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Summary   The Brassicaceae contains many of the 
world’s important weeds, including Raphanus rapha-
nistrum L. ( wild radish) in Australia. The host range 
of pathogens found on Brassicaceae often include a 
suite of related species opening the possibilities of 
developing mycoherbicides useful against a range of 
related weeds. This paper reviews the potential for 
the use of mycoherbicides for the control of weeds 
from the Brassicaceae in Australia. The use of such 
mycoherbicides would need to be managed to avoid 
causing problems in crops in the Brassicaceae such 
as canola.
Keywords    Inundative control,  Brassicaceae,  myco-
herbicide,  Raphanus raphanistrum.

INTRODUCTION
Weeds from the Brassicaceae are a major problem 
in cropping and horticultural situations worldwide. 
In southern Australian cropping regions, Raphanus 
raphanistrum L. is listed as one of the most important 
weeds. It has also developed multiple herbicide resist-
ant populations. Biological control is one alternative 
response to this problem.

Some pathogens of the Brassicaceae show prom-
ise for mycoherbicide development because they have 
restricted host ranges, or because they have pathovars 
that are virulent on particular host species. However, 
it appears that there are no mycoherbicides being 
developed for weeds in this family although a diverse 
range of at least 18 species from other families is being 
targeted worldwide (Charudattan and Amos 2000). In 
this paper we discuss the potential of using pathogens 
found in Australia as mycoherbicides against wild rad-
ish and other brassicaceous weeds. Further options 
to optimise the success of these pathogens are then 
explored.

PATHOGEN CHOICE
Pathogens of Brassicaceae   At least 42 fungi are 
recorded as pathogens of Brassicaceae worldwide 
(Williams 1993, Williams and Saha 1993, Kharbanda 
et al. 2001). Of these, 23 are recorded on Brassicaceae 
in southern Australia (Table 1) and nine are recorded 
in Australia, but not on brassicaceous hosts. 
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Both Albugo candida and Peronospora parasitica 
are biotrophic pathogens and so are not appropriate for 
development as mycoherbicides because they cannot 
be artifi cially cultured. Similarly, Aphanomyces rap-
hani also belongs in the Phylum Oomycota and will not 
easily form viable spores in culture. However, it may 
be possible to grow these three species on a brassica-
ceous host and then distribute infected straw on farms 
in an augmentative control strategy, for example, to 
speed-up the reinfection process where there is low 
survival of a useful pathogen over summer. Perono-
spora parasitica is the most suitable of these species 
because it has host-specifi c pathovars (e.g. Greenhalgh 
and Dickinson 1975, Satou and Fukumoto 1996, Silue 
et al. 1996) and is a destructive pathogen of wild rad-
ish. The taxonomy of P. parasitica has been revised 
(Constantinescu and Fatehi 2002, Voglmayr 2003) and 
taxa from this complex renamed as various species of 
Hyaloperonospora. These species have different host 
ranges within the Brassicaceae and therefore the po-
tential for species specialising on Raphanus needs to 
be re-examined in the light of this revised molecular 
taxonomy.

The necrotrophic pathogens recorded on brassica-
ceous hosts in Table 1 are generally more suited than 
biotrophic species for development as mycoherbicides 
because they can be more readily mass-produced. 
The criteria for pathogen selection are: pathogenicity 
against Brassicaceae weed species, especially wild 
radish; ability to cause death at the seedling stage or 
early stage of plant development; appropriate level 
of host specialisation; ease of producing spores or 
other infective propagules in culture; low persistence 
in the fi eld in seasons subsequent to application; and 
poor ability to spread off-site. Promising candidates 
from Table 1 include Alternaria brassicae, Alternaria 
brassicicola, Fusarium oxysporum, Leptosphaeria 
maculans and Rhizoctonia solani. Although not all of 
these species are recorded on wild radish in Australia, 
they are recorded from cultivated radish or wild radish 
elsewhere. These are pathogens that easily sporulate 
in culture (Rhizoctonia excepted), are known to cause 
disease on seedlings of radish or wild radish and 
have strains or pathovars differentially pathogenic to 
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brassicaceous species (e.g. Bosland and Williams 1987 
for F. oxysporum, Khangura et al. 1999 for Rhizoc-
tonia, Johnson and Lewis 1994 for L. maculans, 
Buchwaldt and Green 1992, Shivanna and Sawhney 

1993 for A. brassicae and A. brassicicola). All of these 
fungal species are present in Australia, and isolates 
obtained could be screened for their effi cacy in causing 
disease on the desired host weed.

Table 1.   Fungal pathogens recorded on Brassicaceae in southern Australia based on Cook and Dubé (1989), Shi-
vas (1989), Williams (1993), Khangura et al. (1999), Kharbanda et al. (2001) and Williams and Saha (1993).

Pathogen (teleomorph) Pathogen (anamorph) Hosts in southern AustraliaA Host rangeB

Albugo candida (Pers. ex. Chev.) Kuntze Bca, Bna, Bol, Bra, Bt, Cbp, Ri, 
Rsr, Rss, Smir, Smof, Smor, Ssa

N

Athelia rolfsii (Curzi) Tu & Kimbrough Sclerotium rolfsii Sacc. Bol W

Unknown Alternaria brassicae (Berk.) Sacc. Bch, Bna, Bol, Rsr N

Unknown Alternaria brassicicola (Schw.) 
Wiltshire

Bca, Bna, Bol N

Aphanomyces raphani Kendrick Rss N

Botryotinia fuckeliana (de Bary) 
Whetzel

Botrytis cinerea Pers.: Fr. Bol W

Erysiphe polygoni DC. Oidium sp. Bna W

Erysiphe sp.? Oidium sp. Bna, Bol, Rmr W

Giberella sp.? Fusarium avenaceum (Corda: Fr.) 
Sacc.

Bna W

Giberella sp.? Fusarium oxysporum Schlecht. 
Emend Snyder & Hansen

Bol W

Guignardia sp.? Phyllosticta sp. Bna, Bol U

Leptosphaeria maculans (Desmaz.) 
Ces. & De Not.

Phoma lingam (Tode: Fr.) Desmaz. Bca, Bna, Bol, Bt, Rsr N

Mycosphaerella brassicicola (Duby) 
Lindau in Engl. & Prantl

Bol N

Mycosphaerella sp.? Pseudocercosporella capsellae 
(Ellis & Everh.) Deighton

Bca, Bch, Bna, Bol N

Mycosphaerella sp.? Cladosporium spp. Bol U

Olpidium brassicae (Wor.) Dang. Bt, Ckm, Smof W

Pyrenopeziza brassicae Sutton & Rawl Cylindrosporium concentricum 
Grev.

Bol N

Pythium acanthicum Dreschler Bna W

Peronospora parasitica (Pers. ex Fr.) Fr. Al, Bna, Bol, Bsr, Cbp, Csd, Mi N

Plasmodiophorae brassiciae Wor. Bca, Bch, Bna, Bol N

Sclerotinia sclerotiorum (Lib.) de 
Bary

Bca, Bna, Bol W

Thanatephorus cucumeris (A.B. Frank) 
Donk

Rhizoctonia solani Kühn (esp. 
zymogram group 5)

Bju, Bna, Bol, Rrm W

Verticillium dahliae Kleb. Bol W

A Hosts indicated are: Alyssum spp. (Al); Brassica campestris (Bca); Brassica chinensis (Bch); Brassica fruticulosa (Bfr); 
Brassica juncea (Bj); Brassica napus (Bna); Brassica nigra (Bni); Brassica oleraceae (Bol); Brassica rapa (Bra); Brassica 
tournefortii (Bt); Cakile maritima (Ckm); Capsella bursa-pastoris (Cbp); Coronopus didymus (Csd); Hirschfeldia incana 
(Hin); Matthiola incana (Mi); Raphanus raphanistrum (Rsr); Raphanus sativus (Rss); Rapistrum rugosum (Rmr); Rorippa 
islandica (Ri) Sinapis arvensis (Ssa); Sisyimbrium altissium (Smal); Sisyimbrium erisimoides (Smer); Sisyimbrium irio 
(Smir); Sisyimbrium offi cinale (Smof); Sisyimbrium orientale (Smor); and Sisyimbrium thelungii (Smth). 
B Narrow host range (N) indicates that this species is recorded only on the Brassicaceae; wide host range (W) indicates that 
this species is also recorded on hosts outside of the Brassicaceae; and uncertain host range (U) indicates that the host range 
is unclear from the published literature. 
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MAKING MYCOHERBICIDES TO SUCCEED
In order to develop one of these pathogens into a myco-
herbicide the following factors need to be addressed. 

Inundation   Mycoherbicide applications generally 
require inoculum levels of 103–106 infection prop-
agules per cm2 in order to induce a disease epidemic as 
described by Van der Planks’ epidemiological theory. 
Amsellem et al. (2002) suggest improvements in my-
coherbicide development could reduce the inoculum 
load by several orders of magnitude. The reduction of 
spore densities applied would play an important role in 
minimising the cost of bioherbicide production, which 
remains an important constraint in the adoption of this 
approach to weed control. The key to achieving infec-
tion with lower spore loads is through such strategies 
as: the optimisation of the delivery formulation; utilis-
ing synergistic complexes of pathogens; combining 
the pathogen with a herbicide or phytotoxic chemical 
of microbial or plant origin; and through the potential 
insertion of genes for hypervirulence into the active 
fungal pathogen.

Formulation   There are several factors important in 
bioherbicide formulation: production of viable spores 
or infective propagules; practical storage conditions 
and ‘shelf-life’; and oil emulsions to increase the effec-
tive dew period (Auld and Morin 1995). For example 
Amsellem et al. (1999) have developed a process (sta-
bleze) that produces colony-forming units independent 
of spore production for two species of Fusarium. These 
have superior long-term storage properties. This is a 
system that could be adopted for the production of F. 
oxysporum propagules in the control of Brassicaceae 
weeds.

Spore germination and subsequent infection 
typically require 12–24 h dew. Therefore the use of 
humectants to retain moisture and oils to trap mois-
ture around the spore, facilitating its germination are 
important. Some formulations utilise dehydrated 
mycelia fragments encapsulated in micropellets that 
remain viable for extended periods and may outlast 
spores. The additional benefi t of this technology is 
that asporogenous mutants could be used, reducing the 
subsequent dispersal of the agent off-site to non-target 
crop plants, and also minimising its persistence on-site 
and potential infection of crop plants in subsequent 
seasons.

Synergy   Pathogen combinations or mixtures of 
pathogens with chemicals may increase the infec-
tion rate and disease severity. Plant disease may be 
more destructive when combinations of pathogens 

are involved (Jeger 2001). The coupling of chemical 
growth regulators or herbicides with pathogens has 
also resulted in synergistically higher rates of weed 
control. Colletotrichum coccodes when applied with 
thidiazuron or basagram synergistically increased 
mortality in Abutilon theophrastii Medik. (Watson 
and Ahn 2001). There are also examples of phytotoxic 
metabolites that are derived from Alternaria (Vurro 
et al. 1998) amongst others. The pathogens listed in 
Table 1 could be tested for the production of phyto-
toxic compounds against brassica weeds. If present, 
such metabolites could be mass-produced and applied 
alone or in combination with pathogens to improve 
their effi cacy. Another possibility is to introduce genes 
for phytotoxic compounds into a minor pathogen to 
create hypervirulence.

Gene manipulation   Amsellem et al. (2002) have 
proposed developing strategies for coupling virulence 
genes with fail-safe mechanisms to prevent spread and 
transgene introgression into crop pathogens. They 
demonstrated that adding Fusarium virulence genes 
to the fungus Colletotrichum coccodes Wallr. increased 
its pathogenicity to the weed Abutilon theophrasti 
Medik. without changing the pathogen host range. 
Genes coding for plant toxins could also be introduced 
into host specifi c pathovars of brassicaceous weeds. 
Pathogens (hypervirulent or otherwise) could also be 
genetically modifi ed to reduce their persistence and 
dissemination by knocking out genes associated with 
mating type or sporulation. These traits are especially 
important for targeting Brassicaceae weeds in order to 
reduce the impact on closely related, non-target crops 
in the Brassicaceae such as canola. 

The risks associated with genetically manipulated 
organisms are managed in Australia through the regu-
latory framework of the Gene Technology Act 2000 
and the Gene Technology Regulations that came into 
effect on 21 June 2001. Any genetically modifi ed my-
coherbicides against weeds in the Brassicaceae would 
be subject to this process. 

CONCLUSION
Studies of pathogens from the native range of wild 
radish have not found disease causing organisms that 
are clearly suitable for use in a classical approach to 
biological control (Scott et al. 2002 and unpublished 
data). The alternatives considered here have the 
potential to control wild radish and other weeds in 
the Brassicaceae in a mycoherbicide strategy. Work 
is currently underway to test some of the strategies 
described in this review.
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