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Background

White pine blis ter rust, caused by the fun gus
Cronartium ribicola, is a dis ease of 5-nee dle pines (white
pines) and its alter nate host Ribes (cur rants and goose -
ber ries).  The fun gus is an inva sive, exotic patho gen
native to Eur asia.  Exotic for est pests like C. ribicola
can have pro found effects on for est eco sys tems and
con tinue to have sig nif i cant eco nomic effects long
after their arrival.

The rust was intro duced into Van cou ver, Brit ish
Colum bia in 1910 on a ship ment of east ern white pine
(Pinus strobus) nurs ery stock grown in and shipped
from France. The native Ribes became infected, lead ing 
to per ma nent estab lish ment of the dis ease. By 1929,
the patho gen had spread 250 miles south ward to the
Cal i for nia bor der where it was infect ing sugar pine at
one loca tion on the Six Rivers National For est and at
one loca tion along the east fork of Indian Creek on
the Klamath National For est.  In the next 15 years, the 
rust spread another 250 miles south through the Sierra 
Nevada to Dodge Ridge on the Stanislaus National
For est.  The known south ern limit remained at Dodge
Ridge until 1968, when the loca tion of the rust was
extended 150 miles south to the Moun tain Home
Dem on stra tion State For est area in Tulare County. 
The newly found infec tion cen ters there had orig i nated 
in 1961 and inten si fied in 1964 and 1967.  Addi tional
sur veys in 1970 found three small cen ters in the Tyler
Meadow area of the Green horn Moun tains, Sequoia
National For est, and inten si fi ca tion of the rust in
Moun tain Home Dem on stra tion State For est and
areas of the Sequoia-Kings Can yon National Park, and 
the first infection center on the Sierra National Forest.

The known south ern extent of white pine blis ter rust
in Cal i for nia had been at the south ern end of the
Sierra Nevada at the head of the Bear Creek drain age,
just north of Evans Flat, on the Green horn Ranger
Dis trict, Sequoia National For est for a num ber of
years.  Sugar pine in the Breckenridge Moun tain area,
at the south ern tip of the Sierra Nevada, were reported 
infected in 2002 (Fig. 1).

Blis ter rust is now prev a lent through out many of the
sugar pine and high ele va tion white pine stands of
north ern Cal i for nia, but has not yet been reported in
the Tehachapi Moun tains or south.

The patho gen has not yet sta bi lized geo graph i cally,
and con tin ues to spread and inten sify in Cal i for nia and 
else where.

Disease Cycle

Cronartium ribicola is an obli gate par a site (a par a site that
needs a liv ing host to sur vive) that attacks all native
North Amer i can white pines.  In Cal i for nia, sugar pine 
(Pinus lambertiana), west ern white pine (P. monticola),
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Fig ure 1.  Spread of white pine blis ter rust in
Cal i for nia. The shaded area de picts the range of
sugar pine.



whitebark pine (P. albicaulis), lim ber pine (P. flexilis),
bristlecone pine (P. longaeva), fox tail pine (P.
balfouriana), and all spe cies of Ribes are poten tial hosts.  
The fun gus needs two hosts to sur vive, spend ing part
of its life on 5-nee dled pines and the other on Ribes.

The dis ease cycle, which takes 3 or more years to com -
plete, is pre sented in Fig ure 2.

The rust has five spore stages, three of which are
impor tant to its spread.  Thick-walled spores (aecio -
spores) pro duced by the fun gus in the spring on pine
bole or branch can kers are wind-dis sem i nated to Ribes
where they infect the leaves.  Spores (urediospores)
pro duced in orange pus tules on the under side of the
leaves re-infect Ribes through out the sum mer, result ing 
in an inten si fi ca tion of the rust.  In the late sum mer
and early fall, telial col umns con sist ing of telio spores
are formed on Ribes leaves.  The telio spores ger mi nate
in place to pro duce thin-walled, del i cate basidiospores, 
which are wind-dis sem i nated to pines and infect cur -
rent year nee dles through stomata.  Fol low ing pine
infec tion, the fun gus grows from the nee dle into the
cambial tis sue of the branch and forms a can ker.  After 
2 to 3 years, pycnia appear as small blis ters on the
bark.  The pycnia dis charge small drop lets of
honey-col ored liq uid con tain ing pycniospores.  Aecia
con tain ing aecio spores are then pro duced on the can -
kers and are spread to Ribes to continue the cycle.

Although blis ter rust may spread hun dreds of miles
from pines to Ribes, its spread from Ribes back to pines 
is usu ally lim ited to a few hun dred feet due to the fra -
gil ity of the basidiospore. Blis ter rust is peren nial on

white pines and annual on the decid u ous foliage of
Ribes.

Envi ron men tal con di tions are crit i cal for suc cess ful
infec tion and limit dis ease estab lish ment in most years.  
How ever, the peren nial nature of the fun gus on white
pines affords infec tion of Ribes every year. Abun dant
mois ture and cool tem per a tures favor infec tion of
both hosts, and must coin cide with spore dis persal for
infec tion to occur.  At least 48 hours of 100% humid -
ity and a tem per a ture near 20oC (68oF) are needed for
infec tion of pines.  In Cal i for nia, the sites where these
con di tions fre quently occur are usu ally in cool moist
areas such as stream bot toms or around mead ows. 
When these peri ods of favor able envi ron men tal con di -
tions occur, high inci dence of infec tion can result
(wave years).  On the aver age, wave years have
occurred in north ern and cen tral Cal i for nia at approx i -
mately ten-year inter vals.  In areas less favor able for
rust, the fre quency of wave years decreases.

Symptoms and Signs

Infec tion of pines may result in branch mor tal ity, top
kill, and tree mor tal ity. Can kers develop on branches.
Active branch can kers enlarge annu ally as the fun gus
invades addi tional tis sues and moves toward the bole. 
Infec tions gir dle and kill the branches, result ing in
bright red “flags” in the crown (Figs. 3, 4). These are
the vis i ble symp toms of white pine blis ter rust infec -
tion. Branch can kers within 61 cm (24 inches) of the
bole will even tu ally reach the bole and form cankers.

Figures 3 and 4.  Branch flagging.

The signs of infec tion on white pines and Ribes leaves
are dis tinc tive.

A honey-col ored ooze con sist ing of pycnia (Fig. 5),
then pus tules of pow dery orange spores (aecia),
develop on the can kers in the spring (Fig. 6).

Fig ure 2. Disease cycle.



Trunk can kers are often dia mond-shaped, with dead
rough ened bark and green ish-yel low to orange mar gins 
(Fig. 7).

As the dis ease
devel ops, can kers
will have dead cen -
ters sur rounded by a 
series of zones con -
tain ing pus tules of
aecia, drops of
pycnia, and a yel -
low ish zone of
discol or ation.  Bole
can kers that gir dle
the stem kill the tree 
above the can ker.

On Ribes, uredia
appear in the spring
as slightly raised yel -
low spots on the

lower side of the leaves, pet i oles, and young stems
(Fig. 8). Dur ing late sum mer and early fall,
golden-brown, hair like, telial col umns up to 2 cm (0.8
inches) long appear on the under side of the leaf (Fig.
9). These col umns bear micro scopic spores
(basidiospores) that infect white pine nee dles in the
late fall and early win ter—an ideal time for infec tion of 
white pines.

Impact

Eco nomic impact has been con sid er able on sugar pine 
and west ern white pine.  Both spe cies are major tim ber 
spe cies and key com po nents of mixed coni fer for ests. 
Infec tion of seed lings and sap lings results in direct
mor tal ity.  Infec tion of larger trees may result in addi -
tional stress, result ing in bark bee tle attack and sub se -
quent mor tal ity. Eco log i cal dam age has been severe on 
high ele va tion spe cies, includ ing whitebark and limber
pines.

Management Considerations

Var i ous strat e gies are avail able to the resource man -
ager to reduce or mit i gate cur rent and poten tial
impacts of white pine blis ter rust on the white pine
resource.  The pres ence of the dis ease, or poten tial for
the dis ease, does not pre clude the man age ment of
5-nee dle pines to meet rec re ational, esthe tic, wood
pro duc tion, or other objectives.

Ribes Eradication

Early blis ter rust con trol efforts involved exten sive,
and costly, erad i ca tion of Ribes. Dense pop u la tions of
Ribes increase the prob a bil ity of hav ing a high pro duc -
tion of basidiospores and infec tion of local pine pop u -
la tions. Removal of nearby Ribes may reduce the
inci dence of dis ease on pine trees, but is not usu ally
fea si ble or effec tive over large areas. Reduc ing Ribes to
a few bushes per acre may be effec tive in lim it ing rust
infec tion.  The unsuc cess ful efforts were dis con tin ued
in the 1960s.  The empha sis shifted from direct con -
trol to genetic screen ing of plant ing stock for rust
resis tance.

Rust Hazard Zones

Although a haz ard-rat ing sys tem devel oped in the
Intermountain area for west ern white pine may be use -
ful there, no sys tem exists in Cal i for nia for reli ably
esti mat ing the prob a bil ity and sever ity of blis ter rust
infec tion.  In the 1970s, the rust in the south ern Sierra
Nevada moved rap idly into and inten si fied in upland
sites.  The rust there occurs much higher in trees than
observed in the north ern and central Sierra Nevada.

Pruning

The major ity of infec tions occur on pines within a few 
feet of the ground, pre sum ably because of less air
move ment and higher rel a tive humid ity that facil i tates
spore ger mi na tion and infec tion.  Prun ing of lower
limbs of east ern white pine and west ern white pine has 
been used as a treat ment for reduc ing white pine blis -
ter rust infec tions. How ever, this prac tice is not used
in Cal i for nia. Infec tions often occur high in the
crowns, espe cially in the south ern Sierra Nevada. 
Prun ing has not been suc cess ful at Moun tain Home or 

Figure 7. Trunk canker.

Figure 8. Uredia.            Figure 9. Telia.    

Figure 5. Pycnia. Figure 6. Aecia.
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at LaTour Dem on stra tion State For ests.  Crop trees
pruned to 18 feet in nat u ral stands in the south ern
Sierra Nevada had slightly more rust infec tion than
untreated trees following wave year infections.

Removal of branch can kers before they develop into
bole can kers can increase the prob a bil ity of tree sur -
vival.  Sur veys of mixed coni fer stands in the north ern
Sierra Nevada indi cated that prun ing is bio log i cally
fea si ble for increas ing tree sur vival where rust lev els
are not exces sive.  Prun ing to a height of 18 feet (5.5
meters), remov ing no more than one-half of the tree’s
crown, was rec om mended.  Prun ing trees with can kers 
within 4 inches (10.2 cm) of the bole is unlikely to
ben e fit the tree and is not rec om mended.

Disease Resistance (Genetic Control)

The selec tion and improve ment of rust-resis tant pines
is the pri mary means of man ag ing the dis ease. 
Because this fun gus is an inva sive spe cies, native trees
have not evolved with it and few white pines are resis -
tant to infec tion.  There is also evi dence that dif fer ent
strains of Cronartium exist, some with the abil ity to
over come nat u ral pine resis tance.  Major gene resis -
tance (MGR), inher ited by a sin gle dom i nant gene,
trig gers a hyper sen si tive reac tion when leaf tis sues are
invaded by the patho gen.  MGR to C. ribicola attack
has been found in a small per cent age of sugar pine,
west ern white pine, and south west ern white pine. 
Rust capa ble of neu tral iz ing this gene exists in some
blis ter rust pop u la tions at low but vary ing fre quen cies.  
Two races that spe cif i cally neu tral ize MGR in sugar
pine and west ern white pine have been con firmed. 
Both races appear to have lim ited dis tri bu tions. MGR
is prob a bly not a use ful form of long-term resis tance
in the pres ence of a sex u ally repro duc ing patho gen, as
C. ribicola is.

In addi tion to MGR, two other types of resis tance
exist; slow rust ing, and ontogenetic.  Slow rust ing
resis tance (SRR) is expressed by lower infec tion fre -
quency and patho gen rate of growth, and by bark reac -
tions that abort infec tions after they estab lish in stem
tis sues. Slow rust ing may be use ful if suf fi cient genetic
diver sity can be found within paren tal lines con tain ing
that form of resis tance.  Ontogenetic resis tance (OGR) 
is geno type spe cific and con fers resis tance to some
adult trees that were not exposed to the dis ease when
they were young. Ontogenetic resis tance may be use ful 
if trees can be kept free or rel a tively free of the dis ease 
until the resis tance kicks in; that may be 20 years or
more.

A strat egy and pro gram for the devel op ment of
rust-resis tant sugar pine has been devel oped in Cal i for -
nia. The objec tive of the pro gram is to iden tify forms
of resis tance that will have long-term effec tive ness and 
can be incor po rated in a suf fi cient num ber of indi vid u -
als to pre serve sugar pine’s genetic diver sity.  The

pro gram is expand ing to include pine spe cies in addi -
tion to sugar pine.  The chal lenge for breed ers,
con ser va tion ists, and sil vi cul tur ists is how to deploy
genes for resis tance through out the nat u ral ranges of
affected white pine spe cies. The pro gram crit i cally
depends on the avail abil ity and iden ti fi ca tion of resis -
tant trees in all the var i ous seed zones of 5-needle
pines in California regions.

References (Additional Reading)

Kinloch, B.B., Jr.; Dulitz, David.  1990. White pine
blis ter rust at Moun tain Home Dem on stra tion State 
For est: A case study of the epi demic and pros pects
for genetic con trol.  USDA For est Ser vice, Pacific
South west Research Sta tion, Research paper
PSW-204.  7 p.

Kinloch, B.B; Marosy, M.; Huddleston M.E. (eds.). 
1996.  Sugar pine: Sta tus, val ues, and roles in
eco sys tems. Pro ceed ings of a sym po sium pre sented 
by the Cal i for nia Sugar Pine Man age ment
Com mit tee. Uni ver sity of Cal i for nia, Divi sion of
Agri cul ture and Nat u ral Resources, Davis,
Cal i for nia.  Publication 3362.  225 p.

Jesse Rios: Editor
CDF Forest Pest Management (916) 653-9476


