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Abstract

Three strains of the fungusichoderma harzianunRifai and two strains of the bacteriuacillus subtilis(Ehrenberg) Cohn were
evaluated for their ability to suppress colonization and sporulation of the artillery fi8ghaefobolus stellatide:Pers.) on oatmeal
agar. All five biological control agents inhibited growthQfstellatusbut efficacy depended on time of application. Simultaneous
inoculation of agar witls. stellatusaind the biocontrol agents, as well as inoculation of biocontrol agents 14 days Bristeftatus
resulted in complete inhibition @. stellatusinoculation of agar with biocontrol agents 14 days after inoculationSvitellatus
reduced, but did not completely suppr8sstellatugolonization and sporulation. In this experiment, gleba (spore masses) treated with
all strains ofT. harzianurmand strain GBO3 d8. subtilisdid not germinate, but 13% of gleba treated with strain MBI 6@) siibtilis
did germinateTrichoderma harzianumvas more effective thaB. subtilisas a biocontrol agent.

Index words: artillery fungus,Trichoderma harzianupBacillus subitilis.

Significance to the Nursery Industry chosen for this study based on their potential occurrence in

The artillery fungus grows in landscape wood and bark !2ndscape muiches and use as biocontrol agents.

mulch, producing masses of spores that adhere to plant tis-_ SPECies offirichodermaare common colonizers of soils,
sue, automobiles, and house siding. Strains of the fungus{TeShly cut wood, as well as wood chips used for landscape

Trichoderma harzianurand the bacteriuBacillus subtilis mulch (14).Triphodermasp_p. extract solubl_e sugars fff”_“
were found to suppress growth of the artillery fungus on agar, 00d, preventing successional decay fungi from colonizing
when their inoculation occurred simultaneously, or prior to, (1°). SPecies dfrichodermaalso produce volatile and non-
inoculation with the artillery fungus. Based on these results, Volatile antibiotics that inhibit specific wood decay fungi (6,
biological fungicides for use as suppression agents for the 10); @nd may be mycoparasitic against wood decay fungi (8,

artillery fungus should be evaluated in field trials. 20). In our preliminary studie3yichodermaspp. were ob-
served to be common contaminants on many different

mulches.Bacillus species also have been studied for their

Introduction . ; . X .
potential use as biological control agents (18) including wood

The artillery fungus§phaerobolus stellathiss a ubiqui-  decay fungi (12, 21). Bernier et al. (2) found Basubtilis
tous, white-rotting, wood-decay fungus commonly found in jnhibited growth of three sapwood-inhabiting fungi, and
moist, decomposing landscape mul&phaerobolusgro- Krebs et al. (18) reported the primary antifungal substances

duces sticky, pinhead-size (1 mm) masses of spores calledih B_ suptiliswere cyclic lipopeptides. Howevé@acillusmay
gleba that are forcibly ejected from the fruiting bodies of the e fungistatic rather than fungitoxic (23). Romaine (22) stated
fungus and adhere tightly to surfaces with which they come hatBacillus spp. were common inhabitants of organic sub-
in contact. This fungus derives its common name, ‘artillery strates such as spent mushroom substrate.
fungus,’ from this ballistic spore discharge mechanism. Ar-  Rgotshield™ is produced by BioWorks, Inc. (Geneva, NY)
tillery fungi are phototropic, discharging their spore masses anq containg. harzianunstrain T-22 (KRL-AG2) as its ac-
towards the light, or towards light-colored reflective surfaces tjye ingredient. It is used as a contact fungicide to control
such as the sides of houses (1, 9, 19), and are often interspecies ofusarium Pythium RhizoctoniaSclerotiniaand
cepted by plant tissues (3, 4, 25). _ other fungi in turf and ornamentals. Epic® and Kodiak® are
Mulch producers, landscape contractors, and insurance pjplogical control agents produced by Gustafson, Inc. (Plano,
companies have all been subject to complaints or claims from Tx) with B. subtilisas the active ingredient (strains MBI
homeowners requesting cleaning, painting, or replacement g and GBO3, respectively). They are used for suppressing
of their gleba-speckled house siding. Therefore, an immedi- gpecies oAlternaria, Aspergillus Fusarium Rhizoctoniaand
ate need exists to determine ways to inhibit growth and sporu-other fungi on developing root systems of field crops, such
lation of the artillery fungus in landscape mulch. One such 55 wheat, soybeans, and corn. The objective of this study
possibility is control oB. stellatushrough establishment of  \y35 to evaluate the efficacy of three strain¥.dfarzianum

competing biocontrol agents within the mulch. Species of anq two strains d. subtilisin preventing growth and sporu-
the fungusTrichodermaand the bacteriurBacillus were lation of S. stellatun oatmeal agar.

'Received for publication August 8, 2000; in revised form October 20, 2000. Materials and Methods
The authors acknowledge funding received fréne Horticultural Re-

search Institute, 1250 | Street NW, Suite 500, Washington DC 20005 S. stellatus culturegnitial S. stellatussolates were col-

Znstructor of Forestry, Penn State Mont Alto, Mont Alto, PA 17237. lected on the Pennsylvania State University campus (Uni-
%Professor of Plant Pathology. versity Park, PA), grown in pure culture, and maintained on
“Professor of Ornamental Horticulture. oatmeal agar (11). Following sporulation in culture, individual
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gleba were collected from the lids of petri plates and sur-
face-sterilized using a 1.05% sodium hypochlorite solution
(20% Clorox®) followed by a distilled water wash and a

70% ethanol spray. Gleba were placed on oatmeal agar plateSrade name

on which they germinated and produced new cultures that

sporulated after 21-25 days at room temperature. Gleba col-

lected from the new cultures served as the inoculum source
for each treatment.

Biological control agentsFive biocontrol agents were
evaluated, three of which are commercially available;
RootShield™, Epic®, and Kodiak®@richoderma harzianum
strains 299 and 382 were provided as pure, numbered cul-
tures by Dr. H. Hoitink, Ohio State University, and subcul-
tured on potato dextrose agar. The following suspensions of
each biocontrol agent were used: 1.2 g RootShield™/100 ml
of distilled water, 0.1 §. harzianum?299 or 382/20-25 ml
distilled water, and 0.1 g of Epic® or Kodiak® in 20-25 ml
of distilled water. Approximately 2 ml of each suspension
were dispensed onto each 100 x 15 mm petri plate contain-
ing 10 ml oatmeal agar.

TreatmentsThe ability of the five biological control agents
to inhibit S. stellatusvas evaluated using three treatments:
» Simultaneous inoculation of agar with stellatugyleba

and biocontrol agents.

» Inoculation of agar witls. stellatugleba, followed by
biocontrol agents 14 days later.
» Inoculation of agar with biocontrol agents, followed by

S. stellatugyleba 14 days later.

Cultures were maintained on laboratory benches at room
temperaturega.21-23C) with natural daylight. Ceiling fluo-
rescent lights were operating in the laboratory for approxi-
mately 10 hours per day from 800—-1800 hr. Treatments were
replicated five times for each biocontrol agent.

Growth and sporulation were evaluated after 42 days, the
time required foSS.stellatusto sporulate (1, 9). Growth was
evaluated as either present or absent. Sporulation was evalu
ated by counting the number of gleba adhering to each petri
plate lid. After counting, the original gleba were removed,

surface-sterilized, and subcultured on oatmeal agar plates.

Viability and subsequent growth were evaluated 14 days later.
Controls (gleba with no biocontrol agent and biocontrol
agents with no gleba) were included with each treatment.
The experiment was replicated 3 times. Duncan’s multiple
range test (P = 0.05) was used to determine if significant
differences occurred among treatments.

Results and Discussion

Inoculating agar with any of the five biocontrol agents
prior to addingS. stellatuzompletely inhibited growth .
stellatus(data not shown). Simultaneous inoculation of agar
with S. stellatusand any of the biocontrol agents also re-
sulted in total inhibition of growth and sporulation (data not
shown). These findings imply death of the glebsitu, death
of germ tubes, or inhibition of germ tube growth without
death of the gleba.

Bruce et al. (7, 8) reported that the abilityTathoderma
spp. to control wood decay fungi was dependent on the nu-
trient status of the growth medium. Species that performed
well as control agents on malt agar were reduced in growth
on nutrient-limited media. However, suppression of glebal
germination by the biocontrol agents in our study is prob-

22

Table 1.  Glebal production bySphaerobolustellatus(n = 15) after 42
days. Plates were inoculated with biocontrol agents 14 days

after inoculation with S. stellatugyleba.

Average %

(Biocontrol agent; strain) no. glebd germination¥
S. stellatusontrol 12.85a 100
Epic® (Bacillus subtilis MBI 600) 7.00b 13.3
Kodiak® (B. subtilis GBO3) 6.30b 0
Rootshield™ Trichoderma harzianup¥-22) 0.53c 0

(T. harzianum299) 0.47c 0

(T. harzianum382) 0.40c 0

Means with the same letter are not significantly different according to
Duncan’s multiple range test (P = 0.05).

YPercentage of gleba (n = 15) that germinated (when placed on fresh media)
following treatment with biocontrol agent.

ably due to chemical inhibition. It is unlikely that competi-
tion for available nutrients was the reason for suppression,
because oatmeal agar is an extremely rich medium with a
high level of available nutrients. Whéh stellatusvas al-
lowed to colonize the agar prior to inoculation with the
biocontrol agents, sporulation was reduced, but not elimi-
nated (Table 1).

Gleba removed from. harzianuntreatments, in whicB.
stellatusdid not grow in the presence of the biocontrol agent,
at the end of the experiment did not germinate when surface-
sterilized and placed onto fresh media (Table 1). Likewise,
13 gleba that were cultured with Epic® did not germinate
after sterilization; however, 2 gleba from this treatment did
germinate and grow. The average number of gleba produced
from these plates after 42 days was 11. None of the gleba
originally treated with Kodiak® germinated.

Trichoderma harzianumAlthough all biocontrol agents
used in this study had some antibiotic effect, the fufigus
harzianumreduced sporulation to a greater extent than did
the bacteriunB. subtilis There were no significant differ-
ences among the thréechodermastrains in their ability to
suppress sporulation, nor between the Baoillus strains.

Our findings imply thaflrichodermahas a fungitoxic ef-
fect onSphaerobolusGrondona et al. (13) found differences
among isolates df. harzianunin ability to suppress growth
of various fungiTrichoderma harzianunsolates had greater
inhibition of growth on fungi with cellulose cell walls as
compared to fungi with chitin and glucan cell walls.
Huttermann and Cwielong (16) tested a lytic enzyme system
from T. harzianumas a biological control for annosus root
rot in spruce. The fungal cell wall was hydrolyzed by this
system, leaving the host tree unaffected. The authors found
an inexpensive way to mass produce the enzyme system us-
ing aPenicillium species as the substrate. Such a system
should be considered for application to wood and bark mulch
to inhibit S. stellatus

WhensS. stellatusvas allowed to grow for 14 days before
application of the control agents, the most recent hyphal
growth ofS. stellatusvas affected by the biocontrol agents,
but Trichodermaand Bacillus were unable to completely
suppress growth and sporulation. This is consistent with the
findings of Dennis and Webster (10) who evaluated the reac-
tion of different species and strainsloichoderma(includ-
ing T. harzianum against root rot fungi. In cultures where
Trichodermasuppressed growth of the test fungi, the re-
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searchers were able to subculture the test fungi onto fresh 2. Bernier, R, Jr., M. Desrochers, and L. Jurasek. 1986. Antagonistic

agar where they grew normally. However, in cultures where
growth of the test fungi was completely inhibited initially,
no subsequent growth occurred after subculturing. This im-

effect betweemacillussubtilisand wood staining fungi. J. Inst. Wood Sci.
10:214-216.

3. Bertus, A.L. and J. Walker. 1983phaerobolus stellates a nursery

plies a difference in efficacy among species and strains of pest. Plant Dis. Survey p. 26-27.

Trichoderma and suggests that some strains are fungistatic
whereas others are fungicidal. The results of re-isolating gleba

after the biocontrol contact could imply fungitoxic metabo-
lites in both of thd. harzianunstrains and the GBO3 strain
of B. subtilisand fungistatic metabolites in tige subtilis
MBI 600 strain.

Bacillus subtilis Complete inhibition o§. stellatugrowth
occurred wherB. subtilisstrains were applied prior to or
simultaneously witls. stellatu®n oatmeal agar. Kreber and
Morrell (17) reported that an isolate®fsubtiliscompletely
inhibited growth of fungal competitors on ponderosa pine
sapwood for the first 4 weeks after inoculation, but lost much
of its inhibitory ability after 4 additional weeks. Siefert et al.

(23) postulated this weakening of antagonism was due to the

inability of Bacillusto fully colonize the substratBacillus
subtilis may not be able to prevent subsequent growth of
wood decay fungi, but rather just delay it through fungistatic
means. However, lysis #thytophthoraspp. mycelium by
species oBacilluson agar was reported by Broadbent et al.
(5). The evaluation oB. subtilisas a control agent for a
Phytophthoraspecies demonstrated the significant differ-

ences in effectiveness between strains on cornmeal agar (24),,,

Utkhede (24) also reported that strainB odubtilisproduced
antibiotics which inhibited mycelial growth Bhytophthora
Although the strains d8. subtilisused in thisS. stellatus

4. Birchfield, W., J.L. Smith, A. Martinez, and E.P. Matherly. 1957.
Chinese evergreen plants rejected because of glebal maSpésefobolus
stellatuson foliage. Plant Disease Reporter 41:537-539.

5. Broadbent, P., K.F. Baker, and Y. Waterworth. 1971. Bacteria and
actinomycetes antagonistic to fungal root pathogens in Australian soils. Aust.
J. Biol. Sci. 24:925-944.

6. Bruce, A., W.J. Austin, and B. King. 1984. Control of growth of
Lentinudepideusby volatiles fromTrichodermaTrans. British Mycol. Soc.
82:423-428.

7. Bruce, A. and T.L. Highley. 1991. Control of growth of wood decay
basidiomycetes byrichodermaspp. and other potentially antagonistic fungi.
Forest Prod. J. 41:63-67.

8. Bruce, A., U. Srinivasan, H.J. Staines, and T.L. Highley. 1995.
Chitinase and lamarinase production in liquid culturdtighodermaspp.
and their role in biocontrol of wood decay fungm.: International
Biodeterioration & Biodegradation, p. 337-353. Elsevier Science Limited.

9. Buller, A.H.R. 1933. Researches on Fungi, Vol. 5. Longmans, Green
and Co., London.

10. Dennis, C. and J. Webster. 1971. Antagonistic properties of species
groups ofTrichoderma 1. Production of non-volatile antibiotics. Trans.
British Mycol. Soc. 57:25-39.

11. Dykstra, M.J. 1982. A cytological examination Shaerobolus
stellatusfruiting bodies. Mycologia 74:44-53.

12. Greaves, H. 1970. The effect of selected bacteria and actinomycetes
the decay capacity of some wood-rotting fungi. Mater. Org. 7:11-25.

13. Grondona, |., R. Hermosa, M. Tejada, M.D. Gomis, P.F. Mateos, P.D.
Bridge, E. Monte, and |. Garcia-Acha. 1997. Physiological and biochemical
characterization ofrichoderma harzianumna biological control agent against

experiment completely suppressed growth in two of the three soilborne fungal plant pathogens. Appl. Env. Micro. 63:3189-3198.

treatments (prior to and simultaneous inoculation with gleba),
results of thes@ vitro experiments may not be fully appli-
cable to the landscape mulch situation. Differences in the

14. Hoover-Litty, H. and R.T. Hanlin. 1985. The mycoflora of wood chips
to be used as mulch. Mycologia 77:721-731.

15. Hulme, M.A. and J.K. Shields. 1970. Biological control of decay

nutrient status of oatmeal agar versus wood and bark mulchfungi in wood by competition for non-structural carbohydrates. Nature

may influence the efficacy of the control agent.

227:300-301.

The experiment reported herein demonstrates the suppres- 16. Huttermann, A. and P. Cwielong. 1982. The cell walFofnes

sive ability of strains ofrichoderma harzianurandBacil-

lus subtilisas biological control agents f8r stellatusn vitro.
WhensS. stellatusvas allowed to colonize the substrate ini-
tially, Trichodermawas more effective at suppressing sporu-
lation than wa®acillus However, it is not known how or
whensS. stellatusenters landscape mulahvivo; therefore,

it is not known when to apply a potential biocontrol agent to
the mulch. The artillery fungus may be present on the site,
be on wood prior to the chipping process, or may infest land-
scape materials at mulch-producing facilities following chip-
ping. Or, it may enter mulch after application in the land-
scape, arriving on infected plant material or from surround-

annosugHeterobasidiorannosum as target for biochemical control. Eur.
J. For. Path. 12:238-245.

17. Kreber, B. and J.J. Morrell. 1993. Ability of selected bacterial and
fungal bioprotectants to limit fungal stain in ponderosa pine sapwood. Wood
Fiber Sci. 25:23-34.

18. Krebs, B., H. Junge, A. Ockhardt, B. Hoding, D. Heubner, and U.
Erben. 1993Bacillus subtilis—an effective biocontrol agent. Extended
summaries SCI pesticides group symposium biological control: Use of living

organisms in the management of invertebrate pests, pathogens and weeds.

Pestic. Sci. 37:427-433.

19. Lehman, R.D. 1985. Black spots on houses—an insect or disease
problem? Penna. Dept. Agric. Bur. PI. Ind., Reg. Hort. 11:15-16.

20. Murmanis, L., T.L. Highley, and J. Ricard. 1988. Hyphal interaction

ing areas such as other mulch beds, decaying organic matterpf T. harzianumandT. polysporumwith wood decay fungi. Mater. Org.
and forested areas, or some combination of these scenarios?3:271-279.

Also, the suppressive potential shown in this study on oatmeal

21. Preston, A.F., F.H. Erbisch, K.R. Kramm, and A.E. Lund. 1982.

agar may not be as great on wood and bark mulch substratesPevelopments in the use of biological control for wood preservation. Proc.

However, if additional research supports these findings, it

78" Annu. Meet. Amer. Wood Preserv. Assoc. p. 53-61.

may be feas|b|e to treat |andscape mulches at Vanous po|nts 22. Romaine, C.P. 1999. Personal Communication, Pennsylvania State

of production, application or post-application with suspen-
sions of these biological agents as protection ag&nst
stellatuscolonization.
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