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ABSTRACT

In the present invention, microbial inoculants that promoted leafy green plant growth were
developed using Rhodococcus erythropolis, Stenotrophomonas maltophilia, Serratia grimesii, and
Pseudomonas toyotomiensis. The microbial inoculants include probiotics effective on their own
and others effective in specific combinations as follows: Rhodococcus erythropolis; Rhodococcus
erythropolis and Serratia grimesii; Serratia grimesii; Serratia grimesii and Pseudomonas
foyotomiensis;, Pseudomonas toyotomiensis and Stenotrophomonas maltophilia; Rhodococcus
erythropolis, Pseudomonas toyotomiensis and Stenotrophomonas maltophilia, Rhodococcus
erythropolis, Pseudomonas toyotomiensis, Stenotrophomonas maltophilia, and Serratia grimesii;
Shinella  zoogloeoides; and Rhodococcus erythropolis, Pseudomonas toyotomiensis,
Stenotrophomonas maltophilia, Serratia grimesii and Shinella zoogloeoides. 1t was found that
other probiotics were not effective on their own and there were other combinations that were not

effective or inhibitory for plant growth.
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MICROBIAL INOCULANTS AND METHODS

Field of the Invention

The present invention relates to microbial inoculants and more specifically to microbial inoculants

that promoted leafy green plant growth either singly or in specific combinations.

Background of the Invention

The plant microbiome is the community of bacteria, archaea, fungi, and viruses that live on,
around, and inside of a plant.! Microbes play an important role in the health and wellbeing of
plants, including helping plants respond better to environmental stresses.” These microbes can help
provide nutrients for the plant, promote plant growth, and regulate hormone levels. For some plants
it is known that microbial inoculants can increase crop yields by reducing negative stress effects
such as leaf yellowing, leaf loss, and impaired plant growth. Microbial inoculants have also been
shown to increase crop yields by improving the uptake or availability to the plant of nutrients, such

as iron or phosphorus.?

Microbial inoculants are compositions comprising beneficial microbes that promote plant health.
Microbial inoculants can help farmers significantly increase crop yields. However, bacterial
species are specific to the type of plants that they can interact with,*> and many microbes cannot
make the transition to soilless based growing systems. The nutritional composition of the plant
root exudates contains a complex mixture of sugars, amino acids, hormones, antimicrobials, and
vitamins.! The variation in root exudates between plants is one of the main drivers that determines
which microorganisms can associate with the roots of each species.! By extension, previous
research has determined that root colonization capacity does not predict the ability of an organism
to survive in hydroponics systems.® A study by Politz e al concluded that “In general, in vitro
assays were not useful predictors of the relative performance of isolates in planta”, likely due to
their methodology of using microorganisms obtained from soils to inoculate cucumbers in a
hydroponics environment.” When soil was added into a hydroponics system containing maize
seedlings, a community shift in the types of organisms that can effectively survive on the roots
was observed.® The successful oot colonizers were predominately shorter rods with simpler

nutritional demands compared to the microbial community found in soil.
1
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To date, research on plant growth promoting bacteria in lettuce has focused primarily on soil-based
studies. Numerous researchers have demonstrated that meaningful yield increases in soil-based
lettuce agriculture can be achieved using microbial inoculants.®'®* However, fewer studies have
specifically focused on hydroponics lettuce research.'®?¢ These studies provided the foundation
that microbial inoculants can be effective in lettuce. However, their conclusions were often based
on relatively small numbers of plant replicates, few candidate bacterial strains, or only tested a
single bacterial strain instead of a consortium. There is currently no commercially available

microbial inoculant designed and optimized specifically for hydroponic leafy greens.

Summary of the Invention

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Rhodococcus erythropolis.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Rhodococcus erythropolis with a 98% nucleotide sequence similarity to the 16S region of SEQ ID
NO:1.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Rhodococcus erythropolis and Serratia grimesii.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Serratia grimesii.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Serratia grimesii with a 98% nucleotide sequence similarity to the 16S region of SEQ ID NO:2.
The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Serratia grimesii with a 98% nucleotide sequence similarity to the 16S region of SEQ ID NO:2
and Rhodococcus erythropolis with a 98% nucleotide sequence similarity to the 16S region of SEQ
ID NO:1.
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The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Serratia grimesii and Pseudomonas toyotomiensis.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Serratia grimesii with a 98% nucleotide sequence similarity to the 16S region of SEQ ID NO:2
and Pseudomonas toyotomiensis with a 98% nucleotide sequence similarity to the 16S region of

SEQ ID NO:4.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Stenotrophomonas maltophilia and Pseudomonas toyotomiensis.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia with a 98% nucleotide sequence similarity to the 16S region of
SEQ ID NO:3 and Pseudomonas toyotomiensis with a 98% nucleotide sequence similarity to the

16S region of SEQ ID NO:4.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Stenotrophomonas maltophilia and Pseudomonas toyotomiensis and Rhodococcus erythropolis.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia with a 98% nucleotide sequence similarity to the 16S region of
SEQ ID NO:3 and Pseudomonas toyotomiensis with a 98% nucleotide sequence similarity to the
16S region of SEQ ID NO:4 and Rhodococcus erythropolis with a 98% nucleotide sequence
similarity to the 16S region of SEQ ID NO:1.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia and Pseudomonas toyotomiensis and Rhodococcus erythropolis

and Serratia grimesii.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Stenotrophomonas maltophilia with a 98% nucleotide sequence similarity to the 16S region of
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SEQ ID NO:3 and Pseudomonas toyotomiensis with a 98% nucleotide sequence similarity to the
16S region of SEQ ID NO:4 and Rhodococcus erythropolis with a 98% nucleotide sequence
similarity to the 16S region of SEQ ID NO:1 and Serratia grimesii with a 98% nucleotide sequence
similarity to the 16S region of SEQ ID NO:2.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising

Shinella zoogloeoides .

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Shinella zoogloeoides with a 98% nucleotide sequence similarity to the 16S region of SEQ ID
NO:5.

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia and Pseudomonas toyotomiensis and Rhodococcus erythropolis

and Serratia grimesii and Shinella zoogloeoides .

The present invention is a microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia with a 98% nucleotide sequence similarity to the 16S region of
SEQ ID NO:3 and Pseudomonas toyotomiensis with a 98% nucleotide sequence similarity to the
16S region of SEQ ID NO:4 and Rhodococcus erythropolis with a 98% nucleotide sequence
similarity to the 16S region of SEQ ID NO:1 and Serratia grimesii with a 98% nucleotide sequence
similarity to the 16S region of SEQ ID NO:2 and Shinella zoogloeoides with a 98% nucleotide
sequence similarity to the 16S region of SEQ ID NO:5.

The present invention is any one of the above microbial inoculants in which the leafy green plant

is Lactuca sativa.

The present invention is the use of any one of the above microbial inoculants in one of the growing

systems of hydroponic, aeroponic, soilless or soil based.
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The present invention is a method for promoting plant growth comprising applying a composition
of any one of the above microbial inoculants directly or through a water supply to the roots of the
leafy green plants in an amount that provides for positive benefits relative to a control leafy green

plant that does not receive an application of said microbial inoculant.

Brief Description of the Figures

Figure 1 is a chart comparing the average percent yield increases of hydroponic lettuce that
received a microbial inoculant of Rhodococcus erythropolis compared to control plants that

received no inoculant, in a first embodiment of the present invention versus other inoculants.

Figure 2 is a chart comparing the average percent yield increases of hydroponic lettuce that
received a microbial inoculant of Serratia grimesii in a second embodiment of the present
invention, and a microbial inoculant of a combination of Pseudomonas toyotomiensis and Serratia
grimesii in a third embodiment of the present invention, versus control plants that received no

inoculant.

Figure 3 is a chart comparing the average percent yield increases of hydroponic lettuce that
received a microbial inoculant of the second embodiment of the invention of Serratia grimesii,
and a fourth embodiment of the present invention of a combination of Stenotrophomonas
maltophilia and Pseudomonas toyotomiensis, and a fifth embodiment of the present invention of a
combination of Serratia grimesii and Rhodococcus erythropolis, compared to control plants that

received no inoculant.

Figure 4 is a chart comparing the average percent yield increases of hydroponics lettuce that
received a microbial inoculant of the first embodiment of the present invention of Rhodococcus
erythropolis, the fifth embodiment of the present invention of a combination of Serratia grimesii
and Rhodococcus erythropolis, a sixth embodiment of the present invention of Rhodococcus
erythropolis, Pseudomonas toyotomiensis, and Stenotrophomonas maltophilia, and a seventh
embodiment of the present invention of Rhodococcus erythropolis, Serratia grimesii,
Stenotrophomonas maltophilia, and Pseudomonas toyotomiensis, compared to control plants that

received no inoculant.
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Figure 5 is a box plot of the average fresh lettuce yields for a hydroponic lettuce inoculant trial
comparing the control plants which received no microbial inoculant to the seventh embodiment of
the present invention (Consortium 7) which is a combination of Rhodococcus erythropolis,
Serratia grimesii, Stenotrophomonas maltophilia, and Pseudomonas toyotomiensis, an eighth
embodiment of the present invention (Isolate 11) which is a pure culture of Shinella zoogloeoides,
and a ninth embodiment of the present invention (Consortium 8) which is a combination of
Rhodococcus erythropolis, Serratia grimesii, Stenotrophomonas maltophilia, Pseudomonas

toyotomiensis, and Shinella zoogloeoides .

Detailed Description of the Invention

The present invention is a microbial inoculant for increasing leafy green growth. In a first
embodiment of the present invention, the microbial inoculant comprises Rhodococcus

erythropolis.

As set out in Figure 1, Isolate 3 is a pure culture of Rhodococcus erythropolis. Figure 1 shows the
average percent yield increases for a hydroponic lettuce inoculant trial in comparison to the control
plants that received no inoculant. Isolate 1 comprises a pure culture of Pseudomonas putida. Isolate
2 comprises a pure culture of Curvibacter putative. Isolate 4 comprises a pure culture of Xylophilus
rhododendri. The microbial inoculant of Rhodococcus erythropolis is the only one to demonstrate
increased yields in hydroponic lettuce. The increased yields from a microbial inoculant of

Rhodococcus erythropolis is also demonstrated in Figure 4.

In a second embodiment of the present invention, the microbial inoculant is Serratia grimesii. In
a third embodiment of the present invention, the microbial inoculant is a combination of

Pseudomonas toyotomiensis and Serratia grimesii.

As set out in Figure 2, Isolate 5 comprises a pure culture of Serratia grimesii and Consortium 2
comprises a combination of Pseudomonas toyotomiensis and Serratia grimesii. Figure 2 shows the
average percent yield increases for a hydroponic lettuce inoculant trial in comparison to the control

plants that received no inoculant. Consortium 1 comprises a combination of Stenotrophomonas
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maltophilia and Serratia grimesii. Isolate 6 comprises a pure culture of Pseudomonas rhizophila.
Isolate 7 is a pure culture of Pseudomonas zarinae. Isolate 8 is a pure culture of Pseudarthrobacter
psychrotolerans. Isolate 9 comprises a pure culture of Paenarthrobacter aurescens. The microbial
inoculant comprising Serratia grimesii and the microbial inoculant comprising the combination of
Pseudomonas toyotomiensis and Serratia grimesii are the only ones to demonstrate significantly
increased yields in hydroponic lettuce. The increased yields from a microbial inoculant of Serratia

grimesii is also demonstrated in Figure 3.

In a fourth embodiment of the present invention, the microbial inoculant is a combination of
Stenotrophomonas maltophilia and Pseudomonas toyotomiensis. In a fifth embodiment of the
present invention, the microbial inoculant is a combination of Serratia grimesii and Rhodococcus

erythropolis.

Figure 3 shows the average percent yield increases for a hydroponic lettuce inoculant trial in
comparison to the control plants that received no inoculant. Consortium 3 comprises a combination
of Stenotrophomonas maltophilia, and Pseudomonas toyotomiensis. Isolate 10 comprises a pure
culture of Serratia grimesii. Consortium 4 comprises a combination of Serratia grimesii and
Rhodococcus erythropolis. The increased yields from a microbial inoculant comprising a

combination of Serratia grimesii and Rhodococcus erythropolis is also demonstrated in Figure 4.

In a sixth embodiment of the present invention, the microbial inoculant is a combination of
Rhodococcus erythropolis, Pseudomonas toyotomiensis, and Stenotrophomonas maltophilia. In a
seventh embodiment of the present invention, the microbial inoculant comprises a combination of
Rhodococcus erythropolis, Serratia grimesii, Stenotrophomonas maltophilia, and Pseudomonas

foyotomiensis.

As set out in Figure 4, Consortium 5 comprises a combination of Rhodococcus erythropolis,
Pseudomonas toyotomiensis, and Stenotrophomonas maltophilia and Consortium 7 comprises a
combination of Rhodococcus erythropolis, Serratia grimesii, Stenotrophomonas maltophilia, and
Pseudomonas toyotomiensis. Figure 4 shows the average percent yield increases for a hydroponic

lettuce inoculant trial in comparison to the control plants that received no inoculant. Consortium 4
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comprises a combination of Serratia grimesii and Rhodococcus erythropolis. Consortium 6
comprises a combination of Rhodococcus erythropolis and Pseudomonas stutzeri. Isolate 3
comprises a pure culture of Rhodococcus erythropolis. Consortium 6 is the only microbial

inoculant not to show increased yield.

As shown in Figure 5, the seventh embodiment of the present invention (Consortium 7) which is
a combination of Rhodococcus erythropolis, Serratia grimesii, Stenotrophomonas maltophilia,
and Pseudomonas toyotomiensis shows improved weight yields compared to the average fresh
lettuce yields for a hydroponic lettuce which received no microbial inoculant, in alignment with
the percent yield increase shown for the seventh embodiment in Figure 4. As also shown in Figure
5, improved weight yields over control were also found with an eighth embodiment of the present
invention (Isolate 11) which is a pure culture of Shinella zoogloeoides, and with a ninth
embodiment of the present invention (Consortium 8) which is a combination of Rhodococcus
erythropolis, Serratia grimesii, Stenotrophomonas maltophilia, Pseudomonas toyotomiensis, and

Shinella zoogloeoides .

None of the bacterial species of Rhodococcus erythropolis, Stenotrophomonas maltophilia,
Serratia grimesii, Pseudomonas toyotomiensis, and Shinella zoogloeoides in the microbial
inoculants of the present invention were reported in scientific peer reviewed literature as plant
growth promoters in hydroponic systems. The present invention is the use of these microbial
inoculants comprising Rhodococcus erythropolis, Stenotrophomonas maltophilia, Serratia
grimesii Pseudomonas toyotomiensis, and Shinella zoogloeoides for hydroponic lettuce or other

leafy plants, including kale, arugula, and spinach.
To develop the microbial inoculants of the present invention lettuce roots were processed to obtain
root associated microbes. The bacteria were purified to single isolates. In total, 105 unique lettuce

isolates were obtained. These isolates were not genetically modified.

The bacterial strains were screened for a wide range of biochemical and genetic characteristics that

are known to increase agricultural yields. Additionally, bacterial strains were tested against a set
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of nine antibiotics covering the major antibiotic classes. Bacteria with high levels of multi-drug

resistance were excluded from downstream testing.

The 105 bacterial strains underwent whole genome sequencing using Oxford Nanopore MinION
technology. Using an in-house bioinformatics pipeline, their genes were analyzed for plant growth
promoting capabilities. Bacteria that had both low antibiotic resistance and high levels of
favourable genetic traits and biochemical lab results were tested in hydroponics lettuce to measure

increases in growth rate.

Of the 105 candidate bacteria strains, only 21 indicated potential to contribute to plant growth
promotion. These 21 strains were subsequently tested in a hydroponics grow tent versus control
lettuce that was grown without probiotics. Of the 21 promising strains, only 10 resulted in
increased lettuce biomass. These 10 strains were mixed into a range of combinations to further

increase plant yields.

Extensive grow tent testing on over 8000 plants was required to determine both the individual
strains and consortiums that consistently increased crop yields. The host plant specificity required
a complexity of consortium formulations. A probiotic mixture that synergistically utilizes the
beneficial contributions from several separate plant growth promoters is the result of a year of
scientific pursuit. Figures 1 to 5 on lettuce biomass yield data shows a benefit of the present

invention.

In use, the microbial inoculants of the present invention are applied to the root zone of the plant
either through direct application or by addition to the watering system. In addition to the bacterial
cells, the microbial inoculant may also comprise bacterial growth medium and stabilizing agents

to increase shelf life.

The trials set out in the figures use the leafy green plant of lettuce, namely Lactuca sativa, grown
hydroponically. It will be understood that the microbial inoculants may be used on other leafy
green plants that are grown hydroponically. Hydroponics growers often have multiple species of

leafy green varieties growing concurrently within their farming setup. Examples of other leafy

Date Regue/Date Received 2023-08-15



green plants that will receive the positive benefits of the present invention’s microbial inoculants

are kale, arugula, and spinach.

The microbial inoculants of the present invention were developed to be compatible with use in
multiple different hydroponics growing systems and hydroponics substrates (e.g. sponges, coco
coir, rockwool, and peat moss). The microbial inoculants of the present invention may be used
with leafy green plants in hydroponic based growing systems, aeroponic based growing systems,
and other soilless based growing systems, since the microbes are root associated and substrate
independent. The microbial inoculant can be applied to whatever medium the leafy green plants
are growing in or be added to the water supplying the plants so that the microbial inoculant can

contact the roots and begin colonization.

The microbial inoculants of the present invention include probiotics with identical or nearly
identical 16S gene sequences as in the sequence listings. Sequence listing 1 is that of Rhodococcus
erythropolis, sequence listing 2 is that of Serratia grimesii, sequence listing 3 is that of
Stenotrophomonas maltophilia, sequence listing 4 is that of Pseudomonas toyotomiensis, and

sequnece listing 5 is that of Shinella zoogloeoides .

The present invention includes microbial inoculants comprising a probiotic or combination of
probiotics identical or nearly identical or 98% identical to the respective sequence listings 1 to 5

of:

Rhodococcus erythropolis,

Rhodococcus erythropolis and Serratia grimesii;,

Serratia grimesii;

Serratia grimesii and Pseudomonas toyotomiensis;

Pseudomonas toyotomiensis and Stenotrophomonas maltophilia,

Rhodococcus erythropolis, Pseudomonas toyotomiensis and Stenotrophomonas maltophilia,
Rhodococcus erythropolis, Pseudomonas toyotomiensis, Stenotrophomonas maltophilia and
Serratia grimesii

Shinella zoogloeoides; and

10
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Rhodococcus erythropolis, Pseudomonas toyotomiensis, Stenotrophomonas maltophilia, Serratia

grimesii and Shinella zoogloeoides .

Probiotics with similar or corresponding 16S gene sequences, including 98% similarity, may
generally be expected to have similar characteristics and similar beneficial effects on leafy green
plants. A higher percent identity indicates a closer relationship between two or more microbial
strains or isolates. A high degree of similarity or relatedness between two closely related microbial
strains or isolates may also indicate a similar ability to impart the same or similar positive
agricultural trait or benefit to a leafy green plant. A 16S gene sequence of sequence listing 1 to 5

corresponds to a 16S gene sequence of a second microbial strain if the two stains optimally align.

Probiotic cultures of the microbial inoculants of the present invention may be prepared using any
standard or known fermentation techniques, or developed. Those skilled in microbial growth
parameters are capable of determining the appropriate nutrients and conditions, including media
and incubation conditions. Similarly, the microbial inoculants may comprise various formulations
to support the maintenance and stability of the probiotic. Microbial inoculant compositions may
comprise a pure or substantially pure population or culture of the microbial strain or isolate, or
combination described herein. The term microbial inoculant refers to the combination of microbial
strain or isolate combined with one or more other ingredients to form a composition that can be
applied to the media or into the water for leafy green plants. The microbial inoculants of the present
invention comprise an effective amount of the probiotic or combination of probiotics to impart a
positive benefit on a leafy green plant. Compositions of the microbial inoculant include any
agricultural carrier or other materials that benefit the probiotic culture and/or benefit or have no

adverse effect on the leafy green plant.
While embodiments of the invention have been described in the detailed description, the scope of

the claims should not be limited by the preferred embodiments set forth in the examples, but should

be given the broadest interpretation consistent with the description as a whole.

11

Date Regue/Date Received 2023-08-15



SEQUENCE LISTINGS

SEQ ID NO:1 Rhodococcus erythropolis

TTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCG
GTAAGGCCTTTCGGGGTACACGAGCGGCGAACGGGTGAGTAACACGTGGGTGATCT
GCCCTGCACTTCGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATATGACCTCCT
ATCGCATGGTGGGTGGTGGAAAGATTTATCGGTGCAGGATGGGCCCGCGGCCTATC
AGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGACCTGAGAG
GGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATG
ACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGCGCAAGTGACGGTACCT
GCAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCA
AGCGTTGTCCGGAATTACTGGGCGTAAAGAGTTCGTAGGCGGTTTGTCGCGTCGTTT
GTGAAAACCAGCAGCTCAACTGCTGGCTTGCAGGCGATACGGGCAGACTTGAGTAC
TGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGA
ACACCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGCTGAGGAACGAAAGCG
TGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCGCT
AGGTGTGGGTTCCTTCCACGGAATCCGTGCCGTAGCTAACGCATTAAGCGCCCCGCC
TGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGA
CATATACCGGAAAGCTGCAGAGATGTGGCCCCCCTTGTGGTCGGTATACAGGTGGTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCCTATCTTATGTTGCCAGCACGTTATGGTGGGGACTCGTAAGAGACTGCCGGGG
TCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCCAGGG
CTTCACACATGCTACAATGGCCAGTACAGAGGGCTGCGAGACCGTGAGGTGGAGCG
AATCCCTTAAAGCTGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAAGT
CGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTT
GTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCCGGTGGCTTAA
CCCCTTGTGGGAGGGAGCCGTCGAAGGTGGGATCGGCGATTGGGACGAAGTCGTAA
CAAGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCC

12
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SEQ ID NO:2 Serratia grimesii

TTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCA
AGTCGAGCGGTAGCACAAGAGAGCTTGCTCTCTGGGTGACGAGCGGCGGACGGGTG
AGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTA
ATACCGCATAACGTCTTCGGACCAAAGTGGGGGACCTTCGGGCCTCACGCCATCAG
ATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAATGGCTCACCTAGGCGACGAT
CCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGC
CATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGA
AGGGTAGTGTGTTAATAGCACATTGCATTGACGTTACTCGCAGAAGAAGCACCGGCT
AACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTAC
TGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAATCCCCGCGCTTA
ACGTGGGAACTGCATTTGAAACTGGCAAGCTAGAGTCTTGTAGAGGGGGGTAGAAT
TCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCG
GCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATT
AGATACCCTGGTAGTCCACGCTGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAG
GCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAG
GTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA
ATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAATTCGCTAGAG
ATAGCTTAGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCG
TGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCC
AGCACGTAATGGTGGGAACTCAAAGGAGACTGCCGGTGATAAACCGGAGGAAGGT
GGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAA
TGGCGTATACAAAGAGAAGCGAACTCGCGAGAGCAAGCGGACCTCATAAAGTACGT
CGTAGTCCGGATCGGAGTCTGCAACTCGACTCCGTGAAGTCGGAATCGCTAGTAATC
GTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
ACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTA
CCACTTTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAACCGTAGGGGAACCT
GCGGTTGGATCACCTCCT

13
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SEQ ID NO:3 Stenotrophomonas maltophilia

TGAAGAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAA
GTCGAACGGCAGCACAGAGGAGCTTGCTCCTTGGGTGGCGAGTGGCGGACGGGTGA
GGAATACATCGGAATCTACTTTTTCGTGGGGGATAACGTAGGGAAACTTACGCTAAT
ACCGCATACGACCTACGGGTGAAAGCAGGGGATCTTCGGACCTTGCGCGATTGAAT
GAGCCGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCC
GTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCA
TACCGCGTGGGTGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAAT
CCAGCCGGCTAATACCTGGTTGGGATGACGGTACCCAAAGAATAAGCACCGGCTAA
CTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTG
GGCGTAAAGCGTGCGTAGGTGGTTATTTAAGTCCGTTGTGAAAGCCCTGGGCTCAAC
CTGGGAACTGCAGTGGATACTGGATGACTAGAATGTGGTAGAGGGTAGCGGAATTC
CTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCATGGCGAAGGCAGC
TACCTGGACCAACATTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTTGGC
ACGCAGTATCGAAGCTAACGCGTTAAGTTCGCCGCCTGGGGAGTACGGTCGCAAGA
CTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCGAGAACTTTCCAGAGA
TGGATGGGTGCCTTCGGGAACTCGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCCA
GCACGTAATGGTGGGAACTCTAAGGAGACCGCCGGTGACAAACCGGAGGAAGGTG
GGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTACTACAAT
GGTAGGGACAGAGGGCTGCAAGCCGGCGACGGTAAGCCAATCCCAGAAACCCTATC
TCAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCG
CAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
ACCATGGGAGTTTGTTGCACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGCGCTTGC
CACGGTGTGGCCGATGACTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGT
GCGGCTGGATCACCTCCTT
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SEOQ ID NO:4 Pseudomonas toyotomiensis

TGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAA
GTCGAGCGGATGAGGGGAGCTTGCTCCCTGATTTAGCGGCGGACGGGTGAGTAATG
CCTAGGAATCTGCCTAGTGGTGGGGGATAACGTTCCGAAAGGAACGCTAATACCGC
ATACGTCCTACGGGAGAAAGCGGGGGATCTTCGGACCTCGCGCCATTAGATGAGCC
TAGGTCGGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCGTAAC
TGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCG
CGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGTATT
CACCTAATACGTGAGTATTTTGACGTTACCGACAGAATAAGCACCGGCTAACTTCGT
GCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA
AAGCGCGCGTAGGTGGTTCGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGG
AACTGCATCCAAAACTGGCGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGT
GTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCT
GGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGAATCCTTGAGATTTTAG
TGGCGCAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAA
CTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAA
GCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATT
GGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACGT
TATGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGA
CGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTA
CAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCG
GATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAG
AATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGA
GTGGGTTGCTCCAGAAGTAGCTAGTCTAACCTTCGGGGGGACGGTTACCACGGAGT
GATTCATGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGG
ATCACCTCCT
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SEOQ ID NO:5 Shinella zoogloeoides

TTTGATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAAC
GCCCCGCAAGGGGAGTGGCAGACGGGTGAGTAACGCGTGGGAATCTACCCATCTCT
ACGGAATAACTCAGGGAAACTTGTGCTAATACCGTATACGCCCTTCGGGGGAAAGA
TTTATCGGAGATGGATGAGCCCGCGTTGGATTAGCTAGTTGGTGGGGTAAAGGCCTA
CCAAGGCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACATTGGGACTGAG
ACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCA
AGCCTGATCCAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTT
CACCGGTGAAGATAATGACGGTAACCGGAGAAGAAGCCCCGGCTAACTTCGTGCCA
GCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGC
GCACGTAGGCGGGTATTTAAGTCAGGGGTGAAATCCCAGAGCTCAACTCTGGAACT
GCCTTTGATACTGGGTACCTAGAGTATGGAAGAGGTAAGTGGAATTCCGAGTGTAG
AGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTTACTGGTC
CATTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATGAATGTTAGCCGTCGGCATGCATGCATGTCGGTGGCG
CAGCTAACGCATTAAACATTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC
GCGCAGAACCTTACCAGCCCTTGACATGTCGGTCGCGGATTACAGAGATGTTTTCCT
TCAGTTAGGCTGGACCGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGA
GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCAGCATTCA
GTTGGGCACTCTAAGGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGGGGATGACG
TCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGTGGTGACA
GTGGGCAGCGAGACAGCGATGTCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGAT
TGCACTCTGCAACTCGAGTGCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCAT
GCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTT
GGTTTTACCCGAAGGCACTGCGCTAACCGCAAGGGGGCAGGTGACCACGGTAGGGT
CAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATC
ACCTCC
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CLAIMS

1. A microbial inoculant for promoting leafy green plant growth comprising Rhodococcus
erythropolis.

2. The microbial inoculant of claim 1, wherein the Rhodococcus erythropolis has a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:1.

3. The microbial inoculant of claim 1, also comprising Serratia grimesii.

4. A microbial inoculant for promoting leafy green plant growth comprising Serratia
grimesii.

5. The microbial inoculant of claim 4, wherein the Serratia grimesii has a 98% nucleotide
sequence similarity to the 16S region of SEQ ID NO:2.

6. The microbial inoculant of claim 5, also comprising Rhodococcus erythropolis with a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:1.

7. The microbial inoculant of claim 4, also comprising Pseudomonas toyotomiensis.

8. The microbial inoculant of claim 5, also comprising Pseudomonas toyotomiensis with a
98% nucleotide sequence similarity to the 16S region of SEQ ID NO:4.

9. A microbial inoculant for promoting leafy green plant growth comprising
Stenotrophomonas maltophilia and Pseudomonas toyotomiensis.

10. The microbial inoculant of claim 9, wherein the Stenotrophomonas maltophilia has a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:3 and the Pseudomonas
foyotomiensis has a 98% nucleotide sequence similarity to the 16S region of SEQ ID NO:4.

11. The microbial inoculant of claim 9 also comprising Rhodococcus erythropolis.

12. The microbial inoculant of claim 10 also comprising Rhodococcus erythropolis with a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:1.

13. The microbial inoculant of claim 11, also comprising Serratia grimesii.

14. The microbial inoculant of claim 12, also comprising Serratia grimesii with a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:2.

15. A microbial inoculant for promoting leafy green plant growth comprising Shinella
zoogloeoides.

16. The microbial inoculant of claim 15, wherein the Shinella zoogloeoides has a 98%

nucleotide sequence similarity to the 16S region of SEQ ID NO:5.
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17. The microbial inoculant of claim 13, also comprising Shinella zoogloeoides .

18. The microbial inoculant of claim 14, also comprising Shinella zoogloeoides with a 98%
nucleotide sequence similarity to the 16S region of SEQ ID NO:5.

19. The microbial inoculant of any one of claims 1 to 18 in which the leafy green plant is
Lactuca sativa.

20. The use of the microbial inoculant of any one of claims 1 to 19, in one of the growing
systems of hydroponic, aeroponic, soilless or soil based.

21. A method for promoting plant growth comprising applying a composition of the microbial
inoculant of any one of claims 1 to 18 directly or through a water supply to the roots of the
leafy green plants in an amount that provides for positive benefits relative to a control leafy

green plant that does not receive an application of said microbial inoculant.
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