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SUMMARY

The effect of nutritional conditions on spore quali ties was
investigated in order to select which propagules: c onidia or
chlamydospores, would be most suitable for mycoherb icide
development. P. alismatis was grown in a liquid basal medium
supplemented with glucose and a mineral nitrogen so urce (sodium
nitrate) or an organic nitrogen source (casamino ac ids). Conidial
and chlamydospore vyields, germination rate and shel f-life were
compared. Two growth models were developed: on one hand, sodium
nitrate added as the sole nitrogen source was parti ally utilized
(8%), resulting in poor growth (177 + 2 mg dry weights flask 1.34 %
1 x 10 ° conidia mg DW ). In these conditions, P. alismatis produced
dense, melanized-like aggregates that contained chl amydospores (7 +

0.4 x 10 ° chlamydospores mg DW ). Germination rate of chlamydospores

and conidia produced in these conditions was high ( 80%). Twenty
percent of chlamydospores were able to germinate af ter 4 months
storage at 25°C, while survival of conidia declined rapidly (<2%).
When casamino acids were added to the liquid medium as the sole
nitrogen source, P. alismatis produced sparser pellets resulting in

high dry weights (537 + 9.2 mg DW flask 1 and high conidia numbers

(1.8 + 0.3 x 10 ° conidia mg DW 1), while no chlamydospore was

observed. The germination rate of conidia produced in casamino acids

was low (33 + 13 %) and microcycle conidiation occurred. Five

percent of these conidia germinated after 4 months storage. These
data indicate that chlamydospores may be suitable f or mycoherbicide
development, provided further optimization of yield s is achieved.



| NTRODUCTI ON

Under Australian conditions, aquatic weeds in the F amily

Al i smat aceae have the potential to compete heavily with direct

seeded rice. Of these species, Damasoni um mni nus or starfruit is
regarded as the most important weed. The control of starfruit is
almost exclusively reliant on the use of only one h erbicide
(bensulfuron-methyl,Londax 7 which has contributed to the emergence
of herbicide-resistant weed biotypes throughout the Australian rice
growing areas. This resistance and the potential fo r the
contamination of waterways by synthetic herbicides have spurred the
search for alternative weed control strategies at C harles Sturt
University since the early 1990s (Ash et al ., 2003).

The endemic fungus Pl ect ospori um alismatis [synonym

Rhynchosporium alismatis] (Pitt et al ., 2004) is being developed as

a mycoherbistat (Crump et al ., 1999) for the control of starfruit

and other closely related weed species (Cother 1999 ; Cother &
Gilbert, 1994; Jahromi et al ., 2001). So far, most studies have been

related to the application of conidia collected on solid media
(Jahromi et al. 1998). These conidia are able to infect host

species (Lanoiselet et al ., 2001; Jahromi et al ., 2002; Pitt et al .,
2004), leading to reduced biomass of the weed or to reduced seed set

(Fox et al ., 1999).

In our laboratory, a methodology for producing a li quid culture
production method for the development of a P. alismatis
mycoherbicide is currently being investigated. Prev ious studies
showed that P. alismatis produced conidia and mycelium and,
interestingly, chlamydospores in a liquid culture m edium based on
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MATERI ALS AND METHCODS
| sol ate

Pl ectosporium alismatis RH 145 (DAR 73154) was isolated from
Danmasoni um m nus. Stock cultures were maintained in a mixture of

soil:sand mixture as previously described (Jahromi et al.,2002).

I nocul um producti on

Sub-cultures on Potato Dextrose Agar (PDA, Difco, D etroit, Ml,
USA) were sampled from the soil and sand mixture an d renewed every
year. From these sub-cultures conidia were inoculat ed on PDA plates
and incubated at 25°C. Four-day old Petri dishes of the fungus were
washed with distilled water and the conidia suspens ion inoculated
into shake flasks for liquid culture (4 x 10 3 conidiamL ).

Medi a Conposition

The basal mineral composition for P. alismatis growth was
derived from a Czapex-Dox composition which contain ed: K ,HPQ, 1.0 g;
MgSQ.7H ,0, 1.0 g; KCI, 0.5 g; Fe »SQ..7H ,0, 0.018 g; deionized water:

1 L. For chlamydospore production, malt extract (Am yl Media, Sydney,
NSW, Australia, 2.2 g L "1y and sodium nitrate (Sigma Chemical, St.

Louis, MO, USA, 3 g L "1y were used, providing respectively 0.92 g C

L* and 05 g N L L. The liquid culture medium for enhanced
chlamydospore production contained malt extract, 8. 8 gL *, and
sodium nitrate, 5.74 g L "L providing respectively 3.68 g C L 1 and 1

gNL * (Cliquet et al ., 2004).



A defined medium was prepared in which malt extract 22gL *
was replaced by glucose (2.2 g L 1, providing 0.92 g C L ). This
medium contained sodium nitrate 3.12 gL 1 (providing 0.5 g N L ).
Bacto yeast nitrogen-base without amino-acids and a mmonium sulphate
(Difco) was provided in the medium as a nitrogen-fr ee, vitamin

source (0.17 g L ).

In nitrogen source experiments, malt extract (8.8 ¢ L) was
replaced by glucose (3.68 g C L 1). One of the following substrate
sources was added to the medium as the sole nitroge n source (1g N L .
each): technical casamino acids (Difco), bacto yeas t extract
(Difco), tryptone, (Difco), glutamic acid, CaNO 3, NaNO ; (Sigma). The
initial pH was adjusted to 7 and maintained by dail y addition of
NaOH or HCI.

G ow h and harvest

All cultures were placed in flasks (100 mL in 250-m L flasks),
inoculated with conidia and incubated at 25°C on a rotary shaker
incubator (Infors HT Bottmingen, Switzerland) at 10 0 rpm.

Cultures were vacuum-filtered on 110 mm O cellulose filter
papers (Whatman plc, Brentford, UK). Filtered cult ures were rinsed
with 50 ml deionized water and allowed to dry on th e bench top until
constant weight. Dry mats were weighed and resuspen ded in 21.5 ml
distiled water. The suspension was fragmented in a Potter
homogeneizer (Fisher Scientific Bioblock, lllkirch, France).
Propagule counts were performed using a haemocytome ter.



Shel f-1ife experinents

Cultures were grown in media containing 3.68 g C L Tand1gNL *tas
previously described, and contents filtered on cell ulose filters
until constant dry weights (24 h). Dry biomass was stored at 25°C.
Ten mg dry weights were homogenized, providing a su spension of

approximately 10 ® propagules mL  *. Hundred pl of the suspension were

placed onto a cellophane piece for germination assa y.

Chl amydospore and Coni di al Germination

Drops of the propagule suspension were placed on fo ur 2-cm
square pieces of cellophane on the surface of water agar plates.
Cellophane pieces were removed after 12 h at 25°C a nd germination
evaluated microscopically after staining with lacto phenol cotton
blue as previously described (Cliquet et al ., 2004).

N trate neasurenent

Supernatant of cultures was filtered through a 0.2 um nitrate
cellulose membrane. Initially all residual nitrate was reduced to
nitrite using a cadmium reduction column. Nitrate g uantification was
achieved with a flow injection system (Lachat Quick Chem 8000,
Lachat Instruments, Milwaukee, WI, USA) based on th e American Public

health association method (Apha, 2001)

d ucose neasur enent

The method was based on the simultaneous oxidation of the
aldehyde functional group present in glucose, and t he reduction of
3,5-dinitrosalicylic acid (DNS) into 3-amino,5-nitr osalicylic acid



under alkaline conditions (Miller, 1959). The inten sity of developed
colour was determined with a spectrophotometer (UNI CAM helio beta,

France) at 540 nm.

Statistical Analysis

All growth experiments were performed using duplica te or
triplicate flasks and all experiments were repeated at least once.
Statistical analysis of variance was performed. For data not
suitable for ANOVA, standard errors values were est imated as a

measure of variance.

RESULTS AND DI SCUSSI ON

Composi tion of nedia for chlanydospore production

Three liquid media were able to support chlamydospo re production
(2.4 t0 20.3 x 10 4 chlamydospores mg DW ). In these 3 media, sodium

nitrate was the sole nitrogen source (Table 1). Dr y weights and
conidial yields were low (respectively <400 mg flas k' and < 7.1 x

10° conidia mg DW ). This poor growth is probably the consequence of

the partial utilization (8 %) of nitrate by P. alismatis (Figure 1).
Although glucose was exhausted during growth, deple tion is likely
not responsible for chlamydospore formation since a dditional
experiments showed that chlamydospores were formed in defined medium
with increased glucose concentrations (data not sho wn).

I nfluence of nitrogen sources on P. alismatis growth
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Conidia and chlamydospores produced in nitrate-malt extract or
nitrate-glucose media and conidia produced in a med ium containing
casamino acids were harvested for further germinati on and shelf-life

experiments.

CGerm nation rate of freshly harvested conidia and chl anydospor es

The germination rate of conidia produced in a mediu m supplemented
with casamino acids was low (33.7 + 13% germination) compared with

the germination rate of conidia and chlamydospores produced in media
supplemented with sodium nitrate (approx. 70-90% g ermination,
Figure 4). Microcycle conidiation through direct co nidiogenesis from

a conidium or a chlamydospore (Figure 5) with minim al intervening
hyphal development was observed after 4 h incubatio n on cellophane
pieces. In our experimental conditions, formation o f daughter
conidia may result in increased conidia numbers wit h, as a
consequence, a decrease in the conidial germination rate based on
100 spores examined. Microcycle conidiation for se veral decades has
been considered a survival mechanism during stress for a variety of

moulds (Ahearn et al ., 2007). Any enhancement of fungal
dissemination would be a significant advantage for P. alismatis to
be used as a mycoherbicide and, therefore, deserves further
research.

Shel f-1ife of conidia and chl amydospores

A significant decrease in germination rate occurred by the first 2
weeks of storage at 25°C (Figure 6), regardless of the type of
propagules, or culture conditions considered. Chlam ydospores
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produced in sodium nitrate-glucose or sodium nitrat
were able to germinate after 4 months storage at 25
produced in the same culture conditions declined ra
months storage). These results agree with other wor
Kroschel, 2004) that shows the capability of chlamy
In our condition

maintain viability during storage.

requirements may be fulfiled through a chlamydospo

mycoherbicide, provided their effectiveness against

demonstrated in further phytopathogenic bioassays.
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nitrate (6% germination after 40 days storage, Figu
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f unosor oseus blastospores was related to the nitrogen sources a

concentrations added to the liquid medium (Cliquet
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chlamydospore yields (Cliquet et al, 2004), further
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conditions open new perspectives of research.
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