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METHODS OF PROMOTING PHYTOREMEDIATION

BACKGROUND OF THE INVENTION

Agricultural growers and researchers have developed methods of improving
root crop yield, and it has been known for many years that some soil
microorganisms that are beneficial to plant growth may be added to the soil to either
enhance production of plant hormones, produce antibiotics that kill harmful soil
organisms, or aid in incorporation of inorganic mineral nutrients, such as iron and
manganese, into the plant.

In a commonly used method, root crop production is enhanced, and root crop
diseases, such as root rot, are inhibited by treating the seeds, seed pieces, or roots,
or by inoculating the soil, with bacteria isolated from roots or tubers and selected for
their ability to inhibit the growth of common plant pathogens. Such growth-
promoting root and tuber-associated bacteria are subsequently introduced into the soil
surrounding a root or tuber crop, usually at concentrations much higher than
naturally present. The method is particularly useful for introducing such bacteria
into soils where they are not naturally present.

Recently, researchers have developed methods of using crop plants to remove
pollutants such as heavy metals from soils and waters. See, for example, U.S. Patent
Number 5,393,426 and Raskin et al., Current Opinion in Biotechnology, 5: 285-290
(1994). These methods are, however, subject to the normal constraints imposed on
conventional agronomic practices by bad weather, poor soil drainage, inadequate soil
fertilization, and the like.

SUMMARY OF THE INVENTION
The present invention solves these problems and is based, in part, on our
discovery that plant uptake of heavy metals can be altered (i.e. enhanced or
inhibited) by the administration, directly to the soil/plant environment, of isolated
microorganisms that are associated with plant roots. These microorganisms have the
ability to tolerate heavy metals in their growth medium.
In one aspect, a method for altering uptake of a heavy metal by a plant

includes contacting a plant with an isolated microorganism that is capable of altering
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heavy metal uptake of the plant. and then incubating the plant and isolated
microorganism for a time and under conditions sufficient for the isolated
microorganism to alter heavy metal uptake of the plant. It is preferred that the
isolated microorganism is obtained from an environment of use that contains a
concentration of at least one heavy metal. The isolated microorganisms are obtained
from the environment of use by extracting microorganisms from a rhizosphere
portion of the plant; exposing the extracted microorganisms to selective growth
conditions such that only those microorganisms capable of growing in the presence
of heavy metals will proliferate; and purifying the selected microorganisms.
Preferred microorganisms for use in the present method include bacteria and fungi.

An additional method for altering heavy metal uptake of a plant includes
obtaining a series of isolated microorganisms from a heavy metal-containing
environment of use, preferably an environment that includes a rhizospheric portion
of the plant. Next, one determines to what extent individual members of the isolated
microorganisms alter heavy metal uptake of the plant. At least one member of the
series of isolated microorganisms is chosen that is capable of altering heavy metal
uptake by the plant and this member is re-introduced back into the environment of
use. The environment of use may include a hydroponic environment.

A further embodiment of the invention is a composition for altering heavy
metal uptake by a plant. The composition includes at least one isolated
microorganism capable of altering heavy metal uptake of the plant in combination
with an agronomically acceptable carrier. A preferred composition includes bacteria
of the genus Pseudomonas or the genus Bacillus in a concentration from about 10°
cells/ml to about 10'° cells/ml in a carrier that may be a seed of the plant, a wettable
powder, a dust, or granules. A method of using the composition to alter heavy
metal uptake of a plant includes applying an effective amount of the composition to a
plant seed prior to planting of the seed, applying an effective amount of the
composition to soil where a plant seed is to be planted, or applying an effective

amount of the composition to roots of the plant.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph illustrating total cadmium accumulation in shoots of 2-

2-
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week old B. juncea seedlings grown hydroponically in the presence of isolated
bacterial strains, previously selected from the rhizosphere of B, juncea. "B.t.I"
denotes Bacillus thuringiensis strain I; "B.t.II" denotes B. thuringiensis strain II;
"P.p." denotes Pseudomonas putida; "P.c." denotes Pseudomonas chlororaphis; and
“C” denotes control treatment.

Figure 2 is a graph illustrating total cadmium removal from solution (bottom
graph) and total cadmium shoot concentration in shoots of2-week old B. juncea
seedlings grown hydroponically in the presence of isolated bacterial strains (X-axis),
previously selected from the rhizosphere of B. juncea. The designation "con" refers
to the control experiment. Strains "8", "10" and "19" refer to Bacillus thuringiensis
strain I; Pseudomonas putida; and B. thuringiensis strain II, respectively.

Figure 3 illustrates the effect of isolated bacterial isolates on total lead
accumulation during phytoextraction by Brassica juncea.

Figure 4 illustrate the effect of isolated bacterial isolates on total cadmium

accumulation during phytoextraction by Brassica juncea.

DETAILED DESCRIPTION OF THE INVENTION

The present invention pertains to methods of using isolated microorganisms
selected from the rhizosphere of plants growing in environments containing amounts
of heavy metals. Specifically, we have discovered that microorganisms may be
isolated from soils contaminated with heavy metals, and when the isolated
microorganisms are applied to the plant under appropriate conditions during
phytoremediation, heavy metal uptake of the plant is altered.

The term "heavy metal” refers to soluble or insoluble metals. The term
"soluble metals" preferably refers to soluble metal cationic or anionic species, which
may be soluble in solution at environmentally relevant temperatures (e.g., greater
than O degrees C to less than about 45 degrees C). "Insoluble metals" refers to
metal ions that are substantially insoluble in solution at environmental relevant
temperatures and also includes non-ionic, elemental forms of the metal. The present
method is useful for enhancing phytoremediation of metals selected from the

commonly known heavy metals and radioactive metals such as zinc, cadmium,
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chromium, lead, copper, silver, nickel, aluminum, manganese, arsenic, mercury and
selenium, as well as radionuclides such as strontium, uranium, cesium, and others.

The term "alter” refers to the ability of the microorganisms to either increase
or decrease the uptake of heavy metal by the plant, when compared to a plant
lacking the population of isolated microorganisms.

The term "microorganisms" means prokaryotic or eukaryotic unicellular or
multicellular organisms, and includes bacteria, actinomycetes, fungi, protozoans,
slime molds and blue-green algae. The exact nature and type of microorganism is
not intended to limit the methods of the invention. The term "isolated
microorganism” means that the particular microorganism has been removed from its
natural habitat, exposed to selective growth conditions, i.e., grown in the presence
high concentrations of a heavy metal, and purified (see Example 1). Preferably, the
term "isolated" refers to pure and mixed cultures of naturally occurring
microorganisms that have been selected for their ability to grow and tolerate
concentrations of heavy metals, as well as naturally occurring microorganisms that
have been genetically manipulated so that they contain RNA or DNA polymers,
portions of genomic nucleic acid, cDNA, synthetic nucleic acid and/or polypeptides
encoded by these nucleic acids that: (i) are not associated with all of a nucleic acid
or polypeptide with which it is associated in nature; or (ii) are linked to a nucleic
acid, polypeptide, or other chemical moiety other than that to which it is linked in
nature; or (iii) do not exist in nature. Methods of genetically manipulating bacteria
are well known in the art (see. for example, Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY, 1989,
incorporated herein by reference).

As but one example of the genetic manipulations useful in the present
context, it is well known that many plants and microorganisms synthesize high-
affinity metal transport systems (e.g., iron, zinc, copper, manganese) that utilize
biosynthetic chelating agents called phytosiderophores and siderophores,
respectively. Some microorganisms, such as Escherichia coli and Streptomyces
pilosus, may actually use other siderophores in addition to their own (Crowley et al.,

Plant and Soil, 130: 179-198, 1991). Thus, plant DNA sequences encoding upon
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expression for one or more phytosiderophores can be introduced into isolated
rhizosphere microorganisms in order to alter metal uptake of a plant.

The term "rhizosphere” is a term commonly used by persons having ordinary
skill in the art and refers to that environment adjacent to the roots of a plant,
regardless of whether the plant is growing in soil or in water.

The term "phytoremediation" refers to the practice of using plants to remove
pollutants from the environment. The term "phytoremediation” is generic to
methods that may be used for plants growing in soils ("phytoextraction”: see United
States Patent 5,364,451, issued November 15, 1994, incorporated herein by
reference) or plants grown hydroponically in water ("rhizofiltration": see United
States Patent 5,393,426, issued February 28, 1995, incorporated herein by
reference).

The plants used in the preferred methods of the present invention may be
either terrestrial plants or aquatic plants. The term "terrestrial plants" refers to
photosynthetic plants that normally grow in soils or sediments, but that may be
grown hydroponically. The soils or sediments can include a variety of soil types
having wide ranges of water and organic matter content. Terrestrial plants can
therefore include crop-related plants and/or plants associated with environments such
as wetlands, as well as portions of such plants such as excised roots or shoots.
"Aquatic plants" are those plants that spend their entire life cycle completely floating
on, or submerged in, an aqueous solution, such as floating ferns (e.e., Azolla),
duckweed (Lemna sp.), and water hyacinth (Eichhornia), as well as isolated plant
cells or cell suspensions capable of metal uptake.

Plants particularly suitable for the present invention include turfgrasses and
members of the family Brassicaceae as well as the common sunflower, Helianthus

annuus L. Exemplary turfgrasses include Colonial bentgrass, Kentucky bluegrass,

perennial ryegrass, creeping bentgrass, a variety of fescues and lovegrasses,
Bermudagrass, Buffalograss, centipedegrass, switch grass, Japanese lawngrass and

coastal panicgrass. Members of the Brassicaceae include Brassica juncea and B.

oleracea. Other plants include spinach, sorghum, tobacco and corn. Plants may

also include those plants that are selectively bred and/or genetically engineered.



WO 96/32016 PCT/US96/04631

10

15

20

25

30

Microorganisms useful in the present invention may be identified by first
isolating a number of microbial strains from the vicinity of healthy roots, usually
from the surfaces of such roots, by conventional microbiological methods (see,
generally, Elad and Chet, 1987, "The Role of Competition for Nutrients in
Biocontrol of Pythium damping off by bacteria”, Phytopathology, 77: 190-195:
Ordentlich et al., 1988, "Rhizospshere Colonization by Serratia marcescens for
control of Sclerotium rolfsii, Soil. Biol. Biochem., 19: 747-751, each of which is
incorporated herein by reference).

Microbial strains are directly selected for an ability to grow in high
concentrations of heavy metals by successive rounds of supplementing microbial
growth media with increasing concentrations of one or more heavy metals.
Microbial colonies that are able to grow on heavy metal-contaminated media are
reisolated on the same media and purified using conventional procedures.
Microorganisms that have been subject to the selection pressure of heavy metal
exposure are further selected for an ability to alter uptake of heavy metals by plants
under particular plant growth conditions (see Examples 2-4).

Exemplary bacteria useful for the invention may be from the genus Bacillus
and Pseudomonas. We have discovered strains of Pseudomonas putida,
Pseudomonas chlororaphis, and Bacillus thuringiensis to be useful, although it will
be appreciated that the specific strain of bacteria is not intended to limit the
applicability of the method.

In general. the methods of the present invention involve application of a single type
of isolated microorganism, alone or in combination with one or more other isolated
microorganisms, to seeds, seed pieces or roots of plants such as sunflower,
Brassicas, potatoes, sugar beets, radishes and the like. Concentrations of at least
about 10* cells/ml can be used and preferably from about 10° to about 10° cells/ml
can be used in combination with an agronomically acceptable carrier medium. A
paste may be used to apply to the seeds at a concentration up to 10" cells/ml. While
it is preferred to apply the microorganisms directly to the seeds, or portions of plant
prior to planting, the microorganisms can also be used to colonize soil in the area of
planting prior to planting. In particular, they may be used to recolonize soil which

has been fumigated or pasteurized.
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The microorganisms may be utilized effectively in diverse formulations,
including agronomically acceptable adjuvants and carriers normally employed for
facilitating the dispersion of active ingredients for agricultural applications,
recognizing as known fact that the dosage, formulation, mode of application, and
other variables may affect its activity in any given application. Thus, the previously
described exemplary pseudomonads and bacilli may be formulated as a suspension or
dispersion, in aqueous or nonaqueous 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 of application. These compositions
may be applied as sprays, dust, or granules to the seeds, seed pieces, roots, plants,
soil, or plant situs against which activity is desired. Microorganisms may also be
added directly to the soil, in potting mixtures as well as directly to aqueous
hydroponic systems.

In order to prepare compositions in the form of dust, granules, water
dispersible powders, aqueous dispersions, or emulsions and dispersions in organic
liquids, the carrier or diluent agent in such formulations may be a finely divided
solid, an organic liquid, water, a wetting agent, a dispersing agent, or emulsifying
agent, or any suitable combination of these. Generally, when liquids and wettable
powders are prepared, a conditioning agent comprising one or more surface-active
agents or surfactants is present in amounts sufficient to render a given composition
containing the active material, the microorganism, dispersible in water or in oil.

Microorganisms are obtained as described herein and cultured by standard
procedures. To convert the desired microorganism to a form which will facilitate
the preparation of the following described compositions, a slurry is prepared which
is then dried into a primary, agronomically acceptable carrier such as vermiculite,
whereby the microorganism is adsorbed onto the carrier, becomes the concentrate for
preparing the desired composition. If desired, the slurry can be used as the
concentrate for fungal antagonist compositions.

The surface active agent used in the invention can be a wetting, dispersing,
or emulsifying agent which will assist dispersion of the effective composition. The
surface active agent or surfactant can include such anionic, cationic, and nonionic

agents as have heretofore been generally employed in plant control compositions of

-7-



10

15

20

25

30

WO 96/32016 PCT/US96/04631

similar types. Suitable surface-active agents are set forth. for example, in
"Detergents and Emulsifiers”, 1971 Annual by John W. McCutcheon, Inc.

In general, 1-10% by weight of the surface-active agent will be used in
compositions of this invention and ordinarily the amount of surface-active agent will
range from 1-5%, but may even be less than 1% by weight.

Additional surface-active agents can be added to formulations to increase the
ratio of surfactants to active ingredients up to as high as 5:1 by weight. Such
compositions may have a greater biological effectiveness than can be expected when
the components are used separately. When used at higher ratios, it is preferred that
the surfactant be present in the range of one-fifth to five parts surfactant for each

one part of active agent. More specific formulations are disclosed in Examples 6 to

10, presented hereinafter.

EXAMPLES

EXAMPLE 1: Selection and Identification of Microorganisms

I Selection of Microorganisms

Phytoextraction: Plants growing in heavy metal contaminated soil were collected
from sites in New Jersey (Jersey City and Trenton NJ). The roots were cut and
washed in 1L tap water to remove the soil particles. The roots were then shaken in
about 100 mi sterile water. Aseptic scrapings were also taken of the root surface
and placed in about 2ml sterile water. Aliquots of the sterile water containing the
scrapings were diluted further for use in selection media, below.

Bacteria were selected on Pseudomonas agar F (mfg by Difco, Inc.) or soil
extract agar and fungi were selected on Potato Dextrose agar (obtained from Difco,
Inc.). All selection media were supplemented with 20 ug/ml of one or more of the
following heavy metals: cadmium as CdSO,, chromium (VI) as K,Cr,O; and lead as
Pb(NO,),.

After bacterial colonies were observed, they were picked using conventional
sterile microbiological techniques and subject to further rounds of selection on
Pseudomonas F agar supplemented with 1 ug/ml of one or more of the following

heavy metals: cadmium as CdSO,,lead as Pb(NQs),, chromium (VI) as K,Cr,0,,

-8-
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selenium as Na.SeO,, manganese as MnCl,. nickel as Ni(NO,),, and arsenic as
NaAsO,. Growing bacteria were reisolated to check the purity of the colony by re-
streaking the bacteria onto the same media.

After fungal colonies were observed, colonies were purified by taking single
spores from the colony or hyphal tips using conventional microbiological sterile
technique and growing them on potato dextrose agar containing heavy metal, as
above.

Rhizofiltration: Plants growing in heavy metal contaminated water were collected
and the roots were cut and washed in 1L tap water to remove the soil particles. The
roots were then shaken in about 100 ml sterile water. Aseptic scrapings were also
taken of the root surface and placed in about 2ml sterile water. Aliquots of the
sterile water containing the scrapings were diluted further for use in selection media,
as described below.

Bacteria were selected on Pseudomonas agar F (mfg by Difco, Inc. address)
or soil extract agar and fungi were selected on Potato Dextrose agar (obtained from
Difco, Inc.).

All selection media were supplemented with 20 ug/ml of one or more of the
following heavy metals: cadmium as CdSO,, chromium (VI) as K,Cr,0, and lead as
Pb(NO,),.

After bacterial colonies were observed. they were picked using conventional
sterile microbiological techniques and subject to further rounds of selection on
Pseudomonas F agar supplemented with 1 ug/ml of one or more of the following
heavy metals: cadmium as CdSO,,lead as Pb(NO,),, chromium (VI) as K,Cr,0,,
selenium as Na,SeO,, manganese as MnCl,, nickel as Ni(NO,),, and arsenic as
NaAsO,. Growing bacteria were reisolated to check the purity of the colony by re-
streaking the bacteria onto the same media.

After fungal colonies were observed, colonies were purified by taking single
spores from the colony or hyphal tips using conventional microbiological sterile

technique and growing them on potato dextrose agar containing heavy metal, as

above.
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II. Identification of Selected Microorganisms

Identification selected microorganisms was carried out by comparing the
distribution of fatty acids using gas chromatography according to the methods of
Sasser, M., "Identification of Bacteria Through Fatty Acid Analysis", pp. 199-204 in
Methods in Phytobacteriology, (ed. Z. Klement, K. Rudolph, and D. Sands), 1990,

Akademia Kiado Budapest. incorporated herein by reference.

EXAMPLE 2: Growth of Selected Microorganisms and Application to Plant
Phytoextraction: Bacteria and fungi were grown in liquid Pseudomonas F medium
and Potato Dextrose medium, respectively, in 250 ml Erlenmeyer flasks containing
100 ml medium with continuous shaking (about 135 rpm) for about 24 hours.
Bacteria were collected by centrifugation at about 10,000 rpm, and fungi were
collected by centrifugation at about 6,000 rpm. The respective pellets were washed
twice by resuspension in 0.1M phosphate buffer (pH 7.0), followed by
centrifugation.

Microbial water suspensions were added to phytoextraction systems by
irrigation up to the field capacity of the soil. Suspensions contained 10® bacteria/ml

or 10° CFU (colony forming units)/ml of fungi.

Rhizofiltration: Bacteria were grown in liquid Pseudomonas F medium and
collected, as above. Bacterial suspensions (about 10° bacteria/ml as a final
concentration) were added to rhizofiltration systems by immersing hydroponically-
grown roots in the suspension and then adding the rest of the suspension to the

hydroponic solution itself.

EXAMPLE 3: Greenhouse Screening for Altered Phytoextraction

Strains of selected microorganisms are grown on appropriate media (e.g.,
Pseudomonas liquid for bacteria; potato dextrose broth for fungi) for 48 hr,
centrifuged, washed and resuspended. The pellet is diluted to give suspensions of
approximately 10® -10° bacteria or CFU/ml. Several uniform Brassica juncea
seelings are dipped for 5 min. in each suspension and planted in pots containing

loamy sand field soil. Fresh weights of roots and shoots are taken from 4 week-old

-10-
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plants. These experiments are repeated three times with strains that alter heavy
metal uptake.

EXAMPLE 4: Screening for Altered Rhizofiltration

I Methods

Alteration of Cadmium Uptake: Seeds of Brassica juncea were germinated and
grown hydroponically with the roots growing in an aerated nutrient solution ( a
diluted and modified solution after Hoagland and Amon, Univ. California
Agricultural Experiment Station Circular 347- 1938), The modified Hoagland’s
solution contained ammonium phosphate monobasic (0.25 mol m* ); boric acid (12.5
mmol m? ); calcium nitrate (0.7 mol m?); copper sulfate pentahydrate (0.075
mmol m?); ferric tartrate (4.75 mmol m™ ); magnesium sulfate anhydrous (0.5
mol m? ); manganese chloride tetrahydrate (2.25 mmol m? ); potassium nitrate
(1.5 mol m™?); and zinc sulfate heptahydrate (0.2 mmol m?). After about 1 week,
bacterial or fungal suspensions were added to the roots of the seedlings, as described
above, and plants allowed to grow for a further week. The 2 week old seedlings
were then exposed to 1 micromolar cadmium containing '®Cd as a tracer, in
modified Hoagland’s solution for about 24 hours. Shoots and roots were harvested,
washed and oven dried. Dried plant material was then ground and analyzed for Cd

using a gamma counter with a solid Nal crystal scintillant.

Alterarion of Lead Uptake: Seeds of Brassica juncea are germinated and grown
hydroponically with the roots growing in an aerated Hoagland’s nutrient solution as
described above. After about 1 week, bacterial or fungal suspensions are added to
the roots of the seedlings, as described above, and plants allowed to grow for a
further week. Shoots and roots are harvested, washed and oven dried. Plants are
then ashed at 500°C and the solid material dissolved in a mixture of HCl and HNO,.
Lead is then measured in the solubilized plant material using Direct Current Plasma

Optical Emission Spectroscopy (Fisons Model SS-7).

-11-
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. Results and Discussion

Rhizofiltration: Figure 1 illustrates the ability of Bacillus and Pseudomonas strains

to enhance rhizofiltration of cadmium in B. juncea seedlings as compared to a

control treatment in which the roots contained only endogenous rhizosphere bacteria

and did not have isolated Bacillus and Pseudomonas strains added back to the roots.
Figure 2 is a series of graphs from another series of rhizofiltration experiments on
B. juncea. Evidence of altered cadmium uptake is evidenced by the increased
cadmium removal from solution (as compared to controls) and increased cadmium in
the shoot (as compared to controls), when plotted against the isolated microbial
strain applied to the plant. Most microbial isolates tended to increase accumulation
of cadmium in plant shoots, when compared to the control treatments. Although
variability in cadmium distribution within the plant shoot is to be expected, the
results are not so variable as to mask the dramatic alteration in cadmium uptake due
to some isolates.

Phytoextraction: Bacteria and fungi were grown in liquid Pseudomonas F medium
and Potato Dextrose medium, respectively, in 250 ml Erlenmeyer flasks containing
100 ml medium with continuous shaking (about 135 rpm), as above. Microbial
water suspensions were added to laboratory-scale phytoextraction systems by
irrigation up to the field capacity of the soil. Suspensions contained 10° bacteria/ml
or 10 CFU (colony forming units)/ml of fungi. Figures 3 and 4 illustrate the effect
of isolated bacterial isolates on total Brassica juncea accumulation during
phytoextraction of lead and cadmium. respectively. Strain numbers 8 and 10 are B.
thuringiensis Strain I and P. putida, respectively. The "sterile control” consisted of
sterile soil. The "control” consisted of soil containing only endogenous rhizosphere
bacteria and did not have isolated Bacillus and Pseudomonas strains added back to

the soil. All isolates generally effected a net enhancement of metal removal from
soil.

EXAMPLE 5: Establishment of Microorganisms on Root Surfaces and in the
Rhizospheres of Treated Plants

Microbial strains (e.g., B. thuringiensis strain I) are extracted, selected and

purified from freshly dug roots of, for example, Brassica juncea using methods

-12-
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described herein. Roots are dipped for S minutes in suspensions containing
approximately 10° CFU/ml of microbial strain. Roots are then placed on paper
towels in the laboratory and sampled at various time intervals to determine the effect
of air-drying on the survival of the inoculum. Laboratory temperature and relative
humidity is about 24° C and 20% RH during the air-drying period. Population
determinations are made by removing root tissue from treated roots and placing them
in 100 ml sterile distilled water. Serial water dilutions are subsequently made and
plated on growth medium. One piece of root tissue from each of three roots is
sampled at each time interval and three dilution plates are made from each peice.
Plates are incubated for 24 hr at 28° C.

The ability of the microorganisms to survive on roots in field soil, or during
hydroponic growth, is determined by previously described inoculation and sampling
procedures. Generally, sampling of roots is made by excising one cm root sections
from the tips and midsections of three roots per plant and washing them individually
(along with soil particles in the case of phytoextraction experiments) with about 1 ml
sterile distilled water. About 0.1 ml of these suspensions is plated on the appropnate
medium. The population of microorganisms on roots of treated and non-treated roots

may be followed over time using this procedure.

EXAMPLE 6: Dusts

Dusts are dense powder compositions which are intended for application in
dry form. Dusts are characterized by their free- flowing and rapid settling
properties so that they are not readily windborne to areas where their presence is not
desired. They contain primarily an active ingredient and a dense, free-flowing solid
extender. Their performance is sometimes aided by the inclusion of a wetting agent,
and convenience in manufacture frequently demands the inclusion of an inert
absorptive grinding aid.

The wettable powder as described above can also be used in the preparation
of dusts. While such wettable powders can be used directly in dust form, it is more
advantageous to dilute them by blending with the dense dust diluent. In this manner,
dispersing agents, corrosion inhibitors, and antifoam agents may also be used as

components of a dust.
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Thus, the dust compositions of this invention can comprise from about 0.5 to 20.0
weight percent active ingredient, 5 to 25 weight percent filler, 0 to 1.0 weight
percent wetting agent and from about 30 to 90 weight percent dense, free-flowing
extender, as these terms are used herein. Such dust formulations can contain, in
addition, minor amounts of dispersants, corrosion inhibitors. and antifoam agents
derived from the wettable powders

used to make the dust.

EXAMPLE 7: Wettable Powders

Wettable powders are water-dispersible compositions containing the active
material, an inert solid extender, and one or more surfactants to provide rapid
wetting and to prevent heavy flocculations when suspended in water. The inert
extenders which are preferred for use in the wettable powders of this invention
containing the 25 active compounds are of mineral origin.

Extenders suitable for the wettable powder formulations of this invention are
the natural clays, diatomaceous earth and synthetic mineral fillers derived from silica
and silicate. Most preferred fillers for this invention are kaolinites, attapulgite clay,
montmorillonite clays, synthetic silica, synthetic magnesium silicate and calcium
sulfate dihydrate.

Among the more preferred surfactants are the non-ionic and anionic types.
They are most suitable for the preparation of dry, wettable products of this invention
and dispersants. Occasionally, a liquid, nonionic compound which is primarily an
emulsifier, may serve as both wetter and dispersant.

Most preferred wetting agents are alkylbenzene and alkylnapthalene
sulfonates, sulfated fatty alcohols, amines or acid amides, long chain esters of
sodium isothionate, esters of sodium sulfosuccinate, sulfated or sulfonated vegetable
oils, and ditertiary acetylenic glycols. Preferred dispersants are methyl cellulose,
polyvinyl alcohol, lignin sulfonates, polymeric alkylnapthalene sulfonates, sodium
naphthalene sulfonates, polymethylene bisnapthalene sulfonate and sodium-N-methyl-
N-(long chain acid) taurates.

Wetting and dispersing agents in these preferred wettable powder

compositions of the invention are usually present at concentrations of from about 0.5
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weight percent to 5 weight percent. The inert extender then completes the
formulation. Where needed, 0.1 weight percent of the extender may be replaced by
a corrosion inhibitor or an antifoaming agent or both.

Thus, wettable powder formulations of the invention will contain from about
25 to 90 weight percent active material, from 0.5 to 2.0 percent wetting agent, from
0.25 to 5.0 weight percent dispersant, and from 9.25 to 74.25 weight percent inert
extender, as these terms are described above.

When the wettable powder contains a corrosion inhibitor or an antifoaming
agent or both, the corrosion inhibitor should not exceed about 1 percent of the
composition, and the antifoaming agent should not exceed about 0.5 percent by

weight of the composition, both replacing equivalent amounts of the inert extender.

EXAMPLE 9: Emulsifiable Oils

Emulsifiable oils are usually solutions or suspensions of active material in
nonwater miscible solvents together with a surfactant and/or emulsifier. For
compositions of this invention, emulsifiable oil compositions can be made by mixing
the active ingredient with an organic solvent and surfactant. Suitable surfactants are
those ionic or nonionic agents known to the art as emulsifying agents.

Emulsifying agents most suitable for the emulsifiable oil compositions of this
invention are long chain alkyl or mercaptan polyethoxy alcohols, alkylaryl
polyethoxy alcohols, sorbitan fatty acid esters, polyoxyethylene ethers with sorbitan
fatty acid esters, polyethylene glycol esters with fatty rosin acids, fatty alkylol amide
condensates, calcium and amine salts of fatty alcohol sulfates, oil soluble petroleum
sulfonates, or preferably mixtures of these emulsifying agents. Such emulsifying
agents should compromise from about 1 to 10 weight percent of the total
composition. As described above, however, up to 5 parts of emulsifying agent for
each part of active ingredient can be used.

Thus, emulsifiable oil compositions of the present invention can consist of
from about 10 to 50 weight percent active ingredients, about 40 to 82 percent
solvents, and about 1 to 10 weight percent emulsifies, as these terms are defined and

used above.
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EXAMPLE 10: Granules

Granules are physically stable, particulate compositions containing mycelium,
sclerotia, spores, or other microorganisms which adhere to, or are distributed
through, a basic matrix of a coherent, inert carrier with microscopic dimensions. In
order to aid leaching of the active ingredient from the granule, a surfactant can be
present.

The inert carrier is preferably of mineral origin, and suitable carriers are natural
clays, some pyrophyllites and vermiculite. Suitable wetting agents can be anionic or
nonionic.

For the granule composition of this invention, most suitable carriers are of
two types. The first are porous, absorptive pre-formed granules, such as preformed
and screened granular attapulgite or heat expanded granular, screened vermiculite.
On either of these, a suspension of the active agent can be sprayed and will be
absorbed at concentrations up to 25 weight percent of the total weight. The second
type are initially powdered kaolin clays, hydrated attapulgite or bentonite clays in the
form of sodium, calcium or magnesium bentonites. Water-soluble salts such as
sodium salts may also be present to aid in the disintegration of the granules in the
presence of moisture. These ingredients are blended with the active components to
give mixtures that are granulated, followed by drying to yield formulations with the
active component distributed uniformly throughout the mass. Such granules can also
be made with 25 to 30 weight percent active component but more frequently a
concentration of about 10 weight percent is desired for optimum distribution. The
granular compositions of this invention are believed to be most useful in a size range
of 15-30 mesh.

The most suitable wetting agents for the granular compositions of this
invention depend upon the type of granule used. When pre-formed granules are
sprayed with active material in liquid form, the most suitable wetting agents are
nonionic, liquid wetters miscible with the solvent. These are more generally known
in the art as emulsifiers and compromise alkyl-aryl polyether alcohols, alkyl
polyether alcohols, polyoxyethylene sorbitan fatty acid esters, polyethylene glycol

esters with fatty or rosin acids, fatty alkylol amide concentrates, oil soluble

-16-



WO 96/32016 PCT/US96/04631

petroleum or vegetable oil sulfonates, of mixtures of these. Such agents will usually
compromise up to about 5 weight percent of the total composition.

When the active ingredient is first mixed with a powdered carrier and
subsequently granulated, liquid non-ionic wetters can still be used, but it is usually

5 preferable to incorporate at the mixing stage, one of the solid, powdered anionic

wetting agents such as those previously listed for the wettable powders. Such agents
should compromise about 0 to 2 weight percent of the total composition.

Thus, the preferred granular formulations of this invention compromise about
5 to 30 weight percent active material, about O to 5 weight percent wetting agent,

10 and about 65 to 90 percent inert mineral carrier, as these terms are used herein.

EQUIVALENTS
Those skilled in the art will recognize, or will be able to ascertain using no
more than routine experimentation, numerous equivalents to the specific products
15 and processes described herein. Such equivalents are considered to be within the

scope of the invention and are intended to be covered by the following claims.
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We claim:

1. A method for altering uptake of a heavy metal by a plant, comprising:
contacting a plant with an isolated microorganism that is capable of altering
heavy metal uptake of the plant; and
incubating the plant and isolated microorganism for a time and under

conditions sufficient for the isolated microorganism to alter heavy metal uptake of

the plant.

2. The method of claim 1, wherein the step of contacting comprises contacting
with an isolated microorganism obtained from an environment of use that contains a

concentration of at least one heavy metal.

3. The method of claim 2, wherein the step of incubating comprises incubating

the plant and isolated microorganism in the environment of use.

4. The method of claim 2, wherein the isolated microorganisms are obtained
from the environment of use by a method comprising:
extracting microorganisms from a rhizosphere portion of the plant;
exposing the extracted microorganisms to selective growth conditions such
that those microorganisms capable of growing in the presence of heavy metals will
proliferate; and

purifying the selected microorganisms.

5. The method of claim 3. wherein the step of incubating comprises incubating

in a soil environment.

6. The method of claim 3, wherein the step of incubating comprises incubating

in a hydroponic environment.

7. The method of claim 1, wherein the isolated microorganism is a

microorganism selected from the group consisting of bacteria and fungi.
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8. The method of claim 7, wherein the isolated bacteria is a member of the

bacterial genus Pseudomonas or a member of the bacterial genus Bacillus.

9. A method for altering heavy metal uptake of a plant, comprising the steps of:

obtaining a plurality of isolated microorganisms from a heavy metal-
containing environment of use. wherein the environment of use includes a
rhizospheric portion of the plant;

determining to what extent individual members of said plurality of isolated
microorganisms alter heavy metal uptake of the plant;

choosing at least one member of said plurality of isolated microorganisms that
is capable of altering heavy metal uptake by the plant; and

re-introducing said at least one member of said plurality of isolated

microorganisms back into the environment of use.

10.  The method of claim 9, wherein the step of obtaining comprises:

extracting microorganisms from a rhizosphere portion of the plant;

exposing the extracted microorganisms to selective growth conditions such
that only those microorganisms capable of growing in the presence heavy metals will
proliferate;
and

purifying the selected microorganisms.
11. A composition for altering heavy metal uptake by a plant, comprising at least
one isolated microorganism capable of altering heavy metal uptake of the plant in

combination with an agronomically acceptable carrier.

12.  The composition of claim 11, wherein the isolated microorganism is a

bacteria of the genus Pseudomonas or the genus Bacillus.

13.  The composition of claim 11, wherein the isolated microorganism is present

in a concentration from about 10° cells/ml to about 10'° cells/ml.
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14.

The composition of claim 11. wherein the agronomically acceptable carrier

comprises a seed of the plant.

15.  The composition of claim 11. in the form of a wettable powder.

16.  The composition of claim 11 in a dust.

17.  The composition of claim 11 in a form of granules.

18. A method of altering heavy metal uptake of a plant comprising applying an

effective amount of the composition of claim 11 to a plant seed prior to planting of
the seed.

19. A method of altering heavy metal uptake of a plant comprising applying an

effective amount of the composition of claim 11 to soil where a plant seed is to be

planted.

20.

A method of altering heavy metal uptake of a plant comprising applying an

effective amount of the composition of claim 11 to roots of the plant.

21.

The method of claim 20, wherein the roots are grown in a hydroponic

system.

22.

The method of claim 1, wherein the step of contacting comprises contacting

with an isolated microorganism that is a genetically manipulated microorganism.
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