
  
1996, 62(11):4288. Appl. Environ. Microbiol. 

R G Thorn, C A Reddy, D Harris and E A Paul
 
soil.
Isolation of saprophytic basidiomycetes from

http://aem.asm.org/content/62/11/4288
Updated information and services can be found at: 

These include:

CONTENT ALERTS
 more»cite this article), 

Receive: RSS Feeds, eTOCs, free email alerts (when new articles

http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 

 on M
arch 17, 2014 by C

O
LA

R
A

D
O

 S
T

A
T

E
 U

N
IV

http://aem
.asm

.org/
D

ow
nloaded from

 
 on M

arch 17, 2014 by C
O

LA
R

A
D

O
 S

T
A

T
E

 U
N

IV
http://aem

.asm
.org/

D
ow

nloaded from
 

http://http://aem.asm.org/content/62/11/4288
http://aem.asm.org/cgi/alerts
http://aem.asm.org/cgi/alerts
http://journals.asm.org/site/misc/reprints.xhtml
http://journals.asm.org/site/subscriptions/
http://aem.asm.org/
http://aem.asm.org/
http://aem.asm.org/
http://aem.asm.org/


APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 1996, p. 4288–4292 Vol. 62, No. 11
0099-2240/96/$04.0010
Copyright q 1996, American Society for Microbiology

Isolation of Saprophytic Basidiomycetes from Soil
R. GREG THORN,1* C. ADINARAYANA REDDY,1,2 DAVID HARRIS,1,3 AND ELDOR A. PAUL1,3

Center for Microbial Ecology,1 Department of Crop and Soil Science,3 and Department of Microbiology,2

Michigan State University, East Lansing, Michigan 48824-1325

Received 13 May 1996/Accepted 2 September 1996

A method with the combined advantages of soil particle washing, selective inhibitors, and an indicator
substrate was developed to isolate saprophytic basidiomycetes from soil. Organic particles were washed from
soil and plated on a medium containing lignin, guaiacol, and benomyl, which reduced mold growth and allowed
detection of basidiomycetes producing laccase or peroxidase. The 64 soil samples yielded 67 basidiomycete
isolates, representing 51 groups on the basis of morphology and physiology. This method should facilitate
investigations into the biodiversity of soil basidiomycetes and yield organisms that are useful in bioremediation
of soils contaminated with pesticides or other recalcitrant aromatic compounds.

Turnover of the plant residue fraction of soil organic matter
plays a dominant role in global carbon cycling and is funda-
mental to soil structure and fertility. Saprophytic basidiomyce-
tes are likely to be the dominant recyclers of plant wastes in
soil since they are the main producers of lignin-modifying
enzymes: lignin and manganese peroxidases and laccases (39).
Degradation of the lignin component of organic matter is the
rate-limiting step for rapid and efficient decomposition of the
associated cellulose. Knowledge of the physiology of lignin
degradation by basidiomycetes is limited to a few wood-inhab-
iting species such as Phanerochaete chrysosporium and Trame-
tes versicolor (9). These species are not known to be important
members of the soil community, and little is known about
which soil fungi are important in lignin degradation.
Estimates of the presence and diversity of soil-inhabiting

basidiomycetes are usually based on surveys of their fruiting
bodies, which are of ephemeral and irregular occurrence. In
temperate areas, several hundred to several thousand species
of mushrooms and related basidiomycetes can be found fruit-
ing on field or forest soils (15, 24). Despite this known diver-
sity, only seven species of basidiomycetes are listed in a recent
worldwide compendium of fungi isolated from soil (18) and
few others have been reported in the literature (44, 45, 49,
52–57). In 1949, Chesters (14) labeled the basidiomycetes the
“missing link” in soil mycology and this statement is still largely
true today.
Evolution of the technique. Saprophytic basidiomycetes have

rarely been isolated from soil by the soil dilution method be-
cause ascomycetous and zygomycetous molds produce abun-
dant asexual spores in soil that greatly outnumber the repro-
ductive propagules of basidiomycetes and they typically
outgrow saprophytic basidiomycetes on culture media (6, 14,
20, 50). Because of this, Warcup (51) developed a technique
for isolating fungi from vegetative hyphae present in soil by
careful manipulation and plating of hyphae observed under a
high-power dissecting microscope. AlthoughWarcup andWar-
cup and Talbot (52–56) isolated a number of saprophytic ba-
sidiomycetes from soil using this method, it has not come into
widespread use because of its painstaking nature. The soil
plate method (48), in which 5 to 15 mg of soil is spread in petri
dishes before being cooled and molten agar is added, has been

used with success for isolation of some soil basidiomycetes (44,
45, 49). Basidiomycete isolates must be distinguished among
the variety of ascomycetes and zygomycetes which are also
recovered by this method.
Plant debris in soil serves as the major reservoir of sapro-

phytes and facultative pathogens with saprophytic phases, in-
cluding basidiomycetes (13, 22, 34). Chesters (13) developed a
complex apparatus for aseptically washing plant debris parti-
cles from soil, and Boosalis and Scharen (10) used this method
to selectively isolate the basidiomycete plant pathogen Rhizoc-
tonia solani (Thanatephorus cucumeris) from infested soil. Par-
ticle washing has since become a standard technique of soil
mycologists (2, 7, 20, 21). A modification of this technique was
used for the analysis of fungal biodiversity in samples of trop-
ical leaf litter and produced an exceptional yield of 78 to 134
fungal species per litter sample (4). However, with the excep-
tion of Rhizoctonia solani, the fungi reported to have been
recovered by the particle-washing technique on nonselective
media have included ascomycetes and zygomycetes, but not
basidiomycetes. The selective, indicator medium used in this
study not only enabled the isolation of basidiomycetes but also
allowed the use of a much simpler washing apparatus than
those described by other investigators (2, 4, 7, 13, 21, 37).
Selective isolation media primarily rely on selective inhibi-

tors of nontarget organisms and complex or chromogenic sub-
strates catabolized specifically by the target organisms (29, 41).
Benomyl is a semiselective fungicide to which many basidio-
mycetes show some degree of tolerance, whereas most asco-
mycetes, except members of the Pleosporales, are sensitive (8,
19). It has been used in media for the selective isolation of
basidiomycetes from soil (17, 58), leaf litter (60), mycorrhizal
plant roots (23), and decaying wood (26, 59). Guaiacol, a
chromogenic substrate of laccase and peroxidase, was used in
a medium also containing lignin in a survey for laccase-pro-
ducing fungi in Indian soils (1). This survey used the soil
dilution-plating method and recovered 12 laccase-positive iso-
lates, including 2 basidiomycetes, from 150 soil samples (1).
Nishida et al. (35) also used guaiacol as an indicator in an agar
medium containing fine particles of beech wood for the isola-
tion of basidiomycetes from wood.
We have taken advantage of the particle-washing technique

(2, 4, 7, 13, 21, 37) to remove spores of ascomycetous and
zygomycetous molds, and we plated the washed particles on a
medium made selective for basidiomycetes by the incorpora-
tion of benomyl (8, 17, 19, 23, 26, 58–60). In addition to
benomyl, the medium contained lignin, to encourage selection
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Fax: (307) 766-2851. Electronic mail address: thorn@uwyo.edu.

4288

 on M
arch 17, 2014 by C

O
LA

R
A

D
O

 S
T

A
T

E
 U

N
IV

http://aem
.asm

.org/
D

ow
nloaded from

 

http://aem.asm.org/
http://aem.asm.org/


of ligninolytic fungi, and guaiacol, which acts as a colorimetric
indicator of the lignin-modifying enzymes laccase or peroxi-
dases (1, 35). Except as indicated, all chemicals were obtained
from Sigma Chemical Co., St. Louis, Mo. The basal medium
contained (per liter of distilled water): 0.5 g of KH2PO4, 0.2 g
of MgSO4 z 7H2O, 0.1 g of NH4NO3, 0.1 g of KCl, 0.02 g of
FeSO4 z 7H2O, 0.05 g of Ca(NO3)2 z 4H2O, 2.0 g of Bacto malt
extract (Difco Laboratories, Detroit, Mich.), and 15 g of Bacto
agar (Difco). Basal medium was autoclaved in flasks with mag-
netic stir bars and cooled to approximately 558C, when the
following were added aseptically: 5 ml of 1 M KOH; 0.4 ml of
guaiacol; 1.0 g of indulin AT (alkali lignin; Sigma), which was
suspended and partially dissolved in 10 ml of dioxane; 60 mg of
chlortetracycline-HCl; 30 mg of streptomycin sulfate; 30 mg of
penicillin G (Na salt); 4 mg of benomyl (as Benlate 50 WP;
DuPont, Wilmington, Del.) in 2 ml of 1:1 acetone–70% etha-
nol (to yield 2 mg ml21). The medium was stirred and poured
into sterile 100-mm-diameter petri dishes.
Malt-yeast agar (5 g of malt extract, 1 g of yeast extract, and

15 g of agar per liter of distilled water) with 60 mg ml21 of
chlortetracycline-HCl, 30 mg ml21 of streptomycin sulfate, and
30 mg ml21 of penicillin G was used for the first subculture of
chosen isolates before transfer to media without these antibac-
terial antibiotics.
Soil particle washing and plating. Soil samples were col-

lected from 11 habitat types and agricultural treatments in the
Kellogg Biological Station Long-Term Ecological Research
site in Kalamazoo County, Michigan (Table 1). Three to four
replicate plots of each habitat were sampled from one to three
times (June and July 1993 and April 1994). Soil cores of 2.5-cm
diameter were taken to 25-cm depth after the litter layer was
removed. Samples for each plot were pooled from four or
more cores per plot. Samples were stored at 48C until process-
ing, in most cases within 2 days. Approximately 5 g fresh weight
(2.5 to 4.5 g dry weight) of each soil sample was added to 500
ml of sterile 0.1% (wt/vol) sodium pyrophosphate in 1-liter
mason jars. These were gently shaken end-to-end on a plat-
form shaker for 1 h at 48C to disperse soil clumps and colloids
(5). The entire suspension was poured through stacked 20-cm-
diameter soil sieves (Newark wire cloth) of 250 mm (no. 60)

and 53 mm (no. 270) mesh and rinsed through with a brief
shower of cold tap water. Particles remaining on the 53-mm-
mesh sieve were then washed for 5 min under this shower at a
flow rate of approximately 20 liters/min. Remaining solids were
collected at one edge of the sieve, and the sieve was tilted to
separate suspended organic particles from settled mineral par-
ticles. One milliliter of a dense suspension of the organic par-
ticles was picked up in a sterile broad-bore pipette tip (Gilson
P-1000). This suspension was diluted in sterile distilled water
to 1022, and 0.4 ml of this dilution was spread onto each of 20
petri dishes of lignin-guaiacol-benomyl agar. Sieves were rinsed
with water and sterilized in 70% ethanol between samples. Tap
water controls from the washed, sterilized 53-mm sieve yielded
no fungal or bacterial isolates on either lignin-guaiacol-beno-
myl agar or malt-yeast agar with antibiotics.
Isolation and identification of basidiomycetes. Microscopic

observation of washed soil particles revealed fragments of
plant debris colonized by fungal hyphae as well as hyphae free
from debris (Fig. 1). Although these particles were plated at a
high density (ca. 25 cm22), few colonies grew on the lignin-
guaiacol-benomyl agar. After 1 day, the petri dishes were
packed in their plastic sleeves and incubated at room temper-
ature for 2 weeks before making isolations. At this time, plates
were scanned for colonies that caused reddening of the guai-
acol by the action of laccase or peroxidase (Fig. 2). These
colonies were examined microscopically (at340 and3100) for
the presence of conidia or clamp connections. Plates were
screened again after 4 and 6 weeks. At each screening, colonies
of putative basidiomycetes were isolated onto malt-yeast agar
containing antibiotics. A total of 111 such fungi were selected
and isolated from 64 soil samples.
In order to identify putatively basidiomycete isolates, induc-

tion of fruiting bodies on various mushroom media was at-
tempted (43). In the absence of identifiable sexual fruiting
bodies or asexual spores, cultures were considered to be ba-
sidiomycetes if they showed clamp connections at septa (Fig.
1b; diagnostic for basidiomycetes if present, but absent in many
groups of them) or positive staining with diazonium blue B
(ZnCl2 complex of tetrazotized o-dianisidine; Sigma) (25, 46).
Only 22 of the 111 isolates selected provided definite evidence
of basidiomycete identity; 13 isolates possessed clamp connec-
tions, and 9 others produced basidiomycete fruiting bodies.
However, these and an additional 45 isolates gave positive, red
to purple reactions to diazonium blue B following pretreat-
ment of their mycelia with 1 M KOH and were identified as
basidiomycetes on that basis (46). The remaining 44 isolates
were identified as ascomycetes by their production of identifi-
able asexual spores (conidia) or by negative staining with dia-
zonium blue B.
Fruiting bodies were produced in vitro by species of Clito-

pilus (Entolomataceae) and Coprinus (Coprinaceae) of the
Agaricales, Irpex (Steccherinaceae) of the Hericiales, and
Ceratobasidium (Ceratobasidiaceae) of the Tulasnellales. Of
these, Clitopilus (?) scyphoides was isolated from five different
sites, including old field succession, never-tilled meadow, and
hardwood and coniferous forests. A polypore tentatively iden-
tified as Irpex lacteus was isolated from old field succession and
hardwood forest. A species of Armillaria, identified by its pro-
duction of rhizomorphs in culture, was isolated from a con-
ventionally tilled corn-soybean rotation plot.
Diversity and distribution. The 67 basidiomycete isolates

were recovered from 40 of the 64 soil samples and from 8 of
the 11 habitats and 17 of the 35 plots sampled (Table 1).
Fifty-one macromorphological, micromorphological, and phys-
iological characters of the isolates in culture (36) were used for
numerical taxonomic analyses of the isolates, using NTSYS-PC

TABLE 1. Number of basidiomycete isolates from different
sampling sites

Sample habitat

No. of isolates/no. of morphologically distinct
groups (no. of samples) from indicated

replicate plot

1 2 3 4 Total

Traditional tilled, corn-
soybean

0/0 (1) 7/5 (2) 2/2 (2) NDa 9/7 (5)

No-till, corn-soybean 3/3 (2) 0/0 (1) 8/7 (2) ND 11/10 (5)
Low-input, organic-based,
wheat-corn-soybean

0/0 (1) 0/0 (1) 0/0 (1) ND 0/0 (3)

Zero-input, wheat-corn-
soybean

0/0 (1) 0/0 (1) 0/0 (1) ND 0/0 (3)

Hybrid poplar plantation 3/3 (2) 2/2 (2) 0/0 (1) ND 5/5 (5)
Perennial alfalfa 0/0 (1) 0/0 (1) 0/0 (1) ND 0/0 (3)
Old field succession 9/5 (3) 0/0 (2) 9/9 (3) 4/3 (1) 22/17 (9)
Never-tilled meadow 2/2 (2) 0/0 (2) 0/0 (2) 2/2 (3) 4/4 (9)
Hardwood forest 2/2 (2) 5/5 (3) 1/1 (3) ND 8/7 (8)
Conifer forest 0/0 (2) 4/4 (3) 3/3 (3) ND 7/7 (8)
Old field 0/0 (2) 1/1 (2) 0/0 (2) ND 1/1 (6)

Total NAb NA NA NA 67/51 (64)

a ND, not determined.
b NA, not applicable.

VOL. 62, 1996 NOTES 4289

 on M
arch 17, 2014 by C

O
LA

R
A

D
O

 S
T

A
T

E
 U

N
IV

http://aem
.asm

.org/
D

ow
nloaded from

 

http://aem.asm.org/
http://aem.asm.org/


(40), and to derive keys to morphologically recognizable
groups of isolates, using INTKEY (38) and DELTA (16). This
analysis sorted the 67 isolates into 7 major groups and 51
recognizable taxa (data not shown). These could not be iden-
tified using traditional taxonomic characters. Available keys for
the identification of lignin-degrading basidiomycete cultures
(33, 36, 42) include only a small proportion of the species
occurring on wood and almost none that inhabit soil. There-
fore, we were unable to identify most of the 51 morphotaxa
found in our study since we lacked matching reference strains
of known identity. We are obtaining genes coding for rRNA

(rDNA) nucleotide sequence data from the 59 end of the large
subunit nuclear rDNA by which these unknown isolates may be
placed in a phylogeny built with sequences from known strains
(unpublished data). This method has been used for the iden-
tification and phylogenetic analysis of the morphologically un-
distinguished fungal symbionts of attine ants (12, 27).
Forty-three morphotypes were represented by only one iso-

late each. This indicates both the inadequacy of our sampling
and the potential existence of a great diversity of ligninolytic
basidiomycetes in these soils. The total sampling effort for 35
plots in 11 habitats was just 320 g of soil; more samples would
undoubtedly yield more isolates and greater diversity. A range
of zero to nine morphologically distinct isolates was obtained
from individual sample plots, and from zero to 17 morpholog-
ically distinct isolates were found in different habitat types.
Greatest diversity was found in the old field succession and
no-till corn-soybean plots. No basidiomycetes were found in
the low-input and zero-input corn-soybean-wheat or perennial
alfalfa plots, and only one was found in the old field plots.
However, these plots were sampled less frequently than the
others. Better estimates of the yield and diversity of basidio-
mycetes in these soils must await more systematic sampling of
plots and identification of the isolates using molecular means.
The 67 isolates recovered undoubtedly do not represent the
full diversity present in these soils, but they represent an im-
provement on the two basidiomycetes recovered from 150 soil
samples by Arora and Sandhu (1). Our method is fast and
technically unchallenging, is not dependent on discovery of
basidiomycete fruiting bodies, and produces more basidiomy-
cete isolates than any previous method or study reported.
Some saprophytic soil basidiomycetes may not be recovered

by the method described here. Warcup (49) collected soil be-
neath fruiting bodies of some soil basidiomycetes, such as
Agaricus arvensis (Psalliota arvensis), Lepista nuda (Tricholoma
nudum), andMarasmius oreades, and found that they will grow
out from undisturbed soil blocks or in soil plates. During this

FIG. 1. Particles washed from Michigan soils in 0.1% sodium pyrophosphate and recovered on a 53-mm-mesh sieve. (a) Fragment of decaying plant material with
hyphae and a fungal sclerotium (arrow). (b) Basidiomycete rhizomorph; note hyphae with clamp connections (arrows). Bars, 100 mm.

FIG. 2. Isolates producing laccase or peroxidase on lignin-guaiacol-benomyl
agar (arrows) are readily located by the bright red zone beneath their colonies
caused by the quinone oxidation product of guaiacol (dark in this black and white
photo).
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study, soil was collected below fruiting bodies of Lepista nuda.
This species could not be recovered from washed particles
plated on lignin-guaiacol-benomyl agar but was isolated from
hyphae growing out of small soil crumbs sprinkled on water
agar. Thus, it seems that the particle-washing technique should
be combined with other methods such as the soil plate method
(48) or the soil crumb or sprinkle plate methods (3, 47) for a
more complete estimate of the diversity of saprophytic basid-
iomycetes. Isolations made at temperatures other than room
temperature (e.g., 5 and 378C) may also increase the diversity
of fungi isolated (11). Isolations made at 58C have been used to
obtain basidiomycetes from litter in Finland (28).
No attempt was made to isolate ectomycorrhizal basidiomy-

cetes, which are present in the poplar, conifer, and hardwood
forest sites at the Kellogg Biological Station. Most ectomycor-
rhizal fungi do not give positive reactions for laccase or per-
oxidase (30) and thus would not have been chosen for isolation
even if they were capable of growth on lignin-guaiacol-beno-
myl agar. These fungi are more simply isolated from washed
mycorrhizal roots (23). Isolation of these more fastidious fungi
from soil might require the use of a specialized medium for
mycorrhizal fungi (31) modified with benomyl and dichloran
(59). Washed particles containing hyphae and sclerotia of ec-
tomycorrhizal fungi or basidiospores recovered from soil by
sucrose-gradient centrifugation (32) could be used as inocu-
lum.

This research was supported by NSF grant BIR 9120006 to the
Center for Microbial Ecology, Michigan State University.
We thank Gerald Bills (Merck, Sharp & Dohme, Rahway, N.J.) for

valuable discussions and Sandy Halstead (Kellogg Biological Station
Long-Term Ecological Research site) for collection of soil samples.
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