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ABSTRACT

Newcombe, G., and Chastagner, G. A. 1993. First report of the Eurasian poplar leaf rust
fungus, Melampsora larici-populina, in North America. Plant Dis. 77:532-535.

Melampsora larici-populina, native to Eurasia, was found in October 1991 in hybrid poplar
(Populus trichocarpa X P. deltoides) plantations along the Columbia River near Woodland,
Washington, and Scappoose, Oregon. Clavate to broadly ellipsoid urediniospores measured
30-49 X 13-16 um and were echinulate except for an apical smooth patch. Telia were exclusively
epiphyllous. Detached leaf inoculations were used to investigate the telial (poplar) host range
of three different monouredinial isolates in the laboratory. Clones known to be susceptible
in Europe and Australia to M. larici-populina (i.e., P. nigra var. italica and P. X euramericana
cv. 1-488) were susceptible in these tests, as were 20 clones of P. trichocarpa, the native black
cottonwood of the Pacific Northwest. In general, the pattern of susceptibility among 50 clones
representing many poplar taxa, including interspecific hybrid classes, was in accord with what
is known of the host range of M. larici-populina in Europe and Australia. Pathogenic variation

among the three isolates was not observed.

Of the many Melampsora species that
cause leaf rust of poplars, M. medusae
Thuem. and M. larici-populina Kleb. are
the two most destructive, because each
has a wide host range that includes many
species and interspecific hybrids. M.
medusae is native to North America but
has been introduced throughout most of
the world where poplars are grown (20).
M. larici-populina, native to Eurasia and
introduced into Australia (20), was
reported by Gdumann (5) to occur in
North America; this has never been con-
firmed (2-4,9,11,14,15).

Although M. occidentalis H. Jacks. is
endemic to the Pacific Northwest, it is
usually found only on the native black
cottonwood (Populus trichocarpa Torr.
& Gray). Relatively few hybrids of P.
trichocarpa X P. deltoides J. Bartram
ex Marsh. (planted in the Pacific North-
west for intensive, short-rotation culture)
are attacked by M. occidentalis. M.
medusae, although native to North
America, was not found in hybrid poplar
plantations west of the Cascade Moun-
tains until 1991 (10.) .

An epidemic of leaf rust occurred i
previously rust-free hybrid poplar
plantations along the Columbia River
west of the Cascades in the fall of 1991.
The extent of the epidemic was mapped
and the leaf rust fungi responsible were
identified at different locations and on
different clones. Only M. medusae was
found (10) until late in October, when
a Melampsora species was found that
differed from the five species reported
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on Populus in North America (6). The
objective of this study was to identify
this Melampsora species.

MATERIALS AND METHODS
Morphology and surface ornamenta-
tion of urediniospores. Leaves of hybrid
poplar (i.e., P. trichocarpa X P.
deltoides) clone 49-177 bearing uredinia
were collected on 28 October 1991, near
Woodland, Washington, and Scappoose,
Oregon. (Clone number refers to the
University of Washington/ Washington
State University Poplar Program 1991
Clone Register, which has further in-
formation on the geographic origins of
parents.) These two locations are on
opposite sides of the Columbia River.
For comparative purposes, uredinio-
spores of M. occidentalis on P. tricho-
carpa near Puyallup, Washington, were
also collected. The urediniospores were
observed with both scanning electron
microscopy (SEM) and light microscopy
(LM) (12), as previously described (10).
Measurements of spores, paraphyses,
and sori. Urediniospores and paraphyses
were mounted in water on a glass slide
and measured with an ocular micrometer
at a magnification of 400X. Twenty
urediniospores from each of 10 different
leaves from each site (for a total of 400
urediniospores) were measured. The
apical thickness of 50 paraphyses from
the 20 leaves was measured. Telia were
collected on 7 January 1992 at Woodland
and sectioned freehand with a razor
blade. A total of 16 different telia on
eight leaves (two telia per leaf) were
sectioned and mounted in water on glass
slides so that 10 teliospores per telium
could be measured. The diameters of
single, isolated uredinia and telia (at least
100 of each) on leaves were measured

with an ocular micrometer on a dis-
secting microscope.

Independent confirmation of identifi-
cation. Field-collected uredinial and
telial samples and inoculated leaf pieces
bearing uredinia were submitted to M.
Palm of the U.S. Department of Agri-
culture (Beltsville, MD) and Y.
Hiratsuka of Forestry Canada (Edmon-
ton, Alta.) for identification.

Plant propagation and care, detached
leaf inoculations and incubations, and
rating of disease phenotypes. Known
clones of species and hybrids of poplar
were rooted as cuttings in soil with
periodic misting and grown in a green-
house with supplemental lighting at 21
C and a 14-hr photoperiod. Young leaves
(the fourth from the shoot apex) were
surface-disinfested in a solution of 1%
NaOCl for 1 min, rinsed in distilled water
for 5 min, cut to fit into 9-cm petri dishes,
and rinsed in distilled water. Leaves were
then placed abaxial side up in 9-cm petri
dishes on filter paper saturated with a
100 pg/ml solution of gibberellic acid.
Urediniospores from previously inocu-
lated leaves were collected and suspended
in distilled water in a test tube. The sus-
pension was vortexed for 30 sec and
diluted to approximately 5 X 10* spores
per milliliter. The germinability of spores
in the suspension was checked on dishes
of 1.5% water agar amended with 100
ug/ml each of streptomycin and
chloramphenicol, and the dishes were
incubated for 24 hr in the dark at 15
C and scored as described previously
(10). Spore suspension was then brushed
onto the leaves with an alcohol-sterilized
artist’s brush. Inoculated leaves of cv. I-
488 were included in each experiment as
a susceptible check. Leaves used as con-
trols were brushed with distilled water
only. In each experiment (conducted on
three separate occasions), five detached
leaves of each of 10 clones were inocu-
lated. Petri dishes containing inoculated
and control leaves were placed in the
dark at 15 C for 24 hr, then placed in
continuous light (approximately 100
wE-m™s7) at 20 C.

After 16 days, clones were rated quali-
tatively as resistant if no sporulating
uredinia were present on any of the in-
oculated leaves and susceptible if sporu-
lating uredinia were consistently present.

Selection of monouredinial isolates for
inoculation purposes. Rusted leaves of
hybrid poplar clone 49-177 were col-
lected in Woodland and Scappoose. The



urediniospores were used to inoculate
surface-sterilized leaf disks of green-
house-grown 49-177. When uredinia
formed on disks, isolated uredinia (two
from Scappoose and one from Wood-
land) were selected and increased on 49-
177. Thus, three monouredinial isolates,
138-91-S and 144-91-S from Scappoose
and 143-91-W from Woodland, were
available for use in further experiments
to determine the host range.

Determination of host range in Populus.
Even though the Populus host range of
M. larici-populina has never been com-
prehensively studied, P. nigra L. var.
italica Miinchh. (an Italian selection
from a European species) and P. X
euramericana (Dode) Guinier cv. 1-488
are specifically known to be susceptible
(6). Clones of P. trichocarpa (native to
the Pacific Northwest) tend to be sus-
ceptible when planted in regions where
M. larici-populina is endemic (7,17,18).
P. alba L. (native to Eurasia), belonging
to subsection Albidae Dode of the sec-
tion Leuce Duby, is known to be resistant
(6). P. deltoides (native to eastern and
central North America), P. maxi-
mowiczii A. Henry (native to Japan and
northeastern Asia), and hybrids of P.
trichocarpa X P. deltoides and of P.
trichocarpa X P. maximowiczii are
variable for resistance to M. larici-
populina (1,6,7,17).

To determine whether host range con-
formed to expectations for M. larici-
populina, and to test for variability
among the three monouredinial isolates,
the following were grown, inoculated,
and rated: two known susceptible clones,
P. n. italica and P. X euramericana cv.
1-488; one clone of the resistant P. alba,
20 clones of ‘P. trichocarpa; three clones
of P. deltoides; 16 hybrid clones of P.
trichocarpa X deltoides; three clones of
P. maximowiczii; and five clones of P.
trichocarpa X P. maximowiczil.

RESULTS AND DISCUSSION
Morphology and measurements of
urediniospores, paraphyses, and sori.
Urediniospores from both Scappoose,
Oregon, and Woodland, Washington,
tended to be clavate to broadly ellipsoid.
Some were oval to ovate and a few were
obovate. Apices were rounded and bases
were often truncate. Spore contents were
yellow and walls were hyaline. When
examined with the SEM, the wall surface
of the urediniospore was echinulate
except for a smooth patch 5-9 um wide
on, or slightly to one side of, the apex
(Fig. 1A). The spines were largest toward
the base and progressively smaller
toward the smooth patch. The echinula-
tion and apical smooth patch were also
visible in the LM. In contrast, the larger
urediniospores of M. occidentalis were
evenly echinulate (Fig. 1B).
Urediniospores measured 30-49 X
13-16 um, whereas the apical wall
thickness of uredinial, mostly capitate

paraphyses varied from 5 to 11 um.
Uredinia on host clone 49-177 from
Woodland and Scappoose were hypo-
phyllous and varied from 300 to 400 um
in diameter.

Isolated telia were epiphyllous, and
70% (73/104) were from 200 to 300 um
in diameter. Composite, or confluent,
sori (i.e., a number of telia fused
together) were fairly common. Telio-
spores measured 32-47 X 5-10 pm.

On the basis of morphological and
morphometric grounds, the poplar leaf
rust fungus found near Woodland and
Scappoose matched the literature
description of M. larici-populina (21,22).

X3,300

Both M. Palm and Y. Hiratsuka (per-
sonal communications) confirmed the
identification of M. larici-populina on
the same basis. In addition, the uredinial
and telial specimens from Woodland
matched specimens in the Arthur
Herbarium of M. larici-populina from
South America, Europe, Australia,
South Africa, and Japan (Y. Hiratsuka,
personal communication). A specimen of
M. larici-populina on clone 49-177 (P.
trichocarpa X P. deltoides) is held by
the Mycological Herbarium of Washing-
ton State University as WSP No. 69582.

None of the five Melampsora species
previously reported in North America (4)
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Fig. 1. (A) SEM of a urediniospore of Melampsora larici-populina from hybrid poplar clone
49-177 near Woodland, Washington, showing the clavate shape, with the spines largest toward
the base and progressively smaller toward the apical smooth patch. (B) SEM of a urediniospore
of M. occidentalis from Populus trichocarpa near Puyallup, Washington, showing the uniform
echinulation and greater spore width.
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possesses echinulate urediniospores with
apical smooth spots and epiphyllous
telia. The only Melampsora species other
than M. larici-populina that attack
poplars and have echinulate uredinio-
spores with smooth apices are M. allii-
populina Kleb. and M. multa Shang, Pei
& Yuan. M. allii-populina is sympatric
with M. larici-populina in Europe and

Table 1. Host range of three monouredinal
isolates of Melampsora larici-populina from
western Washington and Oregon

Disease
Host clone (species range) rating®
Populus nigra var. italica (Europe) S

P. trichocarpa (Pacific Northwest)
8-1038
93-968
ORT 81-3
147-947
147991
147-1012
147-955
95-875
236-1590
236-1821
236-1825
236-1826
235-1810
235-1850
245-1852
245-1849
250-2179
250-2176
250-2174
258-1872
P. X euramericana cv. 1-488
P. alba (Eurasia)
P. deltoides (eastern and central
North America)
IL-005 (73-005-02)
IL-129 (59-129-17)
TX S7CI1
P. trichocarpa X P. deltoides
11-5
11-11
47-174
55-264
52-237
180-706
49-177
24-305
15-30
22-87
44-146
44-132
50-197
17-50
DTAC-7
23-91
P. maximowiczii (Japan)
290-124
290-4
290-6
P. trichocarpa X P. maximowiczii
284-22
263-11
282-183
269-63
278-299 S

*S = susceptible interaction (uredinia formed
and sporulated on five replicate leaves or leaf
pieces in each of three separate experiments);
R = resistant interaction (uredinia never
formed).
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Asia (19), whereas M. multa is present
in the province of Liaoning in northeast-
ern China (13). The former possesses
uredinial paraphyses without apical wall
thickening, urediniospores without
bilateral wall thickening, and hypo-
phyllous telia (19), whereas the latter has
uredinial paraphyses with a very thick
wall at the apex (8-16 um vs. 5-10 um
for M. larici-populina) and large telia
(300-800 um in diameter) that are single-
layered when epiphyllous and single-, bi-,
or tri-layered when hypophyllous (13).

Host range. Our results (Table 1) were
as expected for all three isolates of M.
larici-populina. The two known suscep-
tible clones, P. n. italica (an Italian selec-
tion of a European species) and P. X
euramericana cv. 1-488, were susceptible,
whereas the clone of P. alba (native to
Eurasia) expected to be resistant was, in
fact, resistant. The finding that all 20
clones of P. trichocarpa (native to the
Pacific Northwest) were susceptible
confirms previous field observations of
P. trichocarpa planted in Europe, where
M. larici-populina is endemic (7,17).
Expected variability in reaction to M.
larici-populina was observed among P.
trichocarpa X P. deltoides hybrid clones,
P. maximowiczii (native to Japan and
northeastern Asia) clones, and P.
trichocarpa X P. maximowiczii clones
(1,6,7,17). The fact that the three clones
of P. deltoides (native to eastern and
central North America) were resistant is
also in keeping with expectations of a
high proportion of resistant individuals
in the eastern cottonwood (7,17). These
results further confirm the identification
of M. larici-populina.

The three isolates did not differ in host
range (i.e., there was no pathogenic
variation). It is possible they could have
been distinguished if a greater number
of host clones had been tested, although
the set of 50 clones should have been
adequate. It is also possible that our three
field isolates represent inadequate sam-
pling of the variation occurring at Wood-
land and Scappoose. Furthermore,
because M. larici-populina was dis-
covered late in the season just before leaf
fall, there was no time to map its distribu-
tion. M. larici-populina could have been
present at other sites and on clones other
than the one (i.e., 49-177) from which
our three isolates were collected. Sam-
pling from other sites, and particularly
from other clones, might have yielded
pathogenic variants, In New Zealand,
pathogenic variation was observed in
1979, 6 yr after the introduction of M.
larici-populina (8).

If M. larici-populina becomes
established in the Pacific Northwest, it
is likely that its distribution would
ultimately match that of the uniformly
susceptible and relatively abundant
native black cottonwood, P. trichocarpa.
Thus, scattered plantings of hybrid and
ornamental poplars, such as the suscep-

tible Lombardy poplar, would not escape
infection from M. larici-populina.

The probability of establishment of M.
larici-populina in North America will
depend on its ability to overwinter there.
It might overwinter in the uredinial state,
as has been reported elsewhere (22), on
persisting green leaves, on fallen leaves,
as urediniospores lodged under bud
scales, or as mycelium in buds. Larix
decidua Mill. (European larch), L. lepto-
lepis (Siebold & Zucc.) Gordon (Japa-
nese larch), and Pinus radiata D. Don
(Monterey pine) have been reported as
aecial hosts (1,16,19) in Europe, Japan,
and Australia, respectively. Damage to
the aecial host is probably negligible to
light. However, the full aecial host range
of M. larici-populina has never been
systematically investigated.
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