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Abstract. Wheat bran inoculum of Penicillium janthinellum (Biourge) [1% w/w added to pine bark (PB) container
medium] suppressed “’root rot of azalea (Rhododendron obtusum Planch.) caused by Phytophthora cinnamomi Rands
in greenhouse experiments. Shoot fresh weight was increased by 31% to 91% and mortality reduced by 30% to 50%
for azaleas planted in natural (nonsterile) PB amended with P. janthinellum compared with the infested control. The
population densities of P. janthinellum exceeded 105 to 106 cfu/g dry PB within 7 days and remained stable over time.
Penicillium janthinellum, a natural colonizer of PB container media, shows potential as a biological control of phy-
tophthora root rot of azalea.
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Phytophthora root rot is the single most important disease in
the commercial production of azaleas in the southeastern United
States. The most frequently isolated pathogen is Phytophthora
cinnamomi Rands (Lambe et al., 1982). Azaleas are produced
commercially in containers and in the field. Container produc-
tion is the most common method in the South. Container media
amended with composted hardwood bark or PB suppress various
root-infecting pathogens, including P. cinnamomi (Gerrettson-
Cornell et al., 1978; Hoitink et al., 1977; Spencer and Benson,
1981, 1982). Reproduction, survival, and pathogenicity of P.
cinnamomi are adversely affected by tree bark media. Signifi-
cant inhibition of linear growth, formation of chlamydospores
and sporangia, and lysis of zoospores and mycelium have been
demonstrated in composted hardwood bark (Hoitink et al., 1977;
Spencer and Benson, 1982). Suppression of sporangium pro-
duction has been reported in PB (Gerrettson-Cornell and Hum-
phreys, 1978; Spencer and Benson, 1982). Significant suppression
of phytophthora root rot of various species (Hoitink et al., 1977;
Spencer and Benson, 1981, 1982; Gerrettson-Cornell et al.,
1976) has been reported in composted hardwood bark (CHB)
(Hoitink et al., 1977; Spencer and Benson, 1981, 1982) and
PB (Gerrettson-Cornell et al., 1976; Spencer and Benson, 1981,
1982).

Our study was initiated to evaluate Penicillium janthinellum,
a natural inhabitant of PB, as a biological control of phy-
tophthora root rot of azalea. In addition, the population dynam-
ics of introduced and naturally occurring P. janthinellum and
other fungi were quantified to better understand the relation
between disease suppression and P. janthinellum activity.
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Materials and Methods

Oat inoculum of P. cinnamomi (ATCC 46292) was prepared
as described by Ownley and Benson (1990). Oat cultures were
maintained at 25C for 2 weeks before infestation of PB container
medium. Penicillium janthinellum (NRRL A-27551) was iso-
lated in late summer from a 3 pine bark : 1 sand (v/v) (PBS)
container medium to which a vermiculite-V-8 juice medium
colonized by P. cinnamomi had been added as inoculum in June.
Rhododendron L. ‘Nova Zembla’ grown in the infested PBS
did not exhibit symptoms of root rot, and P. cinnamomi could
not be recovered from either the vermiculite–V-8 inoculum or
from the rhododendron roots when plated onto two media semi-
selective for Phytophthora (Eckert and Tsao, 1962; Shew and
Benson, 1982). Using the classification scheme of Pitt (1979),
the predominant fungal colonist of the vermiculite-V-8 inoculum
was identified as P. janthinellum.

Conidial suspensions of P. janthinellum for introduction into
wheat bran medium (Lewis and Papavizas, 1985) were prepared
from 9-day-old colonies growing on V-8 juice agar (200 ml V-
8 juice, 800 ml water, 3 g CaCO3, 1 g glucose, 20 g agar, and
6.0 ml 1.0 N NaOH). Wheat bran (100 g) was mixed with water
(100 ml) and autoclave for 1 h. Plates of V-8 agar with colonies
of P. janthinellum were flooded with sterile, demineralized water
and 10-ml samples of the suspension were added to sterile,
moistened wheat bran to provide 107 cfu/100 g bran. The bran
cultures were incubated for 4 days at 25C.

In the first experiment, rooted azalea (‘Hinodegiri’) cuttings
(≈16 weeks old) were potted into natural (nonsterile) PB amended
(1% w/w) with autoclave wheat bran or P. janthinellum (106

cfu/g bran), or into medium without amendment. Lime and fer-
tilizer were added to PB container medium as described by
Ownley and Benson (1990). Phytophthora cinnamomi (nine col-
onized oat kernels per container) was added 4 days after potting.
The inoculum was divided among three sites around the periph-
ery of the root ball at a depth of 2.5 to 5 cm. Noninfested
controls received autoclave wheat bran or P. janthinellum. The
plants were watered by hand twice daily and containers were
placed in saucers 2 days-week-1 to maintain moisture conditions
near saturation. The design was a randomized complete block
with eight replicates per treatment.

In the second and third experiments, l-year-old azaleas were
used. Treatments were as described previously. To eliminate
Abbreviations: PB, pine bark.
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Table 1. Effect of Penicillium janthinellum on phytophthora root rot of azalea grown in PB container
medium.

zExpt. 1 = 134 days, Expt.2 = 67days, Expt.3 = 91 days.
yPlants received a 24-h post-inoculation flooding treatment on day 40 of experiment.
‘Root rot severity, shoot fresh weight, and percent dead plants were determined on the last day of
each experiment (days 134, 67, and 91 for Expts. 1, 2, and 3, respectively). No plants died in Expt.
1.
wExpt. 1 = natural PB, Expts. 2 and 3 = autoclaved PB.
vMeans separation (in columns) by F-protected LSD test, P = 0.05.

Table 2. Effect of type of amendment on the population density of
total fungi, Pencillium janthinellum, and percent P. janthinellum as
a proportion of the total fungal population density in a PB medium
at the conclusion of Expt. 1.

Fig. 1. Effect of amendments on the population density of Penicillium
janthinellum (A, B) and on the percent P. janthinellum as a pro-
portion of the total fungal population density (C, D). Azaleas were
potted in sterile PB infested with Phytophthora cinnamomi and re-
ceived no amendment (Infested control), or plants were potted in
natural (nonsterile) PB infested in P. cinnamomi and amended with
1% w/w sterile bran (Infested bran control), or 1% w/w bran colo-
nized by P. janthinellum (Infested + PJ). Expt. 2 (A, C). Expt. 3
(B, D).
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natural populations of P. janthinellum, sterile PB (autoclaved 1
h, on two successive days) was used in the infested control. At
day 40 of the experiment, plants were placed, by treatment, in
plastic-lined wooden boxes( 18.5 × 46 × 102 cm); water was
added until 2 to 4 cm was ponded on the surface of the container
medium for 24 h. The design was a randomized complete block
with 11 replicates per treatment.

After all plants with symptoms of severe root rot had died,
shoot fresh weight and root rot severity were determined. Root
samples were collected from each plant, as described by Ownley
and Benson (1990); the severity of root rot was evaluated on a
visual assessment scale, with 1 = healthy, 2 = necrosis and
discoloration of feeder roots, 3 = necrosis of larger roots, 4 =
stem necrosis, and 5 = dead plant, and infection of roots by
P. cinnamomi was confirmed. Data were analyzed for signifi-
cance by the general linear models procedure and the F-pro-
tected least significant difference test (P = 0.05) (SAS Institute,
1985).

The population densities of all fungi present and of P. jan-
thinellum were determined at the end of the first experiment,
and at least six times throughout the course of the second and
408
third experiments. A 1.5-cm-diameter soil-sampling tube was
used to take PB container medium samples to a depth of 11 cm
(total volume = 50 to 60 cm3 of medium). A 10-g subsample
was removed and stirred for 2 min in 99 ml sterile, deminer-
alized water. Serial dilutions were prepared with l-ml samples
transferred to duplicate plates of peptone–dextrose-rose bengal
agar (Johnson and Curl, 1972). Plates were incubated at 25C
for 4 to 5 days, and developing colonies were counted. Add
tional subsamples (5 to 10 g) were oven-dried (105C, 24 h) to
determine percent moisture, to express population density as
J. Amer. Soc. Hort. Sci. 117(3):407-410. 1992.
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colony-forming units per gram of dry PB. Three to seven rep-
licates per treatment were used to determine fungal population
densities.

Inhibition of colony growth of P. cinnamomi by P. janthi-
nellum was determined with paired cultures on cornmeal agar
(Difco), Czapek’s yeast extract agar (Pitt, 1979), and malt ex-
tract agar (Pitt, 1979), adjusted to pH 4.0, 5.0, or 6.0 with 1.0
N NaOH or concentrated HCl. Plates were seeded with 4-day-
old, 5.0-mm-diameter mycelial plugs, grown on the correspond-
ing medium, of P. janthinellum and P. cinnamomi or P. cin-
namomi alone. After incubation for 4 days at 25C, the colony
diameters of P. cinnamomi were measured. The experiment was
a 3 × 3 factorial in a completely randomized design with 10
replicates per treatment.

Results and Discussion

Wheat bran inoculum of P. janthinellum, added to natural
PB, suppressed phytophthora root rot of azalea in greenhouse
studies. Disease suppression was demonstrated by lower ratings
for root rot severity, higher shoot fresh weights, and reduced
plant mortality compared with the infested control (Table 1).
Disease suppression also was observed when plants were sub-
jected to 24 h of post-inoculation flooding, conditions highly
suitable for development of phytophthora root rot (Kenerley et
al., 1984). In Expt. 1 (Table 1), plants in natural PB infested
with P. cinnamomi and amended with P. janthinellum had less
(P = 0.05) root rot than either the infested control or the in-
fested bran control. The shoot fresh weight of plants in infested
PB treated with P. janthinellum was higher (P = 0.05) than
the infested control. In Expt. 2 (Table 1), root rot severity was
similar for plants in natural PB infested with P. cinnamomi and
amended with P. janthinellum as for both infested controls, but
the shoot fresh weight of plants in infested, natural PB amended
with P. janthinellum was higher (P = 0.05) and plant mortality
was reduced by 50% compared with the infested control. In
Expt. 3 (Table 1), there were no differences in shoot fresh
weight for plants in natural PB amended with P. janthinellum
compared to both infested controls, but root rot severity was
less (P = 0.05) for plants in infested, natural PB amended with
P. janthinellum and plant mortality was 30% less than in the
infested control. In the absence of P. cinnamomi, there was no
evidence of either phytotoxicity or growth promotion of azalea
in PB amended with P. janthinellum. There were no differences
in shoot fresh weight or root rot severity for plants in nonin-
fected PB amended with P. janthinellum compared with plants
in noninfested PB amended with bran (data not shown).

Bran also reduced root rot severity, but this amendment was
less effective than P. janthinellum. At the conclusion of Expt.
1, the total population density of fungi was higher (P = 0.05)
in infested and noninfested PB amended with bran than in the
infested control or in PB + infestation and P. janthinellum
(Table 2). An increase in microbial activity increases fungi-
stasis, resulting in a degree of general suppression (Cook and
Baker, 1983).

In all experiments, P. janthinellum was found in the infested
control (Table 2, Fig. 1). In Expt. 1, natural populations were
the source of P. janthinellum. In Expts. 2 and 3, because au-
toclave PB was used in the infested control treatment, air-borne
conidia from the surface of PB container medium that had been
amended with P. janthinellum probably were the source of the
fungus.

There were no differences in the population densities of P.
janthinellum in either infested or noninfested PB amended with
J. Amer. Soc. Hort. Sci. 117(3):407-410.  1992.
bran, compared with the population in infested PB amended
with P. janthinellum (Table 2, Fig. 1 A and B). The density of
P. janthinellum as a proportion of the total fungal population
was, however, higher in PB amended with P. janthinellum than
in either noninfested or infested PB amended with bran (Table
2, Fig. 1 C and D). In all experiments, P. janthinellum made
up a higher proportion of the fungal population in PB amended
with P. janthinellum than in the infested control. The observed
relationship between higher percentages of P. janthinellum in
the total population of fungi and reduced root rot severity sug-
gests that P. janthinellum may need to predominate the PB
mycoflora for suppression of phytophthora root rot to occur.
Addition of bran alone was apparently insufficient to increase
the relative population density of naturally occurring P. janthi-
nellum to levels that effected specific suppression.

Hyphal growth of P. cinnamomi was inhibited by P. janthi-
nellum in vitro. Inhibition was more effective at the higher cul-
ture medium pH values and most pronounced on malt extract
agar (data not shown). After several days in paired culture,
colonies of P. cinnamomi failed to grow, but colonies of P.
janthinellum advanced and completely colonized the mycelium
of P. cinnamomi. Inhibition in vitro by P. janthinellum against
various plant pathogens has been reported (Domsch et al., 1980;
Sztejnberg and Tsao, 1986). Penicillium janthinellum produces
the antibiotic griseofulvin (Grove, 1973) and the fungitoxic me-
tabolize janthinellin (Poltorak and Silaev, 1964).

In summary, these results indicate that P. janthinellum, a
natural colonist of PB container medium, shows potential as a
biological control of phytophthora root rot. Investigations on
the interactions of P. janthinellum with other microorganisms
indigenous to PB and an understanding of the mechanism of
disease suppression are needed for effective use of this organ-
ism.
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