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In the course of in vitro and in vivo screening for bio-
herbicidal agents, a hyphomycete fungus, Myrothecium
sp. F0252 was selected as a candidate for the biocontrol
of weeds. The isolate was identified as Myrothecium
roridum Tode ex. Fries based on the morphological
characteristics and 18S ribosomal DNA sequence analy-
sis and registered as Myrothecium roridum F0252. In
order to evaluate the in vitro effect of M. roridum F0252
on germination of ladino clover and white clover
(Trifolium repens L.) seeds, spore solution of the fungus
was employed in two concentrations, 6.5×106 and 2.5×
107 spores per mL and then inoculated to the seeds. The
fungal spores inhibited the seed germination, infected
the seedlings, and caused an abnormal withering and
inhibition of seedling growth. In addition, when the
herbicidal activity of crude ethyl acetate extract from
the liquid culture was assessed on a mini-plant, duck-
weed (Lemna paucicostata (L.) Hegelm.), the extract
showed high inhibitory effect at the level of 12.5 µg per
mL. On the other hand, in vivo herbicidal activity of M.
roridum F0252 was evaluated by a whole plant spray
method. M. roridum F0252 exhibited strong and broad-
spectrum herbicidal activity. The herbicidal values
ranged from 95-100% against 7 weeds, including Abuti-
lon avicennae and Xanthium strumarium, and 70-80%
against Digitaria sanguinalis and Sagittaria pygmaea.
When the nutritional utilization (95 carbon sources)
pattern of M. roridum F0252 was investigated, it varied
with water activity (aw) and temperature conditions,
supplying good, basic information in regard to nutri-
tional utilization for proper cultivation and formu-
lation. Our results showed that M. roridum F0252 might
be used as a potential biocontrol agent against weedy
plants. 
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Weeds are an ever-present and an increasingly significant

constraint to agricultural production worldwide. The over-

all impact of weeds on crop production can be crudely

calculated, with average losses varying from 10-20% (Evans

et al., 2001). Current production levels can only be main-

tained through the regular and wholesale application of

pesticides, particularly of chemical herbicides, which account

for almost 50% of the agrochemical market (Woodburn,

1995). Chemical control has been internationally accepted

but usage is restricted by the fact that effective weed herbi-

cides can often affect many other plants, not to mention

current public concern regarding environmental problems

associated with chemical pesticide usage in general (Defago

et al., 2001).

Biocontrol agents (BCAs) have been recognized not only

as a replacement for chemical pesticides, but also as a

viable part of well designed, integrated weed management

systems, utilizing living organisms or plant pathogens to

control or reduce the population of undesirable weed species

(Charudattan, 1991, 2001; Christy et al., 1992; Muller-

Scharer et al., 2000). Biological weed control is an ap-

proach utilizing living organisms to control or reduce the

population of an undesirable weed species (Watson, 1991).

Today, there has been a rising interest in exploitation of

fungi for control of weeds and crop diseases (Butt et al.,

2001). Currently, worldwide about 15-20 weeds are bio-

logically controlled with pathogens (Rosskopf et al., 1999)

and, to date, only two bioherbicides have been commer-

cially registered for weed control, both in the United States.

The bioherbicide DeVine®, a liquid formulation of Phyto-

phthora palmivora, was registered in 1981 for control of

stranglervine (Morrenia odorata) in Florida citrus groves.

Another bioherbicide, Collego®, a dry powder formulation

of Colletotrichum gloeosporioides f. sp. aeschynomene,

was registered in 1982 for control of Northern Jointvetch

(Aeschynomene virginica) in rice and soybeans in Arkansas,

Louisiana, and Mississippi. 

It has been known that approximately 8 Myrothecium

species, including M. gramineum, M. roridum, and M.

verrucarium, have been reported worldwide. The fungus
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could effectively control several common weeds under field

conditions and shows potential as an effective bioherbicide

for weed control in crop production systems (Boyett et al.,

2007). Of these Myrothecium species, mainly M. verrucaria

has been studied as a potential biocontrol agent for control

of, for example, invasive climbing fern (Lygodium micro-

phyllum), dandelion (Taraxacum officinale) (Clarke et al.,

2007), kudzu (Boyette et al., 2002), and amaranth weeds

including A. hybridus, A. spinosus, and A. lividus (Yang and

Brenner, 1997) on the basis of their pathogenicity to host.

Recent studies suggest that some Myrothecium species may

serve as broad-spectrum bioherbicides (Walker and Tilley,

1997). It has been known that M. roridum may be very

opportunistic and may cause severe damage to leaves and

stems. Kathleen et al. (2004) reported that symptoms of

infection on sicklepod develop very rapidly and that its

mode of action is generally due to the activity of toxins,

several of which are known to be produced by Myrothecium

spp. As mentioned above, a significant number of host

derived Myrothecium isolates have been collected as phyto-

pathogens and applied as BCAs using their virulence and

toxicity. In the study, the toxic activity of crude harvests of

M. verrucaria was not diminished after the removal of

fungal mycelium and spores. In contrast, conidia prepa-

rations showed relatively little impact on weed species

(Boyett et al., 2007; Kathleen et al., 2004).

Recently, we have also isolated several Myrothecium

species from soil samples and attempted to evaluate their

potential as BCAs for weeds. To our knowledge, this

appears to be the first attempt to use a non-host derived

fungal species, M. roridum, to control weeds in Korea. This

aim of this work was to evaluate the in vitro and in vivo

bioherbicidal activity of M. roridum F0252 against various

weed and crop plants, and to investigate the impact of basic

environmental factors, such as water activity (aw) and

temperature, on mycelial growth and nutritional utilization

of carbon sources of the fungus.

Materials and Methods

Fungal isolation and identification. About 1,000 fungal

isolates were isolated from diverse soil samples from

different districts of Korea using a dilution plating method

and were first screened for bioherbicidal activity in vitro

using Lemna, and clover seedlings as described below. An

active fungus, Myrothecium sp. F0252 was isolated from a

paddy soil sample from Kongju, Chungnam Province, Korea.

The medium used for fungal isolation was potato dextrose

agar (PDA, Difco) and the active fungus was identified as

Myrothecium roridum Tode ex Fr. based on the morpho-

logical and culture characteristics of phialoconidia, conidia

and sporodochia (Domsch and Gams, 1980; Ellis, 1971;

Preston, 1961), and the sequence analysis of internal tran-

scribed spacer (ITS) region of 18S rRNA. The molecular

characterization of the isolate was performed according to

previous published methods (Lee et al., 2005, 2006). The

isolate has been deposited in KRIBB (KCTC 0980BP),

Daejeon, Republic of Korea, and EML herbarium, Chonnam

National University, Gwangju, Republic of Korea and named

as Myrothecium roridum F0252, holding the isolate under

lyophilized conditions and 20% glycerol at −80oC. The

isolate was also maintained at refrigerator (2-3oC) until

used for cultivation. 

Lemna bioassay. A mini-plant, duckweed (Lemna pauci-

costata (L.) Hegelm.), grown on 24 well plate (Corning

Co., New York, USA) filled with 20% Hutner's nutrient

medium consisting of (in mg L−1) NH4NO3 200, K2HPO4·

400, KOH 200, Ca(NO3)2·4H2O 354, MgSO4·7H2O 100,

FeSO4·7H2O 24.9, MnCl2·4H2O 17.9, ZnSO4·7H2O 3.95,

H3BO3 14.2, Na2MoO4·2H2O 25.2, CuSO4·5H2O 3.95,

Co(NO3)2·6H2O 0.2 and EDTA 500, was used as a test plant

for the initial screening for bioherbicidal potential, using a

1-5 index (5=complete inhibition, 0=no inhibition). 

Chlorella bioassay. A kind of alga, chlorella (Chlorella

regularis) was also used for the initial screening for

chlorophyll biosynthesis inhibitor. The stocking culture of

C. regularis was grown on Arnon’s A5 medium (pH 6.5)

filled with 1 ml Arnon’s A5 solution consisting of (g L−1)

KH2PO4 1, MgSO4·7H2O 1, and FeSO4·7H2O 0.005 at 25oC

under illumination of intensity of 2,000 Lux for 8 days. The

flask for stocking liquid culture of C. regularis was shaken

reciprocally at 120 strokes per minute. Pouring the stocking

solution into the plate, the solution was mixed with YGA

medium consisting of (g L−1) yeast extract 5, glucose 20,

and agar 20. 

Seed germination bioassay. A third evaluation of herbi-

cidal potential was performed using an in vitro seed

germination bioassay on blotter in Petri dishes against

ladino clover and white clover (Trifolium repens L.) seeds.

For inoculation, conidia and mycelia were suspended in

sterile water, adjusted to 1×106 and 2.5×107 bodies per mL,

and 2 ml was poured on the blotter (8 cm) plated with 10-20

seeds, and then incubated prior to examination for 7-10

days under light (2000 Lux) at 25oC. 

In vivo herbicidal activity. A fourth evaluation of in vivo

herbicidal activity of M. roridum F0252 against 15 plants

was performed both in pre- and post-plant emergence by a

whole plant spray method (Lee et al., 2003). Bioherbicidal

activity of the ground culture broth containing conidia and

mycelial fragments and an ethyl acetate (EtOAc) extract of
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the broth were tested on pots (surface area×height=350

cm2×8 cm) containing 15 plants using a hand sprayer,

according to the method by Lee et al. (2003). The 13 weedy

plants tested against were velvetleaf (Abutilon avicennae),

Indian jointvetch (Aeschynomene indica), cheatgrass (Agro-

pyron smithii), bindweed (Calystegia japonica), large crab-

grass (Digitaria sanguinalis), barnyardgrass (Echinochloa

crus-galli), monochoria (Monochoria vaginalis), fall pani-

cum (Panicum dichotomiflorum), arrowhead (Sagittaria

pygmaea), bulrush (Scirpus juncoides), black nightshade

(Solanum nigrum), clover (Trifolium repens), and cocklebur

(Xanthium strumarium), and the two crops represented

were rice (Oryza sativa) and sorghum (Sorghum bicolor).

The fungal culture broth and crude extract were separately

solubilized into water containing 0.2% Tween 20 and then

14 mL was sprayed onto the plants. The herbicidal

activities (control values) were evaluated visually 4 and 14

days after treatment on the basis of morphological and

physiological symptoms by the following mean percent

scores of two replicates (0, no activity; 10-30, slight

activity; 40-60, moderate activity; 70-90, strong activity;

100, complete death of the plant).

Fungal growth. As a basic medium for mycelial growth of

M. roridum F0252, 2% malt extract agar (MEA, Difco) was

used. Water activity (aw) of the basic medium was 0.995 aw

and was modified with glycerol to produce media with

other water activity values: 0.95, 0.964, and 0.982 aw. Other

media such as potato dextrose agar (PDA, Difco), yeast

extract-peptone-soluble starch (YPSS), natural wheat bran

(NWB), and natural seeds of ladino and white clovers (Tri-

folium repens) were also used as a liquid or solid-liquid

media. Mycelial growth of the strain on MEA was mea-

sured 8 days after inoculation. For inoculum preparation,

sporulation was induced by slightly scratching a mycelial

mat of M. roridum F0252 grown on PDA for 2 weeks and

by changing the incubation temperature (from 15 to 25oC).

Conidia were collected from Petri plates using a small soft

brush, suspended in sterile water, and then the suspension

used as inoculum. 

Carbon-sources utilization. Experiments regarding the

nutritional utilization of 95 carbon sources by the strain M.

roridum F0252 were performed on BIOLOG (GN Micro-

Plate, BIOLOG Inc., CA, USA) plates under different aw

and temperature conditions according to the method by Lee

and Magan (1999) and Wilson and Lindow (1994). Spores

obtained from MEA medium were suspended in sterile

water, centrifuged, washed, and centrifuged again in a 0.25

M 2-(N-morpholino) ethanosulfonic acid (MES, Sigma

Chemical Co., USA) solution buffered to pH 5.5. The

solutions were modified to 0.95, 0.96 and 0.98 aw values

using sodium chloride. The final spore concentration of the

suspension was about 107 spores per mL and 100 µL of

suspension was added to each test plate well. The BIOLOG

plates were incubated at 18, 25 and 30oC for 2 weeks prior

to examination for the utilization of 95 carbon sources. The

ability of the fungus to utilize carbon sources in plate wells

was investigated under stereo-microscope.

Results

Fungal identification of F0252. The fungal strain, Myro-

thecium sp. F0252 was identified as Myrothecium roridum

based on morphological characteristics and its 18S ribo-

somal DNA sequence. On all media used in this study, the

fungus characteristically produced sporodochia which were

cushionlike, sometimes possessing hyaline and white mar-

gins. The conidiophores were subhyaline to colored, repeat-

edly branched, and bearing terminal conidia. In culture,

sporodochia were sessile, up to 2 mm in diameter, and often

confluent. Spore masses were initially viscous and green

and later hard and black. Conidia were cylindrical with

rounded ends, colorless to pale olive green to black when in

mass, and mostly 6-8 µm by 1.5-2.5 µm. The fungus match-

ed Myrothecium roridum Tode ex. Fr. based on the morpho-

Fig. 1. Morphology of M. roridum F0252. Phialoconidia (A, ×400), phialides (B, ×400), sporodochia (C, ×40) covered with white
mycelia formed on PDA medium, and seed coat (D) of ladino clover covered with M. roridum F0252 on moist filter paper in Petri dish 96
hrs after inoculation.
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logical, culture characteristics, and molecular methods

previously described (Fig. 1). When the sequences of the

isolates were compared with related species retrieved from

GenBank, the intraspecific DNA homologies ranged from

99-100% identical (data not shown).

In vitro herbicidal activity. Culture broth and crude

EtOAc extract of the fungal strain were highly active

against duckweed (Lemna paucicostata) and chlorella

(Chlorella regularis) on Petri dishes, and the herbicidal

activity against chlorella was present even with culture

broth at 32X dilution, showing not only that this strain had

high activity, but also that these in vitro assays were very

effective for initial screenings (data partly shown). EtOAc

extract of the active strain also showed moderate  phyto-

toxicity against duckweed even at a lowered extract concen-

tration of 1.6 µg per mL, especially causing withering and

discoloration within 2-3 days (Fig. 2). The inhibitory effect

of spore suspension on seed germination and seedling

growth of clovers varied with the fungal spore concen-

tration in the Petri dishes. Seed germination and early

seedling growth of clovers were gradually inhibited up to

the level of 6×106 spores per mL, but completely inhibited

at the highest concentration, 2.5×107 spores per mL,

causing an abnormal withering and inhibition of growth

compared to the control plants (Table 1 and Fig. 3). Clover

seedling growth (by length) was reduced to approx. 1/3-1/6

of the growth of the controls (Table 1), while radishes were

slowly, but considerably inhibited at the concentration of

>2.5×107 spores per mL (data not shown).

In vivo herbicidal activity. Culture broth showed 95-100%

Fig. 2. Effect of crude ethyl acetate extract of M. roridum F0252
on growth of duckweed (Lemna paucicostata) in the level of 12.5,
6.3, 3.1, 1.6, 0.8 and 0 (control) µg mL−1 72 hrs after treatment.

Table 1. Inhibitory effect of spore suspension of M. roridum
F0252 on seed germination and seedling growth of ladino and
white clovers

Concentrations
Ladino clover White clover

Hypocotyl Root Hypocotyl Root

6.5×106 3.5 ± 1.8a 3.8 ± 1.8 2.6 ± 0.7 3.2 ± 1.8

2.5×107 2.4 ± 1.1 2.1 ± 1.1 2.5 ± 1.2 1.6 ± 0.5

Control (H2O) 13.0 ± 1.7 9.1 ± 1.4 11.1 ± 2.1 11.5 ± 1.3

aThe lengths (average± SD, mm) of seedlings on moist blotter in
Petri dish were measured 7 days after inoculation.

Table 2. In vivo herbicidal activity of culture broth and crude ethyl acetate extract of M. roridum F0252 against weedy plants

Scientific name Common name

Control values after (%)a

Culture broth EtOAc extract

14 days 4 days 14 days

Abutilon avicennae
Aeschynomene indica
Agropyron smithii
Calystegia japonica
Digitaria sanguinalis
Echinochloa crus-galli
Monochoria vaginalis
Oryzae sativa
Panicum dichotomiflorum
Sagittaria pygmaea
Scirpus juncoides
Solanum nigrum
Sorghum bicolor
Trifolium repens
Xanthium strumarium

Velvetleaf
Indian jointvetch
Cheatgrass
Bindweed
Large crabgrass
Barnyardgrass
Monochoria
Rice
Fall panicum
Arrow head
Bulrush
Black nightshade
Sorghum
Clover
Cocklebur

20
95
30

100
70
40

100
NE
95

NE
30
95
40

100
100

30
95
95
70

100
100
100
ND
80

ND
ND
80
95

ND
95

100
100
100
100
100
100
100
ND
100
80
30
95

100
100
100

aThe control values of crude culture broth and ethyl acetate extract were visually evaluated by the following mean percent score of mortality (0-
100%) 4 and 14 days after treatment: 0, no activity; 10-30, slight activity; 40-60, moderate activity; 100, complete death on pots (350 cm2). bNE,
no herbicidal effect; ND, no determination.
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bioherbicidal activity to 7 weeds including Aes. indica, C.

japonica, M. vaginalis, P. dichotomiflorum, Sol. nigrum, T.

repens, and X. strumarium, 70% activity to D. sanguinalis,

and low or no activity to Abu. avicennae, Agr. smithii, E.

crus-galli, O. sativa, Sag. pygmaea, Sci. juncoides, and Sor.

bicolor (Table 2). These results show that M. roridum

F0252 can be used as a selective bioherbicide for rice weed

control. Herbicidal effects varied according to plant species

and exposure time, and the symptoms were various, includ-

ing water-soaked oval spots on the infected leaves, chloro-

sis, and necrosis. The crude EtOAc extract showed much

higher in vivo herbicidal activity (completely inhibited at

dose of approx. 500 µg freeze-dried per mL) than the

culture broth, although there was a similar herbicidal pattern

exhibited 3 days after dosing was applied. The EtOAc

extract showed a complete and broad-herbicidal activity

against Agr. smithii, D. sanguinalis, E. crus-gallii, Sor. bi-

color, T. repens, and X. strumarium within 3-4 days.

However, the complete herbicidal effect of the extract on

Abu. avicennae was shown after 14 days. Regarding Sag.

pygmaea, there was little herbicidal effect by the culture

broth but moderate effect by extract. These results showed

that M. roridum might be used as a seed germination

inhibitor to control several problematic weeds in Korea.

Fungal growth and C-sources utilization. Mycelial growth

of M. roridum on MEA tended to increase with increasing

aw, and there was significantly reduced growth at 0.95 aw as

a common field fungus (Fig. 4). Although the mycelial

growth of the fungus was best at 25oC, growth was similar

between 18 and 30oC. 

The nutritional utilization pattern of M. roridum F0252

on GN MicroPlate was found to vary with environmental

factors such as water activity (aw) and temperature, supply-

ing good, basic information for proper cultivation and

formulation. The number of C-sources utilized by the

fungus showed slight difference between 0.995 and 0.982,

and ranged 60-70, but was significantly reduced at 0.95 aw

(Fig. 5). Interestingly, the number of C-sources utilized by

the fungus at lowered water availability levels (0.95 aw) was

approx. 10 at 25oC, but almost no C-sources utilized at 18oC

and at 30oC. 

Discussion

Through in vitro and in vivo screening for bioherbicide

activity, a hyphomycete fungus with a potent herbicidal

potential has been selected. Out of 1,000 isolates tested, M.

roridum F0252 strain was the most active agent against

weeds. Thus far, the species M. roridum Tode ex Fries, a

common soil fungus, has been reported to be pathogenic to

a number of plant species. Walker and Tilley (1997) sug-

gested that some Myrothecium species might be used as

broad-spectrum bioherbicides against several weeds. How-

ever, there is little information about bioherbicidal activity

against various weeds in vivo. Most of Myrothecium in

these studies were isolated from their own hosts and

belonged to M. verrucaria. The experimental results pre-

sented here showed that M. roridum F0252 can be used as a

broad-spectrum mycoherbicide and/or as a seed germi-

nation inhibitor to control several problematic weeds in

Korea. Interestingly, the fungus showed low or no activity

against some crop plants including O. sativa and Sor.

bicolor showing that the agent can be used as a selective

mycoherbicide in rice or wheat fields. 

On the other hand, the most important characteristic of

Fig. 3. Infection of M. roridum F0252 on seedling of ladino clover
which is covered with mycelia and sporodochia. Arrow shows the
sporodochia of the fungus on cotyledon.

Fig. 4. Effect of temperature and water activity (aw) on mycelial
growth of M. roridum F0252 on MEA.
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Myrothecium was its exhibited seed germination inhibition.

When the seeds and early seedlings of ladino or white

clovers (T. repens), were inoculated with spores of M.

roridum F0252, the seed germination and seedling growth

of the clovers were gradually and completely inhibited as

the level spores reached 6.5×106 spores per mL in Petri dish

tests (Table 1 and Fig. 3). In addition, the EtOAc extract

showed much higher herbicidal activity to clover and radish

seedlings at dose of approx. 500 µg per mL (data not

shown). By virtue of the mounds of dark black spores

(sporodochia) that can develop on infected tissue, the

thousands of spores contained within these structures, and

the small sized spores that can be easily spread between

plants by splashing water, this fungal agent has a significant

potential as a BCA.

The bioherbicidal activities of this fungus may be mainly

due to a phytotoxin or other toxic metabolites (Drake, 1980;

Durbin, 1981). Verrucarin A, a germination inhibitor of

Orobanche crenata, has been isolated from M. verrucaria

(Alb. & Schwein.) Ditmar (Drake, 1980; El-Kassas et al.,

2005; Harper and Lynch, 1981). Our results showed that the

EtOAc extract (containing no viable spores) also showed a

strong herbicidal activity both in vitro and in vivo, showing

a possible metabolic effect. Bioherbicidal metabolites are

also being studied as possible herbicides or herbicidal ad-

juvants to develop BCAs that are selective, easily degrad-

able, and environmentally friendly. 

The efficacy of biocontrol may be enhanced by combi-

natory use of phytotoxins with herbicides (Vurro et al.,

2001). Two verrucarins from M. roridum has been isolated

and characterized (Schoettlera et al., 2006). Macrocyclic

trichothecenes are undetectable in kudzu (Pueraria mon-

tana) plants treated with M. verrucaria. It has been known

that trichothecenes exhibit varied biological activities such

as antifungal, cytotoxic, and phytotoxic effects (Cunfer and

Lukezic, 1979; Kuti et al., 1989). The trichothecenes are

normally divided into two broad categories: non-macro-

cylic trichothecenes (e.g. T-2 toxin, diacetoxyscirpenol, and

deoxynivalenol) and macrocylic trichothecenes such as the

verrucarins and roridins which are mainly produced by

Myrothecium species (Cutler and Jarvis, 1985). Kuti et al.

(1989) mentioned the possible involvement of a pathogen-

produced trichothecenes, such as verrucarins and roridins

from Myrothecium, in leaf spot of muskmelon. A combi-

nation of two pathogens, Cercospora and Myrothecium

species, is being evaluated as a potential bioherbicide for

the water hyacinth, Eichhornia crassipes (Mart.) Solms-

Laub. under field conditions (Charudattan, 2001). 

Boyette and Abbas (2001) reported that the bioherbicide

M. verrucaria obtained from sicklepod eliminated common

purslane, horse purslane, ground spurge, and spotted spurge

which have long been serious problem weeds among com-

mercially grown tomatoes. Fungi can successfully infect

hosts whose tissues are wounded or exposed to certain

environmental conditions, such as excessive humidity

(Fergus, 1957). McLean and Sleeth (1961) reported that

symptoms of pathogenicity of the fungus on muskmelon

included leaf spots and Cunfer and Lukezic (1970) dis-

cussed Myrothecium toxin and its possible role in plant leaf

spot. 

In this study, the antimicrobial, antialgal and insecticidal

activities of the culture broth were also investigated by the

paper disc method. Little activity was observed against

Gram negative and positive bacteria: Escherichia coli

KCTC1924, Bacillus subtilis KCTC1914, Salmonella

typhimurium KCTC1926, Staphylococcus aureus KCTC1916,

and Staphylococcus aureus KCTC1928; two fungi, Asper-

gillus flavus HBL-AF1 and Candida albicans KCTC1940;

and five insects, including brown plant hopper (Nilapavata

lugens), tobacco cutworm (Spodoptera litura), green peach

aphid (Myzus persicae), two spotted spider (Tetranychus

urticae), and diamondback moth (Plutella xylostella) (data

not shown).

Formulation, growth media, and the application method

are important determinants in the efficacy of M. verrucaria

on kudzu seedlings (Hoagland et al., 2007). So far, there

have been several studies on the formulations and their

applications of Myrothecium species to fields and green-

houses, and the interaction between bioherbicide and

herbicide (Boyette et al., 2008; Hoagland et al., 2007;

Vincent et al., 1999). According to Boyette et al. (2007),

when M. verrucarium was applied alone, the post-emerg-

ence provided no control of purslanes and spurges, but

when formulated with a surfactant, Silwet L-77, caused 85-

95% and 90-95% mortality to purslanes and spurges weed

Fig. 5. Effect of water activity and temperature on nutritional
utilization of 95 carbon sources of M. roridum F0252 on GN
MicroPlate. 
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species, respectively. Silwet L-77 (0.1%) also increased

infection by M. roridum, and the combination of SeaSpen

(a gel-forming polysaccharide extracted from red seaweed)

at 0.5% and oil at 10% enhanced infection by Plecto-

sphaerella cucumerina, reducing each isolate's dew point

requirements for infection.

In this study, utilization of basic carbon sources by M.

roridum F0252 was investigated for proper formulation. In

the present experiments, surfactants were not applied to the

screenings. If the present carbon utilization results were to

be applied to the formulation of M. roridum F0252, the

efficacy of the fungal culture may be increased. Our study

was only focused on the primary screening for biocontrol of

weeds using fungal cultures. Thus, further studies on the

ecophysiology of the active fungus, the formulation for

improving efficacy as a bioherbicide and the isolation of

active compounds for study on mode of action are needed

in the future. In order to improve the biocontrol efficacy of

the agent, further studies on the appropriate formulation as

well as the combinatory use of these microbes with meta-

bolites or herbicides are needed. 
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