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ABS [
A process for liquid application of a dry
microbial preparation to seeds is described wherein

superior survival is obtained upon drying of the

preparation on the seeds. The process for coating seeds

with dry, dormant microorganisms according to the
invention includes an initial step of forming the dry,

dormant microorganisms. Seeds are then coated with a

composition comprising the dry, dormant microorganisms,
water, and an additive effective for enhancing survival
of the microorganisms during exposure to the water used in

the coating and subsequent drying process.
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Process for producing seeds coated with a microbial composition

The following statement is a full description of this invention, including the best method
of performing it known to me/us:—
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TECHNTICAL FIELD
This inventicn relates to an improved process

for coating seeds with beneficial microorganisms such as
agricultural inoculants.

BACKGROUND O INVE

Leguminous plants fix nitrogen from the air and
convert it to organic nitrogenous compounds used by the
plant for protein synthesis. Nitrogen fixation in
leguminous plants is possible because of the symbiotic
relationship with bacteria of the genus Rhizobium and
Bradyrhizebium, which forms nodules on the roots of
legumes. Different species of rhizcbia cause nodulation
in specific legume genera. Maximum symbiotic nitrogen
fixation occurs when plant and bacteria are properly
matched, and when nodule formation is maximizeq.
Bradyrhizobium japonicum is associated with (nodulates)
soybeans, Rhizobium leguminosarum biovar trifolii with
clovers, R. meliloti with alfalfa and sweetclovers, R.
legquminosarum biovar viceae with peas and vetches, and R.
leguninosarum biovar phaseocli with garden variety beans.

It is common practice to inoculate leguminous
plants with rhizobia to aid nodule formation. Inoculation
can be accomplished by pre-inoculating seeds, or either
inoculating seeds, or placing inoculant in-furrow at
planting time. Previous methods of producing an inoculant
have included mixing an active, living rhizobial culture
with a carrier such as humus or peat. The moist carrier
maintains the bacteria in a living state. '

An early method of preparing inoculants was by
converting the bacteria to a dormant state. U.S. Patent
No. 3,168,796 to Scott, et al describes a method of
preparing an inoculant including a step of freeze-drying.
This process nust be done rapidly to prevent cell rupture.
The dried, ground bacteria are mixed with a powdered
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carrier such as kaolin or montmorillonite. Freeze-drying
gives a high initial recovery of bacteria, but the
inoculant does not remain stable for long storage periods.

Another method of preparing a dry, dormant
inoculant is cited in PCT Published Application No.
92708355, published May 29, 1992. The described process
produces a dry, dormant bacterial composition wherein the
water content is less than 5% by weight and at least 109
viable bacteria per gram of the composition. The carrier
is a clay mixture of montmorillonite and kaolinite which
has an essentially neutral pH. Such a dry, dormant
bacterial composition is available commercially under the
trademark Nitragin Gold.

Biocidal compositions containing bacteria or
fungi which combat insects, fungi or the like may also be
prepared using the slow drying process described in the
foregoing European patent publication. Interest in dry,
dormant bacterial products has increased due to recent
interest in biological pesticides as an ecological
alternative to conventional pesticides.

Seed coating is a popular method for applying
bacterial inoculants and other beneficial bacteria such as
biopesticides to the target plants, particularly for
alfalfa seeds. Several methods may be used to make coated
alfaifa seeds, including dusting, pelleting, and f£ilm
coating. Dusting of alfalfa seeds with a dry, dormant
inoculant containing R, meliloti gives rise to a product
which has an excellent shelf life, but the dust is not
completely adhered tc the seed, resulting in relsase of
loose dust to the surrounding atmosphere whenever the
coated seeds are handled in the open,

Film coated seeds have the advantage of not
releasing dust. However, known film coating processes
incorporate water in the process. Bacteria from a moist
product, or which are rehydrated during the coating
process, have poor viability upon subsequent drying.

A need persists for a method of preparing a
coated seed wherein the bacteria in the coating have been
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pre-conditioned for survival after temporary rehydration.
The adverse effects of temporary rehydration on previously
dried, dormant bacteria are well known.

SUMMARY OF THE INVENTION

The present invention provides a process for
liquid application of a dry microbial preparation to seeds
such that superior survival is obtained upon drying of the
preparation on the seeds. Such a process for coating
seeds with a composition containing dry, dormant
microorganisms includes an initial step of forming the
dry, dormant microorganisms. The seeds are then coated
Wwith a coating composition comprising the dry, dormant
microorganisms, water, and an additive effective for
enhancing survival of the microorganisms during exposure
to the water used in the coating process. The coated
seeds are then dried. The coating and drying steps are
conducted under conditions effective to enhance survival
of the microorganisms when the dry, dormant microorganisms
on the coated seeds are rehydrated.

The additive for enhancing survival upon drying
on seeds is most effectively a carbohydrate. Suitable
microorganisms include rhizobia of a species and in an
amount effective to promote nitrogen fixation in a plant
growing from the coated seed, and microorganisms used in
an amount effective to have a plant-growth
promoting/pesticidal effect on the plant that germinates
from-the -seed. -This-process also allows the addition of a
microbial agent plus additional beneficial additives in a
continucus seed treating process. Coated seeds made
according to this process have a survival rate and sheilf
life comparable to dusted seeds but lack the disadvantages
associated with dusted seeds.

According to one aspect of the invention, a
process for coating seeds with a film containing dry,
dormant bacteria includes the steps of: forming dry,
dormant bacteria, comprising rhizobia of a species and in
an amount effective to promote nitrogen fixation in a
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plant growing from the coated seed, combining the bacteria
with particles of a carrier such as clay to form a dry
solid preparation, mixing the dry solid preparation with a
solution comprising water and a carbohydrate in an amount
effective for enhancing survival of the bacteria during
exposure to the water to form a film forming composition,
then film coating the seeds with the film forming
composition, and then drying the coated seeds. The
mixing, film coating and drying steps are conducted so
that the dry, dormant bacteria become moistened for a
sufficient time to form the film coated seeds and are
returned to a dry state within a total water exposure
period of no more than about 12 hours, These and other
aspects of the invention are further described in the
detailed description that follows.

B DESCRIP OF E WIN:

The drawing is a diagram plotting relative
moisture level versus time for a conventional process for
making a liguid or peat-based inoculant composition {bold
line - A), a conventional pelleting or slurry coating
process for making an inoculant composition (dotted line =
B), a conventional coating process using a dry clay
preinoculant (solid line - C) and a process according to
the present invention (dashed line - D).

D ILED DESCRI ON

~The process of the invention-is carried out
using microorganisms that have been dehydrated to a
dormant state by any known, commercially acceptable
method, such as freeze-drying, spray-drying or air-drying.
A dry, dormant microorganism for purposes of the invention
refers to bacteria and fungi, preferably non-endospore
forming microorganisms that are capable of assuming a dry,
dormant state. The invention is applicable to microbial
preparations, including rhizobia and plant growth
promoting and pesticidal bacteria and fungi such as
Pseudomonas, Burkhecldaria, Serratia, Enterobacter,
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Azospirillum, Trichoderma, and Gliocladium. Bacteria for
use in an inoculant composition according to the invention
are often a strain of the genus Rhizobium and
Bradyrhizobium that nodulates one or more host plant
species. Preferred species include R. malileti, R.
leguminosarum biovar trifolii, R. leguminosarum biovar
viceae, R. leguminosarum biovar phasecli, and B.
japonicun.

Plant growth-promoting or pesticidal bacterial

- or fungal species useful in the present invention may have

pesticidal or other properties. A number of species of
this kind are known, including Pseudomonas putida having
activity against Pythium useful in protecting dry bean and
having plant growth promotion capability, and Bacillus
cereus. One such strain known as ATCC 53522 (or UW8Ss) is
described in Handlesman et al. U.S5. Patent Nos. 4,877,738,
4,878,936, and 5,049,379, the contents of which are
incorporated by reference herein. A dry, dormant
inoculant bacteria such as R. meliloti and a dry, dormant
biocidal bacteria such as ATCC 53522 may be combined and
applied in a single ceating in order to provide a
cembination preduct wherein the seed has enhanced
nodulation and pest resistance.

A preferred method for preparing the bacteria or
other suitable microbes fer use in the invention is the
slow drying process described in Kosanke et al. PCT
Published Application No. 92/08355, May 29, 1992, and U.S.
Patent Application No. 07/612,395, filed November, 13,
1990, the contents of which are incorporated by reference
herein. The described process produces a dry, dormant
bacterial composition wherein the water content is less
than 5% by weight, prefarably less than 4% by weight, with
at least 109 viable bacteria per gram of the composition.
The carrier is a clay mixture of montmorillonite and
kaolinite which has an essentially neutral pH. Such a
dry, dormant bacterial composition is available
commercially under the trademark Nitragin Gold.
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More generally, in accordance with the foregoing
preferred method, the step of forming a dry, dermant
bacteria is preferably carried out by first culturing
(fermenting) a species of bacteria in a growth medium to
form a culture. The bacteria may be grown in a growth
medium within a conventicnal fermentor. The culture
containing the bacteria plus the growth medium is then
mixed with an inert powdered carrier such as clay. The
optional carrier for use in the seed coating may comprise
any particulate carrier commonly used to prepare
agricultural incculants, such as clay, peat, charcoal,
vermiculite, perlite or combinations thereof.

The resulting mixture is incubated for 1-5 days
at room temperature with no dehumidification to increase
the bacteria count in the mixture. The mixture is then
air dried slowly, e.q., for about 3-11 days under non-
aseptic conditions, so that the meisture level in the
bacteria is gradually reduced to less than 10%, preferably
less than 5%, to form the inoculant composition. Drying
at a relative humidity in the range of 35%-60% optimizes
bacterial survival during desiccation. A final moisture
level of about 5% or less is important for maximizing
storage life.

The dried product is then milled using
conventional equipment to a final particle size of 0.1 to
150 microns. The dry, dormant microorganism is then ready
for coating, but may be shipped or stored in the interim,
or may be-premixed with the survival enhancing additive as
discussed further below. As described above with
reference to prier art processes, the dry, dormant
microorganism formulated in a powder carrier, such as a
clay, may be applied to seed as a dry application to the
seed surface. This method of preinoculation provides very
good microbial longevity on the seed in a dried state.
However, inoculant application with a liquid seed-~applied
fungicide, such as Apron®, first requires the application
of the fungicide, total drying of this treatment on the
seed which normally requires greater than twelve hours,
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followed by the application of the dry inoculant, This
multiple step process is time consuming and also generates
dust from the dry inoculant. The present invention allows
preparation of an inoculant, with or without a liquid
5 fungicide, in a one-step efficient system without the
generation of excessive dust, The present invention does
not require that the bacteria be prepared at the same site
at which the seeds will be coated.
The dry, dormant microorganisms are then mixed
10 with an agueous solution containing the carbohydrate in an
amount effective to minimize the loss of viable cells
during the subsequent drying process. Tha carbohydrate
concentration in the solution should be akout 0.5 to 75%
weight carbohydrate to total volume of the soluticn (w/v)
15 or v/v, preferably 20-50% w/v or v/v, depending upon the
specific carbohydrate compound. Too low a concentration
would not provide superior microbial survival on seed,
whereas too high a concentration would result in a
physical limitation, i.e., excessive slurry thickness or a
20  slurry viscosity too high for seed application. For gum
) arabic, a 10%-50% w/v range is preferred, whereas for
S, sucrose a somewhat higher range of 25%-75% provides the
:.": greatest impravement.
The agueous mixture or slurry may then be coated
25 onto the selected seeds by different coating processes.

Film coating is a known process in which the coating
mixture is sprayed onto the seeds, and the seeds are then
passed rapidly into a drying zone where the water is

. driven off to leave - behind a film including a polymer,

;"5} ' 30 plasticizer and a pigment that colors the seeds. The

;;": seeds pass through several spraying and drying cycles in a

t fluidized bed or rotating drum so that successive layers
- of film coating build up to a desired thickness. The

overall weight gain of the seed following film ceating is
35 preferably less than 10 wt.%, preferably about 3% or less
in order to provide a higher count per unit weight.
A slurry method of coating the seeds utilizes a
moist microbial inoculant combined with water or water
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plus fungicide to form an inoculant slurry which is mixed
with seed and allowed te dry before bagging and
distributing to end-users. stickers may be incorporated
to help retain the inoculant on the seed. This slurry
methed may be modified with the addition of lime (Caco,y),
polymers and other plant nutrients to form a pelletad or
coated seed. This process adds the components as a slurry
to the seed and dries these compeonents on the seed.
Pelleted seed may obtain seed weight gain from 10 to 50%.

Coating systems presently available commercially
are well suited for use in the present invention because
the total pericd of exposure to water can be minimized,
e.g., kept to about 30-60 minutes. Periods of exposure to
meisture up to about 3 hours are optimum, although it is
possible for the exposure pericd to be as high as about 12
hours, though with diminished results. At 16 hours of
exposure time, the carbohydrate becomes ineffective in
providing supericr survival upen drying of seed.

The amount of the microorganism-carrier
composition added to the carbohydrate solution is
preferably in the range of 1 to 30 % w/v, especially 5-30
% w/v (e.g., 20% w/v equals 20 g solid in 80 ml liquid.)
Above 30% the mixture becomes excessively thick, whereas
below 1% the amount of available microorganisms becomes
small. The rate at which the resulting composition is
added to the seeds is not critical and will vary depending
on the dasired bacteria count, the surface area of the
seeds, and other factors. Values ranging from about 6 to
19 ml/lb proved useful in the examples below.

As illustrated by Example 4 below, initial
attempts to prepare coated seeds using pre-dried bacteria
and water as the additive resulted in a very poor survival
rate when the coated seeds were rehydrated for use. Upon
exposure to meisture, most of the previously dried,
dormant bacteria lost their ability to survive in a dry
state after cecating. The effect beccmes more severes the
longer the pre-dried, dormant bacteria are exposed to
water during the seed coating process. Thus, as discussed
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below, the coating step of the invention is carried out as
rapidly as possible for best results. The moisture level
of the micreorganisms following seed coating has not been
measured, but is most preferably not substantially higher
than its former level, that is, less the 10 wt. % water,
preferably less than 5 wt. % water. Xnown processes, such
as those illustrated in the drawing, do not use a step of
re~-drying the microorganisms prior to rehydration in the
soil,

Once coated and redried, the seeds may then be
stored for prolonged periods before use. Prolonged

.exposure to moisture following planting causes the

microorganisms coated on the seeds to rehydrate and begin
to multiply in seil and interact with the emerging plant
reot. An alternate coated seed according to the invention
is coated with both an inoculant bacteria and a bioceidal
bacteria which have each been previously dried to a
dormant state prior to film coating.

The composition used to coat the seeds has a
strong effect on the viability of the bacteria coated on
the seeds. The carbohydrate compounds useful for
enhancing survival after temporary rehydration according
to the invention include gums, sugars, starches, and
celluloses, particularly gum arabic, xanthan gqum, sucrose,
mannitol, maltose, trehalose, dextrin, dextran, and
carboxymethylcellulese. These compounds are advantageohs
compared to non-carbohydrate compounds or additives such
as mineral or other oils, polyethylene glycol (PEG),
polyvinylpyrrolidone (PVP), and the like. O0ils have been
previously used to improve microbial survival in
fertilizers, but leave the seeds with a sticky, oily film
that provides unacceptable handling characteristics.
Polymers such as PVP, which are acceptable as seed coating
adhesion promoting agents f{or stickers) did not
significantly improve survival when used in the described
methed. Among the carbohydrates tested, sugar (sucrose)
performed well. Natural gums, which are complex
polysaccharides, especially gum arabic, provided unusually:
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good results in the experiments described below and are

most preferred for use in preparing ccated seeds according
to the invention.

The seeds to be coated according to the
inventicn may be seeds from any plant species that can
benefit from the presence of an insculant or a plant-
growth-promoting or pesticidal microbe. Moest preferred
are seeds of the well-known leguminous plants inecluding
soybeans, clovers, alfalfa, sweetclovers, peas, vetches,

" garden variety beans, and lupines. The incculant

bacterial species is selected toc match.

The survival enhancing additive according to the
invention may be added to the dry, dormant microorganisms
prior to the coating step. The resulting composition
according to the invention is then ready to ship to the

‘coater without the need to add additional ingredients at

the time of coating. Where the dry, dormant
microorganisms are made by a slow drying process as
described above, a carrier such as clay is usually
incorporated into the composition along with the dry,
dormant microorganisms and the survival enhancing
additive. If the nicroorganisms have been freeze-dried,
the carrier may be omitted.

One composition of the invention for use in
coating seeds thus comprises the dry, dormant
microorganisms, an effective amount of an additive such as
a carbohydrate for enhancing survival of such
microorganisms after exposure to water used in a coating
step followed by drying of the coated seeds, and
optionally a particulate carrier such as clay. If the
carbohydrate is gqum arabic, the amount of the gum arabic
is preferably in the range of from about 25 to 70 wt. % of
the amount of the total of the carbohydrate, the carrier
and the dry, dormant microorganisms. If the carbohydrate
is a sugar, the amount of the sugar is preferably in the
range of from about 50 to 75 wt. % of the amcunt of the
total of the carbohydrate, the carrier and the dry,
dormant microorganisms. At a level of around 10° viable
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bacteria per gram of the compositicn, the amount by weight
of the microorganisms is small relative to the amount of
the carrier particles.

An alternate compositidn of the invention for
use in coating seeds is made of freeze-dried, dormant
microorganisms and an effective amount of an additive such
as a carbohydrate for enhancing survival of such '
microorganisms after exposure to water used in the coating
process followed by drying of the coated seeds, wherein
the composition is free of a particulate carrier. If the
carbohydrate is gum arabic, the amount of the qum arabic
is preferably in the range is at least about 98 wt. %,
especially 98.0 wt. % to 99.6 wt. % of the total of the
carbohydrate and the dry, dormant microorganisms. If the
carbohydrate is a sugar, the amount of the sugar is
preferably at least about 99 wt. % of the total of the
carbohydrate and'the dry, dormant microorganisms,
particularly 99.2 to 99.7 wt. %, relative to the
microorganisms.

In the examples which follow, a dry microbial
preparation was added to an aqueocus additive solution
containing one of a number of different carbohydrate
compounds of specific concentratien. The slurry
preparation was then applied to seeds and subsequently
dried down on the seeds with a total period of exposure to
water of about 1.5 hours. Determination of microbial
population on the seeds was accomplished using a standard

- dilution plating. procedure. Specific microorganism

population size will differ depending on a number of
factors, including the specific microbe, carbohydrate
utilized, and seed type.

Exa ]

This example describes an experiment in which a
number cof different organic compounds were evaluated for
their effect on survival of Rhizobium melileti in a slurry
preparation, and when the slurry was dried down on seed.
The R. meliloti bacteria used for this experiment were in
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a dry (<5% moisture), clay-based preparation at a
concentration of 6.5 x 108 cfu/g. The organic compounds
tested are listed in Table 1. Those compounds in liquid
form were evaluated as is, while those in powder form were
added to water at differing concentration, depending upen
the preoduct (Table 1). The dry R. meliloti preparation
was added to each organic additive at a rate of 20% w/v,
and mixed with a spatula until the slurry was uniform.
The slurry was allowed to incubate at room temperature
(78-82°F) for one hour, then dilution plated for viable
cell count (see Table 1.) :

To assess the performance of each additive or
additive concentration in maintaining R. meliloti
survival, the results are also expressed in terms of the
percent of theoretical count. The theoretical count is
determined based on the known number of rhizobia added to
the additive and the slurry velume. Gum arabic and
sucrose yielded the highest per cent of theoretical count,
with qum arabic being uniform across the concentrations
tested, and sucrose increasing with cencentration.

The above-mentioned R. melildti/organic additive
slurries were applied to alfalfa seed at a rate of 6.3
ml/1lb of seed. The slurries were applied to seed by
shaking in a plastic bag until the seeds were uniformly
coated. The seeds were dried for 30 minutes, then assayed
by dilution plating for cfu/seed. A comparative treatment
was prepared by application of an equivalent amount of the
dry R. meliloti preparation to seed (1.26 g/lb seed). 1In
this and the other examples which follow, each application
provided the same number of viable organisms per seed.

The seed treatment results are presented in
Table 2. As with the slurry counts, gum arabic and
sucrose provided the highest seed counts. Counts
increased with concentration with sucrese and one of the
gum arabic products, with counts at the highest
concentration tested being in excess of the dry R.
meliloti sample. Seed counts were more consistent across
concentration with the second gum arabic product, with the
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count being in excess of the dry sample at all of the
concentrations tested. Seed counts were not obtained with
some of the non-carbohydrate compounds due to failure of
the resultant slurries to dry down on seed, instead

5 producing an oily appearance.
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Table 1
Additive cfu/nl Per cent of
Additive concentration of slurry theoretical
(w/v) countl
Gum arabic 5% 3.3 x 107 25.4
5 (1)2
10% 3.1 x 107 23.8
20% 3.1 x 107 23.8
Gum arabic 5% 2.6 x 107 20.0
(2)2
10 10% 3.0 x 107 23.1
20% 3.2 x 107 24.6
PVP K-15 5% 6.7 x 106 5.2
10% 4.2 x 106 3.2
20% 2.1 x 106 1.6
15 Sucrose ‘ 10% 2.2 x 107 16.9
25% 3.8 x 107 29.2
50% 5.0 x 107 38.5
Arabinc- 5% 9.1 x 105 | 7.0
galactan
PR 20 10% 6.7 x 105 5.2
sene 20% 6.5 x 106 5.0
Methyl- 1% 7.1 x 108 5.5
1, cellulose
Ry PEG 400 - 1.55 x 107 11.9
25 . Propylene. N 5.0 x 106 - 3.8
glycol )
Mineral oil - 9.7 x 106 7.5
:'f': 1 rhearetical count of dry Rhizobium meliloti preparation: 1.3 x 108
Al 30 cfu/ml .

2 obtained from alternate suppliers
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Iable 2
Additive
Additive concentration cfu/seed
(w/v) —
Nonel - 26
Gum arabic (1)2 5% 150
10% 331
20% 306
Gum arabic (2)2 5% 59
10% 66
20% 414
PVP K-15 5% 18
10% 30
20% 80
Sucrose 10% 11
25% 84
50% 364
Arabinogalactan Sk 5
10% 18
20% 177
Methylcellulose 1% 50

! Rhizobium meliloti preparation applied dry to seed at a rate
equivalent to the slurry treatmenta (1.26 g/lb seed)

2 obtained from alternate suppliers

- S : Example 2

This example describes an experiment further

evaluating the effect of qum arabic on survival of
Rhizobium meliloti in a slurry application on seed. As in
Example 1, the R. meliloti bacteria used for this
experiment were in a dry (g<5% moisture), clay-based
preparation at a concentration of 6.5 x 108 cfu/g.
Aqueous suspensions of gum arabic were prepared in
increments of 5% from 20 to 40% w/v. The dry R. meliloti
preparation was added to each solution of gum arabic at a
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rate of 20% w/v, and mixed with a spatula until the slurry
was uniform. The slurries were allowed ta incubate at
room temperature (78-82°F) for one hour, then applied to
alfalfa seed at a rate of 6.3 ml/lb of geed. The slurries
were applied to seed by shaking in a plastic bag until the
seeds were uniformly coated. The seeds were dried for 30
minutes, then assayed by dilution plating for cfu/seed.

As in Example 1, a comparative treatment was
prepared by application of an equivalent amount of the dry
R. meliloti preparation to seed (1.26 g/1lb seed). The
seed treatment results are presented in Table 3. Seed
counts were high across all concentrations of gum arabic,
ranging freom 586 to 805 cfu/seed compared to only 86
cfu/seed with the dry R. meliloti comparison. With the
exception of the count obtained at 230% concentration,
counts increased with increasing concentration of gum
arabic.

Table 3
' Additive
Additive concentration cfu/seed
- (w/v) —_
None?! - a6
Gum arabic 20% 616
25% 623
30% 586
35% 675 ]
40% 808

1 Rhizobium meliloti preparation applied dry to seed at equivalent
rate to slurry treatments (1.26 g/lb sead)

Exam 3
The effect of gum arabic on survival of
Rhizobium meliloti in a slurry application on seed was
evaluated when application was carried out by a commercial
film coating preocess. The R. meliloti bacteria used in
this experiment were in a dry (<5% moisture), clay=-based
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preparation similar to that utilized in Examples 1 and 2,
but had a concentration of 7.4 x 108 cfu/g. Film coating
solutions were preparéd containing gum arabic at a
concentration of 20, 30, and 40% w/v. The dry R. meliloti
preparation was added to each solution at a rate of 20%
w/v, and mixed for a period of 10 minutes before
application on seed.

The slurries were applied to alfalfa seed using
a spray gun at a rate of 18.9 ml/lb of seed in a lab scale
conventional coating pan. Indirect air was applied to aid
in the drying process and the temperature was kept below
80°F. As in the prior examples, a comparative treatment
was prepared by application of an equivalent amount of the
dry R. meliloti preparation to seed (3.78 g/lb seed). The
resultant seed treatments were assayed by dilution plating
for cfu/seed. The results are presented in Table 4. The
film coated seed treatment counts were similar across the
three qum arabic concentrations tested, averaging ~1,600

cfu/seed. )

Table 4
Additive
Additive concentration cfu/seed
{w/v}
Nonel - 4,614
Gum arabic 20% 1,614
30% 1,659
40% 1,545

1 pnizobium meiiloe: preparation applied dry to seed at equivalent
rata to slurry treatments (3.78 g/lb seed)

The R. meliloti strain used in this example and Examples 4
and 5 below was a different one from that used in Examples

1 and 2.

As shown in Table 3, the invention makes it

possible to use a wider range of inoculant strains with

greater viability.
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Example 4

This example describes an experiment further
evaluating the effect of two gum arabic products, obtained
from alternate sources, on survival of Rhizobiun meliloti
in a slurry application on seed. The R. meliloti bacteria
used in this experiment were in a dry (55% moisture),
clay-based preparation similar to that utilized in
Examples 1 and 2, but had a concentration of 7.4 x 108
cfu/g. Aqueous suspensions of the gum arabic products
were prepared at concentrations of 20 and 40% w/v. The
dry R. meliloti preparation was added to each solution of
gum arabic at a rate of 20% w/v, and mixed with a spatula
until the slurry was uniform. The slurries were allowed
to incubate at room temperature (78-82°F) for one hour,
then applied to alfalfa seed at a rate of 6.3 ml/lb of
seed. The slurries were applied to seed by shaking in a
plastic bag until the seeds were uniformly coated. The
seeds were dried for 30 minutes, then assayed by dilution
plating for cfu/seed.

A control seed treatment was included. The
negative control was prepared as stated above, except that
water alone was used as the additive for the dry R.
meliloti preparation. As in other examples, a comparative
treatment with no additive was prepared by application of
an equivalent amount of the dry R. meliloti preparation to
seed (1.26 g/lb seed).

The seed treatment results are presented in
Table 5.  The control and comparative treatments
illustrate the strong negative effect that exposure to
water has on the previocusly dehydrated inoculant.

Both concentrations of the two gum arabic products
dramatically improved seed count compared to the water
control, and provided seed counts 16.6-66.6% greater than
that observed with the dry sample.
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Table §
e —
Additive
Additive concentration cfu/seed
(w/v)

Nonel - 955
Water - 36
Gum arabic? 20% 1,318

40% 1,114
Gum arabic? 20% 1,523
40% 1,591

Rhizobium melilcti preparation applied dry to seed at equivalent
rate to slurry treatments (1.26 g/lb aeed).

2 Cbtained from alternate suppliers.

The foregoing results illustrate that addition of a
carbohydrate, especially a gqum such as gum arabic, to the
coating mixture results in a greater count of viable
bacteria after the coating process has been completed. A
count of 1,000 cfu/seed is a well known standard for
acceptability.

Example 5

This example compares two alternate methods of
slurry preparation for effect on R. meliloti survival on
sead. The R. meliloti bacteria used in this example were
in the same dry (<5%) clay-based preparation with a count
of 7.4 x 108 cfu/g used in Examples 3 and 4. The first
method.of slurry preparation was that described in prior
examples, i.e., preparation of an aqueous gum arabic
solution, followed by addition of the dry R, meliloti
preparation. The second method of slurry preparation was
done by pre-blending the dry R. meliloti preparation and
gum arabic powder, followed by addition of water. In each
case, the R. meliloti preparation and gum arabic slurry
concentrations were 20% and 16% w/v, respectively. The
slurries were allowed to incubate at room temperature (78-
82°F) for one hour, then applied to alfalfa seed at a rate
of 6.3 ml/lb of seed. The slurries were applied to seed
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by shaking in a plastic bag until the seeds were uniformly
ceated. The seeds were dried for 30 minutes, then assayed
by dilution plating for cfu/seed. As in other examples, a
comparative treatment with no additive was prepared by
application of an equivalent amount of the dry R. meliloti
preparation to seed (1.26 g/lb seed),

The seed treatment results are presented in
Table 6. Both of the gum arabic slurry treatments
improved seed count relative te the dry R. meliloti
comparison treatment.

Table 6
Additive | Means of R. meliloti | cfu/ Change
slurry prep./gum seed vs. no
preparation | arabic additive
slurry conc. control
(%) (%)
None! - — -
Gum (Gum arabic 20/16 1,523 +59.5
arabic + water) +
R. meliloti
preparation
Gum (Gum arabic 20/16 1,227 +28.5
arabic + R.
meliloti
preparation
) + water

1

Rhizobium meliloti preparation applied dry to seed at a rate
equivalent to the slurry treatmants (1.26 g/lb seed).

It will be understood that the foregoing

description is of preferred exemplary embodiments of the
invention, and that the invention is not limited to the
specific forms shown.

Modifications may be made without

departing from the scope of the invention as expressed in
the appended claims.
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Throughout this specification and the c¢laims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises“ and
"comprising”, will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art formg part of the
common general knowledge in Australia.



-71 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A pracess for coating seeds with a composition cantaining dry,
dormant microorganisms, comprising :

coating seeds with an aqueous liquid composition comprising
dry, dormant microorganisms, and a natural gum or sugar, as an additive
effective for enhancing survival of the microorganisms ; and then

drying the coated seeds.

2. The process of claim 1, wherein the microorganisms comprise
rhizobia of a species and in an amount effective to promote nitrogen fixation in
a plant growing from the coated seed.

3. The process of claim 2, wherein the microorganisms are of a
strain selected from the group consisting of R. meliloti, R. feguminosarum
biovar trifolii, R. leguminosarum biovar viceae, R. legumincsarum biovar
phaseoli, and B. japonicum.

4. The process of claim 2, wherein the microorganisms comprise
a strain of R. melitoti and the seeds are alfaifa seeds.

5. The process of claim 1 aor 2, wherein the microorganisms
comprise biocidal bacteria in an amount effective to reduce disease infestation
by a target pest of a plant growing from the coated seed.

6. The process of claim &, wherein the biocidal bacteria are of a
strain selected from the group consisting of Pseudomonas putida and Bacillus
cereus.

7. The process of claim 5, wherein the microarganisms further
comprise a biocidal bacteria comprising ATCC 53522 in an amount effective
for control of damping off and root rot of plants germinating from the coated
seeds.” :

8. The process of claim 1, wherein the composition forms a film
and further comprises an effective amount of a particulate carrier.

9. The process of claim 8, wherein the particulate carrier consists
essentially of clay.

10. The process of claim 1, wherein the coating and drying steps
are conducted so that the dry, dormant microarganisms become moistened for
a sufficient time to form the coated seeds and are returned to a dry state
within a total period of exposure to water of no more than about 12 hours.

11. The process of claim 10, wherein the total period of exposure
to water is about 3 hours or less.
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12. The process according to any one of claims 1 to 11, wherein the

additive consists essentially of gum arabic.

13. The process according to any one of claims 1 to 12, wherein the

coating step further comprises:

mixing a solution comprising a natural gum or sugar with the dry,
dormant microorganisms 1o form the coating composition ; and

film-coating the seeds with the coating composition.

14. A process for coating seeds with a film containing dry,
dormant bacteria, comprising

combining dry, dormant rhizobial bacteria in an amount effective
to promote nitrogen fixation in a ptant growing from a seed coated with said
bacteria with particles of a carrier to form a solid mixture ;

mixing the solid mixture with a solution comprising water and a
natural gum or sugar in an amount effective for enhancing survival of the
bacteria during exposure to the water to form a film forming composition ; '

film-coating the seeds with the film forming composition ; and/
then ‘

drying the coated seeds, wherein the mixing, film coating and
drying steps are conducted so that the dry, dormant bacteria become
moistened for a sufficient time to form the film coated seeds and are returned
to a dry state within a total period of exposure to water of not mare than about
12 hours.

13. Seeds coated according to the process of any one of claims 1 to

14,

16. An aqueous liquid composition for use in coating seeds,
comprising dry, dormant microorganisms and an effective amount of a natural
gum or sugar, as an additive for enhancing- survival- of the. microorganisms
after exposure of the microorganisms to water used in the coating step
followed by drying of the coated seeds.

17. The composition of claim 16, further comprising a particulate
carrier.

18. The compaosition of claim 17, wherein the carrier consists
essentially of clay.

19. The composition of claim 18, wherein the additive consists
essentially of gum arabic, and the amount of the gum arabic is in the range of
from about 25 to 70 wt % of the amount of the total of the additive, the carrier
and the dry, dormant microorganisms.
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20. The composition of claim 18, wherein the additive consists
essentially of a sugar and the amount of the sugar is in the range of from about 50
to 75 wi% of the amount in the total of the additive, the carrier and the dry,
dormant micreorganisms.

21. An aqueous liquid composition for use in coating seeds, consisting
essentially of freeze-dried, dormant microorganisms, and an effective amount of a
natural gum or sugar, as an additive for enhancing survival of such
microorganisms after exposure to water used in the coating process followed by
drying of the coated seeds, wherein the composition is free of a particulate carrier.

22. The compesition of claim 21, wherein the additive consists
essentially of gum arabic and the amount of the gum arabic is at least about 98
wit% of the total of the additive and the freeze-dried, dormant microorganisms.

23. The composition of claim 21, wherein the additive consists
essentially of a sugar and the amount cf the sugar is at least about 99 wt% of the
total of the additive and the freeze-dried dormant microorganisms.

24, A process of claim 1 or claim 14, ar a composition of claim 16 or
claim 21, substantially as hereinbefore described with reference to the Examples.

DATED this 1st day of May, 2001
Lipha, Lyonnaise Industrielle Pharmaceutique

By DAVIES COLLISON CAVE
Patent Attorneys for the Applicants
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