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ABSTRACT

The present invention provides a novel 1solated and purified strain of Sphaeropsis sp.

It further provides a mycoherbicidal composition that is effective in controlling purple

loosestrife, and methods for controlling purple loosestrife.
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BIOLOGICAL CONTROL OF PURPLE LOOSESTRIFE

Background of the Invention

Purple loosestrife (Lythrum salicaria) is an aggressive invasive weed that forms
uniform stands that replace diversified native flora, including important waterfow! food
plants. Purple loosestrite forms dense stands where 1t destroys wetlands by reducing water
tflow and drying out the soil. Many wetlands in North America have major infestations of
purple loosestrife. It has no natural enemies on the continent, neither native herbivores nor
pathogens, that presently suppress invasive populations of purple loosestrife. Further, its
growth 1s so dense that most wetland wildlife cannot use it as habitat. Moreover, it is not a
preferred food for native animals in North America.

A number of characteristics have enabled purple loosestrife to become a problem. A
single, mature plant can produce 2.5-million seeds annually. Established plants grow more
than 2 meters tall with 30-50 stems forming wide crowns that dominate a plant canopy. Also,
a strong rootstock serves as a storage organ providing resources for spring growth and
regrowth 1f the above-ground shoots are destroyed. R.F. Nyvall, Mycologia, 87:501-506
(1995).

The U.S. Department of Natural Resources as well as most states in the U.S. have
declared 1t a noxious weed and require that it be controlled. It is also on the Noxious Weed
List in Alberta, Manitoba, and numerous munictipalities in Canada. Governmental agencies
have been trying to control the spread of purple loosestrife by various means including
cutting 1t, pulling 1t out, spraying it with herbicides and burning it. Some of the control
methods make the situation worse by killing surrounding plants so the purple loosestrife
seedlings have no competition. For example, the seemingly obvious solution of pulling it up
by the roots does not work. The whole root mass must be removed, causing extensive
disturbance to the soil, and creating the very habitat in which this plant thrives. Also, all of
the plant must be removed, because it can regenerate from a tiny piece of crown, stalk or leaf
buds. Chemical herbicides such as Roundup® or Rodeo® are not desirable because they kill
esSentially all the wetland plants since they are not selective for purple loosestrife.

In addition to there not being acceptable chemical herbicides for purple loosestrife,
environmental concerns make biological control a potentially attractive alternative to
traditional methods of weed control. Biological control of purple loosestrife began in
Germany 1n the 1960's. It was found that certain species of beetles (Galerucella

calmariensis, G. pusilla, and Hylobius transversovittatus) could help control the spread of the



10

15

20

25

30

CA 02296943 2000-01-25

2

weed. In 1991, the Canadian government approved the introduction of these predators of
purple loosestrife as brological control agents. In 1992, the United States Department of
Agriculture approved the release of these beetles as biological control agents in the U.S.

Unfortunately, it takes quite a long time (3-5 years) for these beetles to become
established 1n an area, 1f they become established at all. Further, even if they become
established 1n an area, they may not significantly impact purple loosestrife for at least 2-3
years because the plant 1s so resilient. Moreover, the beetles do not always kill the crown of
the plant, so they may not consistently prevent seed production by the plants. The seed bank
of purple loosestrife 1s viable for approximately nine years.

To date, no mycoherbicides have been developed from pathogens of purple loosestrife
either in Europe or North America. In fact, disease symptoms are rarely observed in Europe
and no pathogens have been 1solated from purple loosestrife in Europe with the exception of a
nematode Meloidogyne sp. reported to feed on roots in the former USSR. R.F. Nyvall,
Mycologia, 87:501-506 (1995).

Thus, there remains a continuing need for a means to safely and effectively control the
spread of purple loosestrife. There 1s further a long-felt, unresolved need to produce an
herbicidal composition that can be sprayed, or similarly administered, onto purple loosestrife
or other noxious weeds to selectively control the weeds in environments with mixed

populations of useful plants, such as in a protected wetland.

Summary of the Invention

The present invention provides a novel isolated and purified strain of Sphaeropsis sp.
that 1s capable of controlling purple loosestrife (Lythrum salicaria). Sphaeropsis sp. may be
1solated from cultivated plant material of the genus Lythrum. The cultivated plant material
may be living plant tissue, dead plant residue or soil. An isolated strain of Sphaeropsis sp.
has been deposited in the American Type Culture Collection, Rockville, MD, under the
provision of the Budapest Treaty, and assigned ATCC accession number PTA-223. The
Sphaeropsis sp. strain may be mixed with or impregnated in an acceptable carrier to make an
herbicidal composition. The carrier may be diatomaceous earth, alginate or clay. Further, the
carrier may be a liquid. The carrier may also be an adjuvant, or altermatively, at least one
adjuvant may be added to the herbicidal composition. The adjuvant may be an effective
plant-tissue penetrating adjuvant. It may be water-miscible or water-dispersable. The

adjuvant may be methylated seed o1l. The Sphaeropsis sp. strain of the present invention may
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be in the spore form. The effective amount of at least one strain of Sphaeropsis sp. is in the
range of 1 x 10° to 1 x 10" spores per ml. It may be in the range of 10* to 10° spores per ml,
or in the range of 10° to 10° spores per ml. The herbicidal composition may contain a
germination activator, 1.€., a compound or mixture of compounds that enhance spore
generation. Examples of germination activators include, but are not limited to,
monosaccharides, disaccharides, polysaccharides, amino acids, peptides, peptones, proteins,
inorganic salts, and other solutes. |

The present invention also provides a method for controlling purple loosestrife
comprising applying an herbicidally effective amount of the above-described herbicidal
composition onto a target purple loosestrife plant or onto the situs of a target plant (i.e., the
area around the target plant). The herbicidal composition is applied at least once, but may be
apphed a plurality of times. Further, the method provides for the controlling of the target

plant for multiple growing seasons.

L ] 2 4 @ *
Jetailed e Y 1I0N 01 the Invention

Lythrum cultivars were obtained from the Morden Research Station in Morden,
Manitoba and independently from Behnke Nurseries in Maryland. These cultivars were
propagated 1n the greenhouse and grown together with other cultivars and weedy lythrum in a
loosestrife nursery. One of the inventors observed that some of the cultivars growing in the
greenhouse were dying from what appeared to be a plant disease. The sick plants would
begin to wilt, and then completely dry out and die. Most of the sick plants were of the
cultivar, “Morden Gleam”, which 1s a hybnd created from crossing the cultivar “Morden
Pink” (Lythrum virgatum) with the native, winged loosestrife (L. alatum). The two species of
Lythrum are different species from the weedy purple loosestrife (L. salicaria). Although the
L. virgatum and L. alatum are distinct species, they are closely related and will occasionally
cross to produce hybrds, as occurred in the creation of the hybrids “Morden Rose” and
“Morden Gleam.” Artificial crosses, however, made between the two species have rarely
produced seed that will germinate.

The inventor gave some of the infected plant material to one of the other inventors,
who 1solated the pathogen from the cultivars. The pathogen was identified as Sphaeropsis sp.
The mventor then took some of the original isolate, put it into culture and then sprayed it onto
weedy purple loosestrife plants (Lythrum salicaria). The inventor was able to reisolate

Sphaeropsis sp. from the weedy purple loosestrife plants. It was also observed that weedy
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purple loosestrife plants developed the same symptoms as in the “Morden Gleam” plants.
Theretore, even though Sphaeropsis sp. was initially isolated from a hybrid cross of two
species, L. virgatum and L. alatum, it was able to infect another closely related, but distinct,
species of Lythrum.

The 1inventors developed the herbicidal composition of the present invention that is a
mixture formed by combining an effective amount of at least one isolated and purified strain
of a pathogenic fungus specific for noxious weeds with a liquid agricultural carrier. The
strain of Sphaeropsis sp. that was isolated from the “Morden Gleam” plant hosts is ATCC
accession number PTA-223. An isolation procedure that may be employed to obtain
Sphaeropsis sp. involves surface sterilizing the infected stems or leaves in 70% ethanol for 3-
5 minutes, sectioning material with a sterile scalpel, rinsing the material in sterile distilled
water, and placing the tissue onto potato dextrose agar. The herbicidal composition can be
used 1n a variety of environments to control growth of noxious weeds, such as purple
loosestrife.

The novel mycoherbicide can be used effectively in diverse formulations, including
the agronomically acceptable adjuvants and carriers normally employed for facilitating the
dispersion of active ingredients for agriculture applications, recognizing a known fact that the
dosage, formulations, mode of application of a chemical agent and other variable may affect
its activity in any given application. The described mycoherbicide can be formulated as a
suspension or dispersion, in aqueous or non-aqueous media, as a dust, as a wettable powder,
as an emulsifiable concentrate, as a granule, or as any of several other known types of
formulations, depending on the desired mode off application. These herbicide compositions
can be applied as sprays, dusts, or granules directly to the plant or its situs where herbicidal
activity 1s desired.

The subject fungus, Sphaeropsis sp., can be obtained by conventional culture
techniques from the deposited culture specimens. To convert it to a form that will facilitate
the preparation of the following described compositions, a slurry can be prepared that can
then be dried onto a pnmary agronomically acceptable carrier, e.g., vermiculite, whereby the
fungus 1s adsorbed onto the carrier. If desired, the slurry can be used as the concentrate for
the herbicidal composition. The actual concentration of propagules in the formulated
composition 1s not particularly cnitical, and is a function of practical consideration such as the
properties of the vehicle or carrier, and the method of application. Certain spore

concentrations, which are described herein, however, have been found to be preferred. For
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purposes of formulation and apphication, an “effective amount” is defined to mean any such
quantity of propagules sufficient to infect the target plant and thereby induce the lesions
involved in the lethal activity described herein.

The subject matenal described herein can be applied to a region to be treated by
applying 1t directly to the soil as pre-emergence treatment or as post-emergence treatment to
plant foliage, or it can be mixed intimately with the soil. The preferred mode of treatment is
application after emergence of the plant foliage. The subject materials described herein can,
for example, be applied to soil or plant foliage in amounts of from about 0.1 gallons per acre
to 300 gallons per acre, wherein the composition is at a concentration of about 1 x 10* to
about 1 x 10’ spores per ml.

As used herein, an “herbicidally effective” amount of the fungal agent is an amount
that 1s sufficient to control the growth of the target plant or plants. “Controlled” plant growth
1s intended to mean the ability of the fungus according to the present invention to infect its
target plant to a degree sufficient to reduce or prevent the ability of the target weed, such as
purple loosestrife, to detrimentally affect the growth of the surrounding native or desirable
plants. It may kill one or more target plant in the selected area. However, “controlled”
growth does not necessarily require the complete eradication of all of the target plants in an

arca.

Fungal Agents

The herbicidal composition of the invention i1s an effective herbicidal amount of at
least one pathogenic fungal agent specific for noxious weeds combined with an agricultural
carrier. The noxious weed may be purple loosestrife. The pathogen may be Sphaeropsis sp.,
in particular culture deposit ATCC no. PTA-223. Suitable fungal agents used alone or in
combination are those plant pathogens that are host specific and capable of infecting the host
plant and causing disease that interferes with the plant growth and/or reproduction. The plant
pathogens are preterably those that selectively infect noxious weeds, such as purple
loosestrife, without affecting other plants such as native wetland plants.

The method of 1solating suitable fungal agents involves growing the fungus on potato
dextrose agar for 10 days and harvesting spores by scraping the plates in sterile diluted water.
Spores are then diluted to 10° spores/ml, as determined by counting in a hemacytometer, and

sprayed onto plants.
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Suitable Carriers

The fungal agent 1s combined with a suitable carrier in an effective herbicidal
concentration. Examples of suitable carriers include water, fertilizers, oils (petroleum or
plant based), humectants, or combinations thereof. Alternatively, the agricultural carrier may
be a solid, such as diatomaceous earth, alginate or clay, including granules or suspensions.
Alternatively, the liquid may be modified to yield a physiological solution. Suitable
physiological solution include sodium phosphate, sodium chloride, sodium acetate, sodium
citrate and the like, preferably in an about 0.001-1M aqueous phosphate buffer. Other
suitable physiological solutions are well known in the art and would include 0.85% sodium
chloride. An effective herbicidal amount of the fungal agent is preferably 107 to 10"
spores/ml, more preferably 10* to 10°, and most preferably about 10° to 10® of the liquid

medium.

Adiuvants and Germination Activate

An adjuvant may be added to the herbicidal composition of the present invention.

The adjuvant provides for relatively low aqueous surface tension and increased plant tissue
penetration. The adjuvants are also those that are water-miscible or water-dispersible, easily
atomized, capable of being adequately retained on the foliage of plants, have low
phytotoxicity, and result in a composition with relatively low surface tension.

The adjuvants useful in the composition of the present invention are those disclosed in
Adjuvants for Herbicides, Weed Science Society of America, Allen Press, Lawrence, KS,
(1982); or A Guide to Agricultural Spray Adjuvar ed 1n the United States, Rev. 5th ed.,
Thompson Publications, (1998), which are incorporated by reference herein. The preferred
adjuvants are methylated seed oils. Other types of suitable adjuvants include ampholytic,
cationic, anionic, and nonionic.

The adjuvant 1s dispersed in the liquid suspension containing the fungal agent, to yield
the present herbicidal composition. The adjuvant is present in an effective plant tissue-
penetrating amount that is preferably within the range of about 0.001% to 10%
volume/volume, more preferably about 0.01% to 6% volume/volume, and most preferably
about 0.1% to 4% volume/volume of the liquid suspension containing the fungal agent.

The herbicidal composition may also contain a germination activator. Examples
would be monosaccharides, disacchandes, polysaccharides, amino acids, peptides, peptones,

proteins, 1norganic salts, and other solutes.
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Viethods of Forming and Using the

The herbicidal composition is useful to control weed growth in a variety of
environments, especially wetlands. These environments generally have a mixed population of
plants, for example, cattail (7ypha spp.), beggartick (Bidens spp.), broad-leaved arrowhead
(Sagittaria latifolia), bulrush (Scirpus spp.) and willow (Salix spp.). The composition is
effective against purple loosestrife without affecting the other wetland plants. The herbicidal
composition 1s also suitable for application by low pressure spraying so that large areas of
land may be easily treated.

The present herbicidal composition is formed by combining an effective amount of at
least one strain of a fungal agent with an agricultural carrier, and optionally with an adjuvant
and/or a germination activator, to foﬁn an essentially homogeneous dispersion.

After the herbicide 1s formulated, it is applied to the weed-infested area. The weed
population includes purple loosestrife. Other wetland plants are not inhibited. The herbicidal
mixture may be applied by ground spraying, aerial spraying, painting or brushing, or by hand
or mechanical dispersion, including but not limited to backpack or other hand held devices,
hydraulic or air nozzles, granular applicators, electrostatic applicators, controlled droplet
applicators (CDA), or ultra-low volume (ULV) applicators. The herbicidal composition of
the present invention is especially suitable for spraying.

The herbicidal mixture is applied in single or repeated applications until weed growth
1s effectively inhibited. The conditions leading to effective weed growth inhibition depend,
in part, on the environment. For example, a single application of the herbicidal mixture may
be sufficient or a plurality of application may be required. The herbicidal composition of the
present invention can be applied to bare ground, plant litter or to plants of any age to inhibit
growth and/or reproduction, including plants that have flowered or senesced. The herbicidal
mixture 1s applied at a density sufficient to cover the area where weed growth is expected to
be observed in amounts from about 0.1 gallons per acre to 300 gallons per acre, wherein the
composition is at a concentration of about 1 x 10° to about 1 x 10'* spores per ml. The
concentration may be in the range of 10" to 10” spores per ml, or in the range of 10° to 10°
spores per ml. Weed growth is effectively inhibited if the majority of weeds are infected with
the fungal agent and exhibit symptoms of disease.
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The following examples are intended to illustrate but not limit the invention.

EXAMPLE 1
eatment of Purple Loosestrife with a Combination of Sphaeropsis sp. and Galerucellg
Imariensi
Sphaeropsis sp. produced in culture was applied in distilled water with a hand-pump

sprayer. The spray solution was applied at a concentration of 1.3 x 10° spores/ml to weedy
purple loosestrife plants in combination with the leaf defoliating beetle, Galerucella
calmariensis. Adult beetles were placed in an un-capped vial. Vials were placed inside
screen cages covering the plants. Beetles crawled out of vials and onto plants. G.
calmariensis 1s an msect biological control agent currently being released in Minnesota to
control purple loosestrife. Leaf feeding by the beetle may provide entry wounds for
Sphaeropsis sp. After a period of eight days, the insects were removed by hand from purple
looSestrife plants and the plants were evaluated for Sphaeropsis sp. disease symptoms. Stem
cankers were found on plants. Ten plants were tested, and all plants with Sphaeropsis sp. +
dH,0 had cankers and the cankers were determined to be caused by Sphaeropsis sp. On half

of the plants there was no green tissue remaining.

EXAMPLE 2

s e oatment of Purnle YOSE > WItR Sphaeror /

In another experiment, the inventors sprayed purple loosestrife with Sphaeropsis sp.
in a wetland at the Dodge Nature Center in Mendota Heights, Minnesota in late July.
Sphaeropsis sp. was sprayed as a liquid formulation with a backpack sprayer at a
concentration of 1 x 10° spores/ml in combination with 3% Agri-Dex® which is
manufactured by Helena Chemical Co., Memphis, TN. In one treatment, spores were
obtained from plate culture and in the other treatment, spores were obtained from shake
culture. Plates were prepared for potato dextrose agar and broth was prepared for potato
dextrose broth. The cultures were grown at room temperature for 10 days, and shake cultures
were shaken on an orbital shaker at 250 RPM. Two, 10 by 10 feet plots were sprayed for
each treatment. Plants were evaluated for presence of Sphaeropsis sp. in late August of that
same year. Sphaeropsis sp. was reisolated from purple loosestrife plants from the plate

culture treatment.
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EXAMPLE 3

i - » . ’
CEIRHOUNE swil8iilv ! 11 121€ JUNE M A | R ETOL /

A greenhouse study was conducted in which purple loosestrife seedlings were sprayed
with Sphaeropsis sp. in combination with different spray additives. Emery 6804 which is
manufactured by Henkel, Cincinnati, OH, Agri-Dex® and Soydex® which is manufactured
by Helena Chemical Co., Memphis, TN were used at 3% v/v. Spore concentration was 1.0 x
10° spores/ml. Sphaeropsis sp. stem cankers developed on purple loosestrife stems on all
treated plants. The greatest disease severity and incidence occurred on plants treated with

Emery 6804. The controls (not sprayed) did not become infected.

EXAMPLE 4

@ & ®
oAtment ¢ yMted ¥ e .00S¢€ o WIth Sphaeror r

In the spring, 60 perennial purple loosestrife crowns were planted in pots and allowed
to grow. When shoots were from 4 to 8 inches tall, they were treated with one of the
following: Sphaeropsis sp. plus Emery 6804 (3% v/v); control plus Emery 6804 (3% v/v);
and control (no treatment). Plants were rated for disease incidence and percent tissue necrosis
after one month. At this time, half of the plants were cut and aboveground biomass
measurements were obtained. These plants were then resprayed when the shoots were 4 to 8
inches 1n height for a total of two treatments per plant. After one month, data was collected
as described above. Plants sprayed one time only were mulched and overwintered. In the

following summer, aboveground biomass was determined for the overwintered plants (see

Table 1).
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Table 1. Efficacy of Microsphaeropsis spp. on purple loosestrife regrowth dry weights
one year after application.

Treatment Dry Weight
-g-
Control 50.0
5 Control + Emery 6804 50.7

Control + Emery 6804 - 62.1
(2 applications)
Microsphaeropsis 8.9
+ Emery 6804

10 Microsphaeropsis 23.1
+ Emery 6804
(2 applications)

LSD (0.05) 30.5

Results of this experiment indicated that Sphaeropsis sp. treated plants showed
disease symptoms and the fungus was reisolated from disease lesions. Control and control
plus adjuvant treatments did not have disease symptoms. Crown regrowth, from plants
treated two times 1n the first summer, was reduced as compared to control plants. Plants
overwintered and harvested in the following summer also had statistically less significant
regrowth as compared to control treatments. This was a significant result as it showed that
crown growth may be impaired after treatment with Sphaeropsis sp., an important
consideration when trying to control a persistent perennial plant such as purple loosestrife.

Control of regrowth from the crown is cntical for long-term suppression of purple loosestrife.

EXAMPLE §

)€ V_( nnaeroL n. as a Biologics DNLrol Ager

This experiment was conducted in wetlands located at Roseville Central Park,
Roseville, Minnesota. In July, plots were sprayed with Emery 6804 at 3% v/v, and two rates
of Sphaeropsis sp. spores; 1 x 10° spores/ml or 2 x 10° spores/ml. At the time of spraying
plants were approximately 3 to 5 feet tall and were flowering. After one month, purple
loosestrife plants were rated for disease incidence. Established purple loosestrife plants had
noticeable disease lesions, which when cultured, were identified as Sphaeropsis sp. Other
wetland plants, such as cattail (7ypha spp.), beggartick (Bidens spp.), broad-leaved arrowhead

(Sagittaria latifolia), bulrush (Scirpus spp.) and willow (Salix spp.) that were sprayed with
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the mycoherbicide did not exhibit Sphaeropsis sp.-like lesions and Sphaeropsis sp. could not

be 1solated from these species. Seedling purple loosestrife plants were killed by Sphaeropsis

sp. treatments.

In the following summer, the plots sprayed the previous summer were evaluated.
Sphaeropsis sp. lesions were found on stems of plants treated in the previous year, and on
stems of new growth. When the lesions were examined, characteristic pycnidia were present
containing spores of Sphaeropsis sp. This experiment showed that Sphaeropsis sp. survived
the winter and was able to re-infect purple loosestrife plants the following summer. This is
an important attribute for a mycoherbicide used for control of purple loosestrife, as herbicide
application costs are very expensive due to site inaccessibility.

All publications, patents and patent documents are incorporated by reference herein,
as though individually incorporated by reference. The invention has been described with
reference to various specific and preferred embodiments and techniques. However, it should
be understood that many vanations and modifications may be made while remaining within

the scope of the invention.
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WHAT IS CLAIMED IS:

1.

10.

11.

An isolated and purified strain of Sphaeropsis sp, capable of controlling purple

loosestrife (Lythrum salicaria).

The strain of claim 1, wherein the Sphaeropsis sp. strain was isolated from cultivated

plant material of the genus Lythrum.

The strain of claim 2, wherein the cultivated plant material is living plant tissue, dead

plant residue or soil.

The composition of claim 1, wherein the Sphaeropsis sp. strain 1s culture deposit

ATCC no. PTA-223.

An herbicidal composition comprising an effective amount of an isolated and purified
strain of Sphaeropsis sp. capable of controlling purple loosestrife (Lythrum salicaria)

and a carner.

The herbicidal composition of claim 5, wherein the Sphaeropsis sp. strain was

isolated from cultivated plant material of the genus Lythrum.

The herbicidal composition of claim 6, wherein the cultivated plant material is living

plant tissue, dead plant residue or soil.

The herbicidal composition of claim 5, wherein the Sphaeropsis sp. strain 1s culture

deposit ATCC no. PTA-223.

The herbicidal composition of claim 5, wherein the carrier comprises diatomaceous

earth, alginate or clay.

The herbicidal composition of claim 5, wherein the carrier is a liquid carner.

The herbicidal composition of claim 5, wherein the carrier 1s an adjuvant.
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The herbicidal composition of claim 5, further comprising at least one adjuvant.

The herbicidal composition of claim 12, wherein at least one adjuvant is an effective

plant-tissue penetrating adjuvant.

The herbicidal composition of claim 12, wherein at least one adjuvant 1s water-

miscible or water-dispersable.

The herbicidal composition of claim 12, wherein at least one adjuvant is a methylated

seed oil.

The herbicidal composition of claim 5, wherein the Sphaeropsis sp. strain 1s in the

spore form.

The herbicidal composition of claim 16, wherein the effective amount of at least one
strain of Sphaeropsis sp. is in the range of about 1 x 10° to about 1 x 10" spores per

ml.

The herbicidal composition of claim 16, wherein the effective amount of at least one
strain of Sphaeropsis sp. is in the range of about 1 x 10° to about 1 x 10’ spores per

ml.

The herbicidal composition of claim 16, wherein the effective amount of at least one
strain of Sphaeropsis sp. is in the range of about 1 x 10° to about 1 x 10° spores per

ml.

The herbicidal composition of claim 5, further comprising a germination activator.

The herbicidal composition of claim 20, wherein the germination activator 1s a
monosaccharide, disaccharide, polysaccharide, amino acid, peptide, peptone, protein,

or inorganic salt.
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A method for controlling purple loosestrife comprising applying an effective amount
of a herbicidal composition onto a target plant or onto the situs of a target plant,
wherein the herbicidal composition comprises an isolated and purified strain of
Sphaeropsis sp. Capable of controlling purple loosestrife (Lythrum salicaria) and a

cairtier.

The method of claim 22, wherein the Sphaeropsis sp. strain was 1solated from

cultivated plant material of the genus Lythrum.

The method of claim 23, wherein the cultivated plant material is living plant tissue,

dead plant residue or soil.

The method of claim 22, wherein the Sphaeropsis sp. strain is culture deposit ATCC
no. PTA-223.

The method of claim 22, wherein the carrier comprises diatomaceous earth, alginate

or clay.

The method of claim 22, wherein the herbicidal composition 1s a liquid.

The method of claim 22, wherein the carrier 1s an adjuvant.

The method of claim 22, wherein the herbicidal composition further comprises at least

one adjuvant.

The method of claim 29, wherein at least one adjuvant is an effective adjuvant.

The method of claim 29, wherein at least one adjuvant is water-miscible or water-

dispersable.

The method of claim 29, wherein at least one adjuvant is a methylated seed oil.

The method of claim 22, wherein the Sphaeropsis sp. strain is in the spore form.
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The method of claim 33, wherein the effective amount of at least one strain of

Sphaeropsis sp. is in the range of about 1 x 10° to about 1 x 10" spores per ml.

The method of claim 33, wherein the effective amount of at least one strain of

Sphaeropsis sp. is in the range of about 1 x 10* to about 1 x 10° spores per ml.

The method of claim 33, wherein the effective amount of at least one strain of

Sphaeropsis sp. is in the range of about 1 x 10° to about 1 x 10° spores per ml.

The method of claim 22, further comprising a germination activator.

The method of claim 37, wherein the germination activator i1s a monosaccharide,

disaccharide, polysaccharide, amino acid, peptide, peptone, protein, or inorganic salt.
The method of claim 22, wherein the herbicidal composition 1s applied at least once.

The method of claim 22 wherein the target plant i1s controlled for multiple growing

SCASOI1S.

The method of claim 22, further comprising applying a plant stressing agent to the
target plant.

The method of claim 41, wherein the plant stressing agent 1s an insect.
The method of claim 42, wherein the insect 1s Galerucella calmariensis.

The method of claim 42, wherein the insect 1s Hylobius transversovittatus.
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