Gregory M. Filip,' Catherine A. Parks, and G. Lynn Starr
LUSDA Forest Service, Pacific Northwest Research Station, Forestry and Range Sciences Laberatory,

La Grande, Oregon 97850

Incidence of Wound-Associated Infection by Cytospora sp. in
Mountain Alder, Red-Osier Dogwood, and Black Hawthorn

in Oregon

Abstract

Wildlife biologists are concerned thal martality of mountain alder (Almes incana), a dominant riparian species in Oregon and Washington,
would alter wildlife habilat. We chose to determine the cause of the martality in alder and also examine the shsence of dieback
of associated species of red-osier dogwood {Cornus stelonifera) and black hawthorn (Crataegus douglasiil, One hundred and fifly
living stems each of alder, dogwoed, und hawthorn were subjected to pathogenicily lests with the fungus Cytespora sp.., the suspected
pathogen. Trees of each species were wounded 1o the phloem or the xvlem or left unwounded and then inoculated with Cytospore
sp. Afler lwo growing scasons, incidence of infection was significantly higher in alder than in dogwaod or hawthorn. Significantly
more infeetion oceurred in wounded alder stems than in unwounded stems. Cambial electrical resistance for akder was significantly
higher (1) for inoculated than for uninoculated wounds and (2) for xylem wounds than for either phloem wounds or unwounded
slems. We conclude that Crtespora sp. is associated with stem cankering and mortality of mountain alder in northeaslern Oregon.
This is the first report of mountain alder as a host for Cytaspora sp. in Oregon, Because associaled Llree and shrub species are
not affected, alder dieback should nol seriously affect fish or wildlife hahitat.

Introduction

Mountain alder (Alnus incana (..) Moench) is a
dominant plant species along watercourses in Ore-
gon and Washinglon, where it provides shade and
helps to maintain cool water temperatures critical
for anadromous and other valuable fish specics.
Alder also provides cover for wildlife dependent
on riparian zones {Thomas et al. 1979). In recent
vears, much of the alder has been dying, whereas
associated shrub speeics such as hlack hawthorn
(Crataegus douglasii Lindl) and red-osier dogwood
{Cornus stolonifera Michx.) do not seem to be af-
fected. Wildlife biologists are concerned that al-
der mortality will alter wildlife habitat.

Discased trees exhibit multiple branch cankers
and branch mortality. A fungus tentatively identi-
fied as Cytospora sp. was consistently isolated from
canker margins (Filip et al. 1989). Shaw (1973)
reporied only one species of Cytospora on alder in
the Pacific Northwest: C. puleherrima Dearness &
Hansbrough in British Columbia, where the fungus
was found fruiting on fire-damaged stems of A.
tenuifolic Nutt. (=A. ineana) (Dearncss and
Hansbrough 1934). The objective of our study was
to further characlerize the relationship between
fungus and host by tesling two hypotheses: (1) al-
der is highly susceptible 1o infection by Cytospora
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sp., but black hawthorn and red-osier dogwood are
resistanl, and {2) stem wounding is required for
infection.

Methods

The research sitc was a 4-ha area in the Grande
Ronde River drainage, Wallowa-Whitman National
Farest, Oregon. All selected trees were free of
cankers or other injuries. Variability from multi-
ple wounds. wound aspect, and wound height
ahove ground was reduced by making only onc
wound per stem on the north side at 1.4 m above
ground, Stem diameters at 1.4 m ranged from 3
to 5 ¢m. Stems were numbered at the groundline
with a melal tag. All Lreatments were applied in
spring (April 1986), the probable time of maxi-
mum natural spore release and infection.

One hundred and fifty living stems each of al-
der. hawthorn, and dogwood were subjected Lo six
treatments (25 stems/treatment). These treatments,
randomly assigned to each stem, were (1) wounded
{(xylem) and inoculated, (2) wounded (phloem) and
inoculated, (3) unwounded and inoculated, (4)
wounded (xylem} but uninoculated, (5) wounded
{phloem) but uninoculated, and (6) unwounded
and uninoculated. Only 444 of 450 total stems
were actually sampled because six stems could not
be relocated after 1wo growing seasons.

Cultures of Cytospora sp. were obtained from
cankers on infected alders near the study area.




Bark was removed from cankers, and wood chips
{5 x 5 x 15mm) were removed from necrotic wood
and placed onto potato dextrose agar. The genus
Cytospora was identified based on colony morphol-
ogy and color (Spielman 1985). Only one isolate
was used for all inoculations.

Wounds (314 mm?) were made with a 2-cm-
diameter cork borer sterilized cach time with 50
percent ethanol. Stems were surface-sterilized with
ethanel before wounding. Phloem wounds
penetraled only the inner bark; xylem wounds pen-
etrated the cambium inlo the xylem. Bark disks were
remaved and replaced with a 2-cm-diameter agar
plug (mycelium side woward pith} from 30-day-old
cultures on potato dextrose agar. The agar disk was
held in place with a wrap of Parafilm™. Wounded
but uninoculated stems received a sterile agar plug.
Unwounded but inoculated stems were marked in
pen. and agar containing mycelium was placed on
the marked bul uninjured bark and held in place
with a Parafilm™ wrap. Unwounded and uninocu-
lated stems received a sterile agar plug.

In May 1987, cambial electrical resistance
{CER) was measured (nearest K ohm) with a
Shigometer Model OZ-67 (Osmose Wood Preserv-
ing Co.. Buffalo, NY). The needle probes, steri-
lized with 5(} percent ethanol, were pushed inlo
the wood 1 em above and below each treatment
site.

In July 1987, afier two growing seasons, the
condition of the foliage on treated stems was ob-
served for symptoms of advanced infection (chloro-
sis, stunting, death). The stem diameter at 1.4 m
above ground was recorded again. A 1-m section
of stem containing the treatment site was removed,
placed in a plastic bag with the metal tag, returned
Lo the laboratory, refrigerated, dissected, and cul-
tured within 48 hours.

In the laboratory, the current wound area was
caleulated by measuring two diameters (nearest
mm) at the longest and widest points between new
callus tissue or living hark tissue. These diameters
were multiplied together and then multiplied by
0.75 to approximate the area of an ellipse. The
maximum length and width of discolored wood was
measured (nearest mmy} after the hark was asepti-
cally removed. The discolored arca was calculated
the same way as the wound arca.

Isolations were made from each stem. Ten
wood chips (5 x 5 x 15 mm) were removed asepti-
cally with a wood gouge al 2-cm intervals vertically

and horizonlally from each trealment site. Tissue
type {healthy or discolored) was recorded for cach
wood chip. Five chips were sequentially plated onto
potato dextrose agar. Cultures were maintained for
4 weeks at recom temperature. The genus Cytospora
was identified on the basis of coleny morphology
and color (Spielman 1983). No attempts were
made 1o identily other fungal species.

Significant {P = 0.05) differences in isolation
frequency among treatments were tested with chi-
square analysis through the CATMOD program in
the SAS/STAT Package Version 6 (SAS Institute
Inc. 1987). Continuous response variables were
analyzed by using the Advanced Statistics
SPSS/PC+ (Norusis 1986). Discolored arca,
wound area, cambial electrical resistance, and per-
centage of change in stem diameter |(final diam.-
initial diam.}/initial diam.] x 100 were subjected
to a2 x 3 x 3 factorial analysis of variance, Per-
centages were analvzed with arc sine transforma-
tion. When significant differences were found,
means were subjected to Fisher’s least significant
difference test.

Results
Isolation Frequency

Cytospora sp. was consistently isolated from within
discolored wood surrounding the original wound
and from the margins of discolored and clear tis-
sue in alder (Figure 1). A significantly higher iso-
lation frequeney of Cytospora sp. was obtained from
alder than from dogwood or hawthorn (Table 1).
Both inoculated and uninoculated stems of alder
became infected, whereas only inoculated slems
of dogwood and hawthorn became infected — but
at very low frequencies. No infection oceurred in
unwounded alder treatments. There was no signifi-
cant difference in the amount of infection between
inoculated and uninoculated stems: some natural
infection of alder occurred in wounded but
uninoculated treatments. Many of the Parafilm™
wraps around each wound deteriorated by the end
of the first growing season, and most were gone
by the end of the second growing season. Except
for two stems of dogwood, ne unwounded stems
became infected. There was no significant differ-
ence in isolation frequency between xvlem wounds
and phloem wounds.

After two growing seasons, none of the inocu-
lated trees displayed foliage symploms (chlorosis,
stunting, death). Only 5 of 444 sample trees died
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Figure 1. Among artificially wounded and inoculated alder
slems, these aflecled have sunken arcas (left) with
discolored tissue (arrow) beneath the bark {right).

TABLE 1. Frequeney of stem infeclion by Cyvtaspore sp. in 444
artificially inoculated and uninoculated stems ai-
ler two growing seusons.

Number of stems*

Wounded

Species Treatment Unwounded  To phloem  To xylem

Alder Inoculated 0{0)a 16(643h 12(sb
lIninoculated 0{0)a H22h 6(263h
Dogwood  Inoculated 2(7a 2(8) 3(12)a
Uninoculated 0{0)a 010 0{Ma
Hawthorn  Inoculated 0{0)a 1idia 0{0a
Uninoculated 0{0)a 0{0)a 0{Ma

*Numiber in parentheses is percentage of tolal stems with Cytospora
sp. Within a column or row, frequencies followed by the same let-
ler are not signilicantly (P < 0.05) different according Lo chi-square
analysis by the CATMOD procedure.

afler two growing seasons. Two of these were dog-
woods: one wounded and inoculated and the other
unwounded and inoculated. Two were hawthorns:
one wounded and inoculated and the other wounded
and uninoculated. The one dead alder was un-
wounded and moculated. Cytospora sp. could not
be isolated from the treaiment area of any of the
dead trees. In all five cases, the trees apparently
died from causes other than Cytospora sp.
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Wound Size

Aller two growing seasons, phloem wounds were sig-
nificantly larger than xylem wounds for all species
{Table 2). Wounds ineculated with Cytospora sp.
were not statistically different in size than uninocu-
lated wounds. Excepl for dogwood xylem wounds,
all inoculated wounds were larger afler two grow-
ing seasons than they were originally. Xylem wounds
that were uninoeulated were all smaller after 2 vears
than they were origally, but phloem wounds that
were uninoculated were the same size as or larger
than the original wound.

TABLE 2. Wound size after two growing seasons in 294 stems
arlificially wounded and either uninoculated or in-
oculated with Cytospora sp. Wounds were originally

314 mm?.
Wound arca (mm?)*
Wound depth
Species Treatment Phloem Xylem
Alder Lnoeulated 12324 496b
L ninoculated 313a 134b
Dogwood Inaculated 343a 77h
L ninoculated 458a 82h
Hawthorn Inoculated 696a 339h
Uninoculated 440a 95b

*Within a column or row, meuns followed by the same letier
are nol significantly (P < 0.05) different according to Fisher's
least significant difference test.

Wound-Associated Disceloration

As stated above, Cytospora sp. was consistently iso-
lated from discolored tissue surrounding wounded
alder stems. None of the wounds had discoloration
that completcly girdled the stem. There were no
statistically significant differences in amount of dis-
coloration between xylem wounds and phloem
wounds and between inoculated wounds and
uninoculated wounds (Table 3). It is obvious from
isolation resulls (Table 1) that the wound-associated
discoloration in dogwood and hawthorn, both inocu-
lated and uninoculated, was caused by microorgan-
isms other than Cytospora sp.

Stem Diameter Growth

Within each tree species, diameter growth afier two
growing seasons was not significantly different (1)
between stems with inoculated or uninoculated
wouhds or (2) belween wounded or unwounded




TABLE 3. Wound-associated discoloration afer two growing sca-
sons in 294 slems arlificially wounded and either
uninoculated or inoculated with Cytospora sp.

Discolored area
{mm?)*

Wound depth

Specics Trealment Phloem Xylem
Alder Inoeulated 1447 1538a
Lninoculared 334a 21da
Deogwood Lnoculated 178a 1737a
L ninoculated 603a 1320a
Hawthorn Inoculated 922a 1338a
Uninoculated 670a 1350a

*Within a column or row, means followed by the same leter
are not significantly (P < 0,05) different according to Fisher’s
least significant difference test.

TABLE 4. Increase in diameler of 444 slems either uninocu-
lated or artificially inocwlated with Cytospora sp.. af-
ter two growing seasons.

Diameter increase (%)*

Wounded

Species Treatment Unwounded  To phloem To xylem
Alder Inoculated 18¢ 28d 22d

Uninoculated 20c 249 27d
Dogwaod  Inoculated 10z Hu Ila

[Ininoculaled D Ta Ya
Hawlhorn  Inoculated 14ah 11hb 11ah

Uninoculated Bab 16h 13ab

*Within a column or row. means followed hy the same letter are
not significantly (P =< 0.05) different according to Fisher's least sig-
nificant difference test.

TABLE 5. Cambial electrical resistance (CER) 1 em above and be-
low a wound er corresponding location in 444 stems
artificially inoculated or unineculated wath Cylospara sp.,
after Lwe growing seasons.

CER (K ohma)*

Wounded

Species Treatment Unwounded To phloem To xylem
Alder Inoculated 28ah 34b %

LUninoculated 27ah 26ah 28h
Dogwood  Inoculated 20a 23ab 20a

Uninoculated 20a 20a 21ab
Hawthorn  Inoculaled 291 32b 34h

Uninoculated 29h 30b 209h

*Within a column or row, means followed by the same letter are
not significantly (P < 0.05) different according to Fisher's least sig-
nificant difference test.

stems—except for alder, which grew more when
wounded (P = 0.028, Table 4). Alder grew sig-
nificantly (P < 0.01) more in diameter than either
dogwood or hawthorn.

Cambial Electrical Resistance

Cambial clectrical resistance above and below a
wound was significantly (P < 0.01) different among
species (Table 5). Higher CER values usually indi-
cate reduced host vigor. The highest CER occurred
around xylem wounds of inoculated alder. Such
wounds had significantly (P < 0.01) higher CER
than uninoculated wounds or unwounded stems.
There was no apparent correlation hetween CER
and either wound size or amount of wound-
associated discoloration.

Discussion

The fungus associated with the alder dieback has
been identified as Cytospora sp.. an anomorph of
several species of Valse (L. ). Spielman, pers.
comm. 1990; Filip and Parks 1991). Species of
Valsa are separated by disk color, ostiole arrange-
ment, and ascospore size and therefore require the
teleomorphic fruiting bodies that oceur only on nat-
ural cankers in the field. We were not able to ob-
tain these. Nevertheless, no species of Valsa has
been reported on alder in Oregon (Spielman 1985).
Tt is quite possible that the fungus in question is C.
chrysosperma (Pers.: Fr.} Fr. (=C. pulcherrima),
which is the anomorph of V. sordida (Spielman
1985) and was reported as C. pulcherrima on moun-
tain alder in British Columbia (Dearncss and
Hansbrough 1934).

We suspect that Cytospora sp. may be causing
the damage observed on alder in northeastern Ore-
gon, although our study did not prove this—for two
reasons: (1) canker development, stem girdling, and
foliar symplom expression may take longer than the
2 vears we allowed and (2) natural infection of
uninoculated wounds made unclear the role of the
fungus in canker development.

Empirical and experimental data indicate that
stem wounding is required for fungal infection. Stem
wounding in northeastern Oregon can occur in
several ways: Lthe most common is from damage by
domestic cattle, deer, or elk that frequently use
riparian zones containing alder (Thomas ef al,
1979). Mass movement of river ice also causes peri-
odic killing and wounding of trees and shrubs in
riparian zones (Filip ef ¢l. 1989). Wounding does
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not have Lo be so severe that the xylem js exposed:
wounds to the inner bark are severe enough 1o re-
sult in infection, Tt is rare that an entire clump of
alder is killed; only wounded stems are affected,
and sprouting is common below killed branches. We
could not determine the time between infection and
stem dicbhack because in all cases infected stems
were destroyed for sampling hefore the development
of advanced symptoms.

Although we have observed alder dieback in
other riparian zones in eastern Oregon besides the
Grande Ronde River basin, the geographical extent
of alder dicback in Oregon or other parts of west-
ern North America has not been determined. We
did not determine whether other species of Pacific
Northwest alder (4. sinuate (Regel) Rybd., A. rubra
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Nutt., and A. rhombifolia Nuir) are affected by
Cytospera sp. Wildhife managers need nol be con-
cerned that alder dieback will seriously affect ish
or wildlife habitat. Associated mee and shrub spe-
cies, such as dogwood and hawthorn, are not af-
fected.
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