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Bioherbicides have been developed as biological agents to offer non-chemical alternatives to
reduce chemical discharge into the environment and are applied in a similar manner to chemical
herbicides to control noxious weeds. The most common microorganism used as the active ingre-
dient is a plant pathogenic fungus and its propagules are conidia or mycelial fragments. The fun-
gal isolate MKY3010, Exserohilum rostratum (a synonym of Setospharia rostrata in telemorph),
showing potential efficacy as a bioherbicide against red sprangletop (Leptochloa chinensis) were
obtained in Kyushu, Japan. However, this fungus did not produce any conidia in liquid culture.
Myecelia of E. rostratum grew well in sponge matrix submerged in liquid culture (the first phase).
Consequently conidia were abundantly produced from the mycelia when the sponge matrix was
exposed to the air (the second phase). This two-phase system consistently produced over 5 x 10°
conidia L' within 5 days. In addition, the conidia obtained were more uniform in size and
achieved higher percentages of germination and appressoria formation compared with those
produced on agar media. These results showed that a two-phase system using sponge matrix
could be a promising tool for providing the conidia of E. rostratum to develop a bioherbicide
against red sprangletop, an emerging weed in agro-ecosystem.
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INTRODUCTION

Biocontrol of weeds using plant pathogens has gained
acceptance as a practical, safe, environmentally benefi-
cial weed management method (Charudattan 2001).
Biocontrol agents have been isolated from diseased
weeds in the nature and kept in laboratories. Generally,
this biological weed management has been practiced
through either a classical or an augmentative approach.
The classical strategy introduces highly host-specific
agents from the weed's native geographic range into the
weed-invaded regions where biocontrol has been
required. On the other hand, the augmentative strategy
employs bioherbicidal annual application of endemic or
foreign agents similar to chemical herbicides. The active
ingredient of a bioherbicide is a living microorganism
and its propagules are applied in inundative doses. The
most commonly used microorganism as a bioherbicide is
a fungus and its propagules are conidia or mycelial frag-
ments. Mass production and formulation have been key
technologies to develop bioherbicides as well as to dis-
cover sufficient microbial agents (Auld and Morin 1995).

Red sprangletop [Leptochloa chinensis (L.) Nees] is a
grassy weed originated in tropical Asia and distributed
throughout South-East Asia, from East Africa to South

Africa, Burma, Sri Lanka, India, Australia, and Japan.
This weed has adapted to moist, swampy places in open
habitats and is a prolific seed producer yielding more
than 40,000 seeds per plant in the field. Therefore, it is a
serious weed of rice, and troublesome weed in corn and
sorghum fields. Around the Mekong delta, it has been an
emerging major weed in direct-seeded rice fields, follow-
ing barnyard grass (Chin, 2001). In Japan, the weed has
appeared not only in direct-seeded rice fields but also in
soybean areas converted from paddy (Matsuo et al.
1987). Moreover, the weed has spread even in transplant-
ed rice fields in Kyushu, the southern part of Japan
(Sumiyoshi et al. 2007).

In Vietnam, Setospharia rostrata Leonard was
obtained as a promising agent for biologically controlling
red sprangletop (Thi et al. 1999). This fungus is capable
of causing more than 90% of mortality at the dose of 10"
conidia ha' in the field (Chin et al. 2003). Moreover,
Exserohilum rostratum (Drechsler) Leonard & Suggs, a
synonym of S. rostrata in telemorph, was isolated in
Kyushu and determined to be pathogenic to red sprangle-
top in Japan (Yamaguchi et al. 2005). E. rostratum is
capable of producing conidia on solid media such as
potato dextrose agar but not in liquid media at all. In this
study, we have examined the effect of a two-phase sys-
tem using sponge matrix (Nakashima et al. 1988) on the
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production of conidia of E. rostratum which show bio-
control activity against red sprangeletop.

MATERIALS AND METHODS

Fungal isolate. The fungal isolate MKY3010 was
used throughout the experiments. MKY3010 was isolated
from severely diseased leaves of red sprangletop in
Miyazaki prefecture, Kyushu. Based on the facts that
conidia of this isolate had apparent hilum and septa,
formed rostrate shape, and were germinated from the sub-
hyaline region of the end cell, MKY3010 shown in Fig.1
was identified as Exserohilum rostratum (Setospharia
rostrata in telemorph). In addition to the morphological
characteristics of conidia formed, we confirmed that the
sequences of its 18S rDNA were highly homologous to
those of a standard isolate of E. rostratum (data not
shown).

Conidia production on an agar medium. E. rostra-
tum MKY3010 was cultured on autoclaved PDA (potato
dextrose agar, Nissui Pharmaceutical Co. Ltd., Tokyo) in
a 90-mm petri dish and incubated at 25°C in the dark for

Fig. 1.
red sprangletop in Miyazaki. 1) colony on PDA at 25°C for 5
days; 2) rostrate-shaped conidia harvested from PDA; Scale bar,
meaning 50 «m; long arrow, indicating hilum; one-sided
arrows, indicating septa.

Exserohilum rostratum MKY3010 isolated from

12 days. Conidia formed on the agar plate were harvest-
ed using a plastic scrapper with sterile distilled water
containing 0.1% Triton X-100 [polyoxethylene (10)
octylphenyl, Wako Pure Chemical Industries Ltd.,
Osaka]. The suspension was filtrated through gauze to
remove agar and mycehal debris. Conidia concentration
was adjusted to 5x10* mL™ by diluting with 0.1% Triton
X-100.

Conidia production by a two-phase system. Procedures
of a two-phase system using sponge matrix for synchro-
nous conidia production are schematically presented in
Fig.2. In the first phase, quantitatively sufficient mycelia
were cultured in submerged liquid culture. The basal
medium contained 20g of glucose, 2g of NaNO3, 1g of
KoHPO4, 1g of KH2PO4, 0.5g of MgSOs4, 0.2g of CaCla,
3.4 g of polypeptone, 3.4 g of yeast extract, 10g of rice oil,
and 20 g of polyurethane foam (5mm-cubes, Bridgestone
Co. Ltd. Tokyo), which provide approximately 3,500
cubes per 1 L of distilled water. The initial pH was
adjusted to 5.5by 0.1 N HCI. Each 500mL-flask con-
taining 150mL of the medium containing polyurethane
foam was inoculated with 0.1% (v/v) conidia suspension
obtained by plate culture. Following autoclaving, these
flasks were incubated on a rotary shaker at 100rpm in
the dark.

In the second phase, conidia were produced in the open
air. After submerged in liquid culture, the sponge matrix
covered with mycelia was separated from the culture
broth through filtration using a sieve. To cause the coni-
diation of the fungus, mycelia on the surface of
polyurethane foam were exposed to the air in a beaker at
25C in a moist chamber. Conidia were harvested with
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Fig. 2. Schematic illustration of a two-phase system using
sponge matrix. 1) flask; 2) liquid medium; 3) polyurethane
foam; 4) mycelia on the surface of polyurethane foam; 5)
beaker; 6) conidia produced from mycelia.
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Table 1. Mycelial growth and conidia production of E. rostratum MKY3010 by a two-phase system using sponge matrix

1% phase Days after inoculation

Submerged in liquid 2 3 4 5
Mycelia grown (dried g L) <10 15.74+0.3 15.5+0.6 15.3+0.7
2" phase? Hours after incubation

Exposed in the air 24 48 72 96
Conidia produced (x10%L?') <1 5.3+0.2 5.3+0.3 52+0.3

Data present means+ SD derived from 5 replicates.

1) mycelia at 3 days after inoculation, which were used for conidia production.

Table 2. Morphological characteristics of conidia produced by a two-phase system using sponge matrix compared to those

produced by a plate culture

Conidial length ( zm)

Culture method Distribution (%) No. of septa
Average
<70 70-89 90-109 110-129 >129
Two phase system? 101.6 0 6 86 8 0 810
Plate culture® 99.7 8 22 40 26 4 511

Approximately 300 conidia produced by each method, respectively, were examined.

1) 5-day culture used; 2) 12-day culture used.

distilled water containing 0.1% Triton X-100 using a
magnetic stirrer, then filtrated, and kept in suspension.

Measurements of conidia. The net weight of mycelia
in the sponge matrix in the first phase was calculated
based on differences in the weight of polyurethane with
or without mycelia. The number of conidia in the second
phase was counted under a microscope. Moreover, the
length of conidia and the number of septa were measured
microscopically.

To assess the germmatlon and appressorla formatlon of
conidia produced, suspension at 5x10* conidia mL"' con-
taining 0.1% Triton X-100 was dropped on both water
agar and the third expanded-leaves of red sprangletop
seedlings, and the specimens were incubated at 25°C in
the dark. After 6 hours, the germination of approximately
100 conidia on agar plate was checked under a stereo-
scopic microscope. After 12 hours, the appressoria for-
mation of approximately 50 conidia on detached leaves
was observed under a light microscope following lac-
tophenol cotton blue staining.

Pathogenicity test. Four to five leaf-stage seedlings
of red sprangletop grown in a pot were sprayed w1th suf-
ficient amount of suspension of 5x10* conidia mL™ con-
taining 0.1% Triton X-100 using a sprayer (approximate-
ly 10 mL per seedling), and then kept in a moist chamber
at 25°C with 12 hours of daily illumination. The inoculat-
ed 3 leaves were collected and the number of lesions
appeared was counted at 4 days after inoculation.

RESULTS AND DISCUSSION

Effect of a two-phase system on conidia production.
The results of conidia production by a two-phase system
using sponge matrix were summarized and shown in

Table 1. In the first phase, the conidia of E. rostratum
MKY3010 applied as seeds were germinated in liquid,
and then hyphae grew well and formed thin filmform
mycelia on the surface of the polyurethane foam in liquid
medium. There were few free mycelia observed in liquid
medium when the polyurethane foam was inserted. The
mycelia produced in the sponge matrlx reached a maxi-
mum yield of over 15 dried g L™ within 3 days. In the
second phase, these mycelia were exposed to the air and
consequently conidia were formed. The number of the
conidia produced within 48 hours in a moist chamber
was 5x 108 L', which was almost equivalent to 3 dried g
L. The est1mated ratio of conidia/mycelia in dried
Welght was around 20%. The results revealed that a two-
phase system could massively produce the conidia of E.
rostratum within 5 days, which is much shorter than
conidia production by a plate culture using PDA (12
days).

Although over 100 microorganisms have been reported
as candidates for bioherbicidal agents and researchers
have succeeded in discovering potential bioherbicides,
only a few fungal agents have been registered for a prac-
tical use (Charudattan and Dinoor 2000). There must be
some technological constraints in mass production of
fungal agents. A submerged fermentation has been pre-
ferred to solid-substrate fermentation systems due to its
cost-effectiveness and availability (Jackson et al. 1996).
Moreover, a two-phase system using sponge matrix
could be an alternative to a large-scale production
method for fungal agents, in which conidia production
using liquid medium is not applicable.

Morphological characteristics of the conidia. The
size of the conidia produced in the sponge matrix was
determined in comparison with those produced on PDA.
Although the averages of conidial length were almost the
same (101.6 and 99.7 pm, respectively), the conidia pro-
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Table 3. Germination, appressoria formation and infec-
tion of the conidia produced by a two phase system using
sponge matrix compared to those produced by a plate cul-
ture

Germinated  Appressoria  No. of induced
Culture method Conidia (%) formed conidia(%) lesions (cm?)
Two phase system?  99.4 89.2 8.1
Plate culture? 76.8 71.6 7.7

Data based on 5 replicates.
1) 5-day culture used; 2)12-day culture used.

duced by a two-phase system were more uniform in size
than those produced by a plate culture (Table 2). More
than 85% of the conidia produced in the sponge matrix
were in the range of 90-109 xm in length. While the
conidia produced on PDA showed more variation in size.
Conidia production by a two-phase system was deter-
mined to be more synchronous than a plate culture.

Adequate formulation represents another technical
constraint on the development of reliable and efficacious
bioherbicides. Recently, new formulations including lig-
uid formulations such as multiple emulsions of water in
oil in water have been demonstrated to enhance their bio-
herbicidal efficacies (Auld et al. 2003). Considering the
characteristics, the conidia produced by a two-phase sys-
tem may be available even for newly defined formula-
tions.

Biological characteristics of the conidia. The results
of the germination, appressoria formation, and infection
of the conidia produced were shown in Table 3 in com-
parison with the conidia produced on PDA. Almost all
the conidia produced by a two-phase system were germi-
nated and showed higher percentage (89.2%) of appres-
soria formation than those produced by a plate culture
(71.6 %). These data showed statistically significant dif-
ferences (P<0.05).

The conidia of E. rostratum induced necrotic lesions in
the leaves of red sprangletop seedlings at 4 days after
inoculation (Table 3), which revealed that the conidia
were apparently pathogenic to red sprangletop. It is
expected that the conidia produced by a two-phase sys-
tem show herbicidal efficacy equivalent to the estab-
lished efficacy of the conidia produced by a plate culture.

Several publications have reported that Helminthosporium
species including Exserohilum (Setosphaeria in tele-
morph), Biporalis (Cochliobolus in telomorph) and
Drechslera (Pyrenophora in telemorph) were effective in
controlling grassy weeds (Yamaguchi 2006). A two-
phase system using sponge matrix may be useful for pro-
ducing conidia of other Helminthosporium species and
may serve as a promising tool for mass-production of
bioherbicides.
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