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ABSTRACT

The disclosure provides methods and compositions to
improve the nutritional conditions, such as reducing the use
of fertilizers applied during the growing season, and toler-
ance to fungal pathogens in tomato and potato plants.
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FIGURE 1A
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FIGURE 4
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FIGURE 9
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PGPR COMPOSITIONS AND METHODS FOR
IMPROVED CULTIVATION OF TOMATO
AND POTATO SPECIES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The disclosure provides methods and compositions
to improve the nutritional conditions, such as reducing the
use of fertilizers applied during the growing season, and
tolerance to fungal pathogens in tomato and potato plants.

Description of the Related Art

[0002] Conventional farming methods use fertilizers and
pesticides to improve crop yields. Chemical fertilizers, in
particular, are applied in increasing amounts in order to
provide required nutrients to plants. These fertilizers have
acidified the soil and deposited high levels of heavy metals
and salts. Overuse of fertilizers and pesticides results in an
imbalance of essential nutrients in the amended soils, even-
tually rendering the land unsuitable for farming. Irrigation
and rainwater leach applied fertilizers and pesticides into
waterways, causing eutrophication of lakes, rivers and other
local water sources, contributing substantially to water pol-
Iution and creating non-drinkable or toxic water sources.
[0003] Plant-associated microorganisms, such as are root-
associated bacteria, have been extensively examined for
their roles in the biological approaches for improving crop
production. Plant growth-promoting rhizobacteria (PGPR)
are a subset of total rhizosphere bacteria and are crucial for
soil fertility (Lugtenberg & Kamilova, (2009) “Plant Growth
Promoting Rhizobacteria” Annu Rev Microbiol, vol. 63:
541-56). PGPR can colonize the rhizosphere or internal
tissues of many plant species, and have the potential to
induce positive effects such as increased plant growth,
reduced susceptibility to diseases (caused by fungi, bacteria,
viruses and nematodes) and improved tolerance to abiotic
stresses. When such beneficial effects have been observed,
different mechanisms have been proposed to explain rhizo-
bacterial growth promotion: the ability to fix atmospheric
nitrogen; solubilization of inorganic nutrients that are rate-
limiting for plant growth; stimulation of nutrient delivery
and uptake by plant roots; the modulation of plant regulatory
mechanisms through the production of hormones such as
auxin, gibberellins and cytokinins; the reduction of plant
ethylene levels; or the production of other compounds that
influence plant development (Vacheron et al., (2013) “Plant
growth-promoting rhizobacteria and root system function-
ing”. Front Plant Sci. 4:356).

SUMMARY OF THE INVENTION

[0004] While the mechanisms of rhizobacteria-mediated
plant growth promotion have not been completely identified,
growth-promoting rhizobacteria (PGPR) offer an opportu-
nity to replace the chemical fertilizers and pesticides that
have numerous negative side-effects on soil and waterways.
The inventors have found that inoculation of plants with a
properly designed combination of bacteria providing differ-
ent, but complementary, PGPR functions, results in a more
effective growth promotion than inoculation with one single
bacterium, when a specific environmental limitation is
encountered, such as lack of available nitrogen. For
example, certain Burkholderia species, like B. phymatum,
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have been shown to be able to fix nitrogen within root tissue
(Moulin et al., (2014) “Complete Genome sequence of
Burkholderia phymatum STMS815(T), a broad host range
and efficient nitrogen-fixing symbiont of Mimosa species.
Stand Genomic Sci. 9(3):763-74), while others, like B.
phytofirmans, lack nitrogen fixation functions, but possess
the ability to regulate plant signalling pathways involved in
growth and development (Poupin et al., (2013) “Effects of
the Plant Growth Promoting Bacterium Burkholderia phyto-
firmans PsIN throughout the Life-Cycle of Arabidopsis
thaliana” PLOS ONE, Vol. 8(7), €69435). Azospirillum
strains like 4. brasilense, on the other hand, have also been
characterized as nitrogen fixers, but they exert this function
as free-living component of rhizosphere soil microbiota
(Ravikumar et al., (2012) “Population dynamics of free
living, nitrogen fixing bacteria Azospirillum in Manakkudi
mangrove ecosystem”, India. J Environ Biol. 33(3):597-
602). Thus, the method of the disclosure improves the
inoculation of potato and tomato plants with growth-pro-
moting rhizobacteria (PGPR). In a broad aspect, the methods
of the disclosure provide improvements in growth and yield
of the plants, and also reduce fungal infections of these
plants. An added benefit of the methods of the disclosure is
that treated tomato and/or potato plants require less, for
example about 50% less, of the traditional fertilization
application compared to untreated tomato and/or potato
plants.

[0005] In one aspect, the disclosure provides plant culti-
vation compositions comprising a) a bacterial species mix-
ture comprising bacteria belonging to Burkholderia genus
and/or Azospirillum genus; and b) a suspension medium.
[0006] In another aspect, the disclosure provides plant
cultivation compositions comprising a) a bacterial species
mixture comprising Burkholderia phytofirmans; and b) a
suspension medium.

[0007] In another aspect, the disclosure provides plant
cultivation compositions comprising a) a bacterial species
mixture comprising Burkholderia phymatum; and b) a sus-
pension medium.

[0008] In another aspect, the disclosure provides plant
cultivation compositions comprising a) a bacterial species
mixture comprising one or more of Burkholderia phymatum,
and Azospirillum brasilense; and b) a suspension medium.
[0009] In one aspect, the disclosure provides plant culti-
vation compositions comprising a) a bacterial species mix-
ture comprising Burkholderia phytofirmans, Burkholderia
phymatum, and Azospirillum brasilense; and b) a suspension
medium.

[0010] In another aspect, the disclosure provides methods
for promoting tomato or potato growth, comprising applying
an effective amount of a plant cultivation composition of the
disclosure to tomato seed beds, tomato plantlet beds, or
potato tuber seeds. Additional aspect of the disclosure pro-
vides methods for promoting tomato or potato growth,
comprising applying an effective amount of a plant cultiva-
tion composition of the disclosure to tomato seed, tomato
plantlet, or potato tuber seeds to obtain treated seed or tuber,
and sowing the treated seed or tuber.

[0011] In another aspect, the disclosure provides methods
to reducing fungal infections, comprising applying an effec-
tive amount of a plant cultivation composition of the dis-
closure to tomato seed beds, tomato plantlet beds, or potato
tuber seeds to obtain treated seed, plantlet or tuber, and
sowing the treated seed or tuber.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A illustrates an exemplary tomato field
experiment where the transplanted plantlets are covered with
polypropylene covering. FIG. 1B illustrates field plot array
for the experiment, showing fertilization conditions in cul-
ture lines, and plots along these lines, separated according to
the type of bacterial treatment.

[0013] FIG. 2 shows vegetative growth by tomato plants
grown in different field plots. Results represent plant height
in a field experiment involving 1000 tomato plants, divided
in field plots containing 100 plants per treatment condition.
Data was registered 8 weeks after transplant to the field.
Bars represent standard deviation values.

[0014] FIG. 3 shows comparison of the average fruit yield
from different field plots. Data are collected from a field
experiment using approximately 1620 tomato plants (180
plants per treatment) separated in randomized field plots.
Results represent average values between replica plots for
the total number of tomatoes collected in 4 consecutive
harvesting dates.

[0015] FIG. 4 shows average weight of total harvest from
different field plots. Data are collected from a field experi-
ment using approximately 3420 tomato plants (380 plants
per treatment) separated in randomized field segments.
Results are combined from 4 harvest periods.

[0016] FIG. 5 shows tomato yield by caliber category
where the total tomato weight from different plots was
separated according to agricultural standards. Results show
cumulative values from 4 consecutive harvest dates as
percentages of total weight represented by each caliber
within a specific inoculation condition.

[0017] FIG. 6 illustrates the field plot array for an exem-
plary potato experiment, showing fertilization conditions in
culture lines, and plots along these lines, separated accord-
ing to the type of bacterial treatment.

[0018] FIG. 7 shows the total weight yield of potato tubers
for different treatments of Example 3.

[0019] FIG. 8 shows the potato yield by caliber category
where the total potato weight from different plots was
separated according to agricultural standards. Results show
the percentage of total weight represented by each caliber
within a specific inoculation condition.

[0020] FIG. 9 shows the results of the fungal infection
assay. Results of tomato weight yield were registered after
4 months and represent percentage of total yield as an
average of 3 harvesting dates.

[0021] FIG. 10 shows the susceptibility of plants grown in
the field to fungal attack by detaching leaves from plants
belonging to each treatment condition, and exposing them to
high humidity at 30° C. in a controlled culture chamber.
Attack by indigenous fungi, colonizing the surface of leaves
was monitored for 3 weeks, during which, the appearance of
invasive fungal mycelium was confirmed by microscopy.
Results are expressed as average percentage of leaves
affected by fungal infection per treatment.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Before the disclosed methods and materials are
described, it is to be understood that the aspects described
herein are not limited to specific embodiments, methods,
apparati, or configurations, and as such can, of course, vary.
It is also to be understood that the terminology used herein
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is for the purpose of describing particular aspects only and,
unless specifically defined herein, is not intended to be
limiting.

[0023] Throughout this specification, unless the context
requires otherwise, the word “comprise” and “include” and
variations (e.g., “comprises,” “comprising,” “includes,”
“including”) will be understood to imply the inclusion of a
stated component, feature, element, or step or group of
components, features, elements or steps but not the exclu-
sion of any other integer or step or group of integers or steps.
[0024] As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise.
[0025] Ranges can be expressed herein as from “about”
one particular value, and/or to “about” another particular
value. When such a range is expressed, another aspect
includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another aspect. It
will be further understood that the endpoints of each of the
ranges are significant both in relation to the other endpoint,
and independently of the other endpoint.

[0026] As used herein the term “combining” includes
adding one or more items to a reaction mixture.

[0027] As used herein, “improved” or “Improving” should
be taken broadly to encompass improvement of a charac-
teristic of a plant, which may already exist in a plant or
plants prior to application of the invention, or the presence
of a characteristic which did not exist in a plant or plants
prior to application of the invention. By way of example,
“improved” growth should be taken to include growth of a
plant where the plant was previously known to grow slowly,
to a lesser extent, or not at all under the relevant conditions.
[0028] All percentages, ratios and proportions herein are
by weight, unless otherwise specified. A weight percent
(weight %, also as wt %) of a component, unless specifically
stated to the contrary, is based on the total weight of the
composition in which the component is included (e.g., on the
total amount of the mixture).

[0029] In view of the present disclosure, the methods
described herein can be configured by the person of ordinary
skill in the art to meet the desired need. In general, the
disclosed methods provide improvements in inoculation
methods that ensure the presence of beneficial microorgan-
isms in the rhizosphere of tomato and potato plants, and
provide improved growth and pest resistance in these plants.
Another substantial advantage of the methods of the disclo-
sure is that tomato plants treated with methods of the
disclosure require less added fertilizer. Such treated tomato
plants show improved growth and/or yield as compared to
the untreated plants when fertilization is lower than the
normal agronomic standard. For example, when fertilization
is 50% of standard values, tomato plants treated with the
methods of the disclosure showed at least 25% increased
vegetative growth (e.g., plants reached greater height and/or
diameter than non-treated plants) and weight and the number
of fruits increased by at least 30% (as compared to non-
treated plants). On the other hand, potato plants treated with
the methods of the disclosure showed an increased propor-
tion of the weight yield of larger caliber tubers, when
fertilization was 50% or lower than the agronomic standard
values. Further, the methods of the disclosure allow for
improved resistance to fungal attack. For example, tomato



US 2020/0385670 Al

plants treated by methods of the disclosure showed at least
40% less susceptibility to attack by indigenous fungi and a
400% higher weight yield than control plants when no
fungicide treatment was applied.

[0030] The methods of the disclosure employ plant culti-
vation compositions comprising a mixture of bacteria spe-
cies in a suspension medium. Typically, the plant cultivation
compositions and methods comprise diverse and environ-
mentally adaptable plant-associated bacteria belonging to
Burkholderia genus and/or Azospirillum genus. In one
embodiment, the bacterial species mixture comprises Bur-
kholderia phymatum and Azospirillum brasilense species. In
another embodiment, the bacterial species comprises Burk-
holderia phytofirmans. In yet another embodiment, the bac-
terial species comprises Burkholderia phymatum. In another
embodiment, the bacterial species mixture comprises Bur-
kholderia phytofirmans, Burkhoderia phymatum, and
Azospirillum brasilense species. In another embodiment, the
bacterial species mixture comprises two species selected
from the group consisting of: Burkhoderia phytofirmans,
Burkholderia phymatum, and Azospirillum brasilense. In
certain embodiments, the compositions of the disclosure
comprise one bacterium species selected from Burkhoderia
phytofirmans, Burkholderia phymatum, and Azospirillum
brasilense, and a suspension medium.

[0031] In some embodiments, Burkhoderia phytofirmans
is PsIN strain. Burkhoderia phytofirmans PsIN is able to
produce positive effects in horticultural crops, such as
tomato and potato. It has been reported that this bacterium
stimulates growth of inoculated plants and induces physi-
ological changes enhancing their adaptation to environmen-
tal stresses. In addition, plants inoculated with strain PsJN
present longer root systems, more secondary roots and root
hairs; stronger stems and more lignin deposits on vascular
bundles. Also, inoculated plants present high amounts of
phenolic compounds and chlorophyll content, high cytoki-
nin levels and a high phenylalanine ammonia lyase levels.
Strain PsJN also enhances resistance to low levels of patho-
gens. See Poupin et al. (2013) PLoS One, 8(7): €69435.

[0032] B. phymatum strains have been shown to be able to
fix nitrogen within root tissue (Moulin et al., (2014) “Com-
plete Genome sequence of Burkholderia phymatum
STM815(T), a broad host range and efficient nitrogen-fixing
symbiont of Mimosa species. Stand Genomic Sci. 9(3):763-
74). In some embodiments, Burkholderia phymatum is
STMS815 strain. This strain was originally isolated from
Machaerium lunatum in French Guiana (Vandamme et al.
(2002) Syst. Appl. Microbiol. 25: 507-512.)

[0033] A. brasilense strains have also been characterized
as nitrogen fixers, but they exert this function as free-living
component of rhizosphere soil microbiota (Ravikumar et al.,
(2012) “Population dynamics of free living, nitrogen fixing
bacteria Azospirillum in Manakkudi mangrove ecosystem”,
India. J Environ Biol. 33(3):597-602). In some embodi-
ments, Azospirillum brasilense is Sp7 or Sp7-S strain. These
strains were described by Katupitiya et al. (1995) Appl!
Environ Microbiol. 61(5): 1987-95. In certain embodiment,
Azospirillum brasilense is Sp7.

[0034] The bacterial species mixture of the disclosure
further comprises Bacillus amyloliquefaciens. In some
embodiments, Bacillus amyloliquefaciens is present as strain
IN937a. In other embodiments, the bacterial species mixture
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of'the disclosure further comprises Bacillus subtilis. In some
other embodiments, Bacillus subtilis is present as strain
GBO03.

[0035] The bacterial species of the disclosure may be
isolated from a source material (for example, the material in
which they naturally reside) by any one of a number of
standard techniques which will be readily known to skilled
persons. For example and without limitation, these tech-
niques in general employ processes by which a solid or
liquid culture of a single species can be obtained in a
substantially pure form, usually by physical separation on
the surface of a solid microbial growth medium or by
volumetric dilutive isolation into a liquid microbial growth
medium. These processes may include isolation from dry
material, liquid suspension, slurries or homogenates in
which the material is spread in a thin layer over an appro-
priate solid gel growth medium, or serial dilutions of the
material made into a sterile medium and inoculated into
liquid or solid culture media. While not essential, the mate-
rial containing the bacterial species may be pre-treated prior
to the isolation process in order to either multiply all bacteria
in the material by, e.g. enriching the material with microbial
nutrients (for example, nitrates, sugars, or vegetable, micro-
bial or animal extracts).

[0036] Typically, the plant cultivation compositions com-
prise bacterium species as described above in spore form or
any other form capable of forming colonies. Each bacterial
species may be independently present in a concentration
between about 10° to about 10** Colony Forming Units
(CFU) per mL of the suspension medium. In some embodi-
ments, each bacteria species is present in a concentration
between about 10 to about 10'? CFU/mL, or about 10° to
about 10'2 CFU/mL, or about 10 to about 102 CFU/mL, or
about 107 to about 10** CFU/mL, or about 10® to about 10*>
CFU/mL, or about 10° to about 10'? CFU/mL, or about 10*°
to about 10'2 CFU/mL, or about 10* to about 10'* CFU/mL,
or about 10* to about 10'° CFU/mL, or about 10° to about
10'° CFU/mL, or about 10® to about 10*° CFU/mL, or about
10° to about 10" CFU/mL, or about 10° to about 10'°
CFU/mL of the suspension medium. In one embodiment,
each bacteria species is present in a concentration of about
10'° CFU/mL of the suspension medium.

[0037] Burkholderia phytofirmans, Burkholderia phyma-
tum, Azospirillum brasilense and/or Bacillus subtilis species
are present in the bacterial species mixture in about an equal
ratio (based on their respective CFU/mL concentration). For
example, each of Burkholderia phytofirmans, Burkholderia
phymatum, and Azospirillum brasilense bacterial species is
present in about 1:1:1 ratio, or each of Burkholderia phyto-
firmans, Burkholderia phymatum, Azospirillum brasilense,
and Bacillus subtilis bacterial species is present in about
1:1:1:1 ratio. In some other embodiments, the ratio of
Burkholdervia phytofirmans, Burkholderia phymatum, and
Azospirillum brasilense species in the bacterial mixture is
between about 2:1:1 to about 1:1:2, or between about 2:2:1
to about 1:2:2, or between about 1:2:1 to about 1:2:2, or
between about 1:2:1 to about 2:2:1.

[0038] In some embodiments, each bacterial species inde-
pendently makes up at least 10% of the bacterial species
mixture (based on the total CFU/mL concentration). For
example, in certain embodiments, each bacterial species
independently makes up at least about 10% of the bacterial
species mixture, or at least about 15%, or at least about 20%,
or at least about 23%, or at least about 25%, or at least about
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27%, or at least about 30%, or at least about 31%, or at least
about 32%, or at least about 33%, or at least about 35%, or
at least about 40%, of the bacterial species mixture. In some
other embodiments, each bacterial species independently
makes from about 10% to about 50% of the bacterial species
mixture. In some other embodiments, each bacterial species
independently makes from about 20% to about 50%, or form
about 20% to about 40%, or form about 30% to about 40%,
or form about 30% to about 35% of the bacterial species
mixture.

[0039] The suspension medium used in the plant cultiva-
tion compositions of the disclosure may be media conven-
tionally used in the art. Representative examples of suspen-
sion media include, but are not limited to, phosphate buffers,
low-molecular-weight phosphate buffers, HEPES (4-(2-hy-
droxyethyl)-1-piperazineethanesulfonic acid) buffers, and
sulfate buffers. In one embodiment, the suspension medium
comprises one of more phosphate or sulfate buffers. In one
embodiment, the suspension medium comprises one of more
NaH,PO,, K,HPO,, MgSO,, ZnSO,, FeSO,, and Na,SO,.
In one embodiment, the suspension medium comprises one
of more NaH,PO,, K,HPO,, and MgSO,. The pH of the
suspension medium may be in a range of from pH 4 to pH
11, or from pH 6 to pH 10.

[0040] The suspension medium may be amended or
enriched with additional compounds or components. For
example, nutrients (for example amino acid-rich extracts
such as peptone, soytone, casaminoacids, or yeast extract;
organic and inorganic minerals such as phosphorus, nitrog-
enous salts, ammonia, potassium; micronutrients such as
cobalt and magnesium; and sugars), vitamins, growth pro-
moters (e.g., auxins, gibberellins, cytokinins, and the like),
biostimulants, and other substrates may be used.

[0041] In one embodiment, the plant cultivation compo-
sitions of the disclosure further comprise bacteria growth-
promoting substrate. Growth-promoting substrate includes
any medium which is suitable to support growth of a plant.
By way of example and without limitation, the growth-
promoting substrate includes one or more of'soil (e.g., native
or commercial), peat, turf, moss, perlite, potting mixes, bark,
vermiculite, hydroponic solutions alone and applied to solid
plant support systems, and tissue culture gels. It should be
appreciated that the growth-promoting substrate may be
used alone or in combination with one or more other media.
It may also be used with or without the addition of exog-
enous nutrients and physical support systems for roots and
foliage.

[0042] In one embodiment, the growth-promoting sub-
strate is a naturally occurring medium such as soil, sand,
mud, clay, humus, regolith, or rock. In another embodiment,
the growth-promoting substrate is artificial. Such an artifi-
cial growth-promoting substrate may be constructed to
mimic the conditions of a naturally occurring medium,
however, this is not necessary. Artificial growth-promoting
substrate can be made from one or more of any number and
combination of materials including sand, minerals, glass,
rock, water, metals, salts, and nutrients. In one embodiment,
the growth-promoting substrate is sterile. In another
embodiment, the growth-promoting substrate is not sterile.
[0043] In certain embodiments, the plant cultivation com-
position compromise from about 75 to about 99.99 weight %
of bacteria growth-promoting substrate based on the total
weight of the plant cultivation composition. In certain
embodiments, the bacteria growth-promoting substrate is
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present from about 80 to about 99.99 weight %, or about 85
to about 99.99 weight %, or about 90 to about 99.99 weight
%, or about 95 to about 99.99 weight %, or about 95 to about
99.9 weight %, or about 95 to about 99 weight %, or about
90 to about 99 weight %. In certain other embodiments, the
growth-promoting substrate is present in about 99 weight %
of the plant cultivation composition.

[0044] The plant cultivation compositions of the disclo-
sure are used in methods for improving plant’s resistance to
fungal infection and in methods for promoting growth of
plants. Thus, in one aspect, the disclosure provides methods
for improving resistance of potato or tomato to indigenous
fungi. In one embodiment, the fungi species is Phytophtora
infestans. Such method comprises applying an effective
amount of a plant cultivation composition of the disclosure
to tomato seed or plantlet beds or to the surface of potato
tuber-seed. In some embodiments, the plant cultivation
composition is applied to the seed beds after planting or
seeding. For example, the plants are first planted or sown
into seed beds, followed by application of the plant culti-
vation composition. The application may be immediate or at
a later time, after the plants are allowed to grow. In one
embodiment, applying the plant cultivation composition is
immediate. In another embodiment, applying the plant cul-
tivation composition is one or more times between seeding
and emerging. In some embodiments, application is repeated
one or more times. The plant cultivation composition may be
applied to the seed bed or the surface of tuber-seed using any
appropriate techniques known in the art. For example, in one
embodiment, the plant cultivation composition is applied by
irrigation, spraying, or dusting.

[0045] Methods of the disclosure also include improving
resistance of potato or tomato to indigenous fungi compris-
ing applying an effective amount of a plant cultivation
composition of the disclosure to tomato seed or plantlet or
potato tuber to obtain treated seed or tuber, and sowing the
treated seed or tuber. For example, seed or tuber may be
coated with the plant cultivation composition by briefly
immersing the seed or tuber into the plant cultivation
composition. In one embodiment, the plant cultivation com-
position consists essentially of the bacterial species mixture
of the disclosure, and the suspension medium. In one
embodiment, the plant cultivation composition is addition-
ally applied one or more times between seeding and emerg-
ing. The plant cultivation composition may be applied to the
seed bed using any appropriate techniques known in the art.
For example, in one embodiment, the plant cultivation
composition is applied by irrigation, spraying, or dusting.

[0046] The methods of disclosure produce plants that have
improved resistance to indigenous fungi compared to plants
produced by conventional methods. For example, plants
produced by methods of the disclosure are at least about 4
times more resistant to fungal infection compared to plants
produced by conventional methods in the absence of fun-
gicide treatment. In some embodiments, the plants treated
with about 50% of standard fungicide treatment reach the
same resistance level compared to plants that receive a full
fungicide treatment (i.e., treated with a 100% fungicide). In
other embodiments, the plants treated with about 40%, or
about 30%, or about 25%, or about 55%, or about 60%, or
about 70%, or about 75% of standard fungicide treatment
reach the same resistance level compared to plants that
received the full fungicide treatment.
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[0047] In another aspect, the disclosure provides methods
for promoting potato or tomato growth. As used herein, the
term “promoting growth” should be taken broadly to encom-
pass improvement in vegetative growth and/or height,
weight and/or the number of fruits, resistance to weather
elements, high survival, and decreased use of additional
fertilizer. Such methods comprise applying an effective
amount of a plant cultivation composition of the disclosure
to tomato seed/plantlet beds or potato tubers. In some
embodiments, the plant cultivation composition is applied to
the seed beds after planting or seeding. For example, the
plants are first planted or sown into seed beds, followed by
application of the plant cultivation composition. The appli-
cation may be immediate or at a later time, after the plants
are allowed to grow. In one embodiment, applying the plant
cultivation composition is immediate. In another embodi-
ment, applying the plant cultivation composition is one or
more times between seeding and emerging. In some embodi-
ments, application is repeated one or more times. The plant
cultivation composition may be applied to the seed bed
using any appropriate techniques known in the art. For
example, in one embodiment, the plant cultivation compo-
sition is applied by irrigation, spraying, or dusting. In some
embodiments, one or more of vitamins, growth promoters,
and biostimulants may also be applied.

[0048] Methods of the disclosure also include promoting
potato or tomato growth comprising applying an effective
amount of a plant cultivation composition of the disclosure
to tomato seed/plantlet or potato tuber to obtain treated seed
or tuber, and sowing the treated seed or tuber. For example,
seed or tuber may be coated with the plant cultivation
composition by briefly immersing the seed or tuber into the
composition. In one embodiment, the plant cultivation com-
position consists essentially of the bacterial species mixture
of the disclosure, and the suspension medium. In one
embodiment, the plant cultivation composition is addition-
ally applied one or more times between seeding and emerg-
ing. The plant cultivation composition may be applied to the
seed bed using any appropriate techniques known in the art.
For example, in one embodiment, the plant cultivation
composition is applied by irrigation, spraying, or dusting.
One or more of vitamins, growth promoters, and biostimu-
lants may also be applied during sowing.

[0049] The methods of disclosure produce plants that
require less additional fertilizer that plants produced by
conventional methods. For example, use of additional fer-
tilizer by tomato plants produced by methods of the disclo-
sure is decreased by about 50% compared to plants produced
by conventional methods. In some embodiments, the plants
produced by the methods of the disclosure use at least 20%
less, or at least 25% less, or at least 30% less, or at least 35%
less, or at least 40% less, or at least 45% less fertilizer.

EXAMPLES

[0050] The methods of the disclosure are illustrated fur-
ther by the following examples, which are not to be con-
strued as limiting the disclosure in scope or spirit to the
specific procedures and compounds described in them. In all
cases, unless otherwise specified, the column chromatogra-
phy is performed using a silica gel solid phase.

Example 1

[0051] Burkholderia phytofirmans strain PsIN (obtained
from Dr. Angela Sessitsch), Burkholderia phymatum strain
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STMS815 (obtained from DSMZ culture collection), and
Azospirillum brasilense strain Sp7 (obtained from DSMZ
culture collection) were separately grown in standard Luria
Bertani (LB) broth (NaCl 0.5 grams/Liter (g/L), yeast
extract 0.5 g/L,, and peptone 1 g/L.) for 48 hours. The cells
were then harvested by centrifugation. The bacterial pre-
cipitate is washed with the selected suspension buffer, cen-
trifuged again, and finally re-suspended in buffer to the final
stock concentration of 1x10*® CFU/mL of suspension. Sus-
pension buffer is a phosphate buffer (NaH,PO, 50 milimolar
(mM), K,HPO, 10 mM), a sulfate buffer (MgSO, 10 mM),
or a combination of phosphate and sulfate buffer (1:1)

[0052] Burkholderia phytofirmans PsIN stock, Burkhold-
eria phymatum STMR815, and Azospirillum brasilense Sp7
stock were mixed to prepare the final plant cultivation
solution having bacterial concentration of about 1x10'°
CFU for each strain/mL of suspension.

[0053] Mixtures of bacteria for treatments used in field
experiments have been prepared as follows:

[0054] Control (also as uninoculated control) is a com-
position with no bacteria.

[0055] MXI1 is a composition comprising B. phytofir-
mans PsJN.

[0056] NUTRIMIX (also as NUTRI) is a composition

comprising a mixture of B. phytofirmans PsIN, B.
phymatum STMB81S5 and A. brasilense Sp7.

[0057] PROTEMIX (also as PROTE) is a composition
comprising a mixture of B. phytofirmans PsIN, A.
brasilense Sp7 and B. subtilis GBO3.

Example 2

[0058] The plant cultivation solution of Example 1 is
added to approximately 5 grams of seedbed substrate by
irrigation of seedbeds. The turf-based substrate was mixed
with a standard vitamin preparation for tomato seedlings
according to commercial greenhouse production. The final
concentration in the seedbed substrate is reached by adding
one part (mL) of the plant cultivation solution to 10 parts
(e.g., 10 grams) of seedbed substrate.

[0059] Tomato seeds were then sowed in the treated
seedbeds. After plants emerged, no further treatment was
performed. The subsequent culture of the plants followed
standard agronomic procedure for growth of tomato. 4-5
week old plantlets were transplanted to soil plots at a density
of approximately 25000 plants/Ha, subjected to a drip-
irrigation system, and covered with polypropylene nets to
protect them from chilling (FIG. 1A).

[0060] The results of the tomato field experiments have
shown that vegetative growth of the plants is increased
and/or accelerated in plants inoculated with MX1 and with
NUTRIMIX when fertilization was equal or lower than 70%
of the standard amount. In treatments at a 100% fertilization
level, growth was similar to control plants (FIG. 2).

[0061] Additional results are illustrated in FIGS. 3-5. In
the 50% fertilization condition, total weight of tomato per
field hectare was 47520 kg/Ha for control uninoculated
plants, 46080 Kg/Ha for MX1 inoculated plants and 58567.5
Kg/Ha for NUTRIMIX inoculated plants. Therefore, a 23%
increase in tomato weight yield was produced by inoculation
of the PGPR-bacteria suspension, under this fertilization
regime.
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Example 3

[0062] Potato tuber seeds were briefly immersed in the
plant cultivation solution of Example 1. Potato tuber-seeds
were inoculated by spraying or by immersion in diluted
suspension solution, before direct sowing in field plots. The
treated tubers were then sowed in the field as illustrated in
FIG. 6. The results are shown in FIGS. 7 and 8.

Example 4

[0063] Plants cultivated as described in Example 2 and 3
were cultured using different fungicide treatment regimes in
order to explore their susceptibility to infection by indig-
enous fungi, and the potential effect of these organisms on
crop yield. To explore susceptibility in a controlled homo-
geneous environment, leaves were excised and collected
from field plants to assay fungal growth in the laboratory.
Samples were also collected to assay susceptibility to the
phytopathogenic fungus Phytophtora infestans.

[0064] In a separate field area, 498 tomato plants that were
grown in covered field plots, to increase humidity, and
divided according to inoculum type (CONTROL-uninocu-
lated; MX1-inoculated; or PROTEMIX-inoculated). The
plants were treated with fungicide at different levels (i.e.,
100%; 50% or 0%). Results of tomato weight yield were
registered after 4 months and represent percentage of total
yield as an average of 3 harvesting dates, and are shown in
FIG. 9. Sign of fungal attack were present in every plant in
the covered field, but appeared to be more severe for plants
without fungicide treatment.

[0065] Plants grown in the field were also tested for
susceptibility to fungal attack by detaching leaves from
plants belonging to each treatment condition, and exposing
them to high humidity at 30° C. in a controlled culture
chamber. Attack by indigenous fungi, colonizing the surface
of leaves was monitored for 3 weeks, during which, the
appearance of invasive fungal mycelium was confirmed by
microscopy. Results are expressed as average percentage of
leaves affected by fungal infection per treatment and shown
in FIG. 10.

[0066] A set of leaves was also inoculated with the phy-
topathogenic fungus Phytophtora infestans; however, devel-
opment of P. infestans was not observed on tomato leaves.
Specifically, randomly selected plants (n=10) were inocu-
lated with P. infestans for every treatment condition. No
specific signs of P. infestans infection were observed 2
weeks after inoculation, and P. infestans DNA could not be
detected in tissue samples obtained from the inoculated
plants after this period of incubation.

[0067] It is understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be incor-
porated within the spirit and purview of this application and
scope of the appended claims. All publications, patents, and
patent applications cited herein are hereby incorporated
herein by reference for all purposes.

What is claimed:

1. A plant cultivation composition, comprising a) a bac-
terial species mixture comprising Burkholderia phymatum
and Azospirillum brasilense; and b) a suspension medium.

2. A plant cultivation composition of claim 1, wherein
Burkholderia phymatum is STMS815 strain, and Azospirillum
brasilense is Sp7 strain.
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3. A plant cultivation composition of claim 1, wherein the
bacterial species mixture comprises Burkholderia phytofir-
mans, Burkholderia phymatum, and Azospirillum brasi-
lense.

4. A plant cultivation composition of claim 2, wherein
Burkholderia phytofirmans is PsIN strain, Burkholderia
phymatum is STMB81S strain, and Azospirillum brasilense is
Sp7 strain.

5. A plant cultivation composition of any one of claims
1-4, wherein each bacterial species is independently present
in a concentration between about 10° to about 10'? Colony
Forming Units (CFU) per mL of the suspension medium.

6. A plant cultivation composition of any one of claims
1-5, wherein bacterial species are present in about 1:1:1
ratio.

7. A plant cultivation composition of any one of claims
1-5, wherein each bacterial species independently makes up
from about 30% to about 40% of the bacterial species
mixture based on the total concentration of the bacterial
mixture.

8. A plant cultivation composition of any one of claims
1-7, wherein the bacterial species mixture further comprises
Bacillus subtilis.

9. A plant cultivation composition of any one of claims
1-8, wherein the suspension medium comprises one of more
phosphate or sulfate buffers.

10. A plant cultivation composition of any one of claims
1-9, further comprising growth-promoting substrate.

11. A plant cultivation composition of any one of claims
1-10 for improving resistance to fungal infection.

12. A method for improving resistance to fungal infection,
comprising applying an effective amount of a plant cultiva-
tion composition of any one of claims 1-10 to tomato or
potato seed beds.

13. A method of claim 12, wherein the application to plant
seed bed is by irrigation.

14. A method of claim 12 or 13, wherein the plant seed
bed is soil, peat, turf, moss, perlite, vermiculite, or a mixture
thereof.

15. A method of any one of claims 12-14, further com-
prising applying one or more of vitamins, growth promoters,
and biostimulants.

16. A method of any one of claims 12-15, wherein the
application is repeated one or more times.

17. A method for improving resistance to fungal infection,
comprising applying an effective amount of a plant cultiva-
tion composition of any one of claims 1-10 to tomato seed
or plantlet or potato tuber to obtain treated seed, plantlet, or
tuber, and sowing the treated seed or tuber.

18. A method of claim 17, further comprising applying
one or more of vitamins, growth promoters, and biostimu-
lants during sowing.

19. A method of claim 17 or 18, wherein the plant
cultivation composition is applied one or more times after
sowing.

20. A method for promoting tomato or potato growth,
comprising applying an effective amount of a plant cultiva-
tion composition of any one of claims 1-10 to tomato or
potato seed beds.

21. A method of claim 20, wherein the application to plant
seed bed is by irrigation.

22. A method of claim 20 or 19, wherein the plant seed
bed is soil, peat, turf, moss, perlite, vermiculite, or a mixture
thereof.



US 2020/0385670 Al

23. A method of any one of claims 20-22, further com-
prising applying one or more of vitamins, growth promoters,
and biostimulants.

24. A method of any one of claims 20-23, wherein the
application is repeated one or more times.

25. A method of any one of claims 20-24, wherein use of
fertilizer is decreased by at least about 25%.

26. A method for promoting tomato or potato growth,
comprising applying an effective amount of a plant cultiva-
tion composition of any one of claims 1-10 to tomato seed
or plantlet or potato tuber to obtain treated seed, plantlet, or
tuber, and sowing the treated seed or tuber.

27. A method of claim 26, further comprising applying
one or more of vitamins, growth promoters, and biostimu-
lants during sowing.

28. A method of claim 26 or 27, wherein use of fertilizer
is decreased by at least about 25%.

#* #* #* #* #*
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