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The first mycoherbicide in Canada: Colletotrichum
gloeosporioides f. sp. malvae for round - leaved mallow control
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Agriculture Canada, Research Station, P.O. Box 440, Regina, SK,
Canada S4P 3A2

Summary
The indigenous fungal pathogen, Colletotrichum gloeosporioides f. sp.
malvae (C.g.m.), first isolated from anthracnose symptoms on stems of
round - leaved mallow ( Malva pusilla, Malvaceae) in 1982, was shown to be
host specific to species in the Malvaceae. Round- leaved mallow is a major
weed of less competitive field crops such as lentil and flax in the Canadian
Prairies. The optimum conditions for growth and development of C.g.m.
under controlled conditions and the requirements for successful control
in the field have proven its potential as an effective mycoherbicide for
control of round- leaved mallow. C.g.m. is being commercialized under the
tradename'BioMal' by Philom Bios Inc. BioMal was registered on 16 January
1992 as the first mycoherbicide in Canada and has set the precedent for
future development of such products in Canada.

Weed .problem
Round - leaved mallow, Malva pusilla Sm. (Malvaceae, MALPU), has long been known
as a weed of gardens, farmyards, and waste places. Recently, it has become
a major weed in field crops in the Canadian Prairie Provinces (7). It is a
serious weed in less competitive crops such as flax and lentil where it can
cause yield reductions of up to 90% (7). In spring wheat, yield reductions
of up to 20% have been observed in fields with heavy infestions if the weed
emerges before the crop. The few chemical herbicides that are registered are
only effective at the very young seedling stage and do not provide adequate
control. Round- leaved mallow propagates entirely by seed which germinate
throughout the entire growing season, which have a very hard and impermeable
seed coat, and have been reported to survive in the soil for up to 100 years
(4). This weed has increased in importance because of its escape from
conventional control methods and because of its potential for long -term
persistence in the soil.

Discovery
The indigenous fungal pathogen, Colletotrichum gloeosporioides (Penz.) Sacc.
f. sp. malvae (C.g.m.), causing anthracnose was first isolated from round-
leaved mallow by Dr. Mortensen in 1982 at the Agriculture Canada Research
Station in Regina, Saskatchewan (9). It was first observed on seedlings of
round - leaved mallow grown in growth chambers for testing chemical herbicides.
The following season, it was found occurring naturally in the field and was
isolated from round - leaved mallow from a number of locations in Saskatchewan
and Manitoba (9). Under natural conditions, C.g.m. does not develop into
epidemic proportions until late in the growing season because of its limited
dissemination. Preliminary efficacy tests, conducted in the greenhouse and
in small plots in the field, resulted in almost complete kill within two to
four weeks indicating that it had good potential for further development.

Early development
The initial development consisting of host specificity tests showed that C.g.m.
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had a restricted host range, limited to species in the Malvaceae, mainly Malva
species and velvetleaf (Abutilon theophrasti Medic.) (9). Under controlled
environment, round - leaved mallow was effectively controlled with C.g.m. at
a concentration of 2 x 106 viable spores ml-', at temperatures below 30 C, with
a minimum of 20 h of dew, and at all growth stages of the weed (5) . Successful
control in the field was achieved with a concentration of 60 x 106 viable spores
m2, when some precipitation occurred within the first 48 h or 12 to 15 h of
dew following application, and when overall conditions were cool around 20
C and overcast (8, 10) . These findings established that C.g.m. had potential
as a bioherbicide. C.g.m. also fulfilled most of the criteria for a good
bioherbicide: the ability to produce abundant and durable inoculum in artifical
culture, genetic stability and specificity to the target weed, and the ability
to infect and kill the weed over a broad range of environments (3) , or rather
over the range of environments where the weed is a problem.

Commercialization
Search for a company that would commit itself to commercialize the product
as soon as possible was initiated. An agreement was signed between Agriculture
Canada and Philom Bios Inc. (Innovation Place, Saskatoon, Saskatchewan) in
1985 for the rights to commercialize the organism. The commercialization has
involved four main steps: 1) product protection, 2) product development which
includes the manufacturing process, 3) regulations and registration, and 4)
marketing and sales.
Product protection: Patents have been obtained in Canada and Europe, and
are pending in the U.S. The Canadian patent was obtained in Agriculture
Canada's name in 1990 for the use of the organism. The U.S. will no longer
patent the use of a naturally occurring organism. Therefore, the U.S. patent
was modified to include the manufacturing process and was filed jointly with
Agriculture Canada and Philom Bios.
Product development: The major challenge in product development is to
transfer the production from the laboratory bench to cost - efficient large -
scale commercial production. Philom Bios has developed a manufacturing process
for production óf the spores of C.g.m. which involves fermentation, separation
of the mycelial biomass, drying, and packaging of the spores. The efficacy
of the formulated product was tested in a number of locations in Saskatchewan
and Manitoba. High levels of control have been achieved every year since 1982.
Under drought conditions as in a few locations in 1985, disease developed slowly
with few symptoms one month after application (9). However, at harvest and
when moisture conditions improved later in the season, round- leaved mallow
was controlled.
Regulations and registration: An initial data package was submitted to
the regulatory agencies in 1987 when there were no guidelines or protocols
for the registration of microbial pest control agents in Canada. This
submission forced these agencies to develop guidelines and requirements for
the registration of microbials (1, 2) . These guidelines and the registration
procedures in Canada have been reviewed by Makowski (6). Philom Bios guided
the submission through the registration process. Many of the concerns in the
areas of agent specification, food and feed residue, environmental fate,
environmental toxicology, and efficacy were addressed at the Agriculture
Canada Regina Research Station. Finally, C.g.m. was registered under the
tradename BioMal on 16 January 1992 and became the first mycoherbicide
registered in Canada. It is recommended for use as a post- emergent on wheat,
oats, buckwheat, mustard, sunflower, soybeans, barley, rye, canola, flax,
lentil, and sugar beet.
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Marketing and sale: With the short time frame between the registration and
the 1992 growing season, only a small amount of product will be manufactured.
Therefore, the first year of sales in 1992 will be a test market. The
Saskatchewan Wheat Pool and Dow - Elanco are partners of Philom Bios and will
be involved in the distribution and sale of the product. Teaching farmers
how to appropriately use a biological and explaining the differences in use
and expected results compared to conventional control methods will be essential
for the success of marketing BioMal. An agreement for royalties to Agriculture
Canada was signed in 1989.
Conclusion
Ten years have elapsed between the time of discovery and the registration of the first
mycoherbicide in Canada. This could have been two years sooner had there been
guidelines and protocols for registration in place. Although the market for BioMal
is likely not a large one, the bioherbicide industry in Canada is now a reality. BioMal
has set the precedent for future development of such products in Canada and hopefully
more research and industry involvement will follow.
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