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Abstract

Penicillium striatisporum Pst10 was isolated from the rhizosphere of chilli peppers. In dual culture agar plate assays, this isolate
showed very high antagonistic effects on mycelium growth of Phytophthora spp., Cladosporium cucumerium, and Sclerotinia sclerotiorum.
In in vitro assays, the toxicity of sterilized liquid culture filtrates (SLCF) of Pst10 grown in potato-dextrose broth (PDB) was tested
against Phytophthora capsici mycelium growth and sporangia/spore formation or germination. The SLCF completely inhibited mycelium
growth and even at a 100-fold dilution led to abnormal mycelium. A 20-fold dilution of SLCF inhibited formation and germination of
sporangia and spores. Three antifungal substances were separated by thin-layer chromatography (TLC) from organic solvent extracts of
liquid culture filtrate of Pst10. Composted pig manure slightly increased the colonization of the chilli rhizosphere by Pst10. In pot tests,
the incidence of Phytophthora root rot of chilli was significantly reduced when artificially infested soil was treated with conidia and

SLCF of Pstl0.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Phytophthora root rot (PRR), caused by Phytophthora
capsici Leonian, is a common and destructive disease of
greenhouse and field-grown chilli peppers (Capsicum frutes-
cens L.) in China and world-wide. The disease causes seri-
ous economic losses of chilli peppers in more than 15
Provinces of China (Zuo, 2002). Shandong Province has
suffered major PRR outbreaks in 1996, 1997, and 1998
(Lin et al., 2003). Chilli was grown on more than 1.3 mil-
lion hectares in 2006 in China. Generally, the incidence
of PRR in the pepper fields is 20-30% but in many contin-
uous cropping fields it could be 40-60%, which leads to the
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estimated annual economic loss of ¥675 million or 96 mil-
lion USD.

There are a few effective chemical control methods for
PRR. There have been considerable efforts to find biologi-
cal control agents for this disease and several potential can-
didates have been reported including: Actinomyces spp.
(Zhu et al., 1995; Lee and Hwang, 2002; Hee et al, 2006;
Ezziyyani et al., 2007), Pseudomonas spp. (Lee et al.,
2003a,b,c; Jung and Kim, 2004; Paul and Sarma, 2006),
Bacillus spp.(Dai and Guan, 1999; Lee and Hwang, 2002;
Jung and Kim, 2003; Qiu et al., 2004; Jung and Kim,
2005), Trichoderma spp. (Liu and Lu, 2003; Ezziyyani
et al., 2007) and even some fungal endophytes (Kim
et al., 2007). The most promising have been the strains of
Penicillium spp. (Anderson et al., 1988; De Cal et al.,
1988, 1990; Fang and Tsao, 1989, 1992, 1995; Harrison
and Stewart, 1988; Kharbanda and Dahiya, 1990; Melouk
and Akem, 1987; Proksa et al., 1992; Nicoletti et al., 2004;
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Pascual et al., 2000; Sztejnberg et al., 1988), with Penicil-
lium oxalicum Currie&Thom (Windels, 1981; Windels and
Kommedahl, 1978, 1982; De Cal et al, 1997a,b, 1999; Lare-
na et al., 2002; Sabuquillo et al., 2006) being the most
intensely investigated.

Penicillium striatisporum Stolk was identified by Stolk
(1969), but the only subsequent reports on this fungus were
a Japanese patent in 1994 (Morino et al., 1994) and a
report by Michael et al. (2005). Both studied medical
aspects. There are no reports on the biological control
potential of this fungus against plant pathogens. In this
study, we report for the first time the efficacy of P. striati-
sporum as a biological control agent of Phytophthora spp.
In order to determine the mode of action, we examined
the culture filtrates of the fungus for inhibitory effects
against P. capsici Leonian. As this fungus is a slow colo-
nizer, we tested the effect of an organic fertilizer, com-
posted pig manure, on the colonization ability of Pst10 in
the chilli pepper rhizosphere. The strain designated as
Pst10 appeared to have high potential as a biocontrol agent
of Phytophthora root rot of chilli in preliminary potting
tests.

Application of Pstl0 for soil-borne disease control of
plant had been authorized and approved by the Chinese
Invention Patent Bureau. The objectives of this research
was to investigate the potential of Pst10 as a fungal biocon-
trol agent against PRR in chilli pepper.

2. Materials and methods
2.1. Fungal cultures and growth media

The isolate Pst10 of P. striatisporum was originally iso-
lated from the rhizosphere of chilli pepper in an experimen-
tal greenhouse in Nanjing, China. Pst10 has been deposited
at China General Microbiological Culture Collection Cen-
ter and assigned Accession No. CGMCC No.1533.

The fungal cultures of Pst10 and pathogenic fungi, P.
capsici Leonian, Phytophthora infestans (Mont.) de Bary,
Phytophthora drechsleri Tucker, Phytophthora nicotianae
Breda de Haan, Phytophthora megasperma Drechs. f. sp.
medicaginis, Botrytis cinerea (De Bary) Whetzel, Scleroti-
nia sclerotiorum (Lib.)de Bary, Rhizoctonia solani J.G.
Kiithn, Fusarium graminearum Schwabe, Fusarium oxyspo-
rum Schltdl. and Pythium aphanidermatum (Edson) Fitzp.,
Magnaporthe oryzae B. Couch, Alternaria solani Sorauer,
Cladosporium cucumerium Ellis et Arthur, Saccharomyces
cerevisiae Meyen ex E.C. Hansen and Candida albicans
(C.P. Robin) used in this study were maintained on
potato-dextrose agar (PDA) slants at 4 °C and were grown
on PDA plates at 25-26 °C in the dark.

2.2. Testing the antifungal spectrum of Pstl0 using dual
culture assays

The cultures of each of the test pathogens and Pstl0
were grown on PDA plates at 25-26 °C for 5-7 days prior

to the bioassay tests. The antifungal spectrum was deter-
mined by placing a 4-mm-diameter agar disk cut from
the edge of an actively growing colony of Pst10 on one side
of a PDA plate and an agar disk of the test pathogen of the
same size on the opposite side of the same plate. For the
yeasts, S. cerevisiae and C. albicans, cell suspensions
obtained from 2-day-old cultures were spread around a
Pst10 colony on PDA plate, respectively. Each combina-
tion was tested using five replicates. Zones of inhibition
were determined after incubation in the dark at 25-26 °C
for 8-10 days. The test was conducted twice.

2.3. Preparation of sterilized liquid culture filtrates (SLCF)

Erlenmeyer flasks (250 ml) containing 100 ml of potato-
dextrose broth (PDB) were inoculated with four 8-mm-
diameter mycelial disks obtained from the edge of vigor-
ously growing colony of Pstl10. Flasks were incubated in
the dark at 25-26 °C on a rotary shaker at 160 rpm for 7
days. The liquid cultures were filtered through two-layers
of cheesecloth in a funnel and the filtrates were centrifuged
at 8000 rpm for 15 min. The supernatant was collected and
sterilized by filtration through 0.22 ym Millipore mem-
brane. The sterile filtrates were collected and stored at
4 °C before being used in the following experiment.

2.4. Toxicity of SLCF to P. capsici

2.4.1. Effect on mycelium growth of P. capsici

Four-mm-diameter mycelium disks of P. capsici were
placed in the center of a series of PDA plates containing
2, 0.67, 0.4, 0.2, 0.1, 0.067, 0.05 ml of SLCF in 20 ml of
molten PDA medium (45-50 °C) resulting in 10, 30, 50,
100, 200, 300, 400 fold dilutions, respectively. A 0-fold dilu-
tion treatment consisting of 20 pl SLCF was directly
dropped onto each disk in plate. The control treatment
was not amended with SLCF. Each treatment had five rep-
licates. The plates were incubated in dark at 25-26 °C for
20, 48 and 120 h before colony diameters were measured.
Disks of P. capsici which showed no growth after 7 days
of incubation were transferred to PDA plates and incu-
bated at 25-26 °C for 72 h to determine if they were dead
or just inhibited. This experiment was conducted three
times. Percent inhibition (%) was calculated as equal to
the (colony diameter of control — colony diameter of treat-
ment)/colony diameter of control x 100.

2.4.2. Effect on sporangialspore formation or germination of
P. capsici

Fifteen mycelial disks (8-mm-diameter) of P. capsici
were placed in glass dishes (9 cm in diameter) containing
20 ml sterile water and 1 ml of sterilized filtrate of Pst10.
Five replicates were used for each dilution and were grown
for 24, 48, and 72 h at 25 °C with continuous light. The
control treatment consisted of 15 disks of P. capsici
(8 mm in diameter) placed in glass dishes (9 cm in diame-
ter) containing only 20 ml sterile water. Sporangium for-
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mation and zoospores release were determined using a light
microscope by checking five randomly selected fields in
each disk.

To determine the effect of SLCF on sporangium and
spore germination, 100 pl of sporangium or spore suspen-
sions were spread on 20 ml PDA agar containing 1 ml
SLCF. Five replicates were conducted for each treatment.
PDA plates were incubated at 28 °C for 24, 72, and
120 h. After each incubation time, 100 sporangia or spores
were counted randomly on each PDA plate under a light
microscope and germination rate was calculated. Counting
was conducted five times. The germination of the control
sporangium or spore was determined in 100 pl suspensions
spread on 20 ml PDA agar containing 1 ml of sterile water.
This experiment was conducted twice. The germination
rate (%) was calculated as the (number of germinated spo-
rangia or spores/total number of sporangia or spores
counted) x 100.

2.5. Preliminary separation of antibiotics produced by Pst10
grown in liquid culture

2.5.1. Extraction of liquid culture filtrates (LCF) with
organic solvents

Several experiments were conducted to identify the
active substances found in SLCF. Liquid cultures of
Pst10 grown as described above were filtered through
two-layers of cheesecloth in a funnel and centrifuged at
8000 rpm for 15 min and the supernatants were collected.
Fifty milliliters of the supernatants were extracted with
150 ml of methanol or acetone, respectively, on a rotary
shaker incubator, at 160 rpm for 1 h. After centrifugation
at 6000 rpm for 15 min, the organic fractions and the resi-
dues were collected, respectively, and the supernatants were
extracted once again with the same process. Finally, the
supernatants of both extractions from the same solvent
fractions were combined and concentrated at 45 °C on a
rotary evaporator to a final volume of 5 ml. The residues
from the same solvents were combined and vacuum-con-
centrated on a rotary evaporator to dryness and re-dis-
solved in 5 ml of sterile water.

Fifty milliliters of the supernatants were mixed with
150 ml of ethyl acetate, chloroform or n-hexane separately
on a rotary shaker incubator at 160 rpm for 1 h and then
allowed to remain stationary for 2 h. The organic fractions
were collected and the aqueous fractions were re-extracted
once more using the same process. The organic fractions or
aqueous fractions of both extractions were combined and
vacuum-concentrated to a final volume of 5 ml as described
above.

The concentrated aqueous and organic fractions were
sterilized separately by filtration through 0.22 pm Millipore
membrane and stored at 4 °C. Twenty microliters of con-
centrated organic or aqueous preparations were added to
20 ml molten PDA medium, mixed and poured into Petri
dishes, five plates for each treatment. The controls con-
tained an equal volume of each solvent or sterile water.

One disk of P. capsici was placed in the center of each plate
and the cultures were incubated as described above. Col-
ony diameters were measured 72 h later. All bioassays of
culture filtrates were repeated three times. The data were
analyzed using the procedure of MINITAB.

2.5.2. Preliminary separation by TLC

Antifungal activity was detected in methanol, acetone,
ethyl acetate and chloroform fractions of SLCF. The crude
concentrated preparations were partially purified by TLC
using GF,s4 silica gel plates (silica gel with green fluores-
cent indicator UV,s4, manufactured by Qingdao Chemical
plant). A 0.1 ml sample of each solvent fraction was spot-
ted separately and the plates were developed in metha-
nol-water (4:1, v/v) in closed tanks and examined under
UV light at 254 nm. Four spots in vertical row of each frac-
tion were observed with different Ry values and were
scraped form the plate and extracted with methanol for
4 h. The silica gel in the extractions were removed by cen-
trifugation at 6000 rpm for 15 min, and the supernatants
for all four spots were collected separately and concen-
trated in vacuum to dryness and re-dissolved in 200 pl of
methanol. A bioassay with P. capsici was conducted as
described above.

2.6. Assessing the effect of composted pig manure (CPM) on
colonization of Pstl0

Fresh disks of Pst10 were transferred on PDA plates and
grown at 25-26 °C for 10-15 days to produce conidia. The
conidia were obtained by adding 15 ml sterile water to the
cultures and agitated. The soil for potting experiment was
obtained from a common vegetable farm and air-dried in
laboratory.

Pots (12cm x 12 cm x 10 cm) containing air-dried soil
were placed in a glasshouse at 20-23 °C. Two seedlings of
chilli cultivar Sujiao No. 2 with 2-4 leaves were trans-
planted into each pot with ten pots per treatment. The
treatments consisted of:(1) air-dried soil with no additional
treatment; (2) soil supplemented with 1% (g/g) CPM; (3)
soil inoculated with a conidial suspension of Pst10 at final
concentration of 4 x 10° conidia per gram air dry soil; and
(4) soil inoculated with conidial suspensions of Pst10 at the
same concentration as above and supplemented with 1%
CPM (Pst10-CPM treatment).

The population density of Pst10 was measured 3, 10, 20
and 40 days after transplantation and inoculation of soil
using the dilution plating method on selective medium.
The medium was nutritional agar containing acetamide
as a sole nitrogen source at 2000 ppm (Kelly and Hynes,
1985) because the wild strain of Pst10 could utilize acetam-
ide very well. Populations of Pst10 were estimated as the
number of colony forming units (CFU) per gram dry soil.
The population density of the total number of fungi was
determined by standard soil dilution plating assay on Mar-
tin agar medium (Martin, 1950). The entire experiment was
conducted twice.
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2.7. Effect of Pstl0 on disease control

The ability of Pst10 to suppress PRR of chilli pepper in
air-dried soil artificially infested with sporangia of P. cap-
sici was examined on cultivar Sujiao No. 2. Conidial sus-
pensions of Pst10 were prepared as described above. Five
treatments consisting of infested and non-infested soil
(500 g per pot) was transferred to ten pots per treatment
and two seedlings with 2-4 leaves were transplanted to each
pot. The treatments consisted of the following: (1) non-
inoculated and inoculated soils; (2) infested soil mixed with
30 ml of SLCF of Pst10; (3) infested soil inoculated with
conidial suspensions of Pst10; (4) infested soil mixed with
30 ml of SLCF and inoculated with conidial suspensions
of Pstl0; and (5) infested soil mixed with 30 ml of SLCF,
inoculated with conidial suspensions of Pst10 and supple-
mented with 1% (m/m) CPM. A second application of
SLCF was added 10 days after the first application. Pots
were placed in a greenhouse with natural lighting for 14
days. The incidence of PRR was determined 7 and 14 days
after transplanting and the percentage of plants with dis-
ease symptoms was calculated. This experiment was con-
ducted twice.

3. Results
3.1. Antifungal properties of Pstl0

In dual culture agar plate assays, Pstl0 inhibited the
growth of several species of Phytophthora, including
P. capsici, P. infestans, P. drechsleri, P. megasperma,
P. nicotianae and it also inhibited C. cucumerium and
S. sclerotiorum. The average zone of inhibition was 30 mm.
However, Pstl0 had no inhibitory effect on B. cinerea,
R. solani, P. aphanidermatum, M. oryzae, F. graminearum,
F. oxysporum or A. solani, suggesting that the inhibitory
compounds secreted by Pst10 have selective activity against
some fungi since Pst10 did not inhibit the growth of S. cere-
visiae but strongly constrained the growth of C. albicans.

This appears to be the first report that P. striatisporum
can antagonize Phytophthora spp., S. sclerotiorum and C.
cucumerium. Antibiotic activity was detected in liquid cul-

Table 1

ture after 3-4 days of incubation using mycelial growth
inhibition of P. capsici as a bioassay. Maximum concentra-
tion of antifungal substances was observed in liquid culture
after 8-10 days of incubation. The inhibitory activity
against P. capsici did not decrease on the PDA plates after
30 days.

3.2. Antagonism of Pstl10 SLCF against P. capsici

3.2.1. Effect on mycelium

Table 1 shows that mycelium of P. capsici grew slowly
on PDA plates containing 30-100 fold dilutions of SLCF.
Furthermore, the mycelium appeared to be abnormal in
comparison to controls in that it was unusually thicker in
diameter, the hyphal tips were twisted and was more heav-
ily branched (Fig. 1). The extent of deformity decreased as
the filtrates were diluted. For example, the number of
branches of hyphae grown on PDA plates containing
100-fold dilutions of SLCF was notably less than that of
hyphae grown on PDA plates containing 50-fold dilutions
of SLCF. In addition, the diameter of the deformed hyphae
grown on PDA plates containing 50-fold dilutions of SLCF
was thinner than that of the deformed hyphae grown on
PDA plates containing 30-fold dilutions of SLCF. Mycelial
disks of P. capsici treated with 20 ul of SLCF did not grow.
Similar results were observed with mycelial disks placed on
PDA plates containing 10-fold dilutions of SLCF. Remov-
ing disks of no-growth from plates containing SLCF and
soaking in sterile water amended with 0.7% NaCl for
12 h and then transferring them to fresh PDA plates did
not restore growth after 3 days of incubation suggesting
that the mycelium was killed by the compounds produced
by Pst10. Examination of the plugs with a light microscope
revealed that the mycelium was intact but that the cyto-
plasm was highly vacuolated as shown in Fig. 1.

3.2.2. Effects of Pstl0 on sporangium and spores of
P. capsici

Sporangia were not produced or formed within 24 h
when fresh mycelium disks of P. capsici were treated with
20 ml sterile water containing 1 ml of SLCF of Pst10. Over
120 sporangia were found in the control treatment. A 20-

Toxicity of sterilized liquid culture filtrate (SLCF?) of Pst10 added to potato-dextrose agar (PDA)® medium to mycelium growth of Phytophthora capsici in

in vitro assays®

Incubation time (h)

% Inhibition® with various dilution-folds of SLCF

0 10 30 50 100 200 300 400
24 100a 100a 100a 100a 100a 43b 29¢ 21c¢
48 100a 100a 100a 70b 57bc 30c 20c 17¢
120 100a 100a 9la 69b 53bc 12¢ 4d le

& SLCEF, sterilized liquid culture filtrate.

® The inoculated PDA plates containing different amounts of SLCF were incubated in the dark at 25-26 °C for 24, 48, and 120 h before measuring the

colony diameter.

¢ Values were the means of five replicates and if followed by the same letter within each row did not differ significantly at p = 0.05. MINITAB procedure

was used for statistical treatment.

4 9% Inhibition = (colony diameter of control — colony diameter of treatment)/(colony diameter of control) x 100%.
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Fig. 1. Vacuolisation and distortion of Phytophthora capsici cells following treatment with Pst10 SLCF under light microscope. (A) Vacuolised cells after
the treatment of mycelium disks in a 20-fold dilution of SLCF for 6-8 h, bar = 20 pm; (B) abnormal mycelium from a culture on PDA plate amended with
30-fold dilution of SLCF, bar = 20 pm; (C) normal mycelium from a culture on PDA plate, bar = 20 pm.

fold dilution of SLCF completely inhibited sporangium
formation within 24 h. After 72 h, treated cultures had 8-
10 sporangia whereas control cultures had more than 500
and many of the sporangia had released zoospores. Both
sporangia and spores failed to germinate when incubated
on PDA plates containing 20-fold dilution of SLCF of
Pst10. In control plates, both sporangia and spores germi-
nated and the mycelium fully covered the PDA plates.

3.3. Preliminary separation of antibiotics produced by Pst10

3.3.1. Extraction of LCF of Pst10 with organic solvents
Extraction of the liquid culture filtrates of Pst10 with
various solvents showed that methanol, acetone, ethyl ace-
tate, and chloroform extracts all had inhibitory activity,
while the residue fractions of methanol or acetone and
the aqueous fractions of ethyl acetate or chloroform did
not have inhibitory activity (Table 2). On the contrary,
the aqueous fraction, but not the n-hexane fraction,
showed inhibitory activity. These data suggest that the
antifungal substances which dissolved into the former four
solvents but did not dissolve into n-hexane had a specific
polarity. The organic extract fractions of methanol, ethyl
acetate, and chloroform had similar inhibitory effects on
the growth of P. capsici mycelium. Thus, the antifungal
substances had no special requirements for extraction and
ordinary solvents met the requirements, which is significant

Table 2

if antifungal substances are to be extracted in large scale
and economical costs or operational flexibility must be
taken into account.

3.3.2. Preliminary separation by thin-layer chromatography
(TLC)

Fig. 2, shows that TLC of the methanol, acetone, ethyl
acetate, and chloroform fractions resulted in four spots at
the same positions on the plate. It is possible that each spot
may contain one group of substance with the same or sim-
ilar polarity. Bioassay results obtained from in vitro tests
with P. capsici showed that the inhibitory activity of com-
pounds recovered respectively from each spot of four in
horizontal row B was the strongest with 100% inhibition
of P. capsici mycelial growth, while compounds in spots
in rows C and D exhibited only 40% and 50% inhibition,
respectively. Compounds recovered from spots in row A
did not have inhibitory activity against P. capsici. Addi-
tional studies on the purification of these active substances
are under way at this time.

3.4. Effect of CPM on colonization of Pst10

CPM slightly increased colonization of the rhizosphere
of chilli plants by Pst10. (Table 3) P. striatisporum colonies
were not detected on agar medium containing acetamide
from samples of potting soil or from CPM. However, the

Toxicity of different fractions of liquid culture filtrate of Pst10 extracted with five organic solvents to P. capsici mycelia by bioassay on PDA added with

concentrated organic or aqueous fractions®

Extraction solvents Organic fraction®

Aqueous fraction®

Colony diameter (mm)

Inhibition (%)

Colony diameter (mm) Inhibition (%)

Control 30+0.8 — 30+0.8 —
Methanol 174+0.4 45+ 1.5 31 +0.7 0+0
Acetone 20 4+ 0.6 34+0.3 30+0.2 0+0
Ethyl acetate 17+04 434+0.9 30+£0.8 0+0
Chloroform 18 +0.8 42+ 14 31+0.9 0+0
n-Hexane 3040.7 040 12+0.5 60+ 1.0

% The diameter growth of Pst10 was determined on PDA plate after incubation for 72 h in dark at 25-26 °C. Values were the means of five replicates and
if followed by the same letter within each row did not differ significantly at p = 0.05. MINITAB statistical procedure was used for statistical treatment.

® Organic fraction or organic solvent extract of liquid culture filtrate of Pst10.

¢ Aqueous fraction or water phase extract of liquid culture filtrate of Pst10 (non-soluble residue in case of methanol and acetone).
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Fig. 2. Block diagram of thin layer chromatography (TLC) of GF,s4.
Preliminary separation of antifungal compounds extracted with four
organic solvents from liquid culture of Pstl10 grown in potato-dextrose
broth by TLC using silica gel plate of GF,s4.Vertical row 1, row 2, row 3
and row 4 indicate spots developed on TLC plate from samples from four
organic fractions extracted with methanol, acetone, ethyl acetate and
chloroform, respectively. These spots were observed under UV,s4. Four
spots in the same horizontal row with same Ry value belong to same
substances; Four spots in the same vertical row with different R; value
belong to different substances. These spots were developed on GF254 plate
owing to the polarity difference of each. Spots in horizontal rows A, B and
C were bioactive and spots in horizontal row D were not bioactive.
RfA =0.85 N RfB = 064, R[C =0.35and RFD =0.15.

total number of Pst10 CFUs in the Pst10-CPM treatment
was three times higher than that found in the Pst10 treat-
ment alone after 10 days of planting and 17 times higher
20 days after planting. The proportion of Pst10 CFUs to
the total number of fungi detected in the rhizosphere in
the Pst10-CPM treatment was significantly higher than in
the Pst10 treatment alone. At 40 days after planting, the
number of Pstl0 CFUs in the chilli rhizosphere in the
Pst10-CPM treatment was 2.55x 10* CFU/g dry soil;
accounting for 53% of total number of fungi counted.
Thus, Pst10 colonization of the root zone of chilli appears
to be enhanced by organic fertilizers such as CPM.

3.5. Control of PRR of chilli by Pstl10

The effect of Pst10 on the incidence of disease caused by
P. capsici was measured in greenhouse experiments and the
results are shown in Table 4. All of the plants in the non-
infested soil remained healthy during these experiments.
A total of 95% of the plants were infected within 7 days
after planting in the infested soil. All of the plants were
infected in the infested controls after 14 days. All the plants

Table 3

remained healthy for up to 7 days with the SLCF treatment
and 80-92% of the plants were still healthy after 14 days.
The percentage of healthy plants grown in soil infested with
Pst10 conidia was 80% and 72% after 7 and 14 days after
planting, respectively. The lowest incidence of PRR was
in the treatment consisting of SLCF, conidial suspension
and CPM. The impact of these treatments on the incidence
of PRR needs to be investigated further to examine the
duration of control of PRR to full maturity of chilli plants.

4. Discussion

An isolate of P. striatisporum, Pstl0, was recovered
from the rhizosphere of chilli peppers in Nanjing, China.
This is the first report on the potential of this fungus as a
biological control agent of soil-borne diseases caused by
plant pathogens such as Phytophthora spp., C. cucumerium,
and Sclerotinia sclerotiorium. The suppression of these
pathogens including P. capsici may be due, at least par-
tially, to the production of toxic metabolites by this biolog-
ical control agent. Our results show that inhibition of P.
capsici was through production of toxic metabolites by
Pst10 and no mycoparasitism was observed. It appears that
the inhibitory compounds secreted by Pst10 may have spe-
cific activity against several Phytophthora spp.

Multiple mechanisms have been implicated in disease
suppression by some biological agents belonging to Penicil-
lium spp. (De Cal et al., 1997a; Fang and Tsao, 1992; Nic-
oletti et al., 2004). P. oxalicum has been used effectively to
control seedling blight of pea (Windels, 1981; Windels and
Kommedahl, 1978, 1982) and tomato wilt (De Cal et al.,
1997a,b, 1999). Mechanisms such as antagonism and
induction of resistance by P. oxalicum may have been
involved in disease suppression in these studies. Penicillium
Sfuniculosum, a biological control agent against Phytoph-
thora root rots of azalea and citrus, has been shown to pen-
etrate and degrade the cell walls of the pathogen and to
produce antifungal substances (Fang and Tsao, 1989,
1992, 1995).

Our data shows that Pst10 produced antifungal chemi-
cals in either liquid culture in PDB or solid fermentation
on wheat bran. Production of antifungal substances contin-
ued to occur in liquid cultures for approximately 8-10 days
when the inhibitory effects on mycelial growth of P. capsici
reached a maximum. The reason that Pstl0 had strong

Effect of composted pig manure (CPM) on Pst10 colonization of the rhizosphere of chilli pepper®

Treatment Pst10 colony®(x10° cfu/g dry soil) Ratio of Pstl10 to total fungi®(%)

3d 10d 20d 40d 3d 10d 20d 40d
Pst10 0.54a 1.5ab 6.3b 7.6b 5.10a 10.40ab 33.60b 26.00b
Pst10 + CPM 0.86a 4.4b 107.0d 25.5¢ 10.50a 35.70b 76.00c 53.00bc

% Values were the means of three replicates and if followed by the same letter within each row did not differ significantly at p = 0.05. MINITAB

procedure was used for statistical analysis.

® The population density of Pst10 was measured on selective medium containing acetamide at 2000 ppm as a sole nitrogen source.
¢ The number of total fungi was measured on Martin agar plates by standard soil dilution plating assay.
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Table 4

Suppression of Phytophthora root rot (PRR) of chilli pepper caused by
Phytophthora capsici with sterilized liquid culture filtrate (SLCF) and
conidial suspension of Pst10 in pot tests®

Treatments PRR incidence (%)

Day 7 Day 14
Control 95a 100a
SLCF* Oc 20bc
Conidia 20b 28b
SLCF¢ + Conidia Oc 15bc
SLCF* + Conidia + CPM" 0Oc 8c

% Means (average of two experiments) followed by same letter within
each column do not differ significantly at P = 0.05.

® Composted pig manure (CPM) applied at 1% (mass/mass) rate.

¢ Thirty millimeters of SLCF applied before and 10 days after
transplanting chilli peppers.

antifungal activity against Phytophthora spp., C. cucumeri-
um and S. sclerotiorium but had no activity against the
other plant pathogens tested is unknown and requires fur-
ther investigation. Specific selectivity of antibiotic com-
pounds may be a possible explanation. Several antifungal
compounds have been purified from many Penicillium spe-
cies. For example, mycophenolic acid, one of the oldest
known fungitoxic compounds, was first characterized from
Penicillium brevicompactum (Anderson, 1991), and later
found in other Penicillium species (Lafont et al., 1979;
Anderson et al., 1988; Pascual et al., 2000). Also produc-
tion of patulin is widespread in the genus Penicillium
(Pascual et al., 2000; Frisvad and Filtenborg, 1989). 3-
O-Methylfunicone is another characterized metabolite
with potent cytostatic properties (De Stefano et al.,
1999; Stammati et al., 2002). Penicillium verrucosum is
reported to produce a number of potent mycotoxins
including ochratoxin A, verrucolon, citrinin, and the ver-
rucins (Frisvad and Filtenborg, 1989; Larsen et al., 1999).
Nicoletti et al. (2004) purified a compound, Sch 642305,
from Penicillium canescens which completely inhibited
the mycelial growth of R. solani and several other plant
pathogenic fungi in vitro.

Michael et al. (2005) obtained seven chemicals from an
Australian isolate of P. striatisporum that exhibited selec-
tive antifungal activity against C. albicans but not S. cere-
visiae, in which calbistrin E, a member of a rare class of
fungal metabolites, striatisporin A and striatisporolide A
were new triene and butenolide acids. Similarly, the SLCF
of Pstl0 showed selective antifungal activity against C.
albicans but not against S. cerevisiae. We found three active
compounds through preliminary separation by TLC. Sub-
sequently, we obtained four different fractions by HPLC in
which each one had antifungal activity, separately. Two of
the four fractions were purified and relevant studies on
structure analysis and identification are in progress.

The ability of introduced antagonistic fungi to establish
and proliferate in the soil is an important factor in success-
ful biological control (Lewis and Papavizas, 1984; Fang
and Tsao, 1995). The populations of Pst10 increased in

the rhizosphere of chilli peppers when this biological con-
trol agent was co-applied with an organic fertilizer, CPM.
This increase in populations of Pst10 may be as a result
of the availability of organic nutrients at the initiation of
colonization of the chilli rhizosphere by Pst10. Similarly,
utilization of wheat bran as a food base has been reported
by other workers (Fang and Tsao, 1995; Sivan et al., 1984;
Smith et al., 1990). CPM may have favored colonization,
enhanced and stabilized the performance of Pst10 in chilli
rhizosphere and reduced the disease severity of Phytoph-
thora root rot.

Additional studies on effects of Pst10 and its metabolites
on the microorganism community in plant rhizosphere are
planned. An evaluation of environmental safety also needs
further investigation.
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