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Abstracl
Hymenomycetes are a wor ldwide group of fungi ,  several  species ofwhich cause ser ious decay in the roots and stems of  coni fers.
New infections by these fungi are often established by airborne sporesi however, species identification based soleiy on ihese
spores has proven difficult, especially when only light microscopy is used. We thus enployed scanning electron microscopy
(SEM) to characrerize spore types. Basidiospores and coni.Jia ot Heterobasidion onnosun were compared with basidiospores
lion nine othef species of wood decay fungi: Fonitopsis cajdntleri, F. pinicola, Phellinus robustus, Ganoderna applanatum.
G. orcgonense, PhdeaLus schueinitzii, Trichaptum abietinum, Bjetkandetd ddusta, snd Trametes trsicolor. Lighr nicroscopl
demonstrated di f ferences in spore s ize but  d id not  consistenl ly  resolve var iat ions in shape and ectosporalstructure.  SEM pro,
vided a more reliabl€ means for distinguishing anong basidiospores and identifying species. Structure beyond the resolution
of lighr microscopy was resolved {ith the SEM, which should inprove the accuracy of laxonomic descriprions. Comparisons
among all spote tlpes demonstrated distincr diflerences lhat aid in id€ntification of spores collected in airborne samples
incloding types ofinoculalor H. annosun, the cause ofa major root disease in Pacific Northwest foresh. The lalter infornarion
should help to clarify the role of asexual conidia in development of annosus root disease.

Introduction

Hymenomycetes are common decay organisms in
forests worldwide. One ofthese fungi, llereroDds;
dion annosum (Fr.) Bref. lFomes annosus (Fr.)
Karst.] causes serious root and butt rot in many
species of conifers (Bega 1963, Gilbertson and
Ryvarden l986), including several in the Pacific
Northwest (Hadfield el al. 1986).

Previous studies on establishment of new in-
fections by 1L aznos&/n have dealt with airborne
inocula in a collective sense because this fungus
produces conidia and basidiospores that appear
sirnilar when viewed with light microscopy (LM).
Us ing  techn iques  o f  s , "ann ing  p iec t ron  mic ros-
copy (SEM), however, Shaw and Florance (1979)
were able to distinguish between these conidia
and basidiospores. This technique allows for the
identif ication of specific spore types in samples
of airborne inocula, an area of research for which
the crit ical need for study has been noted for
some time (Bega 1963, Kall io 1970, Lowe 1957,
Morris and Knox 1962, Roll-Hansen 1940,
Stambaugh et al. 1962), but not adequately ad-
dressed (Florance er al. l98l, Leslie 1983, Shaw
and Florance l9?9).

Before spores in samples of airborne inocula
can be accurately identif ied, however, the

characteristics ofother spores that might appear
in the samples require elucidation. The objective
of this study \,ras to characterize the features of
ectospo al i{all morphology visible with LM and
SEM for decay fungi common to forests in the
Pacific Northwest where 1L or"rosum causes
disease (Russell and others 1973). The spore fea-
tures were then compared to those of1L cznosam
(Roll-Hansen 1980, Shaw and Florance 1979).

Materials and Methods

Fomitopsis pinicola (Suartz: Fr.) Karst, lFomes
pini,cola (Swanz ex Fries) Cooke], Plrellinzs
robastzs (Karst.) Bourd. & Galz. lFomes robustus
Karst.l, Fomitopsis cajanderi Karst. fFomes ca
jand,eri KarcLl, Ganoderma oregonense (Mtrr.)
Kauffman, G. apphnatum (Pers. ex Wallr.) Pat.,
Phaeolus schueinirzii Fries, Trichaptum
abietinum (Dicks.: Fr.) Ryv. lPolyporus abietinus
Dicks ex Friesl, BTerkeand,era ad.usta $illd; Fr.)
Karst. lPolyporus ad,ustus Willd. ex Friesl, and
Trametes aersicolor (L.: Fr.) Pilat. lPolyporus uer'
sicolor L. ex Fries] are common decay fungi in
forests of the Pacific Northwest (Gilbertson and
Ryvarden 1986, 1987, Partridge and Miller 1974).
Fresh basidiocarps of these fungi were collected
from forest sites in the Coast and Cascade
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Ranges of Oregon in autumn. Samples for LM
were macerated on a glass slide and mounted in
a Lactophenol medium for viewing with a Nikon
Microflex Model EFM Microscope. Spores were
examined with an oil immersion objective (NA
= 0.65) and photographed with Kodak Technical
Pan 2415 (ASA = 125) fi lm.

Spores for SEM were obtained from the same
basidiocarps by removing pieces of the
hymenophore about 0.5 cm'? and fixing them with
4 percent glutaraldehyde, 6 percent parafor-
maldehyde, and 1 percent acrolein in a 0.2 molar
cacodylate buffer. Subsequently, samples were
rinsed twice in fresh buffer, transferred to Flor"
thru tissue carrier vials (American 0ptical Co.)
and dehydrated in an ascending series of four
ethanol-disti l led water solutions (25,50, 75, and
100 percent), followed by an ascending series of
four ethanol-trichlorotrifluoro-ethane (TF) solu-
tions (25, 50, 75, and t00 percent TF). Spores and
tissue remained in each solution, including fixa-
tive, for l0 minutes. After treatment in 100 per,
cent TF, samples were dried by the critical poinr
method (Cohen et al. 1968), mounted on SEM
studs, coated with a platinum-paladium alloy, and
viewed with an AMR 1200 Scanning Electron
Microscope. Data were recorded on Polaroid
Type PN55 (4 by 5 in, l0.l by 12.7 cm) land fi lm.

Results

Bas diospore Striicture

With LM, basidiospotes of F. cajanderi appeared
hyaline, smooth, elongate-cylindrical, sometimes
allantoid, and measured 2-2.5 by 5-? prn (Fig. lA).
The SEM clearly showed an apiculus (= hilar ap-
pendix) not resolvable with LM (Fig. 2A) that pro-
trudes 200 nanometers (nm) from the spore sur-
face  and is  500 nm in  d iameter .  ln  scann ing
eletron micrographs, spores appear smooth and
primarily allantoid (Fig. 2A); however, when they
are rotated away from the curve, they appear
straight (Fig. 2A).

With LM, basidiospores of F. pinicola ap-
pared ovoid to subglobose, hyaline, smooth, and
measured 5-7 by 3-4 pn (Fig. lB). Spores ap-
peared similar to those seen with SEM, including
the smooth surface (Fig.2B); however, the eccen-
trically located and abruptly protruding apiculus
is more distinct with SEM. The apiculus pro-
trudes 315 nm from the spore surface and is 420
nm in diameter.
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With LM, basidiospores of Phellinus robustus
appeared globose, smooth, hyaline, apiculared,
and measured 5-6 prm in diameter (Fig. lC). With
SEM, smooth biconcave or triconcave spores
were revealed (Fig.2C). The apiculus protrudes
400-500 nm from the spore surface and is about
200 nm in diameter. Concavities viewed with the
SEM cannot be distinguished with the LM,
although there was some indication of their
presence.

With LM, spores of C. applnnatum appeared
ovoid, smooth to slightly echinulated, brown, and
measured 6-9 by 5-6 pm with LM (Fig. lD). Some
spores also appeared truncated. With SEM, a
foveate ectosporium was visible on each spore
(Fig. 2D). A concavity vas also apparent at the
distal end on spores separated from the
sterigmata (Fig. 2D).

With LM, basidiospores of G. oregonense ap-
peared ovoid, truncated, possibly echinulated,
brown, and had a thick outer wall (Fig. lE). The
spores are relatively large compared with the
others and measured 10,14 by 7.5-9 pm. With
SEM, the ectosporium appeared somewhat
foveate-similar to that of C, applanatum;
however, the depressions we.e not as deep. A
feature resolved by SEM was small, irregularly
sized pits or pores in the ectosporium (Fig.2E).
The largest pit measured 416 by 332 nm, just
slightly above the resolving power of LM;
however, most pits are smaller and would not be
resolved with LM.

Wi th  LM,  Bas id iospores  o f  Phaeo lus
schweinitzii appeared ellipsoid to ovoid, smooth,
hyaline, apiculate, and measured 5.5-8 by 4-5 pm
with LM (Fig. 3A). With SEM, these spores ap-
pear  s imi la r ;  however ,  more  accurare
measurements of the apiculus can be made vith
SEM (Fig. 4A). The apiculus protrudes about 480
nm from the spore surface and is about ?20 nm
in diameter.

Spores of Trichaptum abietinum appeared
cylindric to allantoid, hyaline, smooth, and
measured 4"6 by 1.5-2.5 4m with LM (Figure 3B).
Wi th  SEM.  a  rc ry  wr ink led  er " tospor ium $as  v is i .
ble (Fig. 48) that was not resolvable with LM (Fig.
3B).

With LM, basidiospores of B. adusta ap-
peared oblong to oblong-ell ipsoid, smooth,
hyaline, and measured 4-5 by 2,3 pm (Fig. 3C).
These spores appear almost identical to those of
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Figure l. Light nicrographs of basidiospores:
A. Fomitopsis cajandzri (*rcqt, x3o00,
I mm = 0.33pm. B. Fomitopsis pinicola,
X3300, I mm = 0.30 pn. C. Phellinus
rcbustus, X4500, I nm = 0.22pn.
D. Canoderma applanatzn, X3600, 1 mn
= 0.27 t1m. E. Conoderma oregonense,
X3750, I mm = 0.26 pm.
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Figure 2. Scanning elect.on micrographs o{ basidio-

A. Fonitopsis cajand.eti; not€ apiculus (Ap),
allanioid and straight spore morphologies,
X13380, 1nn = 0.07 ym.B. Fomot ipsis
pinicrrr note snooth surface and apiculus,
X10555, I mm = 0.09 rm. C. Phellinus
fo6!rr&s; note concarities and apiculi,
X7344, I mn = 0.14 pm. D. Canoderna
applanatum: nDre foleare snrface and con-
. a v i r )  a r  d i - r a l  e n d .  \ 7 3 7 5 .  I  m m  -  0 . 1 3
pm. E. Ganoderma otegoi€'rse; note pits
(Pi) in ectosporial {all, X6800, I mrn =
0.15 pn."'1i.:'

tli-
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Figure 3. Light micrographs of basidiospores:
A. Phaeolus schueinitzi. X4000, I nm = 0.25 pn. B. Trichaptun abietinun (arrow), X5000, 1 mn = 0.20 rn.
C. Bjerkandera adusts larrow), X5000, I mm = 0.20 pm. D. Tranetes aerslcoloa X3000, I mm = 0.33 pn.

,,,,;113.r,r.1

T. abietinum.In contrast to LM, SEM revealed
a very wrinkled ectosporium, again similar to that
of T. abietinum (Flg. 4C).

Basidiospores ol Trametes aersicoLor ap-
peared cylindric, oblong or slightly allantoid,
smooth, hyaline, and measured 4-6 by 1.5-2 pm
with LM (Fig.3D). Except for a wrinkled ec-
tosporial surface visible with SEM (Fig. 4D), all
other spore features correlated with those obsery-
ed bv LM.

Comparisons with Spores ol Heterobasidion

annosum

Basidiospores of H. annosum show dist inct dif-

ference" from spores of each of these nine species
(compare Fig.58 with Figs.2 and 4). Echinula-

t ions on basidiospores of H. annosum are a sl:r-

f ace  f ca tu re  t ha l  makes  t h i s  spec ies  un ique

among the l0 species (Fig.5B). Contrari ly,

conidia of 1L annosum are not as dist inct ive as
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Figure 4. Scannins €lecrron microsraphs of basidiospores:
A. Phaeolus 

.schwetnitzii; nore apicutus. X3t28, I mm = 0.2S /.m. B. nichapu,n obietinun, Xl94l2, I mm = 0.05pn.C. Bierkandera adusra Xl060Z, I mrn = 0.09 rm. D. T,aneks wreicoh;, Xs{,AS, r -- = O.tO pIrI'rV"i" ".i,ii"asu.face or spores in B, C, and D.

basidiospores (compare Fig.54 with Figs.2 and
4). Their smooth ectosporium is similar to
basidiospores of F. p inicola, Phellinus robustus,
and Phaeolus schueinitzir'. Apicular structure and
position are, however, different enough to allow
for accurate separation of the species.

Certainly, when compared with basidiospores
of F. cajanderi, G. oregonense, C. applanitum,
and Trichaptum abieit inum. B. i iusta, anc)
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Trametes aersicolor, the conidia of H. annosum
are distinct.

Discussion

Ectosporial ultrastructure and morphology were
chaiacterized and compared for nine species of
decay fungi, Distinct differences lyere observed
among most species, and in most, fearures were
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Figure5. Scanning electron micrographs ot
A. Heterobasidion annosanr conidia, X15683, I nn = 0.06 pn. B. Basidiospores, X20255, I nm = 0.05 pm. Con-
pare all scanning elect.on micrographs of basidiospores in Figures 2 and 4 with rhose in Figure 5.

resolved vith SEM that could not be resolved
with LM.

Spores of Phellinus roD&rr&s are reported to
be globose or subglobose (Lowe 1957, 0verholts
1977). SEM reveals that these spores have deep
depressions and are biconcave or triconcave (Fig.
2C). Variation in the nurnber of depressions likely
cont r ibu ted  to  repor tcd  d i f fe rcnces  in  spore
shape reported elsewhere (Lowe 1957, Overholts
1977). Cilbertson and Ryvarden (1987) indicate
that the P robzslus complex is probably the most
difficult taxonomic problem in the genus. By
their new descriptions, our specimens may be P
hartigii (Allesch. & Schnabl) Bond. because this
is the rnost common species in coniferous forests
of the Pacific Northwest, and P. robustus sensu
,rrricto causes primarily a heartwood decay of liv'
ing hardwoods.

Overholts (19?7) reported spore surfaces of
G. oregonense to be "apparently echinulate."
SEM shorns  tha t  the  ech inu la led  appearance is
caused by numerous pits in the ectosporial wall
(Fig. 2E) and is sirnilar to that of many of the
British species of Canoderma (PegIer ar'd \oung
1973). The pits cause constructive and destruc-
tive interference of l ight and thus contribute to
the surface patterns visible with LM (Fig. lE).
Gilbertson and Ryvarden (1986) suggest that
these pits result from points of outer wall con-
nection with intenvall pil lars.

Spores of G. applanatum are reported to be
smooth when observed by LM (Overholts 197?).
Our Figures, and those in Nilsson (1983) and
Peg ler  and Young (1973) .  ind ica te  a  fo r  ea tp  sur -
face (Fig.2D). In addition, spores released from
stedgmata are concave at the distal end, a feature
that likely contributes to the descriptions of trun-
cate spores (Cilbertson and Ryvarden 1986,
Overholrs 1977).

A feature common lo Tichaptum abietinum,
B. ad,usta, and Trametes rcrsicolor is the
wrinkled ectosporium (Fig.48, C, D). Init ially,
we thought the wrinkling was caused by prepa-
ratory techniques; however, several techniques
were  used (a i r  d r l ing .  f i x ing  fo r  d i f fe ren t  t ime
pedods, using different fixatives, omitting critical
point drying) and results were identical. Also,
samples of other species were not similarly af-
fected by these preparatory techniques, nor was
the basidium of T. oersicolor wrinkled or
distorted (Fig.4D). Therefore, we conclude that
spores of these species will always appear
wrinkled when observed with SEM. The wrinkles
are either not resolvable with LM (Fig. 38, C, D),
which would explain the lack of earlier observa-
tion (Gilbertson 1974, Gilbertson and Ryvarden
1986, 198?), or they are an artifact of our collec-
tion procedures or preparatory techniques for
SEM. Possibly these fungi have an extremely
delicate endosporial, episporial, and perisporial
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structure that is altered regardless of preparatory
procedures. A study of the genus using thin sec-
t ion ing  and t ransmiss ion  e lec t ron  mic roscopy
could answer this question; however, such a study
is beyond the scope of this project.

Confusion about the distinction between
spores ofcajanderi and Phell inus robustus ex-
ists in the Iiterature (Lowe l957,Overholts l9??).
Lowe (1957) states that P. robustus "is very
similar to F. cajanderi except for the shaight
thicker spores." In contrast, Overholts (19??)
states, "the significant difference berween the
tryo species l ies in the size and shape of the
spores." Emphasis is placed on the allantoid
shape.Our results show that even though the
spores of F. cajanderi are allantoid, this shape
is not a reliable feature for separation. Figure
2A shows one spore where the curved morphology
is obvious, whereas the other spore appears
straight. The condition varies, depending on
spore position, because spores viewed vith LM
are in l iquid medium and thus could be various-
ly oriented. This situation l ikely contributed to
differences in earlier descriptions. Gilbertson and
Riwarden (1986, 1987) do not mention problems
wirh distinguishing between spores of these two
fungi; however, they do note that fl cajanderihas
curved spores, whereas the closely related F.
rosea (AIb. et Schw.: Fr,) Karst, has straighr
spores.

All nine spore types were compared to an
earlier characterization of 1L annosum spores
(Roll-Hansen 1940, 1980, Shaw and Florence
1979) to evaluate the possibil i ty of detecting the
presence o f  th is  spec ies  by  ident i f y ing  i t s  sporer
in a mixed sample of airborne inocula. Results
demonstrate differences in ectosporial structure
or morphology among the nine species enamined
and basidiospores of H. annosum (compareFigs.
2 and 4 with Fig.5). The smooth ectosporium
on conidia of E. annosum is similar to that on
basidiospores ofF, p inicola, Phellinus robustus,
F. cajanderi, and Phaeolus schueinitzii. We
believe, however, that there are enough dif-
ferences in overall morphology, ectospodal struc-
ture, and apicular attachment to accurately iden-
tify these conidia in samples ofairborne inocula.
Since conidia may be an important source of in-
oculum for H. annosum in West Coast forests

(Hul:' et al. 1976), knowledge of their abundance
in airborne inocula could be important to forest
management,

Attempts have been made to collect and
analyze spore types present in airborne inocula
of H. annosum. We made r"ollcctions at lwo forest
sites in no hwest 0regon from September
through November with a vacuum device that
pulls air through a nucleopore filter. The filters
were removed and prepared for viewing with the
SEM. Basidiospores of H. annosum were ob-
served but conidia were not. In contrast, Leslie
(1983) determined, by using similar collection
procedures and our SEM techniques (Florance
er aL l9Bl, Shaw and Florance 1979), that 18 per-
cent of the 1{ annosum spores deposited in Oc-
tober at a site in coastal Washington state were
conidia. If Leslie's (1983) contention that conidia
of H. annosum are more resistant than
basidiospores to heat and dessication is correct,
then the moderately high level of conidia in air-
borne inocula could be significant ro drsease
development in Pacific Northwest forests.

Both of these data sets are very preliminary
and nany more sampling attempts need to be
made before definitive results can be obtained;
however, such information should be useful to
researchers in the expanding field of aerobiology.
Scanning electron micrographs of specilic
basidiospores also should help to clarify un-
certainties in some current taxonomic descrip,
tions.

Acknowledgements

Work reported was done while Shaw vas at the
USDA Forest Service, Pacific Northwest
Research Station, Juneau, Alaska, We thank
Erick Noble, Craig Schmitt, and Everetr Hansen
for technical assistance.

Disclaime.

The use of trade, f irm, or corporation names rn
this publication is for the information and con-
venience of the reader. Such use does nor con-
stitute an official endorsement by the U.S.
Department of Agriculture of any product or ser-
vice to the exclusion of others that may be
suitable.

240 Florance and Shaw



Literature Cited
B ega, R. V. I 963. Symposium on root diseases of foresr nees:

Fones onnasut.  Phytopathology.  53r l l20-1123.
cohen, A.  L. ,  D.  P.  Mar low, and C. E.  Carner.  i968.  Rapid

cr i t ical  point  nelbod using f luorocsrbons ( f reons) as
in lernediate and t ransi t ional  f lu ids.  J.  Mioo!copie.
7:331-342.

Florance,  E.  R. ,  E.  L.  Noble,  and C. C.  Sha{,  I I I .  1981. Com,
parison of Fomes annosus basidiospore stucture to
other species of Iones and related genera o{
Polyporaceae: a l ight  and scanning electron
mi$oscopy study. Phrtopatholog,v 7l:362.

Gilbertson, R. L. 1974. Fungi that decay ponderosa pine. Univ.
Arizona Ptess, Tucson.

Gilbertson, R. L., and L. Ryvarden. 1986. North American
polvpores. Vol. t. Fungiflora; Oslo, Norway.

Cilberlson, R. L., and L. Rwarden. 1987. North American
polypores. Vol. 2. Fungiflora; Oslo, Norway.

Hadf ie ld,  J.  S. ,  D.  J.  Goheen, C.  M. F ' l ip ,  C.  L.  Schrni t t ,  and
R. D. Harver. 1986. Roor diseases in oregon and
Washington conifers. LSDA For. Sen., Pacific
\ o r t h s .  R e g i o n ,  F o r .  P e s t  M n g r .  R e p t .
R6-FPM-250-86. Pp. 2?.

Eulrl, R. S., F. W. Cobb, Jr., and J. R. Parmeter, Jr. 1976.
Fones annosus stump colonization and iungus
developnenr in the Califomia mixed{onifer type. Can.
J.  For.  Res.6:159-165.

Kallio, T. 1970. Aerial distribution of lhe root-rol fungus
aoner aDnosLr (Fr.) Cooke in Finland. Acra For. Fenn.
107:5-55.

Leslie, K. 1983. Diurnal and seasonal parterns oflletero6asi
d;.on annosum spore release and deposition in western
henlock stands of the Pacific Norlhwesr. Univ. of
Washington,  Sear l le.  M.S. thest .

Lowe, J. L. 195?. Polyporaceae of Norrh Anerica: the genus
lcones. For Tech. Publ. 80. New York Stale Colieg€,

Receiued 4 April 19BB
Accepted for publication 20 July 1988

Morris, C. L., and K. A. Knox. t 2. Fomes annosus: a reporr
on the production of conidia in nalure and other
srudies in Vi.ginia. Planr Dis. Rept. 4(5):340-341.

Nilsson, S., ed. 1983. Atlas of airborne fungal spores in
Europe. Spr inger-Ver lag,  Ber l in.

Orerholts, L. 0. 197?. The Polyporaceae ofthe United States,
Alaska and Canada. Unir. Michigan Press, Ann Arbor.

Partridge, A. D., and D. L. Miller. 19?4. Major wood decays
in the inland Northwesr. Idaho Res. Found., Moscow.

Pegler ,  D.  N. ,  and T.  W. K.  Young. 1973. Basid iospore form
in the B.itish species ofCaaorlerna Karst. KEV Bull.
28:351-364.

Roll-Hansen, F. 1940. An investigation of the possibility of
ascertaining different rac es ol Pob"otus annxus con
nected with different hosts or localities in Norway
south of the Dovrefjell. Medd. norske Skogforsoksv.
No.24:5,100.

Roll'Hansen, I. 1980. Ileterobasid.ion annosun. Conparison
oibasid io 'porcs and conidia.  L ight  micro.ropt  rer-
.us (EM. Lur.  J .  For.  Parh.  l0:58.5S.

Russel l ,  K.  W.,  J.  H.  Thonpson, J.  L.  Stewart ,  and C. H.
Driver. 19?3. Elaluation of chenicals !
fection of stumps by Fones annoslr in precornmer-
cially thinned western henJock stands. Rept. No. 33,
WA Slale Div. Nat. Res. Pp. 16.

Shaw, C. C., III, and E. R. Florance. 1979. Scannins elec-
tron microscopy rer€als differences in surface mor'
phojogy between basidiospores and conidia of
Heterobosidion annosum. Eu.. J. For. Parh.9:249-254.

Srambaugh, W. J., F. V. Cobb, Jr., R. A. Schnidt, and F.
C. Krieger. 1962. Seasonal inoculun dispersal and
rhite pine sturnp invasion of ]tones anzoszs. Plant
Dis.  Rept.46:194-198.

Surlace Morphology of Basidiospores from Decay Fungi 241


