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Abstract

Vermicompost has become a promising alternative to chemical pesticide be-
cause of its disease suppression effect during these decades. However, the
mechanisms by which vermicompost suppress plant disease are not
well-understood. Antifungal compounds, which are released by beneficial
organisms in the vermicompost, may play an important role in inhibiting
plant pathogens; however, these mechanisms have not been widely examined.
In this study, Sterilized Water Extracts of bamboo vermicompost (SWE), us-
ing a 0.22-um cellulose acetate filter, significantly (£ < 0.05) inhibited the
mycelium growth of Rhizoctonia solani AG1-IB on a Potato Dextrose Agar
(PDA) plate. This suggests that antifungal compounds are present in bamboo
vermicompost. The ethanol acetate (EtOAc) crude extracts of bamboo ver-
micompost showing antifungal activity were further separated. Two com-
pounds were isolated from the EtOAc fraction of bamboo vermicompost and
characterized as ergosterol peroxide (1) and (22F, 24 R)-5a,8a-epidioxyergosta-
6,9(11),22-trien-3-ol (2). Their chemical structures and mass spectra were
determined by nuclear magnetic resonance and mass spectrometry analyses.
Ergosterol peroxide tested at 150, 300, 600, and 900 pg showed 13%, 22%,
34%, and 53% mycelial growth inhibition against R. solani AG1-IB, respec-
tively. Because EtOAc crude extracts of the initial substrate materials of
bamboo vermicompost did not inhibit mycelium growth of R. solani AG1-IB,
antifungal compounds in the vermicompost may be released by microbes but
not from the original substrates during vermicomposting.
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1. Introduction

Seedling damping-oft diseases caused by Rhizoctonia solani are economically
important in a broad range of crops worldwide [1] [2]. This pathogen is difficult
to control because of its ability to persist under adverse soil conditions, as it
contains structures such as sclerotia that survives for several years in the absence
of host crops and exhibits saprophytic activity, a wide host range, and versatility
[3]. Although fungicide application is effective for suppressing such diseases,
frequent use of fungicides can result in the emergence of fungicide-resistance
strains, leading to undesirable effects on human health and environmental safety
[4] [5]. Therefore, alternative strategies for controlling this disease are urgently
needed.

Vermicompost is a composting product of accelerated biodegradation of organ-
ic matter by earthworms and their associated microbes through non-thermophilic
decomposition. Recently, several studies have focused on the potential of ver-
micompost to suppress soil-borne plant pathogens including R. solani [6] [7].
The activities of microbial antagonists present in vermicompost are considered
as an important mechanism for disease suppression. Several antagonistic bacte-
ria and fungi, such as Bacillus subtilis, Streptomyces spp., Trichoderma sp., and
Aspergillus sp., were isolated from vermicompost and shown to suppress
soil-borne plant pathogens [8] [9] [10]. These microbes are well-known to pro-
duce diversity bioactive compounds including antifungal compounds. Release of
antifungal compounds by these microbes into the vermicompost may play an
important role in inhibiting plant pathogens, which has not been widely ex-
amined. Understanding the chemical factors of how vermicompost suppresses
soil-borne plant pathogens may promote effective utilization of the vermicom-
post. In our previous studies, a vermicompost produced from moso-bamboo
(Phyllostachys edulis (Carriere) ]. Houz.) showed the ability to suppress cu-
cumber damping-off caused by R. so/ani AG1-IB [11].

In the present study, we examined the effects of water extracts of bamboo
vermicompost, sterilized with a Corning 0.22-um cellulose acetate filter (SWE),
on R. solani AG1-IB mycelium growth on potato dextrose agar (PDA). Although
the SWE did not contain microbes in the bamboo vermicompost, it significantly
(P < 0.05) inhibited the mycelium growth of R. so/ani AG1-IB. This suggests that
the SWE contained antifungal compound(s). This study was conducted to isolate
the antifungal compound(s) from the bamboo vermicompost, determine the
chemical structures and mass spectra by nuclear magnetic resonance (NMR) and
mass spectrometry analyses, and evaluate the suppressive effect on R solani
AG1-IB.

2. Materials and Methods
2.1. Experimental Instruments

'H and “C NMR spectra were recorded using a Bruker AVANCE-400 spectro-
meter (400.13 MHz for 'H, 100.61 MHz for C; Bruker Biospin K.K., Kanagawa,
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Japan). Chemical shifts () were measured in ppm using tetramethylsilane as an
internal standard. Samples were analyzed with PDA-HPLC using a PU-980 and
PU-1580 pump (JASCO Co., Ltd., Tokyo, Japan) and Inertsil ODS-3 column (5
pm, 4.6 mm x 250 mm; GL Science, Inc., Tokyo, Japan) maintained at a temper-
ature of 30°C using a CO-2065 Plus column oven (JASCO Co.) and equipped
with a MD-2010 Plus photodiode array (JASCO Co.). Compounds were isolated
using a reverse-phase MPLC system with an SSC-3160 pump (Senshu Scientific
Co., Ltd., Tokyo, Japan) and ULTRA PACK ODS-SM-50A column (50 yum, 300
x 11 mm; Yamazen Corp., Osaka, Japan) equipped with a YRU-8883 RI-UV de-
tector (Shimamuratach, Tokyo, Japan), and reverse-phase HPLC system with a
LC-20AT prominence pump (Shimadzu Corp., Kyoto, Japan) and a Inertsil ODS-3
column (5 um, 250 x 4.6 mm, GL Science Inc., Tokyo, Japan) in a CO-965 column
oven (JASCO Co., Ltd., Tokyo, Japan) equipped with a SPD-20A UV detector
(Shimadzu Corp., Kyoto, Japan).

2.2. Materials

Bamboo vermicompost was produced as described previously [11]. The initial
substrate materials of bamboo vermicompost contained moso-bamboo shoots
powder and kudzu vines (Pueraria lobata (Willd) Ohwi, <10 cm in length). Mo-
so-bamboo shoots were cut from an abandoned bamboo forest in Eboshi-yama,
Kawachinagano City, Japan. Kudzu vines were collected from the Nakamozu
Campus of Osaka Prefecture University. Earthworms used were Eisenia fetida
Savigny (commercial name: “Kumatarofutomushi”) and purchased from Fishing
Azumino Company, Azumino, Japan. Rhizoctonia solani AG1-IB isolate SLS1
(MAFF244980) used in the study was provided by Dr. Misawa Tomoo (Hokkai-
do Research Organization, Japan). This isolate was recovered from diseased spi-
nach in Hokkaido, Japan [12].

2.3. Preparation of SWE

The water extracts of bamboo vermicompost were prepared by mixing the sam-
ples with distilled water at a ratio of 2:3 (v/v) followed by active aeration with a
small air pump at 20°C for 24 h according to a previous study [13] with some
modifications. The supernatant of the water was filtered through a filter paper
(Whatman No.1, 9 cm in diameter, GE Healthcare UK Ltd., Little Chalfont, UK)
to obtain water extract of bamboo vermicompost, followed by filter-sterilization
through a 0.22 pum cellulose acetate filter (Corning Inc., Corning, NY, USA) to

obtain sterilized water extracts of bamboo vermicompost (SWE).

2.4. Effect of SWE Treatment on Mycelium Growth Rate
of R. solani AG1-1B

One milliliter of SWE was pipetted onto a PDA plate and expanded over the en-
tire surface with a sterilized glass rod according to a previous study [13] with

some modifications. A 5 mm-diameter agar plug with 7-day-old mycelium of R.
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solani AG1-IB was placed on the center of the PDA plate and incubated in the
dark at 25°C. Sterilized distilled water was used as a control. Mycelium growth
was evaluated by visual measurement of the colony radius at 24 h intervals for 2

days. The experiments were repeated five times.

2.5. Isolation of Antifungal Compounds
from Bamboo Vermicompost

The separation scheme of the antifungal compounds from bamboo vermicom-
post is shown in Figure 1. Ten liters of bamboo vermicompost were extracted
with acetone, and the organic layer was evaporated. The resulting extracts were
suspended in H,O and extracted with EtOAc, and then the organic layer was
evaporated in vacuo for further analysis. The EtOAc extracts (1.67 g) were used
to determine their antifungal activities against R. solani AG1-IB by the paper
disc diffusion method [14]. The EtOAc extracts were then chromatographed on
Sephadex LH-20 (GE Healthcare Bio-Sciences, Uppsala, Sweden; solvent system:
hexane-CHCI, (1:4; 200 mL), CHCl,-acetone (3:2; 200 mL), (1:4; 200 mL), ace-
tone (200 mL) and MeOH (1000 mL) to collect nine fractions: 2.6 mg for Fr. A,
233.3 mg for Fr. B, 57 mg for Fr. C, 136.4 mg for Fr. D 355.1 mg for Fr. E, 105
mg for Fr. F, 169 mg for Fr. G, 113 mg for Fr. H, 495.8 mg for Fr. I. The nine
fractions were used to determinate the antifungal activities of these samples
against R. solani AG1-IB by paper disc diffusion method [14].

Bamboo vermicompost (10 L)

Extracted with Acetone

Acetone extract

Suspended in H,0
Extracted with EtOAc

EtOAc extracts, 1.67 g Agqueous phase, 406.6 mg

Chromatographed on LH-20 (solvent system: hexane-CHCl; (1:4; 200 mL),
CHCl;-acetone (3:2; 200 mL), (1:4; 200mL), acetone (200 mL) and MeOH (1000 mL)

Fr. A Fr.B

2.6 mg 233.3mg

Fr.C Fr.D Fr. E Fr.F Fr.G Fr.H Fr. 1
495mg 1364mg 355.1mg 105mg 169mg 113mg 4958 mg

— NP-HPLC, CHCl;: Acetone (50:1)

Fr.(C.1)
3.2mg

Fr. (C.2)
10.7 mg

Fr. (C.3) Fr. (C.4) Fr. (C.5)
1mg 8 mg 4.4 mg

— RP-HPLC, 100% CH,;CN

1

Compound 1 Compound 2
5mg 1.2mg

Figure 1. Separation scheme of compounds from bamboo vermicompost.
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The fraction (C) showing two major peaks was further isolated by normal-
phase-HPLC with CHCI,: acetone to produce five fractions (Fr. C.1 - C.5). The
fraction (C.4, 8 mg) which contained the two major peaks was further purified
by HPLC on octadecylsilyl (ODS) and eluted with 100% CH,CN to obtain
compounds 1 (5.0 mg) and 2 (1.2 mg). Their chemical structures and mass
spectra were determined by NMR and mass spectrometry as described pre-
viously [15].

2.6. Inhibitory Effect of Ergosterol Peroxide (1) Isolated from
Bamboo Vermicompost on Mycelium Growth of R. solani
AG1-IB

Antifungal activity of ergosterol peroxide (1) against R. solani AG1-IB was tested
as described previously [16] with some modifications. Briefly, pathogen plugs
(5-mm diameter) from the growing edges of colonies were placed at the center
of Petri dishes containing PDA. Samples of 10 pL of the compound at concen-
trations of 150, 300, 600, and 900 pg-plug™' were applied on the top of each plug.
The negative controls were obtained by applying 10 pL of solvent (ethyl acetate)
alone. The solvent was evaporated in a laminar flow cabinet, and the plates were
incubated at 25°C for 48 h. Pathogen growth was measured daily as the colony
diameter (mm). Each treatment consisted of three replicates. The percentage of
inhibition was calculated based on the following formula: Relative efficacy of in-
hibition (%) = (mycelial growth of the control-mycelial growth of the treat-
ment)/mycelial growth of the control x 100.

2.7. Inhibitory Effect of EtOAc Extracts from Initial Substrate
Materials of Bamboo Vermicompost on Mycelium Growth
of R. solani AG1-1B

The initial substrate materials of bamboo vermicompost contained bamboo
shoots powder and kudzu vine pieces. We examined whether the antifungal
compounds in bamboo vermicompost were originally in the initial substrate
materials. The bamboo shoots powder or kudzu vine pieces were extracted in
100% methanol at a ratio of 1:2 (v/v, dry plant material/solvent), and then the
organic layer was evaporated. The resultant extracts were suspended in H,O and
extracted with EtOAc, and then the organic layer was evaporated in vacuo.
Bamboo vermicompost was used as a positive control. The EtOAc extracts were
used to determinate their antifungal activities against R. so/ani AG1-IB by paper
disc diffusion method [14].

2.8. Data Analysis

Data are represented in terms of the mean * standard error. Comparison be-
tween the effect of treatment with SWE and sterilized distilled water on R. solani
AG1-IB mycelium growth was carried out according to Student’s ~test (P <
0.05). The other data were evaluated by Tukey’s HSD test (P < 0.05) using IBM
SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).
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3. Results

3.1. Treatment Effect of SWE on Mycelium Growth Rate
of R. solani AG1-1B

SWE significantly (P < 0.05) inhibited the mycelium growth of R. so/ani AG1-IB
on PDA medium as compared to the control (Figure 2(a)). The presence of
SWE in PDA medium decreased the fungal growth rate from 23.8 mm/24 h to
20.3 mm/24 h (Figure 2(b)).

3.2. Isolation of Antifungal Compounds
from Bamboo Vermicompost

The fractions (C, D, E, F and G) showed antifungal activities, whereas the other
fractions did not show these effects (Figure 3). The fraction C was chosen for
further fractioned as it showed two major peaks (Figure 4). However, no major
peaks were observed on the fractions (D, E, F and G) (data not shown). Two
compounds, 1 and 2, were obtained from the fraction C. For compound 1, ap-
pearing as the major peak (tR 45.78 min) shown in Figure 4 was determined as
ergosterol peroxide by detailed analysis of the 'H and "C NMR spectra (Table
1). Compound 2, the minor peak (tR 44.48 min) in Figure 4 was determined a

(@)

Mycelium growth rate (mm/24h)

SWE Control

Figure 2. (a) Effect of treatment with SWE on R. solani AG1-IB mycelium growth ob-
served on a potato dextrose agar plate. (b) Mycelium growth rate (mm/24 h) of R solani
AG1-IB when treated with or without the SWE. Data are the mean values of the results
(V= 15). The bar at the top of each column represents the standard error of the mean. The
asterisk indicates a significant difference compared to the result obtained in the control
(t-test, P< 0.05).
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Figure 3. Antifungal activity of the Fr. C, D, E, F, G of EtOAc extracts of bamboo vermi-
compost acetone extracts against the mycelia growth of R. solani AG1-IB on PDA using
the paper disc diffusion method. The mycelial growth was observed after 48 hours incu-
bation in the dark at 25°C. P: Positive control (cycloheximide), N: Negative control
(EtOAc alone).

250000 - 7 |
200000 -
150000 - 2

Absorption

100000 -
50000 -

0 A T T T T T |
0 10 20 30 40 50 60

Retention time (min)

Figure 4. HPLC analysis of the EtOAc fraction C obtained by silica gel column chroma-
tography of the acetone layer from the bamboo vermicompost.

(22, 24R)-5a,8a-epidioxyergosta-6,9(11),22-trien-3 -0l by detailed analysis of
the 'H and “C NMR spectra (Table 2). The physical and chemical properties of
the two isolated compounds were as follows:

Compound 1 was obtained as a colorless amorphous powder and the molecu-
lar formula was determined as C,;H,,O; by electrospray ionization-mass spec-
trometry. The "H-NMR spectrum of compound 1 showed four olefinic protons,
an oxygenated proton, four doublet methyl protons, and two singlet methyl
protons. The number of these methyl groups and coupling patterns suggested
that the carbon flame of 1 was ergostane. The *C-NMR spectrum showed four
sp” carbons, three oxygenated carbons, and 21 aliphatic carbons, for a total of 28
carbons. From these data compound 1 was assumed to be ergosterol peroxide.
Therefore, compound 1 was confirmed to be ergosterol peroxide, as the 'H- and
BC-NMR data of compound 1 matched previous data [17].
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Compound 2 was obtained as a colorless amorphous powder and the molecu-
lar formula was confirmed to be C,;H,,0, by electrospray ionization-mass spec-
trometry. '"H- and "C-NMR spectra of compound 2 were very similar to those of
compound 1 except for the appearance of an olefinic proton in the 'H-NMR-
spectrum and appearance of two sp carbons and disappearance of two aliphatic

carbons. Therefore, compound 2 was considered to be an ergosterol peroxide

Table 1. Comparison of the compound 1 obtained in this study and ergosterol peroxide

in 'H- and >C-NMR data in CDCI,.

1

ergosterol peroxide

atom & &y (Jin Hz) I &y (Jin Hz)

1 35.1 1.73m 1.97 m 35.1 171 (dd, 13.5,3.1),
1.98 (dd, 13.5, 3.1)

2 30.5 1.54m, 1.84 m 30.5 1.55 m, 1.85 m
3 66.8 3.97m 66.8 3.98 m
4 37.3 1.92m,2.11 m 37.3 1.94m,2.11 m
5 82.5 83.1
6 135.8 6.25 (d, 8.6) 135.8 6.25 (d, 8.6)
7 131.1 6.51 (d, 8.6) 131.1 6.51 (d, 8.6)
8 79.8 79.8
9 51.4 1.50 m 51.4 1.50 m
10 37.3 37.3
11 23.8 1.23m, 1.55 m 23.8 1.22m, 1.53 m
12 39.7 1.25m, 1.98 m 39.7 1.25m, 1.96 m
13 44.9 44.9
14 52.1 1.59 m 52.1 1.57 m
15 21.0 1.42 m, 1.66 m 21.0 1.40 m, 1.66 m
16 29.0 1.35m, 1.79 m 29.1 1.35m, 1.80 m
17 56.6 1.23m 56.6 1.24m
18 13.1 0.82's 133 0.83s
19 18.6 0.88s 18.6 0.89 s
20 40.1 2.0l m 40.1 2.05m
21 21.3 1.00 (d, 6.9) 21.3 1.00 (d, 6.6)
22 135.6 5.14 (dd, 15.2, 8.3) 135.6 5.15 (dd, 15.2,7.7)
23 132.7 5.22 (dd, 15.2, 7.6) 132.4 5.22 (dd, 15.2, 8.2)
24 43.1 1.86 m 43.1 1.85m
25 334 1.46 m 334 1.50 m
26 20.0 0.82 (d, 6.9) 20.0 0.82 (d, 6.7)
27 20.3 0.83 (d, 6.9) 203 0.84 (d, 6.7)
28 17.9 0.91 (d, 6.9) 18.0 0.91 (d, 6.7)
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Table 2. Comparison of compound 2 and (22F, 24R)-5a,8a-epidioxyergosta 6,9(11),22-
trien-34-ol in '"H- and C-NMR data in CDCl,.

(22, 24R)-5a,8a-epidioxyergosta-

2 6,9(11),22-trien-3 -0l
atom I &y (Jin Hz) I dy (Jin Hz)
1 32.5 32.5
2 30.6 30.5
3 66.3 4.01 m 66.3 4.01 m
4 36.0 36.0
5 82.7 82.7
6 1354 6.29 (d, 8.3) 135.4 6.27 (d, 8.4)
7 130.7 6.60 (d, 8.3) 130.7 6.58 (d, 8.4)
8 78.3 78.3
9 142.5 142.4
10 37.9 37.9
11 119.7 5.43 (dd, 5.8, 1.5) 11.97 5.41 (dd, 6.0, 0.8)
12 41.2 41.1
13 43.6 43.6
14 48.1 48.1
15 20.9 20.8
16 28.6 28.7
17 55.8 55.8
18 12.9 0.74 s 12.9 0.71s
19 25.5 1.09 s 25.5 1.06 s
20 39.9 39.9
21 20.7 1.00 (d, 6.9) 20.7 0.98 (d, 6.4)
22 135.1 5.17 (dd, 15.5, 8.3) 135.1 5.15(dd, 15.2,7.2)
23 132.4 5.25 (dd, 15.5, 8.3) 132.4 5.27 (dd, 15.2, 8.0)
24 42.7 42.7
25 33.0 33.0
26 19.9 0.84 (d, 6.9) 19.9 0.81 (d, 6.8)
27 19.6 0.82 (d, 6.9) 19.6 0.80 (d, 6.4)
28 17.5 0.92 (d, 6.9) 17.5 0.89 (d, 6.8)

derivative with one additional double bond. The compound (22F, 24R)-5a,8a-
epidioxyergosta-6,9(11),22-trien-33-ol satisfied the above data. Therefore, the
'H- and C-NMR data of compound 2 were compared to previous data [18].
Compound 2 was identified as (22, 24R)-5a,8 a-epidioxyergosta-6,9(11),22-trien-
3p-ol, based on these data showing very good agreement.

The structures of the compounds 1 and 2 are shown in Figure 5. Compound
1 was then assayed for antifungal activity against R. solani AG1-IB, but com-

pound 2 was not tested because of its insufficient amount.
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3.3. Inhibitory Effect of Ergosterol Peroxide (1) Isolated from
Bamboo Vermicompost on Mycelium Growth of R. solani
AG1-IB

Mycelial growth by R solani AG1-IB was found to decrease gradually in re-
sponse to increasing doses of ergosterol peroxide from 150 to 900 ug (Figure
6(a)). Ergosterol peroxide at 150, 300, 600, and 900 pug showed 13%, 22%, 34%,
and 53% mycelial growth inhibition of R solani AG1-IB, respectively, as com-
pared to control (Figure 6(b)).

3.4. Inhibitory Effect of EtOAc Extracts from Initial Substrate
Materials of Bamboo Vermicompost on Mycelium Growth
of R. solani AG1-1B

The EtOAc extracts from bamboo vermicompost inhibited the mycelium growth

of R solani AG1-IB, whereas those from bamboo shoots powder and kudzu

HO
ergosterol peroxide (1) (22E,24R)-50.,80-epidioxyergosta-6,9(11),22-trien-3p-ol (2)

HO

Figure 5. Structures of compounds 1 and 2 isolated from bamboo vermicompost.

(a)

Control 150 pg 300 pg 600 pg 900 pg

(b) 60 c
=
S 5 b
=
02
A=
el
U b
£
=
> 30
= L
Q
8 ab
%
o 2
2 a
=
R '
2 10 |
0 i i i

150 pg 300 ug 600 pg 900 ug

Figure 6. Inhibitory effects of the ergosterol peroxide on the mycelial growth of R. solani
AG1-IB on PDA media. Radial growth of mycelia was measured after 48 h of inoculation.
(a) Photos; (b) Relative efficacy of inhibition (%). Samples of 10 uL of ergosterol peroxide
at concentrations of 150, 300, 600 and 900 pg-plug™" were applied on top of each plug (N
= 3). Bars with different letters were significant according to Tukey’s HSD test (P < 0.05).
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Figure 7. Antifungal activity of crude EtOAc extracts from bamboo shoots powder (1),
kudzu vines (2), and bamboo vermicompost (3). The crude EtOAc extracts were placed
on paper discs. P: Positive control (cycloheximide), N: Negative control (EtOAc alone).

vines did not show these effects (Figure 7).

4. Discussion

Rhizoctonia solani, one of the most common soil-borne plant pathogenic fungi
worldwide, causes serious economic losses of different crops and its control
strategies rely mainly on chemical fungicide applications. An eco-friendly dis-
ease management strategy is urgently needed. Vermicompost has become a
promising alternative to chemical pesticide because of its disease suppression ef-
fects. However, the mechanisms of how vermicompost activity in plant disease
suppression are not well-understood [19]. Antifungal compounds, which are re-
leased by beneficial organisms in the vermicompost, may play an important role
in inhibiting plant pathogens; however, these mechanisms have not been widely
examined. Although Mu et al (2017) showed that some volatile organic com-
pounds, such as 3-methyl-3-hexanol, released by Bacillus subtilis isolated from a
cow dung based vermicompost showed significant inhibitory activity against
Botrytis cinerea [8], no antifungal compounds have been isolated directly from
vermicompost.

In this study, five EtOAc fractions (C, D, E, F and G), obtained by silica gel
column chromatography of the acetone layer from the bamboo vermicompost
showed antifungal activities against R. solani AG1-IB. Two known compounds
were obtained from the fraction (C) showing two major peaks and characterized
as ergosterol peroxide (1) and (22, 24R)-5a,8a-epidioxyergosta-6,9(11),
22-trien-3f-0l (2). This is the first study to isolate these two compounds from
vermicompost. The mycelium growth of R. solani AG1-IB was significantly sup-
pressed by ergosterol peroxide. The antifungal capacity of ergosterol peroxide
against R. solani was demonstrated in this study. The EtOAc extracts from
bamboo vermicompost inhibited R. solani AG1-IB mycelium growth, whereas
those from the original substrates did not, including bamboo shoots powder and
kudzu vines. This result suggests that the antifungal compounds in vermicom-
post were released by microbes in the vermicompost during vermicomposting,
but not from the original substrates. This agrees with a previous study demon-
strating that filter sterilized aqueous extract of vermicompost prepared from pa-
per sludge and dairy sludge significantly inhibited the spore germination of Fu-
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sarium moniliforme as compared to the aqueous extract of filter sterilized
aqueous extract of the fresh sludge [20].

Ergosterol peroxide is a non-volatile compound that has been isolated from
various species of mushrooms, microscopic fungi such as Trichoderma longi-
brachiatum, and yeasts, and has been reported to exhibit antitumor, an-
ti-inflammatory and antimicrobial activities in vitro [21] [22]. Some of the pro-
ducers of ergosterol peroxide likely actively grow in the vermicompost. Howev-
er, the antifungal compounds in the other EtOAc fractions, including D, E, F,
and G, have not yet been identified. Further studies are required to identify these
antifungal compounds and determine their suppressive effects on seedling
damping-off diseases caused by R. solani. In this study, we demonstrated that
vermicompost inhibited the development of fungal pathogens through the anti-
fungal compounds present in it, which may promote effective utilization of ver-

micompost.

5. Conclusion

In conclusion, several antifungal compounds were present in the bamboo ver-
micompost, which were released by microbes, and played an important role in
inhibiting plant pathogens. Ergosterol peroxide isolated from the vermicompost,
showed significant in vitro inhibitory effect on mycelium growth of R. solani
AGI-IB.
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