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Novel, psychrotrophic rhizobacteria which are capable of promoting emergence and vigour of seedlings when appli-
ed to the growth environment of the seed. Accordingly, the invention further comprises application of these bacteria to en-
hance emergence of agricultural crops particularly, although not exclusively, in those geographical areas where cold cli-
mates retard growing seasons. Rhizobacterial species identified herein include Serratia liquefaciens, Pseudomonas putida
including biovar B, P. fluorescens, Enterobacter aerogenes and a strain tentatively designated Beijerinckia indica.
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EMERGENCE—PROMOTING RBIZOBACTERIA

This invention relates to psychcrotrophic bacteria, and
their use in promotion of growth of economically significant
plants. More particularly, 1t pertains to a cectain group of
newly discovered and newly isolated psychrotrophic bacteria and
their use in promoting the growth of, for example, sgybean

(Glycine max) and canola (rapeseed) (Brassica campestris and B.

napus) plants.

BACKGROUND OF THE INVENTION

Evidence suggests that certain bacteria are able to
enhance plant growth, at least under laboratory or simulated
field conditions. fhese plant growth promoting bacteria
typically are those which occupy the rhizosphere of the growing
planc and exert some ftavourabls influence in that region.
Accordingly, these bacteria may be utilized as inoculants
applied in a manner whicn permits their occupacioa of the growtn
environment of the plant root such as by seed or soil

inoculation prior to planting or during or after planting.

Specific strains of these root-colonizing bacteria,
termed plant growth-promoting rhizopbacteria (PGPR), have
recently been used as experimental inoculants to increase yield
ot such root or tuber crop plants as sugar beet (Suslow and

Schroth, 1982), radish (Kloepper and Schroth, 1978) and potato
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‘Burr, et. al., 1978; Howie and Echandi, 1983; Kloepper, ect.
al., 1980). 1In each case, evidencé of enhanced plant growth was
noted during the growing season after emergence but before crop
maturity. With potato, increased early-seascon plant development
was manifested by increased stolon lengths on PGPR-treated
plants (Kloepper et. al. 1980; Kloepper and Schrotn, 1981A;
Kloepper and Schroth, 19813). Witn sugar beet, the earliest
indicatioa of plant growth promoticn with PGPR was a significant
increase in plant weight atter seedling establishment (SusLow
and Schroth, 1982); neither seedling emergence nor early

seedling vigour were affected by PGPR treatments.

It is believed that some plant growth-promoting
rhizobacteria respond in a positive chemotactic way to root
exudates and, once attracted, colonize the plant rhizosphere
explosively. In this way, they occupy the rhizosphere and the
nutrients availetle thereat, inhibiting subéequent colonization
by plant pathogens. It appears that once commercial application
of these rhizobacteria is realized, the result will be enhanced

. . <
crop yiela.

There remains, however, a need for a methed and means
by which emergence of a crop can be promoted particularly fo;
use in those areas-where climate retagds the growing season, and
consequently reduces the opportunity for stands té reach
maturity in the time available for growth. An objective of this

invention is to provide such a method such that the crop or seed
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treatment selected according to the procedures contained hercein

has the unexpected and valuable benefit.

SUMMARY OF THE INVENTION

In its broadest aspect the present invention celates to
bacteria which are capable of promoting plant emergence i.e. of
promoting emergence of seedlings from seed, particularly seed of
agricultural importance. More particularly, it has now been
observed that some bacterial strains will reproducibly induce
increases in seedling emergence of up to 100% greater than
ceontrels, in the field. Moreover, these bacteria are capable or
growth under conditions tavourable to psychrotophic bacteria, a
characteristic of particular impertance given the cold
environments in which they can be applied. For example, the
bacteria ot the present in&enticn will be usetful at the extreme;
northern perimeter of a crop zone. More particularly, canola on
the Canadian prairies is concentraced in areas with 90 or more
frost free days. If bacteria-induced acceleration in seedling
emecgence translates into crop maturity of aven five days
sooner, the total hectarage available fo. canola growth would be

increased substantially.

The bacteria of the present invention, hecein
designated emergence promoting rhizobacteria or "EPR" for
brevity, are represented by a seemingly diverse cellection of

genera, including Pseudomonas, Serratia, Enterobacter angd
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Beijerincka. All may be isolated according to the screening

process described generally and in detail herein and all,
therefore, share certain common characteristics. The EPR of the
present invention are psychcotrophic chizobacteria and may
therefdre be recovered from plant roots or surcounding soil from
artifically or naturally cold climates. A further unique
feature of the pacteria is their ability to utilize plant seed

exudate as the sole carbon and nitrogen source.

As used herein, "psychrotrophic”" is used to describe
bacteria whicn have the ability to multiply at 0-5°C, as the

term is defined in "An ecological study of the psychrotrophic

bacteria of soil, water, grass and hay", R.G. Druce and S.B.

Thomas, 1970, J. Appl. Bact. 33:420-425. It 1s to be noted
however, that ualike psychrophilic bacteria, tne psychrotrophs

are also able to grow at higher temperatures e.g. ambient.

The screening process by which these EPR are identified
and isolated is a more determinative measure of defining those
bacteria falling within the scope of the invention, however.
According to this aspect of the invention, rhizobacteria
exhibiting psycnrotrophic growth and growth on seed-exudate
containing medium are selected for further screening in a
biocemergence assay described herein. Tnose pacteria which meet
Qr surpass bicemergence assay criteria are identified as EPR.
Thus, there is provided a method for identifyling oacteria

capable of promoting emergence of seedlings from plant seed when
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applied to the growth environment of the seed, wnlch comprises
collecting bacteria whicn colonize plant roots;
selecting tnose collected bacteria which exhibit growth
under psychrotrophic conditions and growth on media containing

seed exudata as the sole carbon sgurce;

growing seedlings from a population of seed grown in
soil at temperatures tolerable by psychrotrophic bacteria
wherein the growth environment of an experimental portion of the
seed population contains an effective populatioa of one ot the
selected bacteria and the growth environment of the remaining

portion contains no selected pacteria; and

selecting those bacteria aaded to the growth
enviroament of the experimental seed population exhibiting an at
least 50% greater number of emerged seedlings by comparison witn
the contrsl population each day tfor at lLeast taree consecutive

day<= during the seedling emergence period.

The bacteria of the present invention are defined as
those bacteria which meet the criteria and endure the screening
and selection process defined abeove. It will pe appreciated oy
these skilled in the art that bacteria additional to those EPR
strains identified specifically herein will be useful as
emergence promoters. Accordingly, the scope of the i1nvention

should not be ccnstrued as limited thnereto.
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The present invention may be practised in a variety of
ways. For example, crop seeds may be treated with a composition
containing cone ocr more EPR according to the ianveation, prioc to
planting. Thus the séeds may be inoculated with a liquid
composition ot tne EPR, or surface treated wich such a liquia,
solid or semi-solid composition, e.g. oy dipping, soaking,
spraying, dusting, etc. or by applying a peat bassd mixture as
is common in Rhizobium inoculants industry. Alternatively, the
sgil environmeat in which the plants ars grown may be treated
with liquid, solid or semisolid compositions containing the EPR
in effective amounts, either before, in conjunction Qith cr
after planting. Such application wmay be by liquid or sclid
applicacion. 1In situations where transplantation takes place,
the root structure or other part of the plant may be inoculated
or surface treated with such liquid, semi-solid ot solid
compositions during transpLantation, or the new rooting medium
may be appropriately treated with the EPR compusition. Best
results have been obtained herein using inccula which deliver a

7

bacterial populaticn orC 103 to 10° cells to the spermosphere

2 to 109

of an individual seed although. .z broader range of 10
has been experimentally useful. -Seed bearing such a population
and compositions, containing EPR and an agronomically acceptaole

carrier, which deliver such populations to the spermosphere

represent another significant aspect of the iavention.

A further, significant aspect of +the present ianveation

resides in a process for promoting the growth ot agricultural
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crops which comprises applying to the growth environment of the
crop an effective amount of at least one viable psychrotrophic
EPR bacterium said bacterium belonging preferanly to the genera

Pseudomonas, Enterobacter, Serratia or Beijerinckia.

While the EPR are particularly useful in cold climates
owing to their ability to grow at cold temperatures, it will be
appreciated that they are equally useful in warmer climes.
Accordingly, the process aspect is not limited specifically to

applications in certain climatic zones.

Further, it will pe apparent herein that appropriate
use of these bacteria results not only in promotion of seedling

emergence but can ultimately result in enhanced crop yield.

The emergence-promoting'rnizobacteria according to the
present invention may be utilized by methods known in the art
such, for example, as direct coating on seeds say by
freeze-drying or in formulations including agrenomically
atceptapble adjuvants and carcier normally employed for
facilitating the dispersion of active ingredients for

agricultural applications.

The precise formulation, dosage, made of application
and other variables are chosen to enhance the novel
thizobacteria in any given application. Thus, the previocusly

described novel microorganisms may pe formulated as a suspensicn
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or a dispersion, an aqueocus Or non-aquecus medium, as a dust, as
a wetable powder, as an emolsifiaple concentrate, as a granule,
or as any of several known types of formulatiocas depending on
the mode of application. These combinations may be applied as
sprays, dusts or granules to the seeds, seed pieces, roots,

plants, soil or planting site at which such activity is desired.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The EPR of the present invention are preieranly
cotained from one of two sources; plants growing naturally in
cold climates may be used as the EPR source or plants grown from
surface-sterilized seed 1n soil cbtained from cola climates may
be used. 1In either case, it is preferred to isolate the
bacteria which have colonized the rnizospherce by plating at
ambient or cooler temperatures bo£h roots and bacteria on a
medium which takes advantage of bacterial chemotaxis to draw tne
bacteria from the root. Asparagine soft agar (ASA) isran
examplLe of one such medium. This medium has been adapted from
s2ed exudate soft agar (Scher et al, 1985) and may be a partial
inaicator of root coldﬁization capacity. Bacteria which grow
out from the root segments may then be plated on standard
bacterial agar although Pseudomcnas agar ¥ (PAF) is preferred in

this particular art.

in screening tne collected baccteria turther to ensure

the recovery of only psychrotrophic pacteria, the bacteria are
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supjected to growth, on media such as PAF, in a cold
environment. More particularly, the bacteria are grown at three
different temperatures; 4°C, 10°C and L4°C. “Those bacteria
exhipiting growth, e.g. an observaple lawn witnin certain time
peciods, are recovered and scraened turther. 'Tnus, tnose
bacteria exhibiting growth within 24 hours at 14°C, within 48
hours at 10°C and witnin 5 days e.g. 3-5 days, at 4°C are

selected.

EPR candidates are subsequently screened for growth on
a medium which contains seed-exudate as the sole source of
carpbon and nitrogen. Preferably the exudate is derived from the
seed to which the EPR are to be later applied. For example,
screening of EPR for application to soybean seed will entail
growtn on soyvean seed exuda.e medium and, similarly, canola EPR
are screened on canola seed exudate medium. Having previously
selected only psychrotropns for examination at this stage of the
screening process, ambient temperatures may be employed e.g.
20°C. Those bacteria exhibiting growth are selected and further

screened 1n an emergence assav. -

In assaying for tne capapility to promote emergence, an
experimental group of seeds planted in the presence of an EPR
candidate is grown and compared with a control populatioa.

Those bacteria which promote a 50% greater seedling population
than the control on each of three consecutive days are deemed

EPR. As a further criterion, only those bacteria wnich
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repeatedly e.g. at least twice in three trials, exnibit

emecgence promoticn are preferaoly selected.

Those bactaria which can pe selected using the
described screening program»are EPR pacteria. Specific examples
of strains which meet the criteria are listed below in Table L.
These strains, including clones and suo-clones thereof comprise

a preferred aspect of the present invencion.
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TABLE L

PCT/US86/01375

Identification of Emergence Promoting Bacteria

Strain Designation

1-104
1-226
L-206
2-16
2-18
2-20
2-22
2-67
2-68
2-114
L7-114
L7-29
17-76
L7-34
G25-25
G25-26
G25-44
G20-20
G25-34
G24-16
G24-~-14
G24-3
G20-18
1-102

Strain Designation

Sozbeans

Identification

Pseudomonas

putida

Pseudomonas

fluorescens

ATCC Accession #

Pseudomonas

f lucrescens

Serratia liquefaciens

Serratia liquefaciens

Serratia liquefaciens

Pseudomonas putida bigvar 3

Serratia liquefaciens

Pseudomonas liqueraciens

Entergbacter aerogenes

Pseudomonas

putida

Pseudomonas

fluorescens

Pseudomenas

putida

Pseudomonas

fluorescens

Pseudomonas

flucrescens

Pseudomonas

putida

Pseudomcnas

putida

Pseudomonas

fluorescens

Pseudomoaas

putida

Pseudomonas

putida

Pseudomonas

putida

Pseudomonas

putida

Pseudomonas

fluorescens

Serratia liquefaciens

Gl-1
Gl-3
Gl-4
52-30

Canola

Identification

Beijerinckia indica*

Pseudomonas

fluorescens

53450

53451

53449
53287

ATCC Accession &

unkKknown
Pseudomonas

putida

* tentative designation

53447
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Several or these b5é%2}1a were deposited Qith the

American Type Culture Collection in Rockville, Maryland, U.S.A.
The Accession numbers of tndse strains are given in the Table
above. Strain 53287 was deposited on October 10, 1985. All
other ATCC-deposited straians were deposited on January 27,
1986. All strains listed are maintained in a permanently viable
ccndition in the culture collection of Allelix Inc., 6350
Goreway Drive, Mississauga, Ontario, Canada and will be made
available to tnose authorized persons entitled to access to them

in accordance with national or regional requirements.

Taxonomic cnaracteristics of the strains are equivalenc

to the archetype of the species as described in Bergey's Manual

of Determinative Bacteriology although each may be further

characterized by growth on either canocla or soybean seed
exudate. Tnhe tentative designation givean to strian Gl-1 resulcts
from taxonomic studies which reveal that GlL-l most closely

resembles Beijeriockia indica. Hence, that term is used

throughout herein.

The discovery of plant growth promoting activity in a

bacteria of the genus Serratii, Enterobacter or Beijerinckia,

especially in the species Serratia liquefaciens, Enterobacter

aerogenes and Beijerinckia indica, is novel and unexpected,

SimiLarly, the discovery of EPR effective at such Low soil
temperatures is novel, and is of siganificant agcicultural

importance. At suboptimal soil tempecatures, seadling emacgence



WO 87/00194 PCT/US86/01375

-13.
is reduced (Acharya, et. al., 1983; Szyrmer and Szczepanska,

1982) , and seed exudation is iacreased. (Schroth, et. al.,

19656; Keeling, 1974; Hayman, 1969). Tae EPR strains reported
herein were selected for growth on seed exudates at low
temperafures, and hence may secve to reduce the total
carbohydrates in the spermosphere wnich are available for growth
oL seedling patnogens. Thus, EPR will indirectly stimuliate
yields under adverse growing conditions. The development of
plant cultivars with increased emergence rates at low soil
temperatures has previously been identified as a high priority
for canola and soypean breasders in order to iacrease yielas. 1In
addition, EPR should prove useful as one component in an
integrated managemeat strategy to increase stands, since
increased emergence rates at cold temperatures result in

increased final stands and often in yleld.

The invention is further described with reference to
experimental methods and techniques used to isolate, identity
and test the EPR of the present invention and with reference to

tne accompanying drawings in which -

Figure 1 is a graphical representation of the results
of an assay reported below, i.e. emergence promotion of cancla

with EPR in a greenhouse assay at 9°C;
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Figure 2 is a similar graphical represeatation of a

soybean assay reported below, i.e. emergency promotion of

scybean with EPR in a greenhodse assay at 14°C;
Figure 3 is a graphical representation similar to
Fiqure 2 put showing results of enhanced emecgence and tinal

stand of soybean with EPR in the greenhouse assay.

Example L - Isolation of Bacterial Strains

Two different isolation procedures were used. For
proéedure one, canola and soypean seeds were surface-sterilized
by rinsing for 5 minutes witn 95% ethanol, followed by sterile
water and 1l.5% sodium hypochlocite for 5 minutes and were
planted in various cold-climate-derived soil samples at 10 to
14°C. Roots from developing seedliings were removed, washed in
sterile water to remove loosely adhering soil particles and
ground in 5mL sterile V.1l M,Mgsu4. Serial ten-fold dilutions
were plated ohto Pseudomonas agar F (PAF) (Difco Labs; Detroit,
MI, USA 48232) and plates were incubated 2 wks at l4°C.

Colonies were purified on PAF at 20°C.

For isolation procedure two, roocts of plants collected
in the eastern Northwest Territories, Canada, were washed to
remove soil particles and placed directly ontoc asparaglae SOLT
agar (ASA). ASA contained lg/L-asparagine, 2g Bacto Agar and
1000 mi distilled water. Bacteria which grew out from root

segments on ASA were then purified on PAF plates at 20°C.
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Strains i1solated using procedures one and two were
restreaked on PAF plates, and examined for rapid growth at 4, L0
and L4°C. Strains which developed an obsecvanlie Lawn in 24h at
l4°C, 48h at 10°C and 3-5 days at 4°C were further tested for

growth on exudate agar at 20°C.

Exudate agar was prepared py mixing 10% soybean or 20%
canola seed exudates with 2% washed purified agar (Difco).

Exudates were prepared as described by Scher et al, L1985,

Using isolation procedure one, 630 strain were obtained
from soyoean ana 450 from canola. Of these strains, 277 soybean
and 50 canola strains were found to grow on PAF ia 3-5 days at

4°C and on exudate agars ian 24nr at 20°C.

With isolation procedure two, 940 strains were obtained
py direct isclatica ot chemotactic zones ftrom roots on
asparagine soft agar. Approximately 150 or these grew on PAF in

3-5 days at 4°C.

The second procedure for isolation of candidate EPR
strains, in which roct segments were placed directly onto
asparagine soft agar, allowed the direct isclation of motile
strains which were chemotactically attracted to one of the major
aminc acids in seed exudates, (Scher et al., 1985). This
procedure yielded a higher percentage of strains whicn were

altimately deemed to oe =PR sStrains oasea o0 repeatliole
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emergence promotion: for cancla, 4 of 6V (7%) strains from
procedure two versus 0 of S0 from procedure one; for soybean, L4
or 277 (5%) strains frowm procedure one versus 9 of 84 (lLs) from

procedure two.

Example 2 - Cancla Emergence Assay

The following assay was developed to assess emergence
of canola (cv 'Tobin'). Field soil was collected from the
Allelix Field Research Centre near Caledon, Ontario and
consisted of a clay loam with 2% organic matter, pd 7.0, total
exchange capacity (M.E.) 14, and with the following nutrient
levels in ppm: nitrate nitrogen 4, phosphorous 1, potassium 2,
calcium 70, magnesium L6, sodium 0.5, boron 0.4, iron 550,
manganese 130, copper 2, ana zinc 7. 3S0il was thorouynly mixed
in a 1:1 ratio with perlite and the resulting mix was used

tnroughout the study.

[

Test bacteria were grown on PAF plates at 10°C for 3

days, scraped off plates, and mixzed in 7.l ¥ MgSvL Canocla

4"
seeds were agitated in the pacterial susp:nsions for 2hr atrlO°C
prior to planting 20 seeds 1in each of & replicate 15 cm pots.
Seeds were planted 2 cm deep and pots ware wakered immediately
and placed at 9°C. Each expecident consistad of 6 to 8
bacterial treatments with one control. The control consisted of
canola seeds soaked in 0.L M MqSO4 whilich had been pouced over’

an uninoculated PAF plate. Pots were examined daily and the

number of emerged seedlings was recorded.
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A total of 50 bacterial strains 1solated using
isolation procedure cne and 60 strains isolated using
isolation procedure two were tested for emergence promotion
relative to controls. Strains which demonstrated significant
(P=0.035) emergence promotion were retestad 3 times to decermine

the consistency of emergence promotion.

Of 50 strains optained using isolatioca procedure one, 3
induced increases in emergence of 50% or greater than controls
in ficst tests. None or these 3 increased emergence in 3 repeat
experiments. Sixty strains obtained using isclation procedure
two were tested in the canola assay and 10 increased emergence
40% or more in first trials. Four strains consistently
increased emergence in 3 of § repeat trials. Fig. 1 graphically
illustrates these results. It plots as vertical axis the number
of emerged plants, against time a§ horizontal axis, using tne 4
EPR strains and a control. The assay was conducted in a field
scil:perlite mix at 9°C with seeds sowa to a depth of 2 cm. The
percentage emergence values showa are the mean of 8
replications, each sown with 20 seeds. Similar results were
optained with the same 4 strains in 3 of § repeat experiments.
The percentage of emerged seedlings with bacterial treatmeacs
was 4 to 7 times greater than the percentage of emerged controls
8 days after seeding, 2 to 3 times greater at 9 days and 40 to

50% greater at L4 aays.
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Example 3 - Soybean Emecgence Assay

In the initial assay, candidate EPR strains were grown
for 48nr on PAF plates at 14°C and scraped intoc 50 mL 0.1 M

Mgso One hundred Fifty soybean seeds (cv. ‘Maple Presto' or

4°
'Maple Arrow') were added to each 50 mL suspension and were
shaken at L00 RPM at 10°C for 3h. Typical experiments consisted
of 6 bacterial treatments with one MgSO4 control, each with 9

to L0 replications. Each replication consisted of 12 seeds
planted in a l2-well plastic seeding tray (PlLant Products Ltd.,
Bramalea, Ontario) with overall dimensions of 18 cm wide X 27 cm
long X 6 cm deep and with dimensions ot individuaL wells ot 6 cm

long X 5 cm wide X 6 cm deep; Seeds were planted 3 cm deep in

"couditvicaed field soil".

"Conditioned field soilJ was prepared py mi<ing soil
from the Allelix Field Research Centre (degcribed previously) in
a l:5 ratio with Prowmix C (Pladt Products Ltd., Bramalea,
Ontario). Soybean was seeded into flats ceontaining the soil
mix+ure -and grown to the second true leaf stage when the plants
were Fiscarded. - The same soil (termed "conditioned scil") was

reblended and used in the soybean emergence assay.

After planting, each replicate seeding tray was watered
and placed at L4°C. Tne number of emerged seedlings was
recorded after 14 days, and data were'analysed:using a one-way

analysis ot variance to detect sigfnificant ditrerences between
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treatment means. Strains wnich inducea a significant increase
ln emergence in the first trial were retested twice using the

same assay procedures.

A second assay was used subsequently for strains waich
demonstrated repeated EPR activity in the initial assay.
Soyoean seeds were shaken in bacterial suspensions or in 0.1l ™
MgSO4 as descrived above and planted in a l:l mix of Allelix
field scil:perlite. Five cm of the mix was placed in the bottom
of 25 cm azalea pets (Kord Plastics Ltd., Toronto); 20 seeds'of
the same treatment were placed on the soil; soil perlite mix was
added to give a planting depth of 5 cu. Pots were immediacely
watered and placed at 14°C. Each pot of 20 seeds constituted a
single replication, and 8 replications were used per treatment.
Typical experiments consisted of S tu 7 bacterial treatments
with a 0.1 o MgSO4 contrcel. Emecrgence was recorded daily and
strains were deemed "ZPR" when they induced a 50% increase in
emergence of controls tor 3 consecutive days in 2 or 3 repeating

experiments.

Over a 9 month perioa, 277 strains isclated using
procedure one and 84 strains isolated using grocedure two were
tested in the initial soybean emergence assay using "conditioned
field soil". Sixty-two strains induced significant increases in
emargence at L4 days compared to controls. Raw data from one
typical experiment in wnich 2 EPR strains were selected, are
shown in Taole 2. All 62 strains were retested twice with the
same assay and 30 strains repeated emergence promotion in both
repeat experiments. Raw data from a typlcal repeat experiment

is shown in Table 3.
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Soybean emergence assay
Initial Selection Untested Strains*

Number emerged/l2 at L4 days
Replication

Treatment 1L 2 3 4 5 6 7 8 9 10 «x

1 2 4 2 73 2 5 3 3 2 4 3.0%*
2 1 3 L 2 0 2 L 3 1 0 1.4
3 1L 2 i 0o L 1 2 L 0 L L.O
4 2 2 3 2 3 2 3 5 2 3 2.7%%
5 1 2 2 1 0 2 1 L1 1 0 L.1
6 o 1 1 2 3 L1 L1 2 0 1 1.2

Control 2 2 1 L L 0 3 L 2 L 1.4

LSD 0.01 = 1.1 F = 8.1
* Assay was conducted at 14°C. The data shown are
from one typical experiment. A total of 361
stralns wace tested over a 9 moanth period. See

text for details.

Each treatment l-6 1s with seeds treated with a
different bacterial strain. Each replication
involves treatment of 12 seeds with the selected

pacterial strain.
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Taple 3

Soybean emergence assay - repeat testing of strains
which induced a significant increase in emergence in
the first test.*

Number emerged/l2 at 14 days
Replication

Treatment 1 2 3 4 5 6 7 8 9 10 x

2-16 L o 7 3 3 3 1 3 2 L 2.4%
2-17 & 1L 0 L 1 0 2 4 3 6 2.4%
2-13 3L 5 2 9 3 6 9 5 8 S5.1l**
2-19 1 3 4 1 0 L 3 L 3 8 2.5%
2-20 5 6 1 L 2 4 2 1 4 0 2.6*
2-21 2 5 5 2 4 5 4 5 2 7 4.1%%*

Coatrol 9 1 1 1 2 0 0 0 0 0 0.5

LSD 0.05 1.8 F = 4.94

0.0L = 2.5
* Assay procedures were the same used for data shown
in Table 2. A total of 62 strains were retested.
Data shown here are from one typical experiment.
Data from all experiments were used for final

selection of EPR strains.
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A second assay in field soil:perlite with 20 seeds per
replication was used over a 12 month period to confirm the
phenomenon of emergence promotion and to determine the effect of
EPR on emergence on multiple days. Strains which induced a 50%
increase in the percentage emergence of controls on each of 3
cénsecutive days were deemed to be EPR. Fig. 2 shows
graphically the results of soybean emergence promotion, showing
increases in emergence by 4 EPR strains. The assay was
conducted in a field soil:perlite mix at 14°C. It is the second
described assay. The percentage emergence values shown are the
means of 8 replications, each sown with 20 seeds. Twenty-three
of the 30 strains which were originally selected for
emergence-promoting activity repeated emergence promotion in at
least 2 of 3 repeat experimenﬁs. Some of these strains
increased both the rate of emergence and the final petcentagé
emergence under the experimental conditions. Fig. 3 illustrates
these results, showing the effect of 5 soybean EPR on early
emergence rate and final perceniéqe emergence. The assay
procedures are the same as used in connection with Fig. 2

results.

Example 4 - Identification and Storage of Bacteria

Purified bacterial strains were stored in glycerol
at-80°C prior to being tested in the assays. Strains which
induced emergence increases were rechecked for purity on PAFand
10 copies of each strain were returned to -80°Cstorage. A new

vial of bacteria was used for each emergence assay.
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Identification was done only on strains which repeated

emergence-promoting activity. All strains tested Gram-stain
negative and were further tested for reaction'profiles on API
20E test strips (Analytab Products, Ayerst Laboratories, Inc.,
Plainview, N.Y., U.S.A.). Additional tests included growth on
MacConkey medium, type of metabolism in OF glucose medium,
production of fluorescent pigment, gelatin hydrolysis, nitrate,
reduction, starch hydrolysis, oxidase reaction, production of
DNase, and lipase production (Tween 80 hydrolysis). Methods for
all of the above biochemical tests were those recommended by the
American Society for Microbiology. The identification of
emergence promoting strains obtained from the described sources

are listed in Table 1, given above.

The preferred method for detecting emergence promotion
is the second soybean assay in which a field soil, perlite
mixture was used and emergence was recorded daily. It was. also
found important to conduct each assay 3 times and select strains

which increase emergence in 2 of 3 tests.

In the work described herein, a strain is desicnated an
EPR if it induced about a 50% or greater increase in emergence
relative to controls on 3 consecutive days. Alternative

selection parameters are probably equally valid, as long as the

emphasis is placed upon demonstrating the repeatibility of

emergence promotion.
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Example 5 - Field Trials

To establish the capécity of the isolated bacteria to
promote seedling emergence (canola and soybean) and to test for
capacity to increase seed yields in the field, under natural
conditions, field trials were'coﬁducted. A total of 22 soybean

EPR and 5 canola EPR strains were tested.

In a first series of trials soybean seeds cv. 'Maple
Arrow' or ‘'Evans' were hand planted in a field near Caledon,
Ontario, Canada after soaking in bacteriél (EPR) suséensions
(lOgcfu/ml). Twenty seeds wererplanted per metre of a 4 metre
plot, each plot being replicated 8 times using the Latin Square
Design. Seeds were planted 3-6 cm deep and allowed to grow
under natural conditions.

The results of 12 tfials, using different EPR strains,
are note@ below in tables 4-7. 1In each case, a positive
responser("+“) indicates that a statistically significant
increase in emergence relative to control; was observed on three
consecutive counting periods. ™"Vigour" is based on a visual
rating of 1 to 10 and was taken 45 to 55 days after planting.

Seed yield was adjusted to 10% moisture.
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The details of the emergence response from one

representative trial are shown in Table 5. The corresponding
vigour and yield results for this representative trial are

presented in Table 4.

Table 4

Soybean EPR strains - cultivar ‘Evans'
(suspension treated seeds)

EPR Emergence Vigour Yield $ increase
Strain Responsel Rating? (kg/ha) 3 compared to
(see further Table § control

1-206 + 7.8 1782 8
1-104 + 8.1 1739 5
1-226 + 8.9% 1883 14

2-20 + : 7.5 1696 3

2-16 : + 7.4 1835 11

2-22 + 8.1 1922+ 17+%
2-18 + 8.0 1883 14
control 7.1 1653 -

*, k% significant lncrease compared to control at P = 0.10,
0.05
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Strain

1-226
2-22
1-104
2-18
1-206
2-20
2-16

Control

Table 5

Effects of EPR Wﬁhmwbm on Emertgence Inciiance

of 'Evans' Soybean
Percentage Emergence
Days after Planting

15 16 17 20 23 24 27 30

0.8 1.9 4.4 15.5 36.7% 54.2*%% 58 J1*** 65 ,9%%k 7(Q 2%%x
0.7 1.3 4.1 15.9 39.0%* 55.0%%*% 59 1%%* 64, 5%k% g8 grA*
1.3 2.8 5.0 13.6 38.0% 53.6%%* 59.2%%* 65 ,8%** g8 . Q**x*
0.5 0.6 3.0 11.9 33.3%* 49,4%% S52.7%%*% gl T¥** g4 Skk%
0.5 1.1 3.0 15.0 35.5% 48 .4*%* 54 .4%%%  gl.4*** g4 4xk*
0.3 1.3 3.3 13.6 31.1%* 45.6% 50.8%*% 57 7*%*k g] _ 4*kx
0.2 0.9 3.1 13.8 29.5 43.3% 46.9%% 55.3%*% 59.1*%*
0 0 0.8 4.5 17.0 26.4 30.3 41.3 44 .1

indicates statistically significant increase compared to the

control at P = 0.10, P = 0.05 and P = 0.0l respectively.

~

1
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Table 6 shows the results obtained when treating soybean
seeds of cultivar "Maple Arrow". Table 7 shows results of

similar experiments on soybean cultivar "Evans".

Table 6

Soybean EPR strains - Cultivar 'Maple Arrow'
(suspension treatment)

EPR Emergence Vigour Yield $ Yield
Strain Response Rating (Kg/ha) Increase
Compared to
Control
1-206 + B.6%* 1491 9
1-104 + 8.8%* 1452 6
1-226 B 9.4%% 1590%* 17%*
2-20 + 8.9%# 1432 5
2-16 + 8,5%% 1488 9
2-22 + ' 8.5**~ 1435 5
2-18 - + B.4** 1515%* 11+
Control + 6.9 1366 -
17-114 + 7.6 1112 10
2-67 + 7.4 1188 18
2-68 + 8§.5%* 1204+* 20%
17-29 + 9.3%%* 1300%** 29% %
control 6.6 1006 -
G20-18 + 8.9** 1399#*+* 20%*
1-102 + 8.5%* 1412%** 21%%
G24-3 + 7.3 1317 13
G24-16 + 7.3 1218 5

G25-34 + 8.1** 1264 9
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EPR Emergence Vigour Yield $ Yield
Strain Response Rating (Kg/ha) Increase
Compared to
Control
G20-20 + 8.,9*%* 1346 16
G24-14 + 9.0** 1379+* 18%
control 6.5 | 1165 -
1-104 S+ 6.8 1175 3
1-226 + T 4** 1218 7
1-206 + 6.4 1277 12
2-16 + 7.0% 1264 11
2-18 + 7.5%% 1379+ 21%*
2-22 + 7.0% 1152 1
control 5.6 ‘1138 -
2-67 o+ 6.5%% 1000%** 26%%
2-68 + 5.8%% 993* 25%
17-29 + 6.6%* 954 20
17-76 + 5,5%% 953 | 20
17-34 + 7.0%% 1181#** 49%*
control 4.1 792 -
G20-20 + 6.0%% 566% 23%*
G23-34 + 6.0%% 620%** 35%%
G24-16 + 6.0%* 561 21
G24-14 + 6.1*%* 587** 27%*
G24-3 + 6.3%%* 591*%* 28%*
G20-18 + 6.3%% 567% 23%
1-102 + 6.4%% 709** S4**
control 4.3 462 -

*,** significant increase compared to control at P=0.10, 0.05
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“Table 7

Soybean EPR strains - Cultivar 'Evans'
(suspension treatment)

EPR Emergence Vigour Yield % Yield
Strain Response Rating (Kg/ha) Increase
Compared to
Control
G20-18 + 8.3%% 1822%x% 21**
1-102 + 8.6*% 1855%** 23%%
G24-16 + 8.3*%% 1675 11
G25-34 + 8.3%% 1676 11
G20-20 + 8.6%* 1696 13
Control 6.0 1505 -
1-104 + 8.4%% 1501** 19%*
1-226 + 8.6** 1615%* 27%*
1-206 + 7.0. 1330 5
2-16 + B.6%* 1435 13
2-18 + 8.6%* 1409 11
2-20 + 8.5*%% 1472% 16*
2-22 v + 8.4%* 1336 5
Control 6.1 1267 -
2-114 + 7.6%% 954 16
17-114 + 7.3%% 977 19
17-29 + 8,1%% 1105%*%* 34%%
17-76 + 8.3*% 1049* 27%
17-34 + 7.0%%* 927 12
Control 5.5 825 -

G20-20 + 7.8% 1181 11
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EPR Emergence Vigour Yield $ Yield
Strain’ Response Rating (Kg/ha) Increase
Compared to
Control
G23-34 + 8.8%* 1050 -1
G24-14 + 9,1*%* 1280%* 20%*
G24-3 + 8.1** 1171 10
G20-18 + 7.9% 1056 -1
1-102 + 8.3%% 1181 11
Control 6.6 1066 -

®, k% significant increase compared to control at P = 0.10,

0.05
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In the trials which generated the results appearing in
Tables 8 and 9 below, soybean seeds were mechanically planted
after treatment with a "lyo/oil" preparation. The preparation
was made as follows: bacteria were grown for 48 hours in
| tryptic soy broth at 28°C, centrifuged, washed twice and
lyophilized in 2% mannitol. The lyophilized powder was mixed
with soybean oil at a rate of 0.2g powder/mL oil. The resulting
lyo/oil mix was mixed with soybean seed at a rate of 3mL/kg
seed. The resulting bacterial population on the seed was
determined by replicate plating and is given in the Tables; VIn
planting, the plots consisted of 3m long rows with 2 rows per
plot, 20 seeds/m rows, and 8 replications of each treatment.

Field de=<ign was an 11 x 8 randomized complete block.
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Table 8
Soybean EPR strains - cultivar 'Evans'
(lyo/o0il treatment) .
EPR Bacterial Emergence Yield $ increase = % increase
Strain population Response (kg/ha) compared to compared to.
' on seedl 0il control untreated
control
2-16 5.2 + - 1679 2 16*
2-18 6.0 + 1692 3 17**
2~-20 5.4 + 1683 3 l6*
2-67 4.6 + 1738 6 20%*
2-68 5.8 + 1617 -1 12
G25-44 4.5 + 1786 9 23%*
G24—37 2.6 + 1657 1 14%*
G20-18 2.3 + 1773 8 _ 22% %
1-102 5.3 + 1787 8 22%*
0oil control 0 - " 1641 - ' 13
untreated 0 ' - - 1449 -12 -

control

lLOglo colony forming units per seed of inoculated strain

*, ** gignificant increase compares to the indicated control
at P = 0.10, 0.05
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Table 9

Soybean EPR strains - Cultivar 'Maple Arrow'
(lyo/o0il treatment)

EPR Bacterial Emergence Yield % Increase % Increase
Strain Population, Response (Kg/ha) Compared to Compared to
on Seedl 0il Control Untreated
Control

2-16 5.3 + 1221 17 28*
2-18 5.3 + 1201 14 26%*
2-20 5.1 + 1237 18 30%*
2-67 4.1 + 1224 17 ) 29%*
2-68 5.1 + 1270 21 33%*

G20-18 2.3 + 1175 12 24
1-102 5.0 - 1121 6 17

0il control 0 - 1046 -

10
untreated
control 0 - 950 -9 -

1 Logl0 colony forming units per seed of innoculated strain.

*,** significant increase compared to the indicated control
at P = 0.10, 0.05.
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In the following Tables 10 - 13, the trials which
generated the tabulated results were conducted on canola planted
in order to generate and collect emergence data only. Plots
were 1lm long (8 replicates), randomized complete block design,
and the seeds were suspension treated and hand planted in rows

at a density of 40 seeds per metre row. Two cultivars were used

i.e. "Tobin" (Brassica campestris) and "Triton" (Brassica

napus) .
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Table 10

Canola EPR strains ~ cultivar 'Tobin' suspension treatment

Analysis for Emergence

Percentage Emergence ,

DAYS AFTER PLANTING
Strain 6 6.5 7 7.5 8 8.5 9 9.5 10
G1l-3 B.8***% 14 7¥** 18.1%** 26 9**k 34 1**k 37 ghkk 4] 9Fkk 4] 3Jhkk 43 Jhkkk
52-30 6.6*% 10.6%* 15.6*%*% 25 0*%x 29 1#%%*x 38 J***x 4Q Qk** 4] Qk*k 44 [***
Gl-1 9.1**x*x 13.8%*%% 17.8%%% 24 TJ¥*% g gk*kk 3] _O9k&k 35 _Qgkkk 3G Akkk 4] 9k k%
Gl-4 B.4**x*x ]2 . 2%%% ]5,6%**% ]9, 7*k**% g ek*k 3J2 2%kk 35 _Q9kkk 3G Qkkk 40, 3JhhA
G2-9 7.5%% 10.6%* 13.4%% 18.8%% 21.9%%* 29 7xw% 33 gkkk 37 Dkkk 39 fghkxk
Control 2.8 4.1 5.9 9.4 13.4 18.1 21.6 22.8 24.7

* kk KKk

on the indicated day at P =

0.10,

indicates statistically significant increase compare to controls
0.u5 and 0.01
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Table 11

Canola EPR strains - cultivar "Tobin' suspension treatment

Analysis for Emergence
Percentage Emergence
DAYS AFTER PLANTING

Strain 8 9 9.5 10 10.5 11 11.5 12 14

Gl-3 1.3 8.1 13.4 19.7* 25.0%% 28 . 1%%* 29.1%% 37 2%*% 59 Thk*
52-30 2.8 10.3 13.8 21.8% 25.6%% 29 .4%%* 32.2%% 35, 9%%% 5g Q¥%%*
Gl-4 1.0 5.6 8.4 15.3 18.1 20.6 25.3 32.5%% 53, ]1%*%
Gl-1 1.9 5.9 9.1 14.4 17.5 20:6 24 .4 30.6% 54 .1 %**
G2-9 2.5 9.7 12.5 15.9 19.7 21.9 24.1 28.1 48 .8%
Control 0.6 2.8 5.3 9.7 12.8 15.0 17.8 22.8 38.1

* o kK kK indicates statistically significant increase compared to controls

on the indicated day at P = 0.10, 0.05 and 0.0L
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Canola EPR strains - cultivar 'Tobin' mcmwm:mwOS treatment

Strain

Gl-1
G1l-3
Gl-4
G2-9
52-30

Control

Table 12

Analysis for emergence

Percentage Emergence
DAYS AFTER PLANTING

8 8.5 9.5 10 10.5 11
14.1*** 28 .8**%*% 36.6%%%* 50.7**%% 52.8*%*% 56, 3**%* 57.8%%%*
10.3*** 26 3%%*% 3], 6*** 44 4*** 47.8*%%% 50.0%*%% 51.9%%%
10.3***% 17 .8%%*% 26 3*%*% 43 . 1*** 46.6*** 48, 8*** 49.1%*
7.8%% 24 . 4%%% 33 1%%* 52,.9%%% 52.2%%% 54 4**%% 56.3%%*
7.5%% 20.0%*% 27 8*** 41 .4%%% 49.4%** 50, 9*%* 53.4%*%%
0.9 5.9 11.3 18.1 25.9 30.6 35.6

indicates statistically significant increase compared to

controls on the indicated day at P = 0.10,

0.05,

0.01

-~
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Table 13

Canola EPR strains - cultivar 'Triton' suspension treatment
Analysis for MEmHmeom
Percentage Emergence
DAYS AFTER PLANTING

STRAIN 7.0 8.0 8.5 9.0 9.5 10.0 11.0 12.0 14.0 19.0
G2-9 10.6%** 24 7%*k* 28 4%*% 3G _4*** 43 _4**k 49 4*%*k 52 Dk%k 55 _Qghkk 57 ghkk 59 ]kk#*
Gl-4 7.2%*% 18 .4%*k*x 26 3%*k* 36 3Fhkk 39 Jhkk 44 4Kk A5 Gk*k 46 gX¥kk 5O, Jkkk 5] 3Jrkkx
52-30 7.8%*% 20.9%** 24 THkk 3] 3k* 36, 3%kk 39 PRkk 4] 3kkx 43 1*k 44 1kk* 45 gr*
Gl-1 4.7% 12.2 16.6 24 .7 30.9%* 35.3% 39.1% 42.8%* 44 (7% ** 45 3**
G1l-3 4.7% 15.3*%*%  20.3*% 25,9% 26.9 31.9 33.8 36.9 37.8 40.0
Control 0.6 5.9 9.7 15.9 19.1 23.4 25.9 27.5 30.0 32.5
koo kR kkk indicates statistically significant increas» compared to controls

on the indicated day at P = 0.10, 0.95, 9.01.
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In the remaining Tables 14 and 15, the trials were
conducted for yield analysis by pianting canola seeds treated
with bacterial suspensions in 4m long rows, 40 seeds/m, 8

replicates, using a randomized complete block design.

Table 14

Canola EPR Strains - Cultivar 'Tobin' - Suspension Treatment
Analysis for Percentage Emergencel

DAYS AFTER PLANTING

STRAIN 11 12 12.5 13 14 17
52-30 33.8%* 37.3** 38.6%* 39.5%% 39.9%% 40,4%*
Gl-1 29.6% 34.3%% 36,3%% 37.5%% 38.1*% 38.8%%*
G2-9 30.5% 32.3%% 34.8%% 36.7%% 37.5%% 38.3*%%*
Gl-4 25.8 28.3 28.8 31.5* 33.2%* 34.0%*
Gl-3 20.5 23.0 24.1 24.6 25.0 26.1
control 18.4 20.2 20.8 21.8 22.7 23.4

1 vield data for this trial is shown in Table 15.

*,*¥%,%%* Indicates statistically significant increase compared
to controls on the indicated day at P = 0.10, 0.05,
0.01.
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Table 15
Canola EPR Strains -~ Cultivar 'Tobin' ~ Suspension Treatment
Analysis for Yieldl .
EPR Yieldl % Increase
Strain (Kg/ha) Compared to -
Control
52-30 1868%* 25%
Gl-1 1960** 31*=*
G2-9 1637 | 9
Gl-4 1637 9
Gl-3 1492 0
Control 1498 -

1 Emergence data for this trial are shown in Table 14,

* ,** Statistically significént increase compared to control at
P = 0.10, 0.05. : :
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The Tables appearing above confirm that the ability to
increase seed emergence via inoculation with EPR strains, which
was observed in greenhouse assays, also occurs under natural
conditions in field trials. 1In addition, under field
conditions, this emergence benefit frequently translates to a

statistically enhanced plant vigour and yield.

It will be noted that these EPR have been developed
primarily in association with soybean and canola crops. However
it will be appreciated that their utility is not necessarily
restricted thereto, and the scope of the present invention
extends to cover the growth promotion of other agriculturally

significant crops using EPR according to the present invention.
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CLAIMS
1. A method for identifying bacteria capable of promoting

emergence of seedlings from plant seed when applied to the

growth environment of the seed, which comprises
collecting bacteria which colonize plant roots;

selecting those collected bacteria exhibiting growth
under psychrotrophic conditions and growth on media containing

seed exudate as the sole carbon source;

growing seedlings from a population of seed grown in
soil at temperatures tolerable by psychrotrophic bacteria
wherein the growth environment of an ekperimental portion of the
seed population contains an effective population of one of the
selected bacteria and the growth environment of the remaining

portion contains no selected bacteria; and

selecting those bacteria added to the growth
environment of the experimental seed population exhibitiry an at
least 50% greater number of emerged seedlings by comparison with
the control population each day for at least three consecutive

days during a seedling emergence period.
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2. The method according to claim 1 wherein the bacteria
indigenous to plant roots are collected from seedlings grown
from soil indigenous to climates in which psychrotrophic

conditions are encountered.

3. The method according to claim 2 wherein the bacteria
exhibiting growth under psychrotrophic conditions are those
bacteria exhibiting growth within the following time periods at
the following temperatures: growth within 24 hours at 14°C;

growth within 48 hours at 10°C; and growth within 5 days a 4°C.

4, The method according to any one of claims 1, 2 or 3
wherein the exudate in the seed exudate medium on which the
bacteria are cultured is exudate characteristic of the species

of seed for which the bacteria are. intended to promote emergence.

5. The method according to any preceding claim wherein the

seed exudate-containing medium contains canola seed exudate.

6. The method according to any preceding claim wherein the

seed exudate-containing medium contains soybean seed exudate.

7. A biologically pure culture of a novel, psychrotrophic
rhizobacterium capable of promoting emergence of seedlings from
plant seed and exhibiting growth on seed exudate-containing
medium wherein the sole carbon and nitrogen source in said

medium is said seed exudate.
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8. A biologically pure culture of an emergence promoting
rhizobacterium identified by the method defined in any one of

claims 1-6.

9. A biologically pure culture of an emergence promoting
rhizobacterium as defined in claim 7 or claim 8 which is
designated herein as Gl-1 having ATCC accession number 53447,

clones and sub-clones thereof.

10. A biologically pure culture of an emergenée promoting
rhizobacterium as defined in claim 7 or claim 8 which is

designated herein as Pseudomonas fluorescens G20-18 having ATCC

accession number 53449, clones and sub-clones thereof.

11. A biologically pure culture of an emergence promoting
rhizobacterium as defined in claim 7 or claim 8 which is

designated herein as Enterobacter aerogenes 2-114 having ATCC

accession number £3450. clones and sub-clones thereof.

12, A biological’y rure culture of an emergence promoting
rhizobacterium as Refined in claim 7 or claim 8 which is

designated herein as Pseudomonas putida G-25-44 having ATCC

accession number 53451, clones and sub-clones thereof.

«®

13. A biologically pure culture of an emergence promoting

rhizobacterium as defined in vlaim 7 or claim 8 which is

designated herein as Serratia liquefaciens 1-102 having ATCC

accession number 53287, clones and sub-clones thereof.
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14. A plant emergence promoting composition comprising a

psychrotrophic rhizobacterium capable of promoting emergence of
seedlings from plant seed and exhibiting growth on medium
containing seed exudate as the sole carbon source and an

agronomically acceptable carrier.

15. The composition according to claim 14 wherein the
rhizobacterium is present in the carrier at a concentration

2

sufficient to deliver from 10° and lO9 rhizobacteria to the

spermosphere of an individual seed.

16. The composition according to claim 14 wherein the
rhizobacterium is present in the carrier at a concentration
effective to promote growth when applied to the seeds before

planting.

17. The composition according to claim 16 wherein the

rhizobacterium is present in the carrier at a concentration

sufficient to deliver from 103 to 106 rhizobacteria to the
spermosphere of an individual seed.
18. Seed having coated thereon an emergence promoting

rhizobacterium as defined in any preceding claim in a population

per seed of from 102 to lO9 cells.,
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19. Seed according to claim 18 wherein said seed is canola

seed and the bacteria coated thereon are selected from among the

group of EPR bacteria species Beijerinckia indicia, Pseudomonas

fluorescens, and Pseudomonas putida.

20. Seed according to claim 18 wherein said seed is

soybean seed and the bacteria are selected from

Strain Designation Identification ATCC Accession #
1-104 Pseudomonas putida
1-226 Pseudomonas fluorescens
1-206 Pseudomonas fluorescens
2-16 Serratia liquefaciens
2-18 Serratia liquefacilens
2-20 Serratia liquefaciens
2-22 Pseudomonas putida biovar B
2-67 Serratia liquefaciens
2-68 Pseudomonas liquefaciens
2-114 Enterobacter aerogenes 53450
17-114 Pseudomonas putida
17-29 Pseudomonas fluorescens
17-76 Pseudomonas putida
17-34 Pseudomonas fluorescens
G25-25 Pseudomonas fluorescens
G25-26 Pseudomonas putida
G25-44 Pseudomonas putida 53451
G20-20 Pseudomonas fluorescens
G25-34 Pseudomonas putida
G24-16 Pseudomonas putida
G24-14 Pseudomonas putida
G24-3 Pseudomonas putida
G20-18 Pseudomonas fluorescens 53449
1-102 Serratia liquefaciens 53287
21. A process for promoting the growth of agricultural

crops at soil temperatures conducive to the growth of

psychrotrophic bacteria which comprises applying to the growth

environment of the crop an effective amount of at least one

- viable psychotrophic EPR bacterium effective to promote the

growth of said crop.
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22. A process according to claim 21, wherein the bacterium is -
applied to the growth environment of the crop by application of
a composition containing the EPR bacterium to the crop seeds
prior to planting, by direct application of a composition
containing the EPR bacterium to the soil of the growth
environment either prior to or after planting the crop seeds
therein, or by treating growing crop plants with a composition

containing the EPR bacterium.

23. A process according to claim 22, wherein the crop is

soybeans.

24, A process according to claim 23, wherein the bacterium EPR

strain selected from Pseudomonas putida, Pseudomonas putida

biovar B, Serratia liquefaciens, Pseudomonas fluorescens and

Entercbacter aerogenes.

25, A procers according to claim 22, wherein the crop is
canola.
26. A process according to claim 25, wherein the bacteria

EPR strains selected from Pseudomonas putida, Pseudomonas

fluorescens and Beijerinckia indicia.
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