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ABSTRACT
Park, Y.-H., Stack, J. P., and Kenerley, C. M. 1992. Selective isolation and enumeration of
Gliocladium virens and G. roseum from soil. Plant Dis. 76:230-235.

Selective media were developed for the isolation and enumeration of Gliocladium virens and
G. roseum from soil. The basic antibiotic medium consisted of 3.0 g of glucose, 0.2 g of
MgSO,7H,0, 1.0 g of K,HPO,, 0.5 g of KCI, 1.0 g of NaNO;, 0.01 g of FeSO,7H,0, 50
mg of chloramphenicol, 50 mg of rose bengal, 50 mg of streptomycin sulfate, 500 ug of benomyl
(50WP), 500 mg of sodium propionate, and 20 g of Bacto agar in 1 L of distilled water.
The medium was adjusted to pH 6.0 with 25% phosphoric acid before autoclaving. By the
dilution plate method, selective isolation of G. virens or G. roseum was achieved from natural
soil infested with Rhizoctonia solani, Fusarium oxysporum f. sp. vasinfectum, and Pythium
ultimum either by adding 20 mg of gliotoxin (a secondary metabolite of G. virens) or 1.0 mg
of gliotoxin, 20 mg of pentachloronitrobenzene (75WP), and 60 mg of acriflavine to 1 L of
basic antibiotic medium, respectively. At 3 days after plating, selective isolation and quantification
of G. virens was achieved on the selective medium for G. virens (GVSM). From nonsterile
soil infested with the strains of G. virens, recovery of four gliotoxin-producing strains of G.
virens on GVSM was significantly greater than or equal to recovery on three other media
that have been used to isolate G. virens. However, these previously developed media did not
discriminate G. virens from other fungi, including Trichoderma spp. Recovery of two non-
gliotoxin-producing strains of G. virens was lower on GVSM than on other media tested.
Total colony-forming units of G. virens from three natural soils was significantly higher on
GVSM than on other media tested. At 4 days after dilution plating, selective isolation of G.
roseum was achieved on the selective medium for G. roseum (GRSM). Recovery of five strains
of G. roseum on GRSM was higher than or equal to the recovery on another medium that

has been used to isolate G. roseum.

Strategies for development of selec-
tive media include selective inhibition of
undesired microorganisms, selective en-
hancement of a target organism by pro-
viding a specific energy source, selective
exclusion by use of environmental con-
ditions preferentially favorable for the
target organisms, and selective differen-
tiation, e.g., pigmentation of the fungal
colony through the use of stains or color
indicators in the medium (21). Selective
inhibition often is based on differential
sensitivity of fungi to antibiotics, fungi-
cides, and other chemicals (2-4,7-9,12,
14,17). Although many useful and effec-
tive selective media are available for
fungal isolation, there is no selective me-
dium that uses differential sensitivity to
secondary metabolites produced by the
target organism.

Strategies during the past decade have
demonstrated the efficacy of Glioclad-
ium spp. as biocontrol agents in reducing
the incidence of diseases (6,11,12). The
population dynamics of these fungi, i.e.,
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survival of conidia, mycelia, and chlamy-
dospores, also have been examined
(10,13,14). To detect the population den-
sities of Gliocladium spp., several media
have been developed for isolation and
enumeration (3,12,14,16). However,
there is no report of a medium that can
exclusively differentiate Gliocladium
spp. from Trichoderma spp. in soil dilu-
tion plates.

Gliotoxin, an antimicrobial metabolite
produced by species of fungi, including
G. virens J. H. Miller, J. E. Giddens,
& A. A. Foster (1,19), was originally iso-
lated from the culture filtrate of T.
lignorum Tode (22). Its chemistry and
toxicity have been investigated (19).
Acriflavine, an antimicrobial agent
which changes characteristics of nucleic
acids by intercalation, has been used as
a mutagen (5,23). Recently, selective
media containing acriflavine for isolation
of Listeria monocytogenes (Murray et al)
Pirie from food products were devel-
oped (20). Strains of G. roseum Bainier
have been found to be relatively insen-
sitive to this antibiotic (C. M. Kenerley,
unpublished). This study describes the
development of selective media using
differential sensitivity to gliotoxin and
acriflavine as the basis of selectivity for
G. virens and G. roseum, respectively,
which permit the isolation of these fungi

from nonsterile soils. Also, the newly
developed selective media are compared
with other media (3,4,12) for recovery
of Gliocladium spp. from soil.

MATERIALS AND METHODS

Strains. Strains of G. virens, G. ros-
eum, Nectria ochroleuca (Schwein.)
Berk, Rhizoctonia solani Kiihn, Fusar-
ium oxysporum Schlechtend.:Fr. f. sp.
vasinfectum (Atk.) W. C. Snyder & H.
N. Hans., and Pythium ultimum Trow
were used in this study (Table 1). All
strains of these fungi were maintained
on potato-dextrose agar (PDA) at 27 C
in darkness.

Soil. A sandy loam soil (College
Station, TX) and a Houston Black clay
soil (Temple, TX) collected from cotton
fields were infested with propagules of
G. virens and G. roseum, respectively.
In addition, sandy loam soils from a
prairie (Bryan, TX) and another cotton
field (College Station, TX) were used as
sources of indigenous isolates of G.
virens. All sandy loam soils were nat-
urally infested with indigenous propa-
gules of G. virens between 10 and 10°
cfu/g of soil. The Houston Black clay
soil was naturally infested with indige-
nous propagules of G. roseum between
10 and 10’ cfu/g of soil. All soils were
passed through a 10-mesh sieve (1.68 mm
diameter) before use.

Media development. A minimal salts
medium with 0.3% glucose was used as
a basal medium throughout the exper-
iment. The medium contained 3.0 g of
glucose, 0.2 g of MgSO,-7H,0, 1.0 g of
K,HPO,, 0.5 g of KCl, 1.0 g of NaNOs,
0.01 g of FeSO,-7H,0, and 20 g of Bacto
agarin 1 L of distilled water. The medium
was adjusted to pH 6.0 with 25% phos-
phoric acid before autoclaving.

Amendments with various concentra-
tions and combinations of antibiotics, in-
cluding gliotoxin, were added to the me-
dium at 60 C after autoclaving. Anti-
biotics and fungicides included rose ben-
gal, chloramphenicol, acriflavine, strep-
tomycin sulfate, pentachloronitroben-
zene (PCNB), benomyl (Benlate S0WP),
propiconazole (Tilt 3.6 E), sodium pro-
pionate (propionic acid), and gliotoxin.
Each antibiotic was dissolved in sterile
distilled water except gliotoxin, which
was dissolved in absolute ethanol. All
antibiotics were kept at 4 C in darkness
before mixing into the basal medium.



Growth of the fungi tested was deter-
mined by placing a disk (5 mm diameter)
from the margin of a colony on PDA
onto the amended media (approximately
10 ml in a petri dish), incubating cultures
at 27 C in darkness, and measuring col-
ony radius from the disk at specific time
intervals.

Efficacy of selective isolation and re-
covery of conidia and chlamydospores
of Gliocladium spp. To increase the
propagule density of fungi other than
Gliocladium spp., the soil was infested
with F. o. vasinfectum, P. ultimum, and
R. solani 1 hr before adding Gliocladium
spp. Propagule suspensions for each of
the fungi were prepared by adding 10
ml of sterile water of 10-day-old PDA
cultures of each fungus, scraping the
mycelial mats with a flat spatula, macer-
ating the mycelial mats with a razor
blade, and filtering through two layers
of sterile cheesecloth. A mixture of the
three fungi in aqueous suspension was
used for soil infestation. The propagule
densities of F. o. vasinfectum, P. ulti-
mum, and R. solani were 7.9 £ 0.4 X
10°, 5.48 £ 1.1 X 10% and 4.0 £ 0.8 X
10* cfu/g of soil, respectively. The col-
ony-forming units of these fungi were
determined after dilution plating on se-
lective media that have been used to
isolate these fungi (2,7,8).

Efficacy of selective isolation and re-
covery of conidia of Gliocladium spp.
from soil was measured. Conidial sus-
pensions were prepared by adding 10 ml
of sterile water to 10-day-old PDA cul-
tures of each fungus in the same manner
as described above without macerating
the mycelial mats. Ten milliliters of the
suspension from each strain of G. virens
(Gv-wt) (3.8 + 0.3 X 10° conidia per
milliliter) or G. roseum (Gr-1620) (3.8
+ 0.2 X 10° conidia per milliliter) was
added to different 250-ml Erlenmyer
flasks containing 90 g of nonsterile soil.
The number of conidia in the suspension
was determined with a hemacytometer.

To measure the efficacy of isolation
and recovery of chlamydospores of
Gliocladium spp. from soil, 10 ml of a
chlamydospore suspension from each
strain of G. virens (Gv-wt) (1.0 £ 0.1
X 10° chlamydospores per milliliter) or
G. roseum (Gr-1620) (1.1 £ 0.1 X 10°
chlamydospores per milliliter) were
added to a different 250-ml Erlenmyer
flask containing 90 g of nonsterile soil.
Chlamydospore suspensions were pre-
pared from biomass produced by grow-
ing the fungi in a molasses medium (13).
The medium contained 25 ml of molasses
and 5 g of yeast extract in 1 L of distilled
water. One hundred milliliters of the
medium was added to a 250-ml Erlen-
myer flask and autoclaved for 1 hr. One
milliliter of a conidial suspension (1.0 £
0.2 X 107 conidia per milliliter), as de-
scribed above, was added to each flask.
Flasks were held at room temperature
(23 £ 2 C) with agitation (125 rpm) for

20 days. The mycelial mats were removed
from the culture medium by filtration
(grade 613 paper) on a 9-cm-diameter
Biichner funnel, air-dried for 3 days, and
ground through a 425-um (40-mesh)
screen. The resultant powder was sus-
pended in distilled water. The number
of chlamydospores of Gliocladium spp.
in the suspension was determined with
a hemacytometer.

Selective recovery of G. virens and G.
roseum from soils was determined 30 min
after the fungal propagules were dis-
tributed throughout the soil. One gram
of the soil in the flask was diluted serially
in sterile water, and soil-water suspen-
sions were spread on the surface of three
replicate plates. Percent recovery of Glio-
cladium spp. from nonsterile soil con-
taining F. o. vasinfectum, P. ultimum,
and R. solani was compared to recovery

of Gliocladium spp. from sterile soil.

Sensitivity of strains of Gliocladium
spp. in vitro. Efficacy of recovery of 15
strains each of G. virens and G. roseum
from the newly developed media was
measured in vitro. Serial dilutions of
conidial suspensions were spread on the
surface of plates of the various media
tested. The initial numbers of conidia in
the suspensions were determined with a
hemacytometer.

Comparison with other media for re-
covery of Gliocladium spp. from infested
soil. Efficacy of selective isolation and
recovery of Gliocladium spp. from soil
infested with propagules of Gliocladium
spp. and from noninfested natural soil
was compared on several media. Ex-
tracted gliotoxin from a culture filtrate
of G. virens (Gv-wt) was used as an in-
gredient of the newly developed media.

Table 1. Species and source of fungi used in the development of selective media for Gliocladium

virens and G. roseum

Strain Collector or source Source identification
G. virens
Gv-wt C. Howell®
Gv-1? C. Howell e
Gv-3 Cvs1 126.65
Gv-5 CVS 344.47
Gv-6 BRC’ 169262
Gv-7 G. Harman® G-1H
Gv-8 G. Papavizas' Gl9
Gv-9 G. Papavizas Gl 12
G-3° C. Howell G-3
Gv-6H C. Howell GV 6
GIl-9 C. Howell G199
GI-10 C. Howell GI-10
GI-19 C. Howell GI-19
Gl-25 C. Howell Gl-25
GVP? C. Howell GVP
G. roseum
Gr-86-283 C. Kenerley" Gr-86-283
Gr-790 C. Kenerley Gr-790
Gr-1064-2 C. Kenerley Gr-1064-2
Gr-1320 C. Kenerley Gr-1320
Gr-1398 C. Kenerley Gr-1398
Gr-1498-2 C. Kenerley Gr-1498-2
Gr-1536 C. Kenerley Gr-1536
Gr-1577 C. Kenerley Gr-1577
Gr-1620 C. Kenerley Gr-1260
Gr-2722 C. Kenerley Gr-2722
Gr-2827 C. Kenerley Gr-2827
CKR-1 CVS 178.28
CKR-2 G. Jager® M 16
CKR-3 CMIY R 205
Nectria ochroleuca™ CVS 194.57
Fusarium oxysporum f. sp. vasinfectum
J. DeVay’ .
Rhizoctonia solani® C. Kenerley Rs-4
Pythium ultimum C. Kenerley P-18

°United States Department of Agriculture, Agricultural Research Service, College Station, TX.

P Nongliotoxin-producing strains.

9 Centralbureau Voor Schimmelcultures, Ag Baarn, The Netherlands.

" Biosystematics Research Center, Ottawa, Ontario, Canada.

* New York State Agricultural Experimental Station, Geneva, NY.

‘ Biocontrol Plant Diseases Laboratories and Florist and Nursery Crops Laboratories, U.S.
Department of Agriculture, Agricultural Research Service, Beltsville, MD.

“Texas A & M University, College Station, TX.

¥ Instituut Voor Bodemvruchtbaarheid, Haren (Gr.), The Netherlands.
“Commonwealth Mycological Institute, Richmond, England.

*Teleomorph of G. roseum.
Y University of California at Davis, Davis, CA.
* Anastomosis group 4.
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Table 2. Colony radius® of Gliocladium virens, G. roseum, Rhizoctonia solani, Pythium ultimum, and Fusarium oxysporum f. sp. vasinfectum

after 24, 48, or 72 hr of incubation in darkness at 27 C on a basal medium amended with antibiotics

G. virens® G. roseum R. solani P. ultimum F. o. vasinfectum

Treatment’ 48 72 48 72 24 48 24 48 48 72
Control 23 33 5 8 23 * 23 * 9 17
Rose bengal (50 mg) 21 35 4 6 18 * 10 20 10 16
Chloramphenicol

(50 mg) 20 35 5 8 18 * 11 28 10 17
Steptomycin (50 mg) 23 35 4 7 18 * 10 27 9 15
Benomyl (500 pg) 23 35 3 9 22 * 23 * 10 17
Benomyl (2 mg) 0 0 0 2 0 0 0 0 0 3
Sodium propionate

(500 mg) 30 * 5 8 16 30 4 16 8 16
Acriflavine (30 mg) 3 3 2 5 15 25 7 10 7 13
Acriflavine (300 mg) 2 2 2 4 20 28 6 10 6 9
PCNB (20 mg) 5 9 5 8 5 8 7 13 3 5
Propiconazole (4.3 ml) 10 16 2 3 13 27 23 * 2 2
Propiconazole (43 ml) | 2 0 0 7 7 1 1 0 0

*Each measurement is the average radius (mm) of colonies from agar disks in petri dishes from two trials, with four replicates per trial.

* = Colony reached edge of petri dish. Coefficient of variation for all measurements was < 8%.

Y Control was the basal medium described in the text. Unit indicates amount of antibiotic per liter of medium.
‘* Fungal strains: G. virens (Gv-wt), G. roseum (Gr-1620), R. solani (Rs-4), P. ultimum (P-18), and F. o. vasinfectum (J. DeVay).

Table 3. Colony radius* of Gliocladium virens, G. roseum, Rhizoctonia solani, Pythium ultimum,
and Fusarium oxysporum f. sp. vasinfectum at 48 hr after seeding onto a basic antibiotic

medium amended with antibiotics

F.o.
Treatment’ G. virens® G. roseum R. solani P. ultimum vasinfectum
Control 24 S * 8 10
Basic antibiotic medium

(BAM) 19 S 25 8 10
BAM -+ propaconizole (4.3 ml) 10 2 15 6 2
BAM + gliotoxin (10 mg) 14 3 12 0 6
BAM + gliotoxin (20 mg)

(GVSM) 12 1 3 0 2
BAM + propaconizole (4.3 ml)

+ gliotoxin (10 mg) 3 12 0 1
BAM + acriflavine (60 mg) 2 4 16 5 9
BAM + gliotoxin (10 mg)

+ PCNB (20 mg) (BAGP) 3 4 8 4 3
BAGP + acriflavine (60 mg) 0 3 3 0 1

*Each measurement is the average radius (mm) of colonies from agar disks in petri dishes
from two trials, with four replicates per trial. * = Colony reached edge of petri dish. Coefficient

of variation of all measurements was < 8%.

¥ Control was the basal medium described in the text. Basic antibiotic medium (BAM) consisted
of 50 mg of chloramphenicol, 10 mg of rose bengal, 50 mg of streptomycin sulfate, 500 ug
of benomyl, and 500 mg of sodium propionate in 1 L of basic antibiotic medium. Unit indicates

amount of antibiotic per liter of medium.

" Fungal strains: G. virens (Gv-wt), G. roseum (Gr-1620), R. solani (Rs-4), P. ultimum (P-18),

and F. o. vasinfectum (J. DeVay).

Ten milliliters of a conidial suspension
(10* to 10° conidia per milliliter, prepared
as described above) from each of five
strains of G. virens and G. roseum were
added to 250-ml Erlenmyer flasks
containing 90 g of nonsterile soil. Effi-
cacy of recovery of propagules from soil
infested with G. virens by dilution plating
was compared using Trichoderma me-
dium E (TMESA) (12), Trichoderma
selective medium (TSM) (4), Davet’s
medium (3), and the newly developed se-
lective medium for G. virens. Compar-
ison of recovery of propagules of G.
roseum from infested soil by dilution
plating was made between the newly de-
veloped selective medium for G. roseum
and Davet’s medium (3).

Comparison with other media for re-
covery of indigenous isolates of G. virens

232 Plant Disease/Vol. 76 No. 3

from natural soil. Selective isolation of
indigenous propagules of G. virens by
dilution plating was compared on four
media. Serial dilutions were made for
each of the soils described previously.
The media tested were TMESA (12),
TSM (4), Davet’s medium (3), and the
newly developed selective medium for G.
virens.

All inoculated media were incubated
at 27 C in darkness, except those
containing TMESA, which were
incubated at room temperature under
fluorescent light (14). Colony-forming
units were recorded daily for 14 days.
Colony identity was verified by exam-
ination with dissecting and compound
microscopes.

Statistics. Experiments were con-
ducted at least twice with at least three

replicates per treatment. Means of two
and more than two treatments were sepa-
rated by ¢ test and Duncan’s multiple
range test, respectively. Statistical values
were obtained using the ¢ test and the
analysis of variance procedure of SAS
(SAS Institute, Cary, NC) (15).

RESULTS AND DISCUSSION
Inhibition of radial growth in vitro of
G. virens (Gv-wt), G. roseum (Gr-1620),
F. o. vasinfectum, P. ultimum, and R.
solani varied with the antibiotic and
antibiotic concentration (Table 2). Rose
bengal at 50 mg/L, chloramphenicol at
50 mg/L, and streptomycin sulfate at 50
mg/L did not suppress growth of G.
virens (Gv-wt), G. roseum (Gr-1620), or
F. o. vasinfectum but inhibited growth
of P. ultimum (52-57%) and R. solani
(22%) at 24 hr of incubation. Benomyl
(50WP) at 2 mg/L inhibited growth of
all fungi tested (75-100%). Benomyl at
500 ug/L did not inhibit growth of the
five species assayed but did restrict
growth of some background fungi on
nonsterile soil dilution plates (data not
presented). Sodium propionate de-
creased colony size of R. solani (30%),
P. ultimum (83%), and F. o. vasinfectum
(11%), enhanced colony size of G. virens
(Gv-wt) (130%), and had no effect on
G. roseum (Gr-1620). Acriflavine at 30
and 300 mg/L suppressed the growth of
all fungi tested (13-91%). Moreover,
hyphae of G. virens (Gv-wt), R. solani,
P. ultimum, and F. o. vasinfectum that
grew from S5-mm-diameter mycelial
disks on the basal medium amended with
30 mg/L acriflavine were very sparse,
whereas hyphal density of G. roseum
(Gr-1620) was not different from the
control. PCNB (75WP) at 20 mg/L re-
duced the colony size of all test fungi
(67-88%) except G. roseum (Gr-1620).
Except for P. ultimum, propiconazole at
4.3 ml/L suppressed growth of all test
fungi (47-89%), especially F. o. vasin-



Sfectum (89%).

From this survey, a basic antibiotic
medium (BAM) that suppressed growth
of soilborne fungi and bacteria and least
inhibited the growth of Gliocladium spp.
was formulated. The selected antibiotics

included 10 mg of rose bengal, 50 mg
of chloramphenicol, 50 mg of strepto-
mycin sulfate, 500 pug of benomyl
(S50WP), and 500 mg of sodium pro-
pionate in 1 L of distilled water. The
medium was adjusted to pH 6.0 with 25%

and effective concentrations for BAM phosphoric acid, which resulted in opti-

Table 4. Recovery of Gliocladium roseum (Gr-1260) on basic antibiotic media amended with
acriflavine and gliotoxin from nonsterile soil

Medium’ G. roseum (X 10%*
BAM 6.8a
BAM + acriflavine 6.9 a
BAM + acriflavine + gliotoxin (1 mg) (GRSM) 6.7a
BAM + acriflavine + gliotoxin (10 mg) 27b
BAM + acriflavine + gliotoxin (20 mg) e C

YBAM = basic antibiotic medium. Unit indicates amount of antibiotic per liter of medium.
In all cases, the amount of acriflavine was 60 mg.

* Each measurement is the average number of colony-forming units per gram of soil by the
dilution plate method from two trials, with three replicates per trial. Means with the same
letter in each column are not significantly different (P < 0.05) according to Duncan’s multiple
range test. Nonsterile soil was infested with 7 X 10" conidia per gram of soil of G. roseum
(Gr-1620).

Table 5. Recovery’ of Gliocladium virens (Gv-wt) or G. roseum (Gr-1620) on media after
infestation of sterile or nonsterile soil with conidia

Colony-forming units (X 10*)
per gram of soil

Soil Medium*® G. virens G. roseum

Sterile soil B 34 a 40 a
BAM 35 a 4.1 a
GVSM 38 a ND b
GRSM ND b 4.0 a

Nonsterile soil GVSM 39 a NDb
GRSM NDb 40 a

¥Each measurement is the average number of colony-forming units per gram of soil by the
dilution plate method from two trials, with three replicates per trial. Means with the same
letter in each column for each soil condition are not significantly different (P = 0.05) according
to Duncan’s multiple range test. The numbers of conidia per gram of soil introduced to both
sterile and nonsterile soils were 3.8 X 10* for G. virens (Gv-wt) and 3.8 X 10° for G. roseum
(Gr-1620). Nonsterile soil was infested with 4 X 10*,7.9 X 10°, and 5.4 X 10° cfu/ g of Rhizoctonia
solani, Fusarium oxysporum f. sp. vasinfectum, and Pythium ultimum, respectively. ND =
no colonies detected from any dilution.

"B = basal medium, BAM = basic and biotic medium, GVSM = selective medium for G.
virens, and GRSM = selective medium for G. roseum.

Fig. 1. Selective isolation of Gliocladium virens and G. roseum on selective media from natural
soil infested with Rhizoctonia solani, Fusarium oxysporum f. sp. vasinfectum, and Pythium
ultimum by the dilution plate method. (A) Selective medium for G. roseum (GRSM); (B)
selective medium for G. virens (GYSM); and (C) basic antibiotic medium (BAM).

mal growth of G. virens (Gv-wt) and G.
roseum (Gr-1620) (data not presented).
Rose bengal at 50 mg/L, chlorampheni-
col at 50 mg/ L, and streptomycin sulfate
at 50 mg/ L were selected for suppressing
growth of bacteria that appeared on soil
dilution plates. Benomyl at 2-20 mg/L
has been used to isolate Trichoderma
spp. from soil (4,14). Because benomyl
(50WP) at 2 mg/L inhibited growth of
Gliocladium spp., the concentration
selected was 500 ug/L. Although beno-
myl at this concentration did not inhibit
growth of the fungi tested, this concen-
tration of benomyl was effective for sup-
pressing growth of other fungi that
appeared on soil dilution plates. Sodium
propionate at 500 mg/ L was selected for
suppressing the growth of rapidly grow-
ing fungi (e.g., Rhizopus spp.) (14).

Gliotoxin and other concentrations of
the previously tested antibiotics were
added to BAM in an attempt to further
distinguish G. virens (Gv-wt) and G.
roseum (Gr-1620) from other fungi tested
(Table 3). BAM suppressed the growth
rates of R. solani (>44%), P. ultimum
(>82%), and G. virens (Gv-wt) (21%) but
not those of G. roseum (Gr-1620) or F.
o. vasinfectum. Although the combina-
tion of antibiotics in BAM was not effec-
tive for distinguishing Gliocladium spp.
from other fungi, the combination was
useful for suppressing growth of fungi
and bacteria that would usually appear
on soil dilution plates inoculated with
soil suspensions. BAM plus gliotoxin at
20 mg/L, hereafter referred to as a selec-
tive medium for G. virens (GVSM), was
effective in suppressing growth of R.
solani (>93%), P. ultimum (100%), F.
o. vasinfectum (80%), and G. roseum
(Gr-1620) (80%). Growth of G. virens
(Gv-wt) also was reduced on this medium
(50%); however, colonies of G. virens
(Gv-wt) were easily distinguishable after
48 hr by their greater colony size and
the sparse mycelia of other fungi. Propi-
conazole (4.3 ml/L) added to BAM in-
hibited F. o. vasinfectum more than
other fungi listed (Table 3). This sug-
gests another compound that may be
used to differentiate G. virens from F.
o. vasinfectum in soil. A combination of
BAM, 10 mg of gliotoxin, 20 mg of
PCNB (75WP), and 60 mg of acriflavine
effectively inhibited fungi other than G.
roseun (Gr-1620) and R. solani. Al-
though colonies of R. solani developed
on this medium, only sparse hyphae grew
from a 5-mm-mycelial disk which
distinguished colonies of R. solani from
G. roseum (Gr-1620).

However, recovery of propagules of G.
roseum (Gr-1620) on the combination of
BAM, 10 mg of gliotoxin, 20 mg of
PCNB (75WP), and 60 mg of acriflavine
as described above from soil was ap-
proximately 35% of the initial number
of conidia of G. roseum (Gr-1620) added
to the soil (Table 4). By reducing the
concentration of gliotoxin to 1 mg/L,
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Table 6. Recovery” of strains of Gliocladium virens and G. roseum from nonsterile soil

Strain of G. virens (cfu X 10*/g of soil)

Strain of G. roseum (cfu X 10%/g of soil)

Medium* Gv-wt Gv-3 Gv-7 Gv-9 GVP G-3 CKR-1 CKR-2 Gr-1398 Gr-1620 Gr-2827
GVSM 7.0a 40a 7.7a 22a 23b 28b

TMESA 53a 22a 4.7 ab 1.7 ab 37b 10.2b

TSM 5.0a J6a 43b 1.4 ab 41.0 a 9.1b

Davet 40a 40a 23b 1.2b 0.7b 19.2a 1.8b 94a 2.1b 2la 24a
GRSM 6.6a 59a 40a l1.6a 25a

¥ Each measurement is the average number of colony-forming units per gram of soil by the dilution plate method from two trials, with three
replicates per trial. The soil was infested with each strain of G. virens or G. roseum. Means with the same letter in each column are not
significantly different (P < 0.05) according to Duncan’s multiple range test.

*GVSM = selective medium for G. virens, TMESA = Trichoderma medium E by Papavizas and Collins (12), TSM = Trichoderma selective
medium by Elad and Chet (5), Davet = Davet’s medium (4), and GRSM = selective medium for G. roseum.

Table 7. Recovery of indigenous Gliocladium virens from nonsterile soil

Colony-forming units (X 10*) per gram of soil’ of G. virens

Medium* Soil 17 Soil 2 Soil 3
GVSM 64 a 138 a 3la
TMESA 2b I5b 2b
TSM 2b 13b b
Davet NS NS NS

*GVSM, TMESA, TSM, and Davet = selective medium for G. virens, Trichoderma medium
E by Papavizas & Collins (12), Trichoderma selective medium by Elad & Chet (5), and Davet’s

medium (4), respectively.

¥ Each measurement is the average numer of colony-forming units program of soil by the dilution
plate method of two trials, with three replicates per trial. NS = nonselective for G. virens
recovery from soil. Means with the same letter in each column are not significantly different
(P = 0.05) according to Duncan’s multiple range test.

“*Soil 1 and soil 2 were collected from different cotton fields in College Station, TX. Soil

3 was from a prairie in Bryan, TX.

recovery of propagules of G. roseum (Gr-
1620) from the soil was not significantly
different from the initial number of
conidia of the fungus (P = 0.67). Inhi-
bition of G. roseum on this combination
was attributed to the sensitivity of G.
roseum to the gliotoxin in the medium.
The selective medium for G. roseum
(GRSM) contained 60 mg of acriflavine,
20 mg of PCNB, and 1 mg of gliotoxin
in1 L of BAM.

Recovery of conidia of G. virens (Gv-
wt) on GVSM and G. roseum (Gr-1620)
on GRSM from nonsterile soil or sterile
soil infested with these strains was not
significantly different from the initial
number of conidia added to the soil
(P = 0.05) (Table 5) . In the nonsterile
soil, the colony-forming units on GVSM
and GRSM are only for G. virens and
G. roseum, respectively. There were no
significant differences between recovery
of chlamydospores of G. virens (Gv-wt)
from sterile soil on BAM or from non-
sterile soil on GVSM (P = 0.89). The
number of colonies of G. roseum (Gr-
1620) on BAM from sterile soil and on
GRSM from nonsterile soil also were
similar (data not presented).

Selective isolation of G. virens on
GVSM from natural soil infested with
G. virens (Gv-wt), G. roseum (Gr-1620),
R. solani, P. ultimum, and F. o. vas-
infectum was successful (Fig. 1). Of 232
colonies collected from 20-30 plates of
GVSM 3 days after plating, only G.
virens was detected; colony size of G.
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virens was optimal for quantification.
Although a few colonies of G. roseum,
R. solani, and unidentified fungi began
to grow at 5 or 6 days after incubation,
the colony size and shape of G. virens
on GVSM were easily distinguishable. At
4 days after plating, eight of 318 fungal
colonies collected from 20-30 plates of
GRSM were fungi other than G. roseum.
Despite a few colonies of other fungi at
4 or 5 days after plating on GRSM,
counting of colonies of G. roseum was
feasible because of the distinct shape of
colonies of G. roseum from other fungi.
Even 7 days after plating, colonies of G.
roseum could be distinguished from
other fungi on GRSM based on colony
shape. Similar differentiation in the
presence of interfering fungi has been
reported for other soilborne fungi (17).

Recovery of three (Gv-1, G-3, and
GVP) of 15 strains of G. virens on GVSM
was significantly less than the mean of
recovery on BAM (P < 0.05) (data not
presented). These three strains were
nongliotoxin-producing strains of G.
virens. Recovery of gliotoxin-producing
strains of G. virens on GVSM from
infested soil was greater than or equal
to recovery on other media tested (P <
0.05) (Table 6). Only two of 295 colonies
were not confirmed as isolates of G.
virens after 3 days of incubation on
GVSM. However, on TMESA and
TSM, numbers of colonies of G. virens
were overestimated by approximately
20-25% because of similarities of colo-

nies of G. virens and Trichoderma spp.
We were able to differentiate colonies of
G. virens unambiguously from Tricho-
derma spp. on these media only by ob-
serving sporulating colonies under a
dissecting microscope after 7-15 days of
incubation. Exclusive differentiation of
G. virens from Trichoderma spp. on
TMESA and TSM may require micro-
scopic examination for estimating popu-
lations of G. virens from soil. On Davet’s
medium, selective isolation of G. virens
was not achieved because of nondiscrimi-
nation of other fast-growing fungi and
bacteria on the medium. Counting col-
onies of G. virens on this medium was
possible only by marking each colony on
the plate daily and later checking the
marked colonies for sporulation under
a dissecting microscope. A decrease in
the recovery of nongliotoxin-producing
strains of G. virens (GVP and G-3) on
GVSM is probably attributable to their
sensitivity to gliotoxin,

Recovery of propagules of 10 of 15
strains of G. roseum were equal to re-
covery on PDASA (PDA containing 50
ug/ml of streptomycin sulfate and 50 ug/
ml of chloramphenicol) and 13 of 15 were
similar to recovery on BAM (P < 0.05)
(data not presented). Five strains of G.
roseum, which had less recovery on
GRSM than on PDASA, were CKR-1,
Gr-1498-2, Gr-790, Gr-1064-2, and N.
ochroleuca. Among the strains, two
strains (Gr-790 and Gr-1064-2) were re-
covered less on GRSM than on BAM.
With reducing the amount of acriflavine
(25 mg/L) in GRSM, recovery of these
two strains on the medium was equal to
recovery on BAM. Acriflavine (60 mg/
L) in GRSM probably is the ingredient
that causes less recovery of these two
strains on GRSM. We did not determine
if one compound or a combination of
compounds was responsible for the
sensitivity of the other strains (CKR-1,
Gr-1498-2, and N. ochroleuca).

Recovery of five strains of G. roseum
on GRSM from infested soil was signifi-
cantly higher or not different from that
on Davet’s medium (P < 0.05) (Table
6). No difficulty was encountered in de-
tecting colonies of G. roseurn on GRSM
because of the selective exclusion of other
contaminating fungi. However, recov-



ered propagules of G. roseum on Davet’s
medium could be determined only by
examination of plates under a dissecting
microscope.

Recovery of indigenous isolates of G.
virens from nonsterile soil was greater
on GVSM than the other media tested
(P < 0.05) (Table 7). Only estimates of
the number of colonies of G. virens could
be made on TMESA and TSM because
of the growth of colonies of Trichoderma
spp. and other fungi on the media. Al-
though there were fungi other than G.
virens on GVSM, there was no difficulty
in counting the number of colonies of
G. virens because of the distinctive shape
of colonies of G. virens.

Many useful and effective selective
media are available for isolation and
population studies of fungi (21). How-
ever, because of low percentages of re-
coveries of the desired fungi, some selec-
tive media are inadequate for estimating
the number of fungal propagules. The
success of some selective media depends
on accompanying techniques, e.g., con-
trolling temperature and moisture (18).
The performance of the semiselective
media (GVSM and GRSM) developed
in this study permits the direct isolation
and enumeration of G. virens and G.
roseum from natural soil by the dilution
plate method. Gliotoxin is the basis of
selectivity for G. virens on GVSM. To
our knowledge, this is the first report of
using the target organism’s own second-
ary metabolite as a key ingredient for
selective isolation of a fungus from nat-
ural soil. This may be a useful approach

for other soil fungi and microorganisms
in other habitats. These semiselective
media are currently being used to study
the ecology of these two biocontrol fungi
in the same ecosystem.
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