may b e  autoecious l i ke 
other Endocronartium spp. (Saho, H . ,  
personal commun icat ion 1 973) .  I f  con­
f i rmed, it wi l l  be an  important d iscovery 
since no pi ne-to- p ine species have been 
known on five need le pines. 

Potentially dangerous species 
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Glossary 

aecidiospore � aeciospore 

aecidium (pl. aecidia) � aecium 

aeciospore (aecidiospore): non-repeat-
i ng b inuc leate vegetative spores 
produced in an aec ium usual ly due  
to d ikaryotizat ion ,  which germinate 
to i n itiate a d ikaryotic mycel i um ;  
yel l ow-orange spores o f  Cronartium 
spp.  on p ine are aeciospores. 

aecium (pl. aecia) (aecidium): sorus 
conta in ing  aeciospores. 

alternate host: one or  the other of the 
two un l i ke hosts of a heteroecious 
(host-alternati ng) rust. 

amphigenous: growing either side of a 
leaf.  ct. epiphyl lous,  hypophyl lous .  

appressorium (pl. appressoria): a swel ­
l i n g  on  a germ-tube during  an early 
state of i nfect ion ,  from which an 
i nfection peg usua l l y  develops.  

autoecious: a fungus havi ng the abi l i ty 
to complete its l i fe cycle on one 
host .  ct .  heteroecious. 

basidiospore (sporidium): monokaryotic 
spore produced on a basid i um 
usua l ly as  the resu lt o f  meiosis. 

basidium (pl. basidia): organ which 
usua l ly bears 4 basid iospores; 
meiosis usua l ly occurs in i t .  

ca tenulate: prod uced on a chain .  
cuspidate: with an apex somewhat 

abrupt ly constricted into an e lon­
gated , sharp- poi nted t ip .  

dikaryon : havi ng two nuc lei i n  a cel l .  
diploid: having the double (2n) number 

of chromosomes. 

echinulate: havi ng small spines or point­
ed projections as in u red in iospores 
of Cronartium spp. (F ig .  25) .  

endocyclic life cycle: one of the s im­
p lest types of l i fe cyc le composed 
of spermogonia and aecioid te l io­
spores (resembl ing aeciospores but 
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behaving l i ke tel iospores ) ,  as i n  
genera Endophyl/um, Kunkelia and 
Endocronartium. 

epiphyllous: growing on the u pper s ide 
of the leaves. cf. amphigenous, 
hypophyl lous. 

filament: i ntrasoral co lumns of steri le 
ce l ls  i n  aecia of Cronartium. 

form genus: generic names given to the 
imperfect states of rust fungi ,  e .g .  
Peridermium, Caeoma, Aecidium 
and Uredo. 

globose: spherical or a lmost so. 

haploid: having the basic (n) number of 
chromosomes. 

hard pine: pines belonging to the sub­
genus Pinus (Diploxylon) ,  i nc l ud ing  
Pinus banksiana, P .  contorta, P .  pon­
derosa, P. resinosa and P. sylvestris; 
mostly havi ng 2 to 3 need les per 
fascic le .  ct. soft p ine .  

haustorium (pl. haustoria): a special 
extension of hyphae for absorption 
of nutrients with i n  a l iv ing cel l of the 
host, occurring in rust fung i ,  pow­
dery mi ldews and some other 
parasit ic fung i .  

heteroecious: requ i r ing two u nrelated 
p lants to comp lete a l ife cyc le ;  host 
a l ternati ng .  cf. autoecious.  

hypha: a tubu lar  f i lament of the fungi .  
hyperplasia: excessive ce l l  d ivisions of 

t issues. 
hypertrophy: excessive enlargement of 

cel ls or  t issues. 
hypophyllous: growing on  the under s ide 

of leaves. cf .  epiphyl lous, 
amphigenous.  

intercalary cell: ster i le ce l l  occurri ng 
between the spores, as i n  aecia of 
p ine stem rusts. 
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meiosis: "reduction d ivision",  when a 
d iploid (2n) cel l  undergoes two 
successive divisions to produce four 
haploid cel ls .  In  rust fungi meiosis 
occurs i n  basidia .  

mitosis: "somatic division" ,  when a 
diploid or haploid cel l  u ndergoes 
a d ivision to produce two daughter 
cel ls .  

monokaryon: having one nucleus per 
cel l .  

mycelium (pl. mycelia): a mass of 
hyphae. 

nuclear fusion: union of two haploid 
nuclei to produce a d iploid nucleus; 
i n  rust fungi it occurs i n  te l iospores 
before basidi um formation.  

obtuse: blunt ,  rounded. 

pedicellate: having a ped icel or sta lk .  
peridium (pl. peridia): the outer wal l  of  

the fructificat ion.  
peridermioid: having the appearance of 

a Peridermium, as i n  the perider­
mioid telia of Endocronartium. 

petioticolous: growing on pet io les.  
pycniospore � spermatium 

pycnium (pl. pycnia) � spermogonium 
pyriform: pear-shaped. 

rust (rust fungus): a fungus which be­
longs to the Ured inales (Basidio­
mycetes) , the Uredi nales i nclude 
about 1 20 genera and 5,000 species; 
some economica l ly  i mportant spe­
cies are Puccinia graminis (wheat 
stem rust) , Hemileia vastatrix (coffee 
rust) and Cronartium spp. (pine 
stem rusts) .  

soft pine: pines belonging to the sub­
genus Strobus (Haploxylon), includ­
i ng Pinus albicaulis, P.  f1exilis, 
P. montico/a and P. strobus; "five 
need le pines". ct. hard pine. 

Glossary 

sorus: fruit ing structure of fungi  con­
tain ing spores. 

spermogonium (pl. spermogonia) 
(pycnium): a sma l l  fru it ing structure 
conta in ing spermat ia .  

spermatium (pl. spermatia) 

(pycniospore): spore- l ike male 
gametes which a re non-mot i le  and 
un i -nucleate, produced in  spermo­
gonia (Fig. 1 5) .  

sporidium (pl. sporidia) � 

basidiospores. 
stalactiform: a stalactite- or ic ic le- l i ke 

pendent structure; Cronartium 

coleosporioides is cal led "stalacti­
form b l ister rust" because the 
f i laments in the aecia of this species 
hang down from the upper wal l  of 
periderm. 

subglobose: not quite spherical .  

teleutosorus (pl. teleutosori) � tetium 

teleutospore � teliospore 

teliospore (teleutospore): basidia-
prod ucing spore of a rust fungus. 

tetium (pl. telia) (teleutosorus): 
sorus-conta in ing tel iospores. 

urediniospore (urediospore, uredo­
spore): repeating b inuc leate vege­
tative spores produced usual ly on 
dikaryotic myce l i um .  

uredinium (pl. uredinia) (uredium, 
uredosorus): sorus-conta in ing 
ured in iospores. 

urediospore � urediniospore. 

uredium (pl. uredia) � uredinium. 

uredosorus (pl. uredosori) � uredinium 
uredospore � urediniospore 

verrucose: having small rounded pro­
cesses or "warts" ,  as on aecio­
spores of pine stem rusts. 





Cronartium 
ribicola - Pinus spp. 
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Collections of Cronartium ribicola on Pinus 
aJbicaulis, P. cembra, P. flexilis, P. Jamber­
tiana, P. monticola and P. strobus in Canada. 

• Pinus albicaulis 
• Pinus cembra 
• Pinus flexilis 
• Pinus lambertiana 
• Pinus monticola 
• Pinus strobus 



Cronartium 
ribicola - Ribes spp. 



2 Collections of Cronarfium ribicoia on Ribes 
spp. in Canada. 

• Ribes spp. 



Cronartium 
co/eosporioides -
Pinus spp. 
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3 Collections of Cronartium coleosporioides 
on Pinus banksiana, P. contorta, P. echinata, 
P. ponderosa and P. sylvestris in Canada. 

• Pinus banksiana 
• Pinus contorta 
• Pinus echinata 
• Pinus ponderosa 
• Pinus sylvestris 



Cronartium 
co/eosporioides -
Castilleja, etc., spp. 
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4 Col lections of Cronartium coleosporioides 
on Castilleja spp .• Melampyrum lineare, 
Orthocarpus luteus, Pedicularis bracteosa 
and Rhinanthus crista-galli in  Canada . 

• Castilleja spp. • Melampyrum lineare • Orthocarpus luteus • Pedicularis bracteosa • Rhinanthus crista-galli 



Cronartium 
comandrae - Pinus spp. 



5 Col lections of Cronartium comandrae on 
Pinus banksiana, P. contorta, P. mugo, P. 
ponderosa and P. sylvestris i n  Canada. 

• Pinus banksiana 
• Pinus contorta 
• Pinus mugo 
• Pinus ponderosa 
• Pinus sylvestris 



Cronartium 
comandrae ­
Comandral 
Geocaulon spp. 



6 Collections of Cronartium comandrae on 
Comandra umbel/ata and Geocaulon 
lividum in Canada. 

• Comandra umbel/ata 
• Geocaulon lividum 



Cronartium 
comptoniae - Pinus spp. 



7 Collections of Cronartium comptoniae on 
Pinus banksiana, P. contorta, P. ponderosa, 
P. sylvestris and other Pinus spp. (P. echi­
nata, P. mugo, P. muricata, P. nigra, P. 
radiata and P. resinosa) in Canada. 

- Pinus banksiana 
- Pinus contorta 
_ Pinus ponderosa 
- Pinus sylvestris 

_

I
Pinus echinata 
Pinus mugo 
Pinus muricata 
Pinus nigra 
Pinus radiata 
Pinus resinosa 



Cronartium 
comptoniae -
ComptonialMyrica spp. 



8 Collections of Cronartium comptoniae on 
Comptonia peregrina and Myrica gale i n  
Canada. 

• Comptonia peregrina 
• Myrica gale 



Cronartium 
quercuum ­
Pinus! Quercus spp. 



9 Collections of Cronartium quercuum on 
Pinus spp. and Quercus spp. in Canada. 

• Pinus spp. 
• Quercus spp. 



Endocronartium 
harknessii -
Pinus spp. 



1 0  Col lections o f  Endocronartium harkness;; 
on Pinus banksiana, P. contorta, P. pon­
derosa, P. sylvestris and other Pinus spp. 
(P. mugo, P. muricata, P. nigra, P. pinaster 
and P. radiata) in Canada. 

• Pinus banksiana 
• Pinus contorta 
• Pinus ponderosa 
• Pinus sylvestris 

. /Pinus mugo 
Pinus muricata 
Pinus nigra 
Pinus pinaster 
Pinus radiata 
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